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The liquid crystalline properties of a mesogenic poly(1-alkyne) and the corresponding
monomer were studied using transmission electron microscopy, X-ray diffraction, polarizing
optical microscopy and differential scanning calorimetry. The monomer exhibits a
monotropic smectic A phase and a metastable crystalline phase. The rigid polymer
backbones do not prevent the mesogenic moieties from packing into smectic A and B phases
in the temperature ranges 127.6–74.1‡C and 74.1‡C–room temperature, respectively, on
cooling from the isotropic melt.

1. Introduction

Liquid crystals (LCs) and side chain liquid crystalline

polymers (SCLCPs) have been widely studied in both

academic and industrial laboratories. A wide range of

polymers with flexible backbones, such as polymetha-

crylates [1, 2] and polyacrylates [3], have been

synthesized. The conventional molecular architecture

for SCLCPs is ‘flexible backbonezspacerzmesogenic

groups’ [4, 5]. Researchers in the area have paid little

attention to SCLCPs with conjugated stiff backbones.
Polyacetylene, polypyrrole and polythiophene are

typical organic conjugated polymers. The attachment of

mesogenic moieties to a conjugated backbone is of

great interest because the resulting polymers possess

unique electrical, optical and LC properties [6–14].

Under external fields, these novel SCLCPs show

properties different from those of conventional, flexible

SCLCPs. The alignment of the polymer backbone

accompanying the side chain orientation induced by a

magnetic field can, for example, improve the conduc-

tivity and give rise to electrical or optical anisotropy

[15–18]. Shearing can yield new textures, arising from

the long relaxation time of the rigid polyacetylene

backbone [19].

In recent years, a number of side chain LC poly-

acetylenes have been synthesized [20–24], but a detailed

study of their phase structures is lacking. In this work,

we systematically studied the LC properties of a

novel side chain liquid crystalline polyacetylene, poly

(11-[(4’-heptoxy-4-biphenylyl)carbonyloxy]-1-undecyne)

(PA9EO7), and those of the corresponding monomer

(A9EO7) using polarizing optical microscopy (POM),

differential scanning calorimetry (DSC), X-ray diffraction

(XRD) and transmission electron microscopy (TEM).

2. Experimental

2.1. Specimen preparation

The molecular structures of A9EO7 and PA9EO7

are:

*Author for correspondence; e-mail: ydh@ns.ciac.jl.cn

LIQUID CRYSTALS, VOL. 31, NO. 2, FEBRUARY 2004, 271–277

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
1
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



Their synthesis and chemical properties were reported

in a previous paper [25]. The number-average molecular

weight of PA9EO7 is 180 000 and its stereostructure is

trans-rich, with a trans-content of 85.2%. A9EO7 and

PA9EO7 were dissolved in toluene to make 0.1 and

0.05 wt % solutions, respectively. The solution was

dropped onto a thin carbon film precoated onto a

surface of freshly cleaved mica. After the solvent

evaporated, thin solid films were obtained. The

PA9EO7 film was heated to the melt, cooled, and

then quenched using liquid nitrogen to freeze the

molecular arrangements present in the LC phase. The

sample was transferred onto a Cu grid, and analysed

using electron diffraction (ED); the morphology was

studied by TEM.

2.2. Instrumentation

The DSC traces were obtained using a Parkin-Elmer

DSC under nitrogen. The optical textures were

observed between crossed-polarizers using an Opton

POM. TEM observations and ED patterns were

performed on a JEOL2010 TEM operating at 200 kV.

The XRD data were measured on a Rigaku D/max

2500 PC diffractometer using CuKa radiation with a

wavelength of 1.5406 Å.

3. Results and discussion

3.1. LC properties of A9EO7

Figure 1 shows the DSC thermograms of A9EO7

obtained at different scanning rates. Three phase transi-

tions at 55.7, 50.5 and 42.7‡C were seen on cooling at a

scanning rate of 1‡C min21, as shown in figure 1 (a).

The exothermic peaks at 55.7 and 50.5‡C result from

isotropic–LC and LC–crystal phase transitions, respec-

tively. The exothermic peak at 42.7‡C however is

broader than those seen at 55.7 and 50.5‡C, and

broadens and shifts to lower temperature on increasing

the scanning rate. This indicates that a much slower

phase transition occurs at 42.7‡C than at the other two

temperatures. This exothermic peak results from a

crystal (crystal II) to crystal (crystal I) phase transition,

and this assignment will be discussed later. The sample

was subsequently heated at the same rate as it was

cooled, see figure 1 (b). Only a melting transition was

detected at 69.5‡C in the heating scan at 1‡C min21,

indicating the monotropic nature of the LC behaviour

of A9EO7. On increasing the scanning rate, a weak

endothermic peak at 57.4‡C and a weak exothermic

peak at 60.0‡C appeared before the melting peak.

XRD experiments were performed in order to obtain

information on the molecular packing arrangements

within these phases. Figure 2 shows the change of the

XRD patterns with temperature. Each pattern was

Figure 1. DSC thermograms of A9EO7 obtained at different
scanning rates (a) cooling and (b) heating.

Figure 2. XRD patterns measured on cooling A9EO7 from
the isotropic melt.
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measured after reducing the temperature by 2‡C at a

cooling rate of 1‡C min21. From the change in the

reflection peaks in the diffractograms with temperature,

the phase transition from the LC phase to crystal II

takes place between 52 and 50‡C. The diffractograms

obtained at 54 and 52‡C show a sharp reflection at low

angle, 2h~2.74‡, and a diffraction halo at y20‡. The

reflection peak at 2.74‡ corresponds to a d-spacing of

32.22 Å, and this mesophase can be classified as a

smectic A (SmA) phase.

On cooling further, the reflection peaks at 19.08

and 22.62‡ in the diffractograms obtained in the tem-

perature range 50 to 44‡C disappear, and four sharp

reflection peaks appear at 4.17, 20.50, 21.68 and 23.97‡
in the diffractograms recorded below 42‡C, indicating

clearly a phase transition between 44 and 42‡C. The

phase transition temperature was measured as 42.7‡C
from the DSC curve, Figure 1 (a). We have discussed

the structure of crystal I in a previous paper [26], and

here focus on the crystal II phase.

To investigate further the properties of crystal II,

DSC experiments were performed. The isotropic melt

of A9EO7 was cooled to 49‡C, i.e. the temperature at

which crystal II forms, and then heated. An endother-

mic peak was detected at 55.7‡C, which is the melting

point of crystal II, see figure 3.

A structurally similar compound, 5-[(4’-heptoxy-4-

biphenylyl)carbonyloxy]-1-pentyne (A3EO7) also dis-

plays a metastable mesophase [27]. The crystal II phase

of A9EO7 is metastable, as indicated by the DSC

experiments. A9EO7 was cooled from its isotropic

melt to 49‡C, and annealed at this temperature. An

exothermic phenomenon was observed after y40 min.

When the specimen was further cooled after for

annealing 90 min, the exothermic peak resulting from

the crystal II to crystal I transition was observed, but

the enthalpy associated with this phase transition was

much smaller than for the non-annealed sample. This

suggests the occurrence of crystal II to crystal I

transition during the annealing process. In a reference

experiment, the specimen was heated after annealing at

49‡C for 90 min. As shown in figure 4, two endothermic

peaks were detected, at 55.7 and at y69.5‡C, which

correspond to the melting points of crystal II and I,

respectively. In addition, an exothermic peak at 56.9‡C
appeared after crystal II melted. This behaviour may be

interpreted as a fraction of crystal II transforming to

crystal I during the annealing process. Thus, crystals II

and I are in coexistence when the specimen was heated.

Crystal II then melted at 55.7‡C, but the existence of

crystal I induce the isotropic liquid of A9EO7 to

crystallize, giving the exothermic peak at 56.9‡C.

Crystal I melted finally on heating the specimen to

69.5‡C. DSC experiments therefore show that crystal II

is a metastable phase. The existence of the metastable

crystal II phase also accounts for the weak endothermic

peak followed by a weak exothermic peak in the

heating scan at 10‡C min21, figure 2 (b).

The optical textures of the LC phase were observed

on cooling and are shown in figure 5. In the

temperature range of the SmA phase, A9EO7 shows

a focal-conic texture. When the specimen is cooled to

crystal II the focal-conic texture becomes broken with

dark lines normal to the radial direction of the former

focal-conic texture. On further cooling, the lines

disappear in the crystal I phase.

Figure 3. DSC thermogram of A9EO7 obtained at a
scanning rate of 1‡C min21. The specimen was cooled
to crystal II from the isotropic melt, and reheated
immediately.

Figure 4. DSC thermograms of A9EO7 obtained at a
scanning rate of 1‡C min21. The specimen was cooled
to crystal II, annealed for 90 min, and then heated.
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3.2. LC properties of PA9EO7

POM observations and DSC experiments revealed

the enantiotropic LC behaviour of PA9EO7. The phase

transition temperatures were determined as 127.6 and

74.1‡C on cooling, 75.6, and 128.6‡C on heating. To

obtain structural information, XRD experiments were

performed, see figure 6. The diffractogram obtained at

90‡C shows two reflections at low angle, 2h~2.71‡ and

5.37‡, and a diffuse peak in the middle angle region of

y20‡. This is characteristic of a SmA phase. The

reflection peaks in the low angle give the layer

periodicity, d~32.57 Å, and the diffuse peak in the

middle angle region gives the lateral intermolecular

separation of the mesogens as d~4.4 Å. The pattern

shown as figure 6 (b) was obtained at 60‡C on cooling

the specimen from the SmA phase. The reflection peaks

in the low angle move slightly to lower angle, thus

indicating an increase in the layer periodicity

(d~33.82 Å). The diffraction peak at 2h~20.07‡ is

sharp, implying a more ordered lateral molecular

packing of mesogens than in the SmA phase. Therefore

PA9EO7 undergoes a transition to a smectic B (SmB)

phase when cooled to 74.1‡C. It is clear that the rigid

biphenylyl groups are interdigitated and well packed,

whereas the flexible spacers are perturbed by the rigid

backbone and cannot adopt extended conformations.

During the phase transition at 74.1‡C, the side chains

adjust their conformation to adopt as extended

conformations as possible. Consequently the distance

between the layer planes in the SmB phase is 1.25 Å

larger than in the SmA phase.

A sample of PA9EO7 was quenched using liquid

nitrogen at 110‡C as described in the literature, [8, 19].

As figure 7 shows, the island-like TEM morphology

Figure 5. Optical textures of A9EO7: (a) focal-conic texture
shown by SmA phase, (b) crystal II phase, (c) crystal I
phase.

Figure 6. XRD patterns of PA9EO7 measured in the (a) SmA
phase and (b) SmB phase.
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has no regular shape. Each island is an LC domain, as

its ED pattern shows the same lattice orientation.

Different sample domains can give two sets of ED

patterns. Figure 8 (a) shows a diffuse ring that corre-

sponds to the lateral separation of the mesogens

(d~4.4 Å), and the electron beam is parallel to the

direction of the long axes of the mesogenic moieties. In

the another case, with the electron beam incident

normal to the direction of the long axes of the

mesogenic moieties, a different ED pattern character-

istic of a smectic phase was recorded, figure 8 (b). The

diffuse arcs on the equator correspond to the lateral

separation of the mesogens. The diffraction spots on

the meridian correspond to the distance between the

layers of the smectic phase (d~32.57 Å), and can be

indexed as (0 0 l). Thus the ED patterns confirm the

assignment of the LC phase in the temperature range

127.6–74.1‡C as a SmA phase.

To enhance the molecular packing in the SmB phase,

a TEM sample of PA9EO7 was annealed at 60‡C for

12 h after cooling from the isotropic melt. Figure 9

shows the ED patterns of the annealed specimen.

Figure 9 (a) gives a hexagonal two-dimensional lattice,

suggesting a hexagonal close packing of mesogenic

moieties. Figure 9 (b) is essentially the same as the ED

pattern of the SmA phase, but the layer spacing

obtained from the diffraction spots is larger than that

in the SmA phase. These results also confirm that

PA9EO7 shows a SmB phase and not a crystalline

phase below 74.1‡C when cooled from the isotropic

melt.

There is no difference between the morphologies of

the smectic B and A phases observed when the electron

beam is normal to the smectic layer planes. With the

electron beam parallel to the smectic layers, clear cracks

are seen on the surface of the morphology of the SmB

phase (figure 10). This must be caused by the adjust-

ment of the molecular conformation when PA9EO7

undergoes transition from the SmA to SmB phase and

in the annealing process at 60‡C. The layer planes of

the SmB phase are parallel to the cracks on the surface

of the domain.

Figure 8. ED patterns of PA9EO7 in the SmA phase with
electron beam incident (a) parallel and (b) normal to the
long axes of the mesogenic moieties.

Figure 7. TEM morphology of PA9EO7 quenched using liquid
nitrogen in the SmA phase.
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4. Conclusions

In this paper, the LC properties of an acetylene

monomer with a biphenyl mesogen and its polymer are

described. A9EO7 displays a monotropic SmA phase,

with layer spacing 32.22 Å. The crystal II is a

metastable crystalline phase. The conjugated backbone

of PA9EO7 is rigid. It is difficult for the polymer to

rearrange into a three-dimensional lattice on cooling

the isotropic melt. Consequently, PA9EO7 does not

crystallize, even at room temperature. The polymer

shows only SmA and SmB phases in the temperature

ranges 127.6–74.1‡C and 74.1‡C–room temperature,

respectively. Thus the rigid polymer backbone does not

prevent the self-organization of the mesogenic moieties

in the side chain liquid crystalline polyacetylene. This

opens an avenue for the exploration of new kinds of

side chain liquid crystalline polymers.
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