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Peculiarities of The

Orientational

State of Liquid-Crystal

Completely Aromatic Thermotropic Copolymer
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Abstract: Polarization far-IR spectroscopy has been used to carry out a comparative study of the spectra of granules
and fibers of completely aromatic thermotropic liquid-crystal copolymer Vectra A950. The analysis of terahertz
polarization IR spectra Vectra A950 showed that in contrast to the mid-IR, dichroic ratio of the absorption bands in the
spectra of fibers and granules, substantially different. It is shown that the difference between the value and the
orientation order parameter in the samples is determined by and correlated with the intensity of the local dynamics of
polymer chains, such as the librational mobility of phenylene and naphthalene rings of the copolymer mesogens. The
results suggest the possibility carrying out an independent evaluation of the spectroscopic parameters reflecting the
properties of intermolecular interactions in oriented the liquid-crystalline polymers for their low-frequency spectra.
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1. INTRODUCTION

Currently, liquid crystal (LC) polymers are among
the most studied, from the academic and technical
point of view, materials. The structure of these
compounds provides a high anisotropy of the electrical
and optical properties, as well as the opportunity to
control these properties and their molecular
architecture make it possible to produce on their basis
fibers and films for modern high-tech industry [1, 2].

A reliable determination of the orientation order
parameter characterizing the anisotropy of the LC
polymers (LCPs) is a topical task in this regard. To
determine this important parameter NMR,
fluorescence, Raman and IR spectroscopy have been
used [3, 4]. However, the range covered by these
studies of LCP is rather limited. This includes mainly
LC polyesters containing flexible fragments in the
backbone of the macromolecule, whereas the
completely aromatic thermotropic LCP with rigid-
aromatic mesogens in the main chain, which are of
particular interest due to the high thermal stability and
elasticity modulus, have been insufficiently studied
[5,6].

In addition, as far as we know, the orientation order
in the LCP has been determined in the previously
unused terahertz range (v < 400cm-1), in which the
main mechanism responsible for the formation of the IR
absorption spectra has a clearly pronounced
intermolecular nature and at the same time the mere
existence of a liquid crystal state is also due to the
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forces of intermolecular interaction [7]. Besides, it is
well known that the low-frequency spectra of ordered
systems (crystals) on the one hand and disordered
systems (liquids, glassy substances), on the other,
differ significantly among themselves. Since the LCD is
occupied in a certain sense, an intermediate position in
a number of these systems, it can be expected that the
low-frequency spectra of the LCD will clearly reflect the
features of their structure. Finally, studies of low-
frequency spectra of LCs are important from the point
of view of a deeper understanding of the nature of
these spectra, which is still unclear.

It should be noted that low-frequency IR spectra of
LCP studied not enough. Yet now it established that
they carry information about the structure and the
degree of ordering of the LCP, as well as the dynamics
of molecular motion [8].

In this study, we were interested above all the in
using the terahertz range to evaluate differences in the
molecular mobility and specific features of the
orientation state in fibers and granules of completely
aromatic thermotropic liquid-crystal copolymer Vectra
A950.

LCPs Vectra A950 is typically full-aromatic
copolyester and has a rod-like shape. The
reinforcement arises from the structure of the LCP
molecules and their alignment in the mesophase [9].
Mesomorphic regions with parallel alignment form in-
situ fibers in the solid state. In blends with other
thermoplastics, this provides self-reinforcement [10].
The material can further be reinforced by adding glass-
fibers. In any case, the specific mechanical properties
arise from the fibrillar structure of the LCP.
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Macromolecules of the LCP are so rigid that a
segmental motion is impossible in these materials.
High molecular orientation in fibers of LCP, which
achieved in the spinning process and on the special
heat treatment, is lead to the significant structure
transformations. For such large-scale rearrangement a
specific molecular mobility has to occur. Studies the
molecular mobility in fibers and granules of LCP Vectra
A950 is the subject of this work. Far-infrared
spectroscopy was used for this purpose.

An analysis of the terahertz polarization IR spectra
Vectra A950 showed that in contrast to the mid-IR, the
dichroic ratio is substantially different in the absorption
bands in the far-infrared spectra of fibers and granules.
This difference is particularly evident for the absorption
bands, characterizing the libration of the phenylene and
naphthalene rings of the copolymer at 98 and 127 cm’,
respectively. These data allow us to state that the
orientation state of the LCP type Vectra A950 is largely
determined by the local dynamics of polymer chains,
such as the librational motion of aromatic groups in the
thermotropic copolyester.

The results of this study show the efficiency of low-
frequency IR spectroscopy in evaluating the order
parameter and specific features of the orientation state
of a liquid-crystal polymer.

2. MATERIALS AND METHODS

As the object of the study served an industrial grade
LCD copolymer Vectra A950, which has the formula:

H H H N
EpSanBirsSot
i s
H H H o3

H H

and contains73 mol. % 4-hydroxybenzoic acid units
and 27 mol. % 2-hydroxy-6-naphthoic acid units.
Granules of the copolymer were obtained by molding
the starting material purchased from Hoechst-Celanese
corp. Its fibers are made in a laboratory by the PTI
method [9]. The main feature of the Vectra A950 LCD
polymer is that it has in the main chain with two
mesogenic groups that are not separated by flexible
junctions. This makes copolymer macromolecules stiff
and significantly limits the molecular mobility of the
main chain [10].

+
oy

To estimate of the orientation order parameter of
the copolymer S = 1/2 (3 <Cos20> - 1), where O- is

the -angle between the long axis of an individual
molecule and the draw direction of the fiber, we used
the expression S = (R-1) (Ro + 2) / (R + 2) (Ro-1) [11],
where R- is the- dichroic ratio, Ry = ZCotqu, a y is the-
angle between the dipole transition moment related to
the absorption and the long axis of an individual
molecule which in this case is parallel to the stretching
direction. The angle y for the main components of
Vectra A950- benzene rings and C-O-C bonds is not
exactly known, but it can be taken, to a first
approximation, equal to zero [12], and then S = (R-1) /
(R + 2). The dichroic ratio R is defined as R = Ay/AL
where A, and AL are the absorbance for the IR light
polarized parallel and perpendicular to the director,
respectively. The absorbance A, and AL are given by
the Lambert-Beer law: A; = log:o(1/Ty) or AL =
log1o(1/TL), where T, and T. are the transmittance for
linearly polarized IR light with electric vectors parallel
and perpendicular to the director, respectively.

The IR transmission spectra of Vectra A950 were
measured with a Perkin-Elmer 577 IR
spectrophotometer in the 4000-400 cm” spectral range
with resolution of 2-4 cm™ and spectrometer Hitachi
FIS-21 in the region 400-20 cm” with resolution of 1-2
cm”. Polarized spectra were obtained by using wire-
grid (1200 grooves/mm) polarizers on PTFE and PE
substrates.

The samples used in experiments were prepared as
a parallel set of fiber rods end- glued on a framework
with dimensions 12 x 20 mm. The IR transmission
spectra Vectra A950 granules were measured by using
polyethylene pellets. The pellets were made by mixing
a 2- mg sample with 200 mg of spectroscopic grade
polyethylene and pressed into pellets using hydraulic
press. To take into account the polyethylene
absorption, the polyethylene spectrum was used as
reference. The sample spectrum was divided by the
reference spectrum to nullify the polyethylene
absorption.

3. RESULTS AND DISCUSSION

The IR-spectra of Vectra A950 in the range of 4000-
400 cm-1 are shown in Figure 1. The absorption bands
in these spectra were assigned in [5, 13]. Far- IR
spectra of Vectra A950 in the range 480-20 cm™ are
shown in Figure 2. It should be noted that the far- IR
spectra of Vectra A950 were measured for the first
time. To date only far-IR spectra of low molecular LC
have been studied in detail, but they are sufficiently
scattered and primarily related to low-molecular
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Figure 1: Polarized IR- spectra Vectra A950 recorded for parallel (A|| ) and perpendicular (A1) arrangements of the E vector to

the fiber axis.
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Figure 2: Far-IR spectra Vectra A950 in the range 30-500 cm™. Spectrum of fibers (a) shifted on the ordinate.

nematics type of MBBA (4-methoxy-4-benzylidene-
aniline) with benzene rings as a mesogens and alkyl
groups as a flexible spacers [14,15].

It was found that the mid-IR spectra of Vectra A950
fibers and granules Vectra A950 are almost identical.
This result reflects that fact that short-range
intramolecular forces operating in fibers are the same
as those in granules. By contrast, vibrational bands of
molecules in the low-frequency spectral range, typically
below ~ 300 cm™, arise not only from intramolecular
interactions but also from intermolecular interactions of
the molecules. Vibrational spectroscopy in this
frequency range is focused on the information
concerning both the molecular motions dynamics and
the interactions between molecules. Of particular
interest to physical chemistry of LCPs are the far-IR-
active degrees of freedom, which correspond to soft,
large-amplitude LCP vibration modes directly involved
in the molecular dynamics. These properties make THz

spectroscopy an ideal tool for discriminating between
polymorphic forms of fibers and granules Vectra A950.
It is known that the difference between the molecular
chain orientation in fibers and in the bulk of granules is
highly sensitive to details of their thermal prehistory,
ie., it depends on the chain connectivity
(intermolecular interactions) and on the dynamics of
large—amplitude vibrational and torsional modes in LCP
[16].

Far-IR spectra of Vectra A950 fibers and granules
are shown in Figure 2. Comparison of these spectra
indicates that they differ most significantly just at low
frequencies, To identify the absorption bands in the far-
IR spectrum of Vectra A950 we used experimental and
calculated far-IR spectra of hydroxy-benzoic acid [17]
and hydroxy-naphthoic acid [18], which enter into the
composition of this copolymer. The tentative
assignment of the absorption bands in the far-IR
spectrum of Vectra A-950, made on the basis of these
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Table 1: The Characteristics of the Absorption Bands in Far-IR Spectra Vectra A950

Vibrational modes Vectra A950 (cm-1) Approximate Description Re Re
69 N- ring libration 0.75 0.95
96 B- ring libration 0.95 1.15
127 Poley absorption + COO torsion 0.45 1.55
143 v 10b B- ring 1.65 1.55
169 “Batterfly” N- ring 1.50 1.55
235 CCC def. 1.42 1.33
262 COC torsion 1.55 1.43
338 v B4, N-ring 1.55 1.43
355 “Envelope flap” N-ring 1.65 1.55
407 v 16a B-ring 1.20 1.25
475 N-ring def. (Bsu) 1.25 1.33

Symbols: F-fibers; G-granules; N-naphthalene; B-benzene; def.- deformation.

data, and the dichroic ratio of these bands, obtained
from polarized measurements on the fibers and
granules Vectra A950, are presented in the Table 1.

Comparison the dichroic ratio of the absorption
bands in the spectra of the granules (RG = A|G/ A 1G)
and fibers (RF = A|F / A L F) shows that the values of
RF and RG are not very different from each other. This
is so except in the lowest-frequency bands,
characterizing torsional vibrations (libration) of
mesogens (phenylene and naphthalene rings) in the
copolymer. Especially different are the values of RG
and RF (and, therefore, the orientation order
parameters), obtained for the absorption band at 127
cm”, which is due to Poley-type absorption [19, 20].
Polarized far-IR spectra of Vectra A950 fibers and
granules in the range 127 cm” are shown in Figure 3.

The Poley-type absorption, which is now well known
to be due to molecular torsional oscillations (librations),
has been observed previously in far-IR spectra of
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liquid- crystals only for nematics, such as 4-
methoxybenzylidene-4- butylaniline (MBBA). The Poley
absorption in these spectra has the same half-width
and intensity of lines as those in spectra of typical polar
liquids and the peak of this absorption should be
expected at v =50 cm™ in MBBA. That it appeared
centered near 130 cm™, having intensity substantially
greater than expected for a difference tone or an intra-
molecular torsional mode in the MBBA molecule, leads
the authors to the conclusion about the specifics of the
librational movement in the LC. They believe that the
difference between the calculated value of the
librational frequency and the experimental frequency is
a consequence of the deeper and narrower energy well
in which the lath-like molecules librate. Indeed, X-ray
evidence implies that around each molecule MBBA
there is approximately a hexagonal array of parallel
molecules [21]. Such an environment provides a
steeper potential well with respect to angular
displacements around the long axis of the mesogen
(i.e. with a smaller moment of inertia and less hindered
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Figure 3: Polarized far- IR absorption spectra Vectra A950: granules (a), the fibers (b) in the range 30-250 cm™.
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rotation) and thus a higher value of the librational
frequency.

These findings also are valid in the present case. It
should only be added that in the formation of the
spectrum at these frequencies can participate and
intramolecular mobility, such as the torsional vibrations
of the COO group, which connects mesogens in the
copolymer.

A detailed discussion of the assignment of the
absorption band at 127 cm” in the far-IR spectrum of
Vectra A950 was needed because just this band is the
most sensitive to the orientation ordering of copolymer.
The dichroic ratio for the majority bands in the far-IR
spectrum (see Table 1) and for the bands in the mid-IR
(see Figure 1) spectrum of Vectra A950 granules
practically does not differ from those of the fibers. So,
the dichroic ratio for the band of stretching vibrations of
a carbonyl group at 1727 cm” in the spectrum of
granules RG = 0.85, and that in the spectrum fibers,
RF = 1.3, which are close to each other, whereas the
corresponding values for the band at 127 cm™ in the
far-IR spectra, RG = 0.45 and RF = 1.55 and these
values differ by more than a factor of 3. As a result, the
parameters of the orientation order for the granules and
fibers of the copolymers, derived from of the mid-IR
spectra, were close to zero, which does not allow
distinguishing the orientation ordering in granules
Vectra A 950 from the orientation ordering in fibers
Vectra A 950. While the parameters of the orientation
order, obtained from the dichroic ratio for the libration
band at 127cm™ in the spectra of the granules and
fibers (Sg = - 0.22 n Sg = 0.16, respectively), clearly
indicate a higher orientation of chains in the draw
direction in fibers of copolymer, in contrast to its
granules. This result suggests that the orientation state
of the LCP type Vectra A 950, is largely determined by
the local dynamics of polymer chains, such as the
torsional mobility of aromatic mesogens.

4. CONCLUSIONS

The polarized far-IR spectroscopy was successfully
applied to characterize the molecular orientation of the
granules and fibers of a completely aromatic
thermotropic liquid-crystal copolymer Vectra A950. It
was found that the absorption bands arising from the
manifestation of external degrees of freedom of
mesogens (benzene and naphthalene rings) and, their
libration or torsions are the most sensitive to the
orientational ordering in the LCP Vectra A950.The
results suggest the possibility of carrying out an

independent  evaluation of the spectroscopic
parameters reflecting the properties of intermolecular
interactions in oriented LCP from their low-frequency
spectra. It demonstrated that this frequency range is an

extremely important spectral range for polymer
science.
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