This article was downloaded by: [Tomsk State University of Control Systems
and Radio]

On: 21 February 2013, At: 11:19

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH,
UK

Molecular Crystals and Liquid
Crystals

Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl16

The Existence of Two
Distinct Levels of Order
in Thermotropic Nematic
Polyesters

A. Blumstein 2 , R. B. Blumstein  , M. M. Gauthier 2
, 0. Thomas * & J. Asrar ®

& University of Lowell, Department of Chemistry,
Polymer Program
Version of record first published: 21 Mar 2007.

To cite this article: A. Blumstein , R. B. Blumstein , M. M. Gauthier , O. Thomas & J.
Asrar (1983): The Existence of Two Distinct Levels of Order in Thermotropic Nematic
Polyesters, Molecular Crystals and Liquid Crystals, 92:3, 87-97

To link to this article: http://dx.doi.org/10.1080/01406568308084524

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study purposes.
Any substantial or systematic reproduction, redistribution, reselling, loan,
sub-licensing, systematic supply, or distribution in any form to anyone is
expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should be



http://www.tandfonline.com/loi/gmcl16
http://dx.doi.org/10.1080/01406568308084524
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [Tomsk State University of Control Systems and Radio] at 11:19 21 February 2013

independently verified with primary sources. The publisher shall not be liable
for any loss, actions, claims, proceedings, demand, or costs or damages
whatsoever or howsoever caused arising directly or indirectly in connection
with or arising out of the use of this material.




Downloaded by [Tomsk State University of Control Systems and Radio] at 11:19 21 February 2013

Mol. Cryst. Lig. Cryst. Vol. 92 (Letters), pp. 87-97
0140-6566/83/9203-00878$18.50/0

©1983, Gordon and Breach, Science Publishers, Inc.
Printed in the United States of America

THE EXISTENCE OF TWO DISTINCT LEVELS OF
ORDER IN THERMOTROPIC NEMATIC POLYESTERS

A. BLUMSTEIN, R. B, BLUMSTEIN, M. M. GAUTHIER,
0. THOMAS AND J. ASRAR
University of Lowell, Department of Chemistry,

Polymer Program

(Received for Publication June 8, 1983)

ABSTRACT

It is shown by means of x-ray diffraction and
PMR broad line spectroscopy, that the structure
of the flexible spacer drastically influences
the order within the nematic phase of thermo-~
tropic polyesters based on the 4,4'-dioxy-
2,2'-dimethyl azoxybenzene moiety. The exist-
ence of two distinct molecular arrangements is
proposed: one is characterized by an unusually
high degree alignment of macromolecules, the
other by a lower degree of alignment. The for-
mer is displayed by spacers with an even number
of methylene units in the alkanedioic acid
moiety of the spacer (odd number of bonds); the
latter by a certain number of flexible spacer
moieties with an odd number of methylene groups
(even number of bonds), as well as in mixed
spacers irregularly alternating along the mac-

romolecular chain (copolyesters).

The isotropic-nematic transition in linear ther-

motropic polymers composed of alternating rigid
87
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mesogenic and flexible "spacer" moieties is charac-
terized by a degree of orientational and conforma-
tional ordering which has not yet been systematically
investigated. Such studies would be desirable in
view of the potential applications of these systems;
they would also serve to check the validity of theo-
retical treatments developed for semiflexible nema-
tic polymers. Influence of chain flexibility, mol-
ecular structure, chain length and chain leagth dis-
tribution on phase transitions and phase alignment
requires investigation.

We have recently begun to carry out a detailed
study of some of these factors through a synthesis
and characterization of homologous series of nematic
polyesters ?

fo-O)-n=5-O)-0-co- (cn,) -co}
CHy CHj
based on &4,4'-dioxy-2,2"'-dimethyl azoxybenzene (mes-

X

ogen 9) and alkanedioyls with spacer’length n = 2 -
14 (1,2). The I » N transition of these polymers, a
investigated by measurement of magnetic birefringenc
(2,3) is characterized by drastic intramolecular con
formational changes from randomly coiled chains to
chains with a high degree of alignment.

For poly(4,4'-dioxy-2,2"-dimethylazoxybenzene
dodecanedioyl)-polymer DDA9, with spacer length n =
10, chain extension in the nematic phase was demon-
strated by the strong cooperative increase of both
the isotropization entropy, ASIN(EH), (4) and the
nematic order parameter, S(Mn), (5) with increasing
molecular weight. Development of a polymeric meso-

phase, as characterized by maximum local chain
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extension, appears to require cooperactivity be-
tween some 8 to 10 repeating units per chain (4,5).
We have proposed for the nematic state of DDA9 a
"cybotactic" nematic model (1) similar to that intro-
duced by de Vries (6) for low molecular mass n-alko-
xyazoxybenzenes. Evidence for this model was drawn
from SAX data obtained for a quenched oriented nem-
atic sample (1) and PMR lineshape analysis (7). 1In
what follows we present evidence in support of the
existence of two distinct degrees of ordering in
polymeric mesophases based on mesogen 9: a cybotac-
tic nematic phase similar to that described for DDA-9

(1), and an "ordinary"

nematic phase characterized
by a considerably smaller degree of order. The for-
mer molecular organization is observed for polymers
containing an even number of methylene units, such
as n = 4,6,8,10,12 and 14, the latter for n = 5,7,9
and 11, or copolymers of mesogen 9 with two spacers

of different length and structure.

EXPERIMENTAL

The synthesis of polyesters and copolyesters 1
was described previously (1,2). Fractional precip-
itation using DMF-water solvent precipitant couple
yielded fractions of polyesters used in this study.
The orientation in the magnetic field of 10 Tesla
was done as described in (1l); in addition, the spec-
imens were oriented in fields of 2.5T., x-ray pho-
tographs were taken at room temperature using a flat
plate camera, Ni-filtered Cu-a radiation with a sam-

ple to film distance of 8 cmn. The order parameters
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were determined from broad line PMR spectra using
a Bruker CXP-100 instrument as described in (7).
The thermal data were obtained by means of a Perkin
Elmer 2C as described in (2) and (4).

Figs. 1 and 2 give x-ray diffraction pictures
of two polyesters with n = 10 (DDA-9) and n = 7
(AZA-9) respectively. In both cases the molecular
mass was low enough to procude an easy orientation
of the thermotropic nematic phase by a field of 10
Tesla, but high enough to avoid crystallization on
cooling. The x-ray patterns in Fig. 1 and Fig. 2
are different: while for n = 10 the pattern is sim-
ilar to the patterns prevalent in the low molecular

' nematics (such as alkoxy-

mass oriented "cybotactic'
azoxybenzenes (6)) the pattern for n = 7 is typical
of an ordinary oriented nematic.

The pattern of Fig. 1 is typical of n = 6,8,12
and 14, while the pattern of Fig. 2 is typical of

n=5,7,9 and 11.

Fig. 1. DDA-9 (n = 10) polyester, Ty, = 123.6°C,
Moo= 3,200, heated to 155°C in a magnetic
field of 10 Tesla, and quenched at 118°c
to room temperature at 100°/min. Picture

is typical of n = 4,6,8,12,14.
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Fig. 2. AZA-9 (n = 7), Polyester T = 90°C,
ﬁn = 2,000, heated to 90°C in a magnetic
field of 10 Tesla and quenched at 73°C to
room temperature at 100°/min. Picture is

typical of n = 5,9 and 11.

Both types of polymeric nematics are totally mis-
cible (8) as in the case of low molecular cybotac-
tic and ordinary nematics. In contrast to low mol-
ecular weight alkoxyazoxybenzenes which displayed
four maxima SAX patterns for n = 2,4,5,6,7,8,9,10,
i.e. for odd and even number of bonds in the term-
inal chains (9), the pattern of four maxima is dis-
played in the polymer preferentially for even n (or
an odd number of bonds in the spacer). This pattern
of four SAX maxima can be disrupted by copolymeriza-
tion of two spacers with widely differing structure
and concomitant introduction of randomness in the
chain, as it was shown in the case of a copolymer
based on mixed spacers of 3,3 dimethylglutaric acid

and dodecanedioic acid (14).



Downloaded by [Tomsk State University of Control Systems and Radio] at 11:19 21 February 2013

92  A. BLUMSTEIN, R. B. BLUMSTEIN, M. M. GAUTHIER, O. THOMAS and J. ASRAR

Fig. 3 shows the evolution of the dipolar
splitting 26N upon cooling from the isotropic phase
for a DDA-9 sample of Mn = 4,800 (sample DDA-9LII)
and a AZA-9 fraction of Mn = 4,100. The double-
headed arrows on Fig. 3 indicate the range of the
nematic-isotropic biphasic region (N + I biphase).
The DDA-9 sample has a dispersity index of ~1.5,
whereas AZA-9 is a narrow fraction, with a corres-
ponding narrow N + I biphase. Both samples are com-
pletely aligned in the nematic phase. The nematic
order parameter S associated with the mesogenic
moiety was deduced from the value of 25n as des-
cribed in reference (7). 1In the homogeneously ori-
ented samples, values of S range from 0.75 to 0.85
for DDA-9LII and from 0.48 to 0.68 for AZA-9. Iun-
cipient crystallization destroys alignment of the
supercooled nematic phase in both instances. The
ondulations in the curves ZGN (temp.) do not seem
to be an artifact and will be discussed elsewhere.

The values of the order parameter S observed
for polymer AZA-9 are comparable to those found in
the case of low molecular mass LC; for PAA, for ex-
ample, the values of S range from S, = 0.405 at the
nematic transition temperature Tc tO‘Smax = 0.76
for the supercooled mesophase (10). Polymer DDA-9,
on the other hand, displays a high degree of orien-
tational order. This high degree of alignment ex-
tends to the spacer, as shown by PMR line shape
analysis (7) and deuterium magnetic resonance (11).

Due to the existence of the biphasic region
the exact location of the nematic-~isotropic trans-

ition temperature T, is difficult to establish in
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the case of polymers, theoretically and experimen-

tally. The value of the DSC peak maximum T which

>
is located within the biphasic regiom, can gi used

as a reasonable first approximation (5). We can al-
so determine T, from magnetic birefringence measure-
ments (12) as the temperature at which the optical
transmission has decayed, on cooling through the pre-
transitional state, to half its maximum value. The
values of Sc’ calculated from the pretransitional
temperature dependence of magnetic birefringence
using the Landau de Gennes theory (13), are in ex-
cellent agreement with the values measured by PMR

at T = TIN’ for DDA-9 and AZA-9.

Finally, the variation of ASIN(ﬁ;) suggests a
much smaller increase in conformational and orienta-
tional entropy and very little cooperactivity be-
tween repeating units in the case of AZA-9 (l14), com-
pared to DDA-9 (4). At saturation, the values of
isotropization entropies are 12.9 and 35.9 J/Kg - de-
gree, respectively; the former being comparable to
the isotropization entropies of classical low molec-
ular mass nematics.

A simple tentative explanation can be advanced
if one considers that in an alkyl chain attached at
one point to a mesogenic core the probability of
trans/gauche + conformers is significantly enhanced
for the first 3 even bonds (15). If both ends of
the chain are attached, this enhancement will propa-
gate along the chain from the attachment points in
opposite directions (1l1). Destructive interference
can then be expected in the case of an even number

of bonds (n odd) and hence a lowering of the average
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ratio of t/g + conformers can be expected. A spacer
with an odd number of bonds (n even) would conversely
favor an enhancement of the t/g + ratio with a con-
comitant increase in the tendency to align.

These data which point toward the existence of
two distinct nematic arrangements of molecules with
widely differing order parameters may explain the
apparent discrepancy between the high order param-
eters reported for the polyester DDA-9 (7, 16) and
the lower degree of alignment reported for a poly-
ester based on l,4-dihydroxyphenylbenzcate and pen-
tanedioic acid (17).

We believe that the system described above is
particularly well suited for the study of structure-
property correlations because of low transition tem-
peratures. Polyester systems with high transition
temperatures such as derivatives of hydroxybenzoic-
acid, for example, undergo within the mesophase a
reorganization into block copolymers with concomi-

tant chain randomness.
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