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

On: 19 February 2013, At: 12:43

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 Incorporating
Nonlinear Optics

—— Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl17

Liquid-Crystalline Schiff's Base

Polymers

Amar H. Al-dujaili  , Aubrey D. Jenkins ® & David
R. M. Walton °

& University of Baghdad, College of Education,
Department of Chemistry, Adamiya, Baghdad, Iraq

® School of Chemistry and Molecular Sciences,
University of Sussex, Brighton BN1 9QJ, U.K.
Version of record first published: 13 Dec 2006.

To cite this article: Amar H. Al-dujaili , Aubrey D. Jenkins & David R. M. Walton
(1988): Liquid-Crystalline Schiff's Base Polymers, Molecular Crystals and Liquid
Crystals Incorporating Nonlinear Optics, 164:1, 67-76

To link to this article: http://dx.doi.org/10.1080/00268948808072113

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



http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268948808072113
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 12:43 19 February 2013

be 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 12:43 19 February 2013

Mol. Cryst. Lig. Cryst., 1988, Vol. 164, pp. 67-76
Reprints available directly from the publisher
Photocopying permitted by license only

© 1988 Gordon and Breach Science Publishers S.A.
Printed in the United States of America

Liquid-Crystalline Schiff's Base
Polymers

AMAR H. AL-DUJAILI

University of Baghdad, College of Education, Department of Chemistry, Adamiya,
Baghdad, Iraq

and

AUBREY D. JENKINS and DAVID R. M. WALTON

School of Chemistry and Molecular Sciences, University of Sussex, Brighton
BN1 9QJ, UK.

(Received October 12, 1987; in final form February 2, 1988)

Liquid-crystal polymers are reported which are prepared from di-(p-formylphenyl)
a-w-alkanedicarboxylates and p-phenylenediamine. Neither component forms a me-
sophase but the polymers are typical main-chain liquid crystal polymers. The synthesis
of a series of such polymers is described, and the properties of the products are
discussed.

INTRODUCTION

Liquid crystal polymers, which have been the subject of much sci-
entific and technological research,'? are divided in two categories:
“side-chain” and “‘main-chain.”” In the former case, the mesogenic
group is attached to the chain via a flexible spacer, and the molecular
conformation may not be altered by the formation of the mesophase.
Thus, the polymeric and mesogenic effects are essentially uncoupled.
On the other hand, if the polymers have the mesogenic unit and the
flexible spacer in the main chain, the polymer molecule must adopt
a conformation and packing which is compatible with the structure
of the particular mesophase; hence, in this case, the polymeric and
mesogenic properties are closely coupled. Modification of the re-
peating units may affect the molecular packing and cause the prop-
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erties of the mesophase to depart from those of the low molecular-
weight mesogen. Conversely, the formation of a mesophase can affect
the conformation of this type of polymer. From the above arguments,
polymers having the mesogenic units and flexible spacers in the main
chain are clearly of great interest.

I

RN

[ @ mesogenic group
—~~—— : flexible group

Main-chain liquid crystal polymers can be constructed either by
incorporating a mesogenic group, i.e., a group which has a tendency
to form liquid crystal phases in the polymer backbone, or by incor-
porating groups which are not mesogenic in low molecular weight
compounds but which nevertheless result in a polymer system showing
liquid crystal properties due to the introduction of a degree of order
during the development of macromolecular structure through poly-
merization.

We have previously described the synthesis and properties of some
liquid crystal polyesters incorporating mesogenic units derived from
p,p'-dihydroxytolan,?® p,p’-bis(hydroxyphenoxy)benzene,* and p,p’'-
bis(hydroxyphenoxy)biphenyl.> The present investigation is con-
cerned with the synthesis of main-chain polymers with non-mesogenic
groups, in order to carry out a further study of the mesophases ex-
hibited by these polymers with the objective of exploring the order
introduced by the development of macromolecular structure.

Poly(Schiff’s base)s (I) have been synthesized by condensation of
di-(p-formylphenyl) a,w-alkanedicarboxylates (II) with 4-phenylene-
diamine. The general repeating unit in these polymers can be rep-
resented as:

:ENONZC H-{_)-O.CO4CH,3C00 -@CH}

|



Downloaded by [Tomsk State University of Control Systems and Radio] at 12:43 19 February 2013

SCHIFF’'S BASE POLYMERS 69

where n = 3,4,7, and 8. This polymer is designated SBn, where n is
the number of methylene units in the acid residue.

EXPERIMENTAL

Preparation of monomers

Acyl chloride CIOC(CH,),COCIl.  Acyl chlorides were prepared
by boiling a mixture of the acids HO,C(CH,),CO,H, where n =
3,4,7 or 8, with an excess of thionyl chloride under reflux and re-
moving surplus reagent in vacuo. The acyl chlorides were distilled
under vacuum before use.

Di-(p-formylphenyl) a,w-aklanedicarboxylates
OHC—@—O.CO(CHZ)HCO.O—@——CHO
II

The acyl chloride CIOC(CH,),COCI (0.01 mole) was dissolved in
dry pyridine (5 cm?), and a solution of 4-hydroxybenzaldehyde (2.6
g, 0.021 mole) (Aldrich Chemicals) in pyridine (3 cm?) was added.
The solution was stirred at room temperature overnight, then diluted
with ether (30 cm?®). The ether solution was washed twice with cold
water, then with 10% HCI, twice with saturated NaHCO, solution,
finally with cold water, and then dried with anhydrous MgSQO,. Ether
was removed in vacuo and the residue was crystallized twice to give
white crystals in 50-75% yield. Melting points and analytical data are
presented in Table 1.

Polymerizations

In a 50 cm® round-bottom, three-neck flask, equipped with a me-
chanical stirrer, reflux condenser and gas-inlet tube, a mixture of 4-
phenylenediamine (0.54 g, 5 mmole, Aldrich Chemicals, crystallized

TABLE 1

Data for Monomers 11

M.p. Found (Calcd.) %
n O C H
3 89 67.0 (67.1) 5.1 (4.7)
4 88 68.0 (67.8) 5.45(5.1)
7 73 69.7 (69.7) 6.4 (6.1)
8 70 69.0 (69.1) 51 (4.7)
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twice from ether-benzene), di-(p-formylphenyl) alkanedicarboxylate
(5 mmole), ethanol (15 cm?) and ethanoic acid (1 drop), was refluxed
under a nitrogen atmosphere for 4 hr. The pale yellow precipitate
which formed was removed by filtration, washed with methanol and
propanone, and dried in a vacaum oven at 60°C.

Polymer characterization

Inherent viscosities were determined at 30°C using a solution of poly-
mer (0.5 g) in concentrated H,SO, (100 cm?). A viscomatic MS-type
5300 Fica viscometer was used. In the absence of calibration, and in
view of possible protonation by the solvent, the results have only
indicative value.

Differential scanning calorimetry (DSC) analysis was performed
with a Perkin Elmer DSC-2 Calorimeter. All samples were examined
at a heating/cooling rate of 20°C/min under dry nitrogen flow. The
maximum in the DSC endothermic peak was taken as the transition
temperature. Indium of 99.99% purity was used for temperature
calibration.

X-ray diffraction patterns were obtained using a Philips D1009
diffractometer. Ni-filtered CuK -radiation was used. After the dif-
fraction spectra were recorded for the virgin sample at room tem-
perature, the sample tube was heated in a silicone oil bath to a few
degrees above the first phase-transition temperature, and then cooled
quickly to room temperature by immersing in an ice-bath.

The optical observations were made using a Leitz Polarizing mi-
croscope equipped with a Mettler FP2 heating stage and photographic
camera. Polymer texture was studied using a sample mounted be-
tween a slide and cover slip, using slight pressure at the phase-tran-
sition temperature. Nitrogen gas was passed over the sample during
the course of the observations.

RESULTS AND DISCUSSION

All the polymers are insoluble in virtually all common organic solvents
including DMF and DMSO. Solubility is obtained with concentrated
H,SO,, although decomposition occurs. 'H NMR spectra could not
be obtained as the polymers are insoluble in all the common NMR
solvents at room temperature, but quantitative elemental analysis
gave satisfactory results. The following data were obtained. SB3 gave:
N% 6.9, Calcd. 6.8; SB4: N% 6.9, Calcd. 6.6; SB7: N% 6.1, Calcd.
6.0; and SB8: N% 6.00, Calcd. 5.8.
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Thermal analysis

Transition temperatures and glass-transition temperatures corre-
sponding to maxima of endotherms in the DSC heating curves, to-
gether with the inherent viscosities of the polymers, are collected in
Table II. The polymers are insoluble in the reaction medium and
precipitate immediately upon formation before reaching a high mo-
lecular weight, as is reflected by their inherent viscosities (n;,;,) (col-
umn 2, Table II).

The phase-transition temperature accompanying the transition of
a polymer to the liquid crystal state is designated Tk _y, and that to
the isotropic phase Ty_y, and these data are quoted in columns 4 and
5 of Table II, respectively. These DSC transitions were confirmed
by the appearance of liquid crystal and isotropic states in hot-stage
microscopy. The AT = Ty_—Tx_n values in column 6 indicate the
temperature range over which the liquid crystal phase exists. This is
quite broad, amounting to 65° for SB4 and ca. 130°C for SB3. These
polymers are thermally quite stable, and can be investigated as the
melts without risk of decomposition (Figure 1).

All the polymers exhibit well-defined endotherms (crystal to liquid
crystal and liquid crystal to isotropic phases) in addition to the glass
transition, as demonstrated by the DSC thermograms in Figure 1. As
can be seen from Figure 2, both Ty_, and T¢_y vary with the number
of methylene units (n) in the spacer group, in the familiar zig-zag
fashion. Further, the phase-transition temperatures are higher for
polymers having an even number of methylene units than for those
with an odd number. The same general trend has been reported for
almost all main-chain liquid crystal polymers.®

TABLE II
Properties of the poly-Schiff’s bases SBn

Polymer Tinh
designation dlig-1'a Ts" Tk~ Tt AT = Ty -Tx .~
°C
SB3 0.23 85 175 303 128
SB4 0.18 80 255 320¢ 65
SB7 0.20 75 160 244 84
SB8 0.27 S5 170 270 100

aThe relative viscosity (m,) so obtained was converted to inherent viscosity (w;,,) by
the standard relationship, n;,, = lom,/C.

*QObtained by DSC.

cWith decomposition.
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FIGURE 1 DSC thermograms of untreated samples of SBn polymers.
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FIGURE 2 Dependence of Tx_y and Ty_, on the length of the flexible spacer (n)
in the polymers SBn.
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FIGURE 3 Nematic Schlieren texture of the quenched melt of SB7 (between crossed
polars). See Color Plate X.

Optical observations

The textures, as studied in the polarizing microscope, present basi-
cally the same appearance for all four polymers. Figure 3 illustrates
the texture of the SB7 polymer, which exhibits a typical Schlieren
texture, corresponding to a nematic phase. As the temperature in-
creases, the number of brushes and black lines decreases, and black
regions of the isotropic phase appear (Figure 4). On cooling to room
temperature, the Schlieren texture forms again.

SB4, illustrated in Figure 5, has a Schlieren-like texture. It should
be noted that the texture is observed in both bright-field microscopy
and between crossed polars; it appears to be unchanged almost until
reaching the isotropic phase.

X-Ray diffraction

X-ray diffraction patterns have been analyzed mainly according to
the method devised by de Vries,” based on low molecular weight
liquid crystals. For an unoriented sample, the smectic phase shows a
very sharp inner ring (which is related to the layer spacing existing
in the liquid crystal system) from which the length of the repeating
unit can be deduced. The outer ring is ascribed to the lateral inter-
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FIGURE 4 The isotropic state and some birefringent nematic regions of SB7 at
217°C. See Color Plate XI1.

action of neighboring chains (and provides information on the average
inter-chain distance). In contrast, the nematic phase is expected to
show only a weak, diffuse inner ring and a strong (diffuse-halo) outer
ring. However, some liquid crystal polymers do not fit into the de
Vries classification.®

The lattice distances obtained for the original polymer powder and
for quenched samples, along with a visual indication of their intens-
ities, are listed in Table III. The original samples showed only a few
diffraction rings (Figure 6A), typical of semi-crystalline polymers.
However, the X-ray diffraction patterns of the polymer samples which
were quenched from the liquid crystal melt exhibited a broad and
weak inner ring and a strong (diffuse-halo) outer ring, with an ob-
servable maximum at about 4.8 A (Figure 6B).

CONCLUSION

The result of this study—based on DSC, polarizing microscopy and
X-ray diffraction patterns—shows that these polymers exhibit ther-
motropic mesomorphic properties which can be identified as nematic.
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FIGURE 5 Texture of SB3 in the biphasic region. See Color Plate XII.

TABLE Il
The X-ray diffraction spacings (d)? of the SBn polymers

Sample quenched from

Crystalline state the liquid crystal
Polymer at room temperature ' state
designation dA dA
SB3 4.5 (m) 4.8(s)5.2(v) 4.98 (halo) 13.8 (vw)
14.7 (m)
SB4 4.6 (m) 4.9(s) 4.88 (halo) 14.04 (vw)
16.1 (m)
SB7 4.4 (w) 4.8 (s) 4.78 (halo) 5.2 (vw)
18.8 (m)
SBS8 45(w) 5.0(s) 4.78 (halo) 15.3 (vw)
18.2 (m)

aThe positions of the reflections were converted into inter-planar spacings by means
of the de Vries modification of the Bragg equation, 2dsiné = 1.117x,
Symbols: s = strong, m = medium, w = weak, vw = very weak.
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.

(A)

FIGURE 6 X-Ray diffraction pattern of SB7: (A) in the crystalline state at room
temperature; (B) the quenched melt from the liquid crystal state.

p

Although neither monomer component displays mesomorphic
roperties (non-mesogenic), we are clearly dealing with a system in

which the appearance of a nematic mesophase is associated with the
development of polymeric structures. That is, on polymerization of

n

on-mesogenic units, a mesogenic polymer is formed, the observed

increase in order being a direct consequence of the polymerization
process.
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