This article was downloaded by: [University of Haifa Library]

On: 20 August 2012, At: 20:23

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 Science and
Technology. Section A. Molecular Crystals and Liquid
Crystals

—— Publication details, including instructions for authors and subscription information:
http://www.tandfonline.com/loi/gmcl19

Mesomorphic Properties of Side Chain Type Polyethers
Containing Metal Salts

Kenji Kawamura 2 , Tadahiro Kikuchi ® & Naoyuki Koide

# Department of Chemistry, Faculty of Science, Science University of Tokyo, 1-3 Kagurazaka,
Shinjuku-ku, Tokyo, 162, Japan

b Faculty of Science and Engineering, Science University of Tokyo in Yamaguchi, 1-1-1
Daigakudori, Onodashi, Yamaguchi, 756, Japan

Version of record first published: 04 Oct 2006

To cite this article: Kenji Kawamura, Tadahiro Kikuchi & Naoyuki Koide (1998): Mesomorphic Properties of Side Chain Type
Polyethers Containing Metal Salts, Molecular Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals
and Liquid Crystals, 318:1, 87-100

To link to this article: http://dx.doi.org/10.1080/10587259808045377

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 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.



http://www.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259808045377
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [University of Haifa Library] at 20:23 20 August 2012

Mol. Cryst. Lig. Cryst., Vol. 318, pp. 87-100 © 1998 OPA (Overseas Publishers Association) N.V.
Reprints available directly from the publisher Published by license under
Photocopying permitted by license only the Gordon and Breach Science
Publishers imprint.

Printed in Malaysia.

Mesomorphic Properties of Side Chain Type Polyethers Containing Metal Salts

KENJI KAWAMURA?, TADAHIRO KIKUCHI® and NAOYUKI KOIDE*
"Department of Chemistry, Faculty of Science, Science University of Tokyo, 1-3

Kagurazaka, Shinjuku-ku, Tokyo 162 Japan. "Faculty of Science and Engineering,
Science University of Tokyo in Yamaguchi, 1-1-1 Daigakudori, Onodashi,

Yamaguchi 756 Japan

Polyethers with p-alkoxyphenyl groups in the side chain (PEn) were prepared by
ring opening polymerization of the corresponding glycidyl ether derivatives.
These polyethers exhibited highly ordered smectic phase depending upon the
alkoxy chain length. A liquid crystalline phase was formed at the alkoxy chain
length of below 12. The mesomorphic properties for the mixed system were
originated from adding an alkali metal salt into the non-mesomorphic side chain
type polyethers. The mesomorphic temperature range for the mixed system was
wider with increasing amount of alkali metal salt. The occurrence of the
complexed the side chain type polyethers with the alkali metal salt was confirmed
by Raman spectroscopy and X-ray photoelectron spectroscopy measurements
(XPS).

Keywords: side chain type polyether, alkali metal salt, smectic phase,

Raman spectroscopy, X-ray photoelectron spectroscopy
INTRODUCTION
Generally, side chain type liquid crystalline polymers (SLCPs) compose with
polymer backbone, spacer and mesogen. The role of spacer, such as alkyl chain,
siloxane or ethylene oxide to be considered is that the molecular mobility between the

*To whom correspondence should be addressed

87



Downloaded by [University of Haifa Library] at 20:23 20 August 2012

88 K. KAWAMURA et al.

mesogenic group and polymer backbone can be minimanized. Consequently, the
mesogenic groups in the side chain of the polymer acts like a similar orientational
behavior to the low molecular weight liquid crystal compounds and then, SLCPs
would be considered as a candidate of high functional polymers. The spacer length
and the end group of the mesogen play an important role in the stability of the
oriented state of the liquid crystalline phase. However, in our previous paper,
although a series of polyethers consisted for poly(glycidyl ether)s having p’-
substituted —biphenyl or phenyl moieties did not contain a flexible spacer in the side-
chain, the polyether exhibited a highly ordered smectic phase'?. This result shows
that the molecular mobility of the polymer backbone and selected mesogenic group
are important factors to arise the mesophase for the SLCP®),

Moreover, the polyethers with nonmesogenic p-alkoxyphenyl group in the
side-chain exhibited a smectic A phase with structure of bilyer, and a liquid
crystalline phase was formed at the alkoxy chain length of below 12. The self-
assembly of bilayer structures can be arisen from the interaction of hydrophilic layer
(polyether backbone) and hydrophobic layer (p-alkoxyphenyl group) like a lyotropic
liquid crystal.

On the other hand, many kinds of ion conductive polymers have been
investigated in view of their theoretical and technical potentialities such as polymer
battery. Most of ion conductive polymers have a polyether structure, and ion
conduction is attributed to highly dissociative alkali metal salts in the matrix', The
side-chain type liquid crystalline polyethers are also considered as a candidate for ion
conductive polymers based on the their chemical structure of polymer backbone.

Surprisingly, non-mesogenic polyethers having the alkoxy chain length of
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beyond 12, a smectic phase was arisen from adding a metal salt, and the complexed
mesomorphic polyethers show high ionic conductivity”. With origination the
mesophase, it can be considered that complexation of polyether with alkali metal salts
can yield a moderate chain mobility of the polymer backbone and then complexed
polyether would be easily formed a self-assembly layer structure. This behavior was
also demonstrated by the recent publication on polyethylene oxide with flexible side
chain groups which show a induced smectic lamellar mesophase by complexation of
polymer backbone with LiCIO,”,

In this paper, we describe the mesomorphic behavior and the physical
properties of the resulting polyethers complexed with the alkali metal based on
polarized optical microscopy, differential scanning calorimetry, FT-Raman
spectroscopy and XPS measurements.

EXPERIMENTAL SECTION

Characterization

'H-NMR was performed with a JEOL JNM-PMX60 spectrometer using CDCl, as
the solvent. Infrared spectra were recorded on a JEOL JIR-100 spectrometer.
Spectra were collected at 4cm” resolution. DSC measurements were conducted with
a Perkin Elmer DSC 7 instrument equipped with DEC 325C personal workstation at
rate of 5°C/min, employing a flow of dry nitrogen as a purge gas for the sample and
reference cells. Gel permeation chromatography (GPC) was carried out with a
Tosoh HLC-8020 instrument using chloroform as the eluent. The instrument was

calibrated with a polystyrene standard. Optical microscopy was performed on a



Downloaded by [University of Haifa Library] at 20:23 20 August 2012

90 K. KAWAMURA eral.

Nikon polarizing optical microscopy equipped with a Mettler FP80 controller and a
FP82 hot stage.  The preparation of the sample cell was carefully sealed with epoxy

resin in order to prevent the moisture.

The spectra of the mixed system of PE6 or PE16 with alkali metal salts were
measured at 2cm’ resolution with a JEOL JIR-7000FT-IR RSU-200 Raman
spectrometer equipped with an InGaAs detector at variable temperature. Excitation
radiation of a cw Nd: YAG laser (1064cm’) was used. The excitation laser power was
controlled to fit on the sample during a spectral measurement. For XPS
measurements, the photoelectron takes-off direction was normal to the sample
surface and then the pass energy was 20eV. XPS analysis with MgK o X-
ray(1253.3eV) excitation was the AXIS-HS (Shimadzu KRATOS) system.

4-Benzyloxy-4’-hexadecanoxyphenyl

A mixture of I-bromohexadecane (17g, S6mmol), 4-benzyloxyphenol (9.2g,
46mmol), KOHaq (4.2g, 7Smmol) and a small amount of potassium iodide in THF
(150ml) was refluxed for 18h. The solvents were distilled off with rotary-evaporator,
and then the residue was washed with water and with ethanol at twice. Yield 18.3g
(94%).

'H-NMR (CDCL,) : 8 7.5, 7.0(d, 9H, Ar-H), 5.1(s, 2H, -OCH,-Ar), 4.0(t, 2H, -OCH,-
CH,), 1.3(s,28H, -CH,-), 0.9(t, 3H, -CH.,)
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4-Hexadecanoxyphenol

4-Bezyloxy-4’-hexadecanoxyphenyl (18g, 54mmol) and 10% Pd-C(3.5g) with
THF(150ml), ethanol(80ml) and a small amount of HClaq was stirred in three neck
round-bottom flask under H,-atmosphere for 4h. The reaction mixture was filtered,
and the filtrate was evaporated to dryness under reduced pressure. The residue was
purified by recrystallization with hexane to give 17.2g (95%) of 4-
hexadecanoxyphenol as white plates.

'H-NMR (CDCL,) : 8 6.8(s, 4H, Ar-H), 4.7(s, 1H, -OH), 3.9(t, 2H, -OCH,-),

1.3(m, 28H, -CH,"), 0.9(t, 3H, -CH,)

Synthesis of glycidyl ether monomer (GEn, n denotes alkoxy chain length)
Each of the glycidyl ether monomers was prepared from the comresponding p-

substituted alkoxyphenol derivative and excess epichlorohydrin with sodium
hydroxide as base. Epichlorohydrin was mixed with 4-hexyloxyphenol(10g,
51mmol). Sodium hydroxide (4.4g, 110mmol) was added to the mixture. Then the
reaction mixture, alkoxyphenol, sodium hydroxide, epichlorohydrin and THF was
refluxed at 100°C for 3h. The solvent and excess epichrolohydrin were distilled off.
The residure was purified by column chromatography on silica gel with chloroform
as eluent to afford 9.0g (70%) of GE6.
GE6: 'H-NMR (CDCl,) :  6.8(s, 4H, Ar-H), 4.3-3.8(m, 4H, -CH,0-), 3.3(m, 1H, -
CH(O-}), 3.0-2.7(m, 2H, (CH;-O)-), 1.8-1.2(m, 8H, -CH,-), 0.9(t, 3H, -CH,)
IR (KBr disk) : 2950, 2930, 2855, 1510, 1285, 1240, 1110, 1030, 912cm’
GE16: 'H-NMR (CDCl,) : 8 6.9(s, 4H, Ar-H), 4.2-3.8(m, 4H, -CH,0-), 3.3(m, 1H, -
CH(O-)), 3.0-2.7(m, 2H, (CH,-O)), 1.8-1.2(m, 28H, -CH,~), 0.9, 3H, -

91
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CHy)
IR (KBr disk) : 2954, 2818,2848, 1514, 1290, 1243, 1113, 1036, 912cm’

Pol L
The polymer was prepared by polymerization of the monomer 1.0g(1.0eq) in a three-
neck round-bottom flask under the N, atmosphere. GE6 was dissolved in 10ml of dry
1,2-dichloroethane under a nitrogen atmosphere. In the case of GE16, the monomer
was dissolved in dry dichloromethane. Cooling the flask to become -20°C, finally,
boron trifluoride ethyl ether complex (0.01eq) diluted with solvents was added, and
the mixture was stirred at -20°C for 16 hours. Then the mixture was poured into
¢.a.300m! of methanol to precipitate the polymer. The polymer was dissotved in THF
and reprecipitated with methanol by two times. The polymer was dried under

vacuumn.

RESULTS AND DISCUSSION
The monomers of glycidyl ethers didn’t show any kind of mesophase, while the
polyethers having alkoxy chain length between 4 and 12 showed a smectic phase and
their isotropization temperatures increased and mesomorphic temperature range
became narrow with increasing alkoxy chain length. However, a smectic phase was
arisen in nonmesogenic polyethers having a longer alkoxy chain by adding an alkali
metal salt.

In this paper, we discuss the two types of polyethers, mesomorphic polyether
(PE6) and nonmesomorphic polyether (PE16). The obtained polyethers were
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oligomer whose degree of polymerization of about 10.

Thermal properties of PEn - LiClO, system
The typical polarized optical micrographs of PE16-LiClO, (0.43) are shown in Fig.1.
A focal conic texture characteristic of a smectic A phase was observed at 81°C, as
shown in Fig.1(a). The texture was changed to obscure texture with cooling as shown
in Figs.1(b) and 1(c), respectively. And the mesomorphic state was preserved at room
temperaure.

A typical DSC curve is shown in Fig.2. The mesomorphic properties for

PE6-LiCIO, were detected between glass transition temperature and isotropic

A

temperature, as shown in Fig.2 (a),
whereas there were three kinds of
mesophases for PE16-LiClO, in

Fig.2 (b).
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FIGURE2 DSC curves of PEn with

FIGURE1  Optical micrograph of PE16- LiClO, on cooling nun (a) PE6-LiCIOL0.11)
LiCI0,(043) (b) PE16-LiClOL0.11)
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The transition temperature increased with increasing amounts of LiClO, for
PE6-LiClO,(0.2), whereas that from a smectic to isotropic fluid increased with
increasing amounts of mesomorphic temperature range for PE6-LiClO, system was

0 02 04 06 08 1 0 02 04 06 08 1
Ratio of LiCtO, to polymer repeat unit Ratio of LiCIO, to polymer repeat unit

FIGURE 3  Phase transition diagram of FIGURE 4  Phase transition diagram of

PEb—L]ClO4by DSC measurement. PE16-LiCiO, by DSC measurement.
Liisotropic, S:smectic, M:mesophase, 0T, BT, AT, OTum
gglassy, K:erystal 0Ty Tem

wider than that of PE6. However the optical texture of PE6-LiCIO, was the same as
PE6.

The phase transition behavior of the PE16-LiClO, system is shown in Fig4.
As shown in Fig4, there were three kinds of mesophase, one phase at higher
temperature range was exactly assigned to a smectic A phase based upon the focal
conic texture, the others could not determined exactly the phase with their optical
microscopic measurements. A crystalline phase was observed at the ratio of LiClO,
to PE16 repeat unit between 0.11 and 0.25, while a glassy phase was observed with
increasing ratio of LiClO, to PE16 above 0.33. The behavior of the transition
temperature from a glassy to a mesophase for PE16-LiCIO, was different from that
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for PE6-LiClO,, as shown in Figs.3 and 4, respectively. These differences would
result from consuming LiClO, in order to form the liquid crystalline phase for
nonmesogenic polyether derivatives of PE16. We thought that the difference of PE6-
LiClO, and PE16-LiClO, for transition ternperature would be arisen from the
difference of two kinds of polyether itself, because the neat PE6 showed a smectic
phase, while neat PE16 did not show a mesophase.

Raman and XPS measurements

We have investigated the PEn-LiCIO,
system at elevated temperature by
Raman spectra and XPS in order to
clarify the origin of the formation of

Raman intensity

the mesophase for the mixed system PEI6-LICIO(1.00)

and degree of ion association situation PEI§

of the salt in the polymer The — T
1000 90 920 880

symmetric  stretching modes of Wavenumber / e

FIGURE 5 Raman spectra of LiClO,,
PE16-LiClO, and PE16 on room temperature.

perchlorate anion were chosen for a
detail investigation. The spectra for
LiClO,, PE6, and PE6-LiClO, contents are displayed in Figs.5 and 6, respectively.
The symmetric stretching mode for the anions in the polyether complexed with
lithium perchlorate at an ether oxygen of alkali metal have been studied as a function
of polyether and lithium perchlorate ratio using Raman spectroscopy. As shown in
Fig.5, two components band analysis led to the identification of a mode in the lithium
complex at 940cm” due to the vibration of free perchlorate anion and another mode



Downloaded by [University of Haifa Library] at 20:23 20 August 2012

96 K. KAWAMURA er al.

of 961cm™ due to contact ion pairs of lithium cation and perchlorate for PE16-LiCIO,
system. However, with comparing the intensity ratio of a perchlorate anion mode at
940cm™ and an anion ion pair mode for 961 cm™ between PE6-LiClO, and PE16-
LiCIO,, the intensity of ion pairs for PE16-LiCIlO, is larger than that for PE6-LiCIO,.
These difference would be explained that most of the lithium cation combines with
polyether backbone for PE16 in order to arise the polyethylene oxide sodium cation

Li-1S ® O-1s ®)
a)

2 @ S
& R
g §
= 5

T T T T T T T ¥ t 1 v

64 60 56 52 48 4 4« 540 536 532 528 54

Binding Energy / eV Binding Energy / eV

FIGURE6  XPS spectra of PE6-LiCIO, (a) LiClO, only
(b) PE6-LICIO, (1.00)

helix®, and then the self-assembly can be formed in the complexed polyethers.

The shift of the peaks for Li-1S and O-1S was observed in the PEn-LiCIO, by
XPS measurements, as shown in Fig.6. This shift to the lower binding energy for Li-
1S and O-18 was occurred the dissociation of lithium perchlorate and complexation
polyether backbone with lithium ion. Changes in the environment of hydrocarbon
chains of the polyether derivatives gave strong effects on the C-H stretching vibration
region of the Raman spectra.

Thus, we thought that the appearance of the liquid crystalline phase for PE16-
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LiCIO, was also related to the ordered methylene chain of alkoxy groups in the side
chain similar to the lyotropic liquid crystals. So we have examined the order of the

Termp/C Temp/C
2 130D 2 M
g M B~ T\ _mo
g 8 w
0(0)
g | NIy W TON
! Il | T
06 I 47(M)
35(M)
3200 3 150 30;0 2;'6;2880 28;”?27'20 2640 32(')0;2'0 30';0 29(;0 28!;0 2&'11 2750 26;0
Wavenumber / cm*! Wavenumber / cm*
FIGURE 7 Thermal variable Raman FIGURE 8 Thermal variable Raman
spectra of PE16 on heating, spectra of PE16-LiClO, on heating,

methylene chain by thermal variable Raman spectroscopy. In order to clarify the
conformation of the methylene chains in the mesopahse, the Raman spectra for 2640
to 3200cm™ regions were measured with tcmpemmre dependence as shown in Fig.7.
In the solid state there are two dominating peaks at 2885cm™ and 2850cm”, however,
in the isotropic phase the peak at 2885cm™ disappears. After adding the lithium
perchlorate to PE16, the spectrum pattem is similar to that of PE6 which exhibited
smectic phase without aikali metal salts.

Raman spectra of PE16 and the PE16-LiClO, on a heating scan from room
temperature to isotropic phase is shown in Fig.8. In thermal variable Raman spectra
of PE16, the sharp peak was observed nearby 2885cm™ on the crystal state, but this
peak was broad on isotropic phase. In the case of PE16-LiClO,, the peak of nearby
2885cm™ was sharp at the lower two mesophases until 47°C, whereas with the high

temperature region about 60°C corresponding a smectic phase, the peak of 2885¢m™

97
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was broad. Although the sharp peak

of 2885cm™ was changed to a 2 @
broadness with different peak .'..E M
positions between mesophase and g | (©
isotropic  state, then we can * (d)
demonstrate that an appearance of 320031'2030;029;028;!028:)0

Wavenumber / an’

) FIGUREY9 Raman spectra of PE6, PE16 and
dependent upon the disordered state complex mixtures.

of methylene chian supported by (a): PE6-LiCIO(0.67) (Smectic)

the mesophase for PE16 is deeply

) ) o (b):PES only (Smectic)
conventional  lyotropic  liquid o). pE161iCIO, (0.67) (Smectic)
crysta]sm. (d):PE16 only (glassy)

To clarify about the correlation for state in ordered methylene chain between
liquid crystalline phase of PE6 and PE16, we have compared Raman spectrum in
liquid crystalline phase of PE6 with PE16, as shown in Fig.9. The peak of 2885cm’
was broad for the PE6 independent of addition of lithium perchlorate in PE6. While
for the PE16, the sharp peak was observed at 2885cm™. However the peak was broad
by addition of lithium perchlorate. These results would be supported that
appearance of the liquid crystalline phase for the PE6 and the PE16 can be related to
the state in disorder of methylene chain, as already disscussed in the enviornment of
hydrocarbon chains of lipid molecules”.

The complex polyethers are sensitive to the moisture as shown in Fig.10. The
time dependence of the Raman spectra of free perchlorate anion and lithium complex
band intensity was a dramatic change with the saturation in the moisture atmosphere.

We have found that the ion paired anion and the free perchlorate anion can be easily
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detected by Raman spectroscopy.

However, the peak intensity of 961cm” &
g Omin
decreased with time in the moistre - 30min
60min

atmosphere, while that of 940cm’ g
AN
increased. So, it was necessary to S\ 20hour
1000 9%0 %20 880

carry out for these polyethers in the Wavenumbers’ cm®

absence of water in order to clarify FIGUREI0  Time dependence of Raman
spectar for PEI6-LiClIO, in the moisture

an amount of the two detected species.
atomosphere

CONCLUSION

Polyethers with p-alkoxyphenyl group in the side chain exhibited a smectic A phase
which formes a bilayer structure. A liquid crystal phase was formed at the length of
alkoxy chain below 12. For nonmesogenic polyethers having alkoxy chain length
beyond 12, a smectic phase was induced by adding an alkali metal sait. An induced
smectic lamella mesophase can be explained by the complexation of the polyether
with the alkali metal salt based upon Raman and X-ray photoelectron spectroscopy.
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