This article was downloaded by:

On: 26 January 2011

Access details: Access Details: Free Access

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

Liquid Crystals
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713926090

Influence of spacer variation on phase behaviour of liquid crystalline
copolymethacrylates containing cholesteryl and S-(-)-4-

chloropropionyloxybiphenyl-4-yl groups
S. Weidner; D. Wolff; J. Springer

72!
rm—
o
——
s
[
=i
@)
U 5
»

P Online publication date: 06 August 2010

Liqu

To cite this Article Weidner, S. , Wolff, D. and Springer, J.(1997) 'Influence of spacer variation on phase behaviour of liquid
crystalline copolymethacrylates containing cholesteryl and S-(-)-4-chloropropionyloxybiphenyl-4-yl groups', Liquid
Crystals, 22: 2, 193 — 201

To link to this Article: DOI: 10.1080/026782997209568
URL: http://dx.doi.org/10.1080/026782997209568

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, 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.informaworld.com/smpp/title~content=t713926090
http://dx.doi.org/10.1080/026782997209568
http://www.informaworld.com/terms-and-conditions-of-access.pdf

08: 34 26 January 2011

Downl oaded At:

LiQuip CRYSTALS, 1997, VoL. 22, No. 2, 193-201

Influence of spacer variation on phase behaviour of liquid
crystalline copolymethacrylates containing cholesteryl and

S-(-)-4'-chloropropionyloxybiphenyl-4-yl groups

by S. WEIDNERY, D. WOLFF{ and J. SPRINGER *§

tBundesanstalt fur Materialforschung und Priufung, Unter den Eichen 87,
12205 Berlin, Germany

fInstitut fiir Technische Chemie, Fachgebiet Makromolekulare Chemie,
Technische Universitdt Berlin, Strale des 17 Juni 135, 10623 Berlin, Germany

(Received 2 August 1996, accepted 2 October 1996)

Liquid crystalline side group copolymers containing cholesteryl and S-(-)-chloropropionyl-
oxybiphenyl groups were synthesized and investigated by size exclusion chromatography,
'"H NMR spectroscopy, polarization microscopy, X-ray diffraction and differential scanning
calorimetry. The spacer of the cholesteryl-containing side groups was changed by the
substitution of two methylene groups by ether groups. The existence of a cholesteric phase
on copolymerization of two monomers containing chiral tail groups, from which the
homopolymers exhibit only smectic phases, could be observed. This cholesteric phase only
exists over a narrow range of copolymer composition. The temperature dependence of the
reflection wavelength for the cholesteric phase was determined. For the cholesteryl-containing
homopolymer, an Sa_bilayer phase was observed, whereas the S-(-)-chloropropionyloxybi-
phenyl homopolymer showed a higher ordered S phase below an Sa, monolayer phase. The
layer periodicities of the Sp phases of the copolymers depend on the composition. The
substitution of two methylene groups of the spacer by ether groups led to disappearance of
the cholesteric phase. Simultaneously, over a small range of copolymer composition a biphasic

region was obtained.

1. Introduction

In recent years, interest in thermotropic liquid crystal-
line (LC) polymers forming ferroelectric smectic C*
phases has increased exceptionally. The main require-
ment for the formation of this interesting phase is the
existence of a chiral centre either in the terminal aliphatic
tail or in the spacer between the mesogenic group and
the spacer. However, LC polymers containing chiral
groups often also exhibit a cholesteric phase. In a recent
paper we have described the formation of a cholesteric
phase on copolymerization of monomers whose homo-
polymers exhibit only smectic phases [1]. This choles-
teric phase in a series of methoxybiphenyl and
cholesteryl-containing copolymers exists over a broad
range of copolymer composition. In another paper, the
influence of chirality on the phase behaviour of copoly-
mers containing cholesterol as the mesogenic moiety has
been discussed [2]. In particular, the influence of substi-
tution of two of the methylene groups in the spacers
of the cholesteryl-containing side groups and the
use of non-mesogenic §-(methacryloyloxy)octyl (S)-

* Author for correspondence.

2-chloropropionate and 8-(methacryloyloxy)octyl (R)-
2-chloropropionate as comonomers were studied.

This paper deals with the characterization of new
copolymethacrylates  containing cholesteryl and
S-(-)-chloropropionyloxybiphenylyl mesogenic groups,
of which the latter introduces a second chiral moiety, as
well as an additional mesogenic structure into the
copolymer system. Additionally, two methylene groups
of the spacer of the cholesteryl-containing monomers
were changed for ether groups. This substitution should
lead to an increase in the flexibility of the side groups.
Kossmehl ef al. [3] have described a polymer system
which contains a similar chiral group linked by a methyl-
ene spacer of different length (=6, 11) and having a
siloxane polymer backbone. The mesomorphic nature
of the liquid crystalline phases of these polymers was
found to be smectic A.

Furthermore, since we were concerned with deter-
mination of the influence of substitution in the spacer
on the phase behaviour of the copolymers, a copolymer
system containing only cholesteryl groups with different
ratios of substituted and unsubstituted spacers was also
synthesized.

0267-8292/97 $12:00 © 1997 Taylor & Francis Ltd.
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2. Experimental
2.1. Measurements

The characterization of polymers and monomers was
carried out by 'H NMR spectroscopy (Bruker,
200 M Hz), IR spectroscopy (Perkin Elmer), differential
scanning calorimetry (Perkin Elmer DSC 7) and size
exclusion chromatography (Waters C-150), calibrated
with polystyrene standards using tetrahydrofuran as
solvent. The textures of the mesophases were investigated
using a Mettler hot-stage FP 85 and a polarization
microscope Zeiss Axioskop (Carl Zeiss).

The X-ray experiments were performed applying mono-
chromated CuKa-radiation in combination with an
evacuated flat-plate camera (sample—film distance
81:5mm), or a Polaroid camera (sample—film distance
100 mm). The samples were oriented by drawing fibres
from the anisotropic melt (within the liquid crystalline
mesophase), as well as by a magnetic field. The results
of the X-ray experiments were taken into account for
the assignments of the smectic phases.

The optical investigations and measurements of
birefringence were carried out using a spectrophotometer
(Perkin Elmer 551) and an Abbé refractometer (Carl
Zeiss).

2.2. Synthesis
2.2.1. Monomers

The monomers containing cholesteryl as the meso-
genic group were synthesized according to the well
known routes described by Shannon [4]. The
S-(-)-chloropropionyloxybiphenylyl monomer was syn-
thesized as follows.

(S)-2-Chloropropanoic acid (1). To a solution of
0-3mol (26-7g) of L-alanine in 750ml of hydrochloric
acid (6M ), 0-4mol (27:6 g) of sodium nitrite was added
during 4h at —5°C. The solution was stirred for 4h at
0°C and an additional 15 h at room temperature. Sodium
chloride was filtered off and the solution was shaken
with 3 X 100ml ether. The organic phases were dried
over sodium sulphate and the ether was evaporated in
vacuo. The 2-chloropropanoic acid was purified by distil-
lation under reduced pressure. B.p. 100-102°C/30 mm,
m.p. — 11°C (lit./ — 12°C). [a]p> = — 10-19° in water, c=
2 (lit. —9-1° in water, c=2-7).

8-Hydroxyoctyl methacrylate (2). 0-1mol (14:6g) of
1,8-octandiol was dissolved in 50ml of pyridine and
cooled with ice (5°C). To this solution 0-05mol (52g)
of methacryloyl chloride was added slowly in drops. The
solution was stirred for 3h at room temperature and
then poured into a mixture of 150 ml of icewater/hydro-
chloric acid (pH=2-3). After neutralization, the solution
was washed with chloroform (2 X 100ml). The organic
phases were separated and washed with water, sodium
hydrogen carbonate (10% solution in water) and water,

then dried over sodium sulphate. The chloroform was
evaporated and the product purified by preparative
column chromatography under pressure with ethyl acet-
ate/hexane 1:1 (v/v) as eluent. A colourless, viscous
liquid was obtained. '"H NMR (CDCl3): 6=1-28-161
(m; 6 X CHa, 12 H), 1-88 (s; CH3, 3H), 2:10 (s; OH, 1H),
3:56 (t; CHz, 2H), 407 (t; CH2, 2H), 5:49-6:03 (2s;
CHa», 2H).

4-Hydroxy-4'-(8-methacryloyloxyoctyloxy) biphenyl (3).
0-03mol (64 g) of (2), 0:032mol (84 g) of triphenylphos-
phine and 0-12mol (22:6g) of 4,4'-dihydroxy-
biphenyl were dissolved in 250ml of tetrahydrofuran
(dried over sodium) and stirred. To the solution,
0-033mol (5:7g) of diethyl azodicarboxylate (DEAD)
was added dropwise; the solution was stirred for 2h.
Then it was carefully evaporated and the product puri-
fied by preparative column chromatography under pres-
sure with ethyl acetate/hexane 1:4 (v/v) as eluent. A
white powder was obtained. '"H NMR (CDCl3): 6=
127-1:62 (m; 6XCHa, 12H), 1-88 (s; CHz, 3H),
3-80-4-31 (2t; 2 X CHa, 4H), 5:62-6-01 (2s; CH2, 2H),
6-81-7-58 (4d; CH-arom., 8H), 835 (s; OH, 1H).

4-(8-Methacryloyloxyoctyloxy)4'-(S-(-)-2-chloroprop-
ionyloxy)biphenyl (4). 0-0157mol (6 g) of (3), 0:0162 mol
(1-75g) of (1),0-017mol (3-5 g) of dicyclohexylcarbo diim-
ide and 0-:0017mol (0-21 g) of 4-dimethylaminopyridine
were dissolved in 80 ml of tetrahydrofuran (dried over
sodium) and cooled with ice. The solution was stirred
for 1 h at 0°C and additionally at room temperature for
4h. The precipitate was filtered off and washed with n-
hexane (2 X 15ml). The organic solutions were com-
bined and the product purified by preparative column
chromatography under pressure with ethyl acetate/
hexane 1:2 (v/v) as eluent. A white powder was obtained.
'H NMR (CDCly): 6=142-1-79 (m; 6 X CH,, CHs,
15H), 191 (s; CHs, 3H), 392-4-16 (m; 2 X CHa, 4H),
471-4-83 (q; CH, 1H), 552-6:04 (2s; CH,, 2H),
6:90-7-68 (m; CH-arom., SH).

2.2.2. Polymers

The polymers P1/P2/P3 and Col-Co12 were synthe-
sized by free radical polymerization in benzene for 24 h
at 60°C with 2,2"-azoisobutyronitrile (AIBN, 1 mol %)
as initiator. The monomers were dissolved in freshly
distilled and dried benzene as 10 wt % solutions in a vial
with a gas lead-through; the solution was maintained
under nitrogen. At the end of the polymerization the
solution was dropped into methanol; the precipitate was
filtered off, dissolved in chloroform and precipitated
again in methanol. The polymer was filtered off and
dried in vacuo at 40°C for 24 h.

3. Results and discussion
The compositions determined by 'H NMR, phase
transition temperatures and molecular weights of the
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synthesized homo- and co-polymers are given in tables
1-3. The average molecular weights are between 48 000
and 177 OOOgmol_1 (degree of polymerization from 120
to 280); therefore, there should not be any dependence
of phase transition temperatures on molecular weight.

3.1. Phase behaviour

Figure 1 represents the structures of the synthesized
homo- and co-polymers (P, Co). The phase behaviour
of the polymers is shown in figures 2—4. The cholesteryl-
containing homopolymers P1 (described by Shannon
[4]) and P2, as well as the new chloropropionyloxybi-
phenylyl-containing homopolymer P3, exhibit only
smectic mesophases. Also all the copolymers give smectic
mesophases. For the copolymer Co5, an additional
cholesteric high temperature phase was observed.

3.2. X-ray investigations

The results of X-ray diffraction experiments on P1,
P2 and Col-4 (only cholesteryl-containing mesogens)
led to the conclusion of the existence of a smectic A
phase (see for example figure 5(a)). The X-ray patterns
of fibres consist of sharp layer reflections in the small
angle region perpendicular to the fibre axis and broad
crescents in the wide angle region parallel to the fibre
axis. The broad halo in the wide angle region indicates
a liquid-like lateral arrangement of the side groups in
the layers. From the layer periodicities it can be con-
cluded that the cholesteryl-containing side groups are
arranged according to a bilayer structure with partially
overlapping alkyl tails of the cholesteryl moieties.
With an increasing amount of ether substitution of
spacer methylene groups, the layer periodicities change

Table 1. Compositions (see figure 1), phase transition temperatures and molecular weights of the cholesteryl-containing polymers
(g=glassy, S=smectic, [=isotropic).
Molecular weight
Polymer m ("H NMR)/mol % Phase transition temperatures/°C My/g mol™' My /M,
P1 100 g39 S5 1251 60300 17
Col 76 g38 Sx 13211 175000 19
Co2 51 g37 S5 1431 57500 19
Co3 37 g39 Sa 1541 177000 2:0
Co4 17 g4l Sa 1671 176000 19
P2 0 g4l Sa 167 1 56000 2:0
Table 2. Compositions (see figure 1), phase transition temperatures and molecular weights of the cholesteryl-chloro-
propionyloxybiphenylyl-containing polymers with spacer modification (g=glassy, S=smectic, [=isotropic).
Molecular weight
Polymer m (lH NMR)/mol % Phase transition temperatures/°C Mylg mol ! MM,
P1 0 239 Sa, 1251 60300 17
Co5 26 230 Sa 101 Ch 116 1 52900 1-8
Co6 47 g35 Sa, 1221 50190 1-8
Co7 65 g 37 Sa, 136 1 53900 2:0
Co8 84 g 58 Sa, 148 1 48400 19
P3 100 285 Sp 140 Sa, 169 1 101300 19
Table 3. Compositions (see figure 1), phase transition temperatures and molecular weights of the cholesteryl-chloropro-
pionyloxybiphenylyl-containing polymers with spacer modification (g=glassy, S =smectic, I=isotropic).
Molecular weight
Polymer m ("H NMR)/mol % Phase transition temperatures/°C My/g mol™" My /M,
P2 0 g 41 Sa, 167 1 56000 2:0
Co9 28 g 35 Sa, 132 Sa, 1611 85890 19
Col0 50 g 32 Sa, 101 Sa, 1271 94250 1-8
Coll 67 g 41 Sa, 146 1 115000 1-8
Col2 85 g 58 Sa, 160 1 123900 1-8
P3 100 g 85 S 140 Sa, 169 1 101300 19
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Figure 1. Structural representa-
tion of the samples investigated.
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Figure 3. Phase behaviour of the
cholesteryl and chloropropion-
yloxybiphenylyl homopoly-
mers P1 and P3 and the
copolymer systems Co5-8
(dotted lines: assumed phase
behaviour).

Figure 4. Phase behaviour of the
cholesteryl and chloropropion-
yloxybiphenylyl homopoly-
mers P2 and P3 and the
copolymer systems with spacer
variation C09-12 (between 28
and 50 mol % biphasic region).

Figure 5. X-ray diffraction pattern
of the homopolymers; (a) P2
(smectic A phase, magnetically
aligned, magnetic field direc-
tion horizontal) and (b) P3
(smectic B phase, mechanically
oriented, fibre axis vertical).
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continuously from 546nm (P1) to 525nm (P2) (see
table 4 and figure 6). This indicates a better overlapping
of the more flexible side groups containing ether groups.
Similar X-ray results for the unsubstituted spacer homo-
polymer were obtained by Shibaev [5] and Yamaguchi
[6,7].

The copolymers containing both chloropropionyl-
oxybiphenylyl and cholesteryl groups exhibit smectic A
phases; the copolymer Co5 shows additionally a choles-
teric phase with a selective reflection of blue light. Below
the smectic A phase, the chloropropionyloxybiphenylyl
homopolymer P3 develops a low temperature smectic B
phase (see figure 5(b)). In the more ordered smectic B
phase, due to the hexagonal ordering within the layers,
the X-ray pattern shows a sharp and intense reflection
at wide angles. The side groups are arranged perpendic-
ular to the layer plane, since the wide and small angle
reflections appear perpendicular to each other. It should
be mentioned that the introduction of the chiral tail
group decreases the order of the biphenyl-containing
side groups (E phase at low temperatures for the meth-
oxybiphenylyl homopolymer [1], and Sg phase for the
chloropropionylbiphenylyl homopolymer).

Table 4. Layer periodicities of the polymers P1, Col-4, P2
in the smectic A phases and lateral spacings of the
mesogenic groups.

In tables 5 and 6 and in figures 7 and 8, the layer
periodicities and the lateral spacings for the copolymer
systems are given. In accordance with a previously
investigated copolymer system [1], the layer structure
is determined mainly by the chloropropionyloxybiphenyl-
yl mesogenic groups up to 50mol % of cholesteryl
terminated side groups. The side groups are arranged
with a partial overlapping of the aromatic biphenyl rings
and, in addition, a total overlapping of the cholesteryl-
containing side groups. The small angle reflections indi-
cate an almost constant layer periodicity (between 3-01

Table 5. Layer periodicities of the polymers P1, Co5-8, P3
in the smectic A phases and lateral spacings of the
mesogenic groups.

m ("H NMR) Layer periodicities Lateral spacing

Polymer /mol % /nm /nm
P1 0 5-46 0-56
Co5 26 612 0-52
Co6 47 311 0-50
Co7 65 3-09 0-48
Co8 84 3-08 0-45
P3 100 3-07 0-44
Table 6. Layer periodicities of the polymers P2, Co9-12, P3

in the smectic A phases and lateral spacings of the
mesogenic groups.

m ("H NMR) Layer periodicities Lateral spacing

m ("H NMR) Layer periodicities Lateral spacing

Polymer /mol % /nm /nm Polymer /mol % /nm /nm
P1 100 5-46 0-56 P2 0 5:25 0-56
Col 76 5-40 0-55 Co9 28 3:06/5-35 048
Co2 51 5-35 0-56 Col0 50 3:06/5-30 048
Co3 37 5-32 0-56 Coll 67 3-03 0-46
Cod 17 527 0-55 Col2 85 3-01 0-45
P2 0 5:25 0-56 P3 100 3-07 0-44
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Figure 6. Layer periodicities - 1 0,40
and lateral spacings —4— in the
Sa phase of the polymers P1, 0,00 : : ‘ ¥ 0,35
Col-4, P2 versus amount of 0 20 40 60 80 100

cholesteryl side groups con-
taining unsubstituted spacer.

m/mol%
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versus amount of chloropro- o
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and 3-11 nm) with increasing amount of the cholesteryl
moieties. More than 50 mol % of cholesteryl moieties
led to a change in the arrangement of the side groups.
Like the cholesteryl homopolymers P1 and P2, they are
packed in a bilayer structure with partial overlapping of
the alkyl tails of the cholesteryl groups. Only the copoly-
mer Co5 with an unsubstituted spacer does not exhibit
this overlapping.

3.3. Optical investigations/textures/birefringence

Figure 9 shows the optical textures of the chloropro-
pionyloxybiphenylyl homopolymer P3 in the different
smectic phases. The typical fan-like texture represents a
smectic A phase. During cooling into the smectic B
phase, which was established by X-ray diffraction, a
sharpening of the edges of the fans, but no transition
bars could be observed.

In the high temperature phase, the copolymer Co5
shows a spontaneous reflection of light in the visible
region of the electromagnetic spectrum. This indicates
the appearance of a cholesteric phase. In contrast to the
often described strong influence of temperature [8-13],
the reflection wavelength, given in figure 10, shows only
a slight temperature dependence within the cholesteric
mesophase. Fast cooling into the glassy state led to a
freezing in of the cholesteric helix. The copolymer has
maintained the selective reflection for the two years
until now.

Figure 11 displays results of the measurement of the
birefringence of Co5. The steps in the curve indicate
the phase transitions [-Ch and Ch-Sa during cooling.
The transition temperatures isotropic—cholesteric and
cholesteric—smectic are in good agreement with the
results obtained from DSC measurements (AT =1-2 K).
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Figure 9. Textures of the chloro-
propionyloxybiphenylyl homo-
polymer P3; (a) Sa phase at
145°C and (b) Sp phase at

125°C.

Figure 10. Temperature depend-
ence of the reflection wave-
length of copolymer Co5
(inverse wavelength  versus
reduced temperature Tmeas/
Tchon).

Figure 11. Temperature depend-

ence of the refractive indices of
copolymer Co5; ne=extraord-
inary refractive index, no=
ordinary refractive index.
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4. Conclusions

The formation of a cholesteric phase by copolymeri-
zation of monomers containing two chiral moieties
whose homopolymers exhibit only smectic phases has
been shown. The cholesteric phase exists over only a
narrow range of composition. This range is represented
by a change in the packing structure of the side groups.
The introduction of ether groups into the spacers leads
to an increasing flexibility of these side groups and
therefore to an increasing stability of the smectic A
phases. In these cases, the cholesteric phase could not
be obtained. The substitution of the methoxy tail group
by the chiral chloropropionyl group decreases the order
of the smectic low temperature phase of the homo-
polymer containing only biphenylyl groups.
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