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Structural investigations using X-ray diffraction on methacrylate and acrylate based polymers with
different side-chain mesogenic-units are presented. The measurements were carried out by means of
diffractometers with one and two-coordinate proportional chambers. The bilayer tilted smectic C, phase
was identified in al! of polymers. The structural models bearing the regular alternation of the direction of
tilt for side-chains in bilayers are discussed in connection with possible polar (ferroelectric) or antiferroelec-
tric behaviour of achiral mesogenic polymers. The results of repolarization experiments are discussed.

INTRODUCTION

In recent years there have been made considerable efforts, both experimental' ~* and
theoretical* =% in a search for novel structures among achiral liquid crystals possess-
ing polar (ferroelectric) or antiferroelectric order. One interesting possibility here is
connected with remarkable symmetry properties of so called “chevron™ smectic
phases?!° in which the direction of tilt regularly alternates from one layer to an-
other, Figure 1. Such smectic phases were known to exist for a long time!* 13,
however the increasing activity in this field was stimulated by a discovery in 1989 of
the antiferroelectric behaviour for some chiral smectics with alternating layer to
layer tilt'®. The chevron smectic C phase in achiral systems is nonpolar due to the
up-down symmetry in orientation of long molecular axes and vertical mirror plane,
Figure la. However in the presence of the chain backbone for polymer mesogens or
solvent for lyotropic liquid crystals the up-down orientational symmetry is broken,
resulting in an appearance of polar axes in the plane of smectic layers, Figures 1b, c.
Note that in contrast to ferroelectric states of the conventional tilted smectic phases
of chiral molecules where the vector of polarization P is perpendicular to the plane
of tilt*”, in achiral mesogens P is lying in the chevron plane.
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Figure 1 Schematic representation of different types of chevron structures and their symmetry for low
molecular mass thermotropic mesogens (a), liotropic systems (b) and side-chain polymer smectics (c).

In order to observe the in-plane polar behaviour for achiral polymer mesogens,
two necessary conditions should be satisfied. The first is the bilayer character of
one-dimensional periodicity (the layer spacing is of the order of twice of the length
of mesogenic units, Fig. 1c). The second is the opposite direction of tilt for the
side-chain units of the neighbour main chains. These properties are determined by
the molecular architecture of a comb-like polymer, where the mesogenic side-chains
with functional groups are attached to the chain backbone via flexible spacers. In
order to search for the tilted phases satisfying the aforesaid conditions and hence
being good model objects for observation of the new type of polar behaviour, we
initiated the structure investigations of a new series of side chain mesogenic poly-
mers. Our study was stimulated by the X-ray and electroptical evidence for bilayer
smectic C, layering*1® 2! and chevron structure® for some mesogenic polymers.
The bilayer smectic C, phase was found for a number of polymers under study and
their mixtures with corresponding monomers. The pyro- and piezoelectric measure-
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Figure 2 Chemical structures of the polymers studied with their abbreviations.

ments performed in parallel confirmed the antiferroelectric behaviour for mixtures of
some of the investigated polymers with their monomers®®~ 2%

EXPERIMENTAL

The polyacrylate (PA) and polymethacrylate (PM) based mesogenic polymers
studied in this work are shown in Figure 2 below. The first and second numbers in
the compound abbreviations denote the number of carbon atoms in linear hydrocar-
bon chains attached to the backbone and outer phenyl ring respectively. The only
difference between PM6R8 and PMG6B8 mesogens is the absence of hydroxy
(salicylidene) group in the side-chain unit of the latter compound.

The preparation of the monomers was carried out by refluxing an ethanolic
solution of proper aniline and aldehyde in presence of catalytic amount of hy-
droquinone (HQ) for 2 hours. After two recrystallizations from methanol, pale
yellow plates of a monomer were obtained with 70% yield. The methacrylate poly-
mers were synthesized by radical polymerization of the corresponding monomers in
toluene in a sealed vial degased with nitrogen for 72 hours at 60 °C, using
«, o/-bis-azoisobutyronitrile (AIBN) as initiator (see reaction scheme in Fig. 3). Sub-
sequent precipitations of the swollen polymers with methanol from concentrated
toluene solutions gave the yellow products with 70—-80% yield. To prove the achiral
nature of polymers under study the measurements of the optical rotatory power
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have been carried out with a Perkin-Elmer 241 polarimeter. No trace of the optical
activity was found in 4g/l concentration polymer or monomer solutions in tetrahyd-
rofuran. The molecular weight M, and the polydispersity index, M, /M, for the
polymers were determined by gel permeation chromatography (GPC) (Waters 510
microflow pump, Waters RI 410 detector) using polymethylmethacrylate (PMMA)
as standard (ultrastyragel columns, tetrahydrofuran as eluent in a rate 1ml/min). The
elemental analysis and 'H NMR spectroscopy were consistent with the. expected
chemical structure.

Phase identification was made by means of X-ray diffraction. The temperatures of
transitions were confirmed with the help of DSC and optical microscopy observa-
tions. The phase sequences of the materials are given in Table 1 along with their
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Figure 3 Reaction scheme for preparing of the polymers under study.

Table 1. Phase, transition temperatures [°C] and some polymer and liquid
crystalline characteristics for materials under study; g stands for glassy state,
I for isotropic liquid, 4 and C for different types of smectic phases; *)
racemic mixture

Polymer Phase behaviour (M,) (M, /M,) P L A ,dzlu\ d,/L

g

PM6BS  g-80-C,-161-1  64.500 19 1508 33 545 5164
PM6RS  g-93-C,-184-1  81.500 2.1 To0Er Ba= Sl s
PM6R6  g-82-C,-157-
A,-173-1 54300 2.4 ) |
PA6RS  g-60-C,-180-1  85.200 5.8 1630 33« 555 67
PHSSB(*) g-60-C,-115- .
LG 1505 180 43 68 158




BILAYER TILTED STRUCTURES FOR LC POLYMERS 175

molecular masses, dispersion indices, degrees of polymerization (Pg), the lengths of
the monomeric (side-chain) units (L), layer spacing in the bilayer smectic C, phase
(d,) and ratio d,/L.

Note that the last polymer mesogen in Table 1 (PH55B) in its enantiotropic form
was studied earlier using X-ray diffraction!? and electrooptic?! technique. It was
shown that it has bilayer tilted structure and “butterfly’-like optical transmittance
hysteresis curve that are characteristic of an antiferroelectric state n conventional
_ chiral substances. This means that PH55B has local structure of the type presented

on Figure lc. The racemic mixture of this mesogen kindly provided to us by Dr R.
Zentel (Mainz) was considered as a convenient model object for detection of the
in-plane polarization effects described above.

The transition temperatures and molecular length of the corresponding mono-
mers are given in Table 2. The-only mesophase observed was monolayer smectic A
phase. The behaviour close to the additivity law was proved to be valid for the
temperatures of the smectic-isotropic transitions in polymer-monomer mixtures.

X-ray measurements were carried out using CuK,, radiation and two-circle STOE
diffractometer with a linear position-sensitive detector (LPSD) for data collecting?”.
The LPSD was placed in the detection plane in a way to register the scattered
radiation along the g, coordinate in reciprocal space (26 profiles). The components
of the diffraction vector g, and g, are parallel and perpendicular to the director n,
respectively: g = (4n/4) sinf (9 is the scattering angle, and 1 is the wavelength of the
X-rays, 1.54A). The longitudinal resolution was at the level of Ag, = 41073 A1 (full
width at half maximum, FWHM). Thus, measurements of the longitudinal correla-
tions lengths were limited to &, =2/Aq; = 500A. The width of diffraction profiles in
the g, direction was limited by sample mosaic.

The X-ray study in the wide scattering angle region (q, = 1A 1) provides data on
the positional correlations in the plane of the smectic layers. These measurements
were performed using the flat-plate photographs and a KARD diffractometer with a
two-coordinate (“area”) detector*®-?”. To derive the intensity contour maps from
two dimensional images the following procedure was used. At first the number of
radial cross-sections with an azimuthal step of 5° were recorded. The intensity
distribution in each cross-section was divided in discrete groups from 1 to 4 (the
maximum intensity was set equal to 4). In this way the contours of equal intensity in
gradations 1,2,3 were displayed.

Diffraction patterns were recorded both from powder specimens (on polymers
placed in thin-walled glass capillaries) and from well aligned samples. Alignment of
- polymer mesogens, as compared to low molar mass liquid crystals, is more difficult.

Table 2. Phases, transition temperatures [*C] and
molecular length L[A] for investigated monomers

Monomer Phase behaviour L
MEARS - K-54-A-96-1 33
M6RS K-63-A-95-1 31
M6EBS K-71-A-114-1 33
M6ERS K-59-A-119-1 32
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Figure 4 X-ray diffraction pattern in the small angle scattering region for a PM6RS-M6RS (74:26)
mixture; bilayer smectic C, phase, T= 120°C. The inset shows the same type of pattern for pure PM6RS
mesogerl.

Qur first attempts to align samples in 1T strength magnetic field were unsuccessful.
Therefore oriented films were prepared using shear aligning technique. The polymer
was placed between glass plates and heated to the temperature close to the transi-
tion into isotropic liquid. Then to provide a shear the cover glass was repeatedly
(and circularly) moved relative to the substrate. After quenching to room tempera-
ture the oriented textures with smectic planes parallel to the film surface were
memorized. The thickness of the films was typically about 50— 100pm.

RESULTS AND INTERPRETATION

The X-ray patterns of the compounds under study below isotropic transition
exhibit sharp inner reflections and diffuse outer halos. Obviously, these reflect the
smectic character of mesophases. The inner reflections are a set of 00n resolution
limited peaks at g,=2nn/d, where n is an integer (n=1-3) and d is the layer
spacing, Figures 4, 5. There is a systematic difference in the ratio of the intensity of
second to first harmonic for pure polymers and their mixtures with monomers
(I,/1, =20% and I,/I, ~40% for pure PM6RS and its 33%mixture, respectively,
T =90°C). These reflect changes in the distribution of the electron density in the
direction along layer normal with admixing monomers. In some extreme cases, as it

happens to PHS55B mesogen, the intensity of higher order peaks is even larger than
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Figure 5 X-ray diffraction pattern in the small angle scattering region for a PH55B mesogen; bilayer
smectic C, phase, T= 130°C.

the first harmonic, Figure 5. The same X-ray picture was observed earlier for the
~ enantiotropic form of PH55B®.

It should be emphasized that in mixtures under study (at least, up to 33% concen-
tration of monomers) the X-ray diffraction in smectic phases revealed one set of 00n
reflections, which is characteristic of a uniform (ideal mixing) state. X-ray measure-
ments do not reveal any broadening of 00n peaks or any additional diffuse scatter-
ing with admixing monomers. It means that monomers randomly occupy bilayers
formed by a polymer matrix. No indication was found of segregation of the compo-
nents of a mixture into alternating layers within the same phase or of phase separ-
ation. With time, subtle crystalline reflexes, which were proved to belong to crystalli-
zation of monomer dopants, were observed in glassy state. However, the smectic
ordering in polymer-monomer mixtures preserved at room temperatures at least for
several months. n

The diffuse outer peaks centered at g, ~ 1.4A ™" (26 ~ 20 deg), corresponds to the
average intermolecular distances 4.3-4.5A within the smectic planes, Figure 6. These
peaks are well fitted by the Lorentzian line shapes (solid lines). The corresponding
in-plane correlation length ¢,, inversely proportional to the peak width, is of the
order of 6-10A. Thus a molecular packing within the smectic layers may be con-
sidered as liquid-like. It should be noted that for polymer-monomer mixture the .
in-plane correlation length is 1.5 times less than in pure monomer (¢, = 6A and 9A
for 74:26 PM6R8-M6RS mixture and pure PM6B8 polymer, respectively, Fig. 6). It
means that admixing monomers to mesogenic polymer matrix slightly impairs
short-range in-plane positional order.

The temperature variations of the layer spacing for a number of polymer me-
sogens and their mixtures with corresponding monomers are shown in Figures. 7,8.
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Figure 6 A cross-section of the diffuse outer peaks, taken with an area detector, showing liquid-like
in-plane order. 1. PM6BS mesogen; 2. PM6R8-M6RS (74:26) mixture.
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Figure 7 Temperature dependences of the layer spacing in the smectic C, phase for PM6R8 mesogen
(circles and solid line), PM6R8-M6RS (74:26) mixture (triangles) and PM6RE-M6RE (67:33) mixture
{squares). :
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Figure 8 Temperature dependence of the layer spacing d in the smectic 4, and C, phases for PM6R6
mesogen. Arrow indicate A,-C, phase transition point.

The interlayer periodicity significantly exceeds length L of the side chains:
dfL=1.5-1.7 in dependence on temperature, polymer individuality and concentra-
tion of monomers in the mixtures, Table 1 (for example, the fully extended length of
a side-chain mesogenic unit plus a backbone segment was estimated from a
stereomodel to be L=33+ 1A for PM6RS). This implies some form of bilayer
arrangement of side-chain mesogenic units in smectic planes. We can assume bilayer
structure in which side groups are tilted with respect to the normal to the layers. In
another structural model the mesogenic side-chains being orthogonal to the smectic
planes, partly overlap each other, giving smectic 4, structure. In order to make a
choice between two structural models, the X-ray patterns in the large scattering
angles region from oriented films have to be analysed, Figure 9. It is clearly seen
that the outer diffuse reflections are split into two intense spots lying to the right
and left from the equator line (g, direction). This is indicative of the tilt of the
mesogenic side-chains with respect to the normal to the layers. The azimuthal angle
of the intensity maxima for the spots with respect to q, direction gives an average
value of the molecular tilt angle 8. Note that in the case of orthogonal smectics the
outer reflections are centered on the equator line. The tilt angle f derived from the
geometry of X-ray scattering: ff =36-40° is in good agreement with the tilt angle
calculated from the layer spacing data: § =arccos d/2L~ 35-39°. Therefore, we
conclude that both the pure polymers and their mixtures with the monomers have a
bilayer structure in which the mesogenic side chains are tilted with respect to the
layer normal (smectic C, phase). Two possible structures consistent with our X-ray
data are sketched in Figure 10. The first case (a) is a conventional bilayer C, phase,
the second model (b) corresponds to the bilayer smectic with regularly alternating
direction of the tilt (chevron structure). Because of the liquid-like order in smectic
layers it seems impossible to make a choice between the structures of the type of
Figure 10a and Figure 10b by X-ray diffraction only. On the first sight the projec-
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Figure 9 X-ray diffraction patterns in a wide scattering angles region for PM6BS mesogen (a) and
PM6R&-M6RS-74:26 mixture (b). Frozen bilayer smectic C, phase. 0, and gy are the coordinates of the
area detector, the components of the scattering wave vector g, and g, lie along layer normals and in the
plane of smectic layers respectively. The small angle peaks shown in Figure. 4 are omitted for the intensity
scale difference.

tions of electron density distribution function on the layer normal direction in both
cases are the same. However in the presence of specific intermolecular interaction
stabilizing the chevron ordering, density distribution function may be somewhat differ-
ent from that in conventional tilted structures, resulting in changes of relative intensity
of small angle diffraction peaks from layer structure 2. These changes may point to the
transformation of conventional tilted structure to chevron structure as discussed below.

In the smectic C, phases for pure polymers PM6R8, PM6B8 and PA6RS the layer
spacing d slightly decreases with decreasing temperature. This behaviour is typical of



BILAYER TILTED STRUCTURES FOR LC POLYMERS 181

g gl

efababnl :fvﬁf::"hﬁiii@‘fﬁ‘*{?
N
i Wﬁ%ﬁﬁ
xo“//, = / oy _,//// / ! / /;.:/l,‘,r
S R

P
/1”;1
:

[
7 T 15:1 Lg\\ AR
7 N
7 5 LMD

Figure 10 Two possible packings of the mesogenic groups of a side-chain polymer in the bilayer smectic
C, phase: a) uniform tilt; b) chevron structure with alternating tilt with in-plane ferrolectric order.
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Figure 11 The intensity ratio of second to first harmonic versus temperature for PM6R8 polymer
(squares) and PM6R8-M6ER8 (74:26) mixture (circles).

the strong first order phase transitions from the isotropic to tilted phases associated
with a large jump in tilt angle at the phase transition point. With further decreasing
temperature the tilt angle only slightly increases. On the other hand for PM6R6
polymer which has high temperature smectic 4, phase the temperature variations of
d display a fracture at the 4,<C, phase transition point, which is characteristic of
phase transitions between orthogonal and tilted smectic phases, Figure 8. The d
values in C, phase for polymers doped with their monomers are systematically
larger than in pure polymer, moreover, the layer periodicity displays an unusual
nonmonotonic temperature dependence, Figure 6. For example, for a mixture con-
taining 33% of monomer, interlayer spacing firstly increases in the range of
16Q—-100°C (from 353 to 54.7A) then, in the range of 100-25°C, decreases (down to
51A in the glassy state). The temperature variation of the intensity ratio of first two
harmonics for the same mixture correlates with the d(T) dependence, Figure 11. The
anomalous behaviour of the spacing and the relative intensities of successive
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harmonics in the C, phase may point to a specific mutual packing of monomer
molecules and side-chain groups of the polymer (a kind of interdigitation) strongly
dependent on temperature.

The monomers of the polymers under study display in the smectic phase inter-
Jayer spacings, which are very close to their molecular length (¢ = 35A for monomer
M6RS having molecular length L~ 33A, for example). Together with characteristic
two-dimensional images in the large scattering angles region, this clearly indicates
the smectic A layering, Table 2.

Because the chevron structure was proved in switching experiments on the enan-
tiotropic analogue of PH55B mesogen®? and our X-ray measurements confirmed
bilayer character of its periodicity, the first attempts to detect the in-plane polariz-
ation were performed on racemic mixture of PH55SB compound. We have tested the
presence of macroscopic polarization of the substance using a pulse pyroelectric
technique?®. The cells were prepared from two nontreated ITO covered glass plates
separated with teflon spacers (= 15um) and filled with the liquid crystal in the
isotropic phase. A d.c. voltage could be applied in series with a load resistor to the
same electrodes that were used for the pyroelectric response detection. A 100ps pulse
of a Nd3* YAG laser (1= 1.06 um) was used to provide a small local temperature
change AT in a sample. The pyroelectric response y =dP/dT was measured as a
pulse voltage across the load resistor with an amplifier and a storage oscilloscope.
The typical repolarization loop in coordinates bias voltage-pyroresponse is shown
for racemic mixture PH55B on Figure 12. It demonstrates near linear field depend-
ence that is characteristic of linear dielectrics with field-induced polarization. Sur-
prisingly, no indications of superlinear behaviour with saturation of the polarization
at high fields were detected. The same was observed for other pure polymers under
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Figure 12 Quasi-static repolarization loop in the coordinates d.c. bias voltage-pyroelectric coefficient
obtained for PH55B racemic mixture, T= 120°C.
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study. In contrast to pure polymer mesogens, SOme of the mixtures with monomers
show typical antiferroelectric loops corresponding to three stable states: one with
zero polarization in the absence of the field, and two states with the macroscopic
polarization oriented along two possible directions of the external field. The satura-
tion of polarization was observed in the fields about 8V /um. The details of these
experiments will be the subject of special paper®*.

DISCUSSION

In this section we try to relate the peculiarities of the X-ray diffraction observed for
polymers under study with a local structure of tilted bilayers. Within instrumental
resolution (&, < 500A), smectic phases in our experiments show long-range transla-
tional order. Therefore, diffraction intensity in the direction parallel to the layer
normals (z axis or g, = q;) may be represented in the form 393!

1(g) = F2(a)/7(a.)Y.0(d,~4,)*sin*(Rq./2)/(4/2)’ (1)

where molecular form factor F,(q,) is the Fourier transform of the z projection of
the electron density profile of molecule (side-chain) averaged in accordance with
local distribution of molecules in the layers; f(q,) is the Fourier transform of the
molecular centre of mass distribution f(z) within the layer: f(q,) ~ exp(— 0?q,%), the
width of the Gaussian distribution function ¢ mainly depends on the mean square
amplitude of the layer displacements u in the direction along the layer normal:
o2 = <u*r)>; R is of the order of ¢, and the asterisk denotes the convolution
operation. According to equation (1), the intensities of high-order reflections are
reduced by a factor exp(— cq,%) analogous to the Debye-Waller factor for crystals.
The ratio of intensities of two successive harmonics is given by:

I,/1, = [F2(2q4)/2F(g0)] exp(— 3074,”) @)

where factor 1/2 comes from the Lorentz correction factor.

The molecular form factor F,(g,) may be calculated on the basis of a certain
model for layer organization®'. For the monolayer smectics in which the molecules
are randomly distributed up and down, an appropriate model is to use the z coordi-
nates for two molecules in a head to tail arrangement. In the case of bilayer smectics,
we place two mesogenic side-chains with a fragment of backbone in the antiparallel
arrangement and shift them relative to one another so as to fit within the known
layer spacing. In Figures 13,14 we show the F,*(q) dependences for PH55B and
PM6RS polymers. It is readily seen that for bila§yer arrangement the molecular
scattering intensity is relatively high at the positions of second and third harmonics
as compared to the first harmonic. In the case of PHS5B polymer the values of
F,2(2q,) and F,*(3g,) are an order of magnitude higher than for the first harmonic
F,%(q,) For PM6R8 mesogen and mixtures on its basis the F,(2g,) and F(g,) are
of the same order of magnitude. The monomers have elongated shape of the same
length as the side-chain mesogenic units. Thus from the packing entropy standpoint
it is more probable for monomers to lie parallel the side-chain units especially
taking into account the presence of numerous vacancies along the main chain



184 B.l. OSTROVSKII et al.

010+
(S
LB
=
— .
S .
2} .
of 005+ 3
0.00+ E
i g *
: ; ! :
0.0 01 0.2 0.3

2|
9> A

Figure 13 The wavelength (g

y) dependence of the square of the molecular formfactor (normalized to the
F2(0) values) calculated for P

HS55B mesogen; arrows indicate positions of successive harmonics.

0.15|— .

Frl(@, )/FX0)
<
=

0.05 - : .
000_ L '...-....o'.'.o..'-'.
1 L 1 yl’ 1 ] ! ]
0.0 0.1 02 03 0.4

g -1
q,, A

Figure 14 The F:! (q,} dependence calculated for PM6R& polymer; the designations are the same as in
the Figure 13.

caused by the statistical character of arrangement of side-chains relative to the
backbone units. Because of the high translational mobility of the monomers, they
are able to occupy specific positions relative to the side-chain units, thus providing
additional interaction in the system which may stabilize the chevron ordering. Be-
cause of the similar distribution of electron density in monomers and in side-chain
mesogenic groups the molecular formfactor calculations give near the same
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wavelength dependences for pure polymer and their mixtures with monomers. To-
gether with the limited number (n < 3) of X-ray reflections resulting from the smectic
layering, this makes impossible an accurate determination of the preferential posi-
tions of monomers within tilted bilayers.

For values of parameters of equation (2) ) for pure PM6R8 polymer: I,/I; 0.2,

F,%(2q,)/F,2(qo) ~ 0.5, g, =0.12A~ %, the corresponding width is o = 26A The in-
crease in the 1nten31ty ratio for successive harmonics in PM6RS-M6RS8 mixture
(33% of monomer) with decreasing temperature, is mainly caused by changes in the
molecular form factor F,(g,). It may only partly be accounted for by a narrowing of
the molecular centre of mass distribution within bilayers: the lower limit for corre-
sponding width determined by the jump in the intensity ratio in the region close to
the isotropic transition A(I,/I,)~0.1 (Fig. 11), may be estimated as o= 2A.

Thus, additionally to the molecular form factor, the small values of the thermal
layer displacement amplitude ¢ = <u?(r)> ' =2~ 3A in smectic polymers and
hence reduction of the role of the Debye Waller factor in (1) are favourable for
higher order harmonics. Such behaviour is due to the specific elastic properties of
layered polymer mesogens. The layer displacement amplitude is related to the com-
bination of elastic constants of smectics by the equation: (s/d)* ~ (KB)~'/?, where B
and K are the elastic constants for compression of the layers and for splay deforma-
tion, respectively®. The B values are much larger for polymer smectics as compared
to low molecular mass mesogens*?, mainly because of the intrinsic rigidity of the
backbone chains (splay elastic constant K is of the same order of magnitude in high
and low molecular mass mesogens). As a result ¢ values in polymers are much
smaller than in conventional low molecular mass smectics where thermal layer
displacement amplitude may be as large as ¢ = 57 A33. Thus unlike low molecular
mass smectics®>, in the polymer smectics the high order reflections from one-dimen-
sional layer structure may be quite intense*, Figure 4, and sometimes even more
intense than the first harmonic, Figure 5.

Our X-ray results for achiral polymers and their mixtures with monomers are
consistent with two bilayer tilted structures shown in Figure 10 a and b. However
only chevron structure (Fig. 10b) is allowed to be polar with polarization lying in
the tilt plane. At the same time, the pure polymers also have the smectic C, structure
but electrically inactive®®:2. In the case of the PH55B mesogen from the electroopti-
cal measurements performed on its chiral analogue??, it is clear that it has chevron
structure of the type of Figure 10b. Therefore, the absence of the polar response in it
may be indicative of the specific role which monomer dopants play in tilted bilayer
" matrix: due to high translational mobility the monomers are able to occupy specific
positions relative to the side-chain units and thus provide a component of the dipole
moment necessary to observe polarization: On the other hand we cannot exclude
that the other pure polymers have the conventional structure, shown in Figure 10a
and a role of the monomer dopant is to induce the smectic structure with alternating
tilt. The role of the monomer additives in provoking new structures has been re-
ported earlier®?

To prove the chevron character of a tilled structure experimentally, is a very
sophisticated trick?®. In chiral systems with a macroscopic helix it can be made by
observing specific features of the optical transmission spectra for light incident
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obliquely on to the helical structure. Alternative evidence consists in optical obser-
vations of the inversion of tilt and polarization direction in extremely thin smectic
films (the thickness of the order of two-six layers)* >, or is given by observation of
s= + 1/2 defects in the c director field?®. Our attempts to draw thin free standing
films of polymer PHS55B proved unsuccessful. At first, because of high viscosity of
the polymer even at the temperatures close to isotropic phase, the films were rather
thick (more than thirty layers). Secondly, because of an extremely high surface to
yolume ratio in free standing films the cross-linking reactions (e.g. through photo-or «
thermal oxidation) were so fast that for a time less than one hour the films transit to

a rubber state.

It should be emphasized that the structure model presented in Figure 10b princi-
pally does not permit antiferroelectricity. Initially the macroscopic polarization is
zero due to the presence of azimuthally disordered domains (the system is degen-
erated in the plane of layers). After applying field, the regions of bilayers with
in-plane polarization opposite to the field reorient in the field direction and a
macroscopic polarization appear. But after switching the field off domains store
their orientation. As a result we have bistability and ferroelectric like repolarization
(hysteresis) curve. To explain the antiferroelectric behaviour observed for polymer
monomer mixtures the structure have to be locally nonpolar in the off state. The
chevron type bilayer structures which satisfies the aforeside conditions are presented
in Figure 15. This picture is analogous to structure of chiral antiferroelectrics®® and
corresponds to a double repolarization loop typical of antiferroelectrics.

The maximum magnitude of the macroscopic polarization measured
(400nC/cm?)?324 may be accounted for if we assume that all mesogenic units of
both polymer and monomer have their dipole moment projections on the field
direction of about 1 Debye which is quite reasonable. On transition to the glassy
state a field induced macroscopic polarization becomes frozen and the material
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Figure 15 Two possible packings of a side-chain polymer in the bilayer smectic C, phase with alternat-

ing tilt and in-plane antiferroelectric order; the fracture in the direction of tilt takes place either in the
regions of tails (model a) or (heads model b) of mesogenic groups.
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manifest pyroelectric response comparable with those typical of proper polymer
ferroelectrics.

The molecular mechanism of the phenomenon remains the subject of speculations.
Let us note first, that antiferroelectricity is observed only in the case when both
components of a polyer-monomer pair have a hydroxy group no matter whether we
deal with acrylate or methacrylate main chain as well as with eight or six carbon
atoms in the alkyloxy end tail>*->*. The absence of the hydroxy group at least in one
component of a mixture eliminates antiferroelectricity. In our opinion the hydroxy
group may play a double role. On one hand it may be conducive to in-layer polar
packing due to dipole-dipole interaction well known from the physics of crystalline
ferroelectrics®”. On the other hand, as soon as antiferroelectric structure with in-
plane polarization is established for some other reasons, the hydroxy group may
provide a component of the dipole moment necessary for high polarization.
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