This article was downloaded by:

On: 25 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

Ferroelectric polysiloxane liquid crystals with 'de Vries'-type smectic A*-

smectic C* transitions

M. Rossle®; R. Zentel Corresponding author?; J. P. F. Lagerwall®; F. Giesselmann®

* Institut fir Organische Chemie, Fachbereich Chemie und Pharmazie, Universitit Mainz, D-55099
Mainz, Germany ® Institut fiir Physikalische Chemie, Universitét Stuttgart, D-70569 Stuttgart,
Germany

Online publication date: 25 May 2010

To cite this Article Rossle, M. , Zentel Corresponding author, R. , Lagerwall, J. P. F. and Giesselmann, F.(2004)
"Ferroelectric polysiloxane liquid crystals with 'de Vries'-type smectic A*-smectic C* transitions', Liquid Crystals, 31: 6,
883 — 887

To link to this Article: DOI: 10.1080/02678290410001695668
URL: http://dx.doi.org/10.1080/02678290410001695668

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/10.1080/02678290410001695668
http://www.informaworld.com/terms-and-conditions-of-access.pdf

16: 52 25 January 2011

Downl oaded At:

LiQuip CrystaLs, 2004, VoL. 31, No. 6, 883-887

Taylor & Francis
Taylar & Francis Group

Preliminary communication
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We report preliminary results of optical and small angle X-ray scattering (SAXS)
experiments on the smectic A*¥—smectic C* transition in two ferroelectric liquid crystalline
polysiloxanes. Although the optical tilt angle in the SmC* phases reaches values up to 30°,
temperature-dependent SAXS measurements clearly reveal that the smectic layer spacing is
basically conserved during the A*-C* transition as well as in the subsequent C* phase.
Connected with the A*-C* transition we further observed a significant increase in bire-
fringence, hence reflecting an increase of orientational order. The practical absence of layer
shrinkage and the enhanced orientational ordering are consistent with the de Vries diffuse

cone model of smectic A—smectic C transitions.

Many smectic A (SmA) phases undergo second-order
transitions into the tilted smectic C (SmC) phases.
When the temperature is lowered below the critical
temperature 7, of the SmA-SmC transition, the optic
axis, measuring the director n, starts to continuously
tilt away from the smectic layer normal k [1]. The
temperature-dependent angle now included between k
and n defines the so-called ‘optical tilt angle’ 0,,(7") of
the SmC phase. In the majority of SmA-SmC transi-
tions the appearance of the optical tilt is connected with
a substantial shrinkage of the smectic layer thickness d,
the origin of which is explained by a molecular tilt
within the smectic layers of the same magnitude as
the optical tilt at temperatures 7<T.. Assuming that
the mesogenic molecules simply behave as rigid rods,
the smectic layer spacing dc of the SmC phase then
decreases as:

dc=dx 08 Oy (1)
where da denotes the smectic layer thickness of the

SmA phase. As a result, the smectic layers are thinner
in SmC than in SmA and the layer spacing dc

*Authors for correspondence; e-mail: zentel@uni-mainz.de;
f.giesselmann@ipc.uni-stuttgart.de

essentially becomes temperature-dependent through
the temperature dependence of 0,,(7). The exact con-
nection between director tilting and layer thickness
is, however, still not fully understood and different
materials show varying degrees of shrinkage during the
tilting transition.

During the last few years the issue of smectic layer
shrinkage has received considerable interest due to the
recognition of its relevance in the performance of
electro-optic devices based on chiral tilted smectics, i.e.
ferroelectric SmC* and antiferroelectric SmC¥ liquid
crystals (FLCs, AFLCs). In these devices the competi-
tion between surface-anchoring and layer shrinkage
induces the formation of so-called ‘chevrons’ which are
folding instabilities of the smectic layer structure where
domains of opposite fold direction are mediated by
‘zigzag’ walls [2]. These zigzag defects and the reduced
effective switching angle in the chevron configuration
considerably degrade the brightness and contrast of
surface-stabilized FLC and AFLC devices. These tech-
nical problems proved to be a severe obstacle in the
display application of chiral smectics and created a
strong need for advanced materials with negligible layer
shrinkage at the SmA*-SmC* transition. Indeed, since
1989 a few SmA*-SmC* materials have been reported
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to exhibit little or no shrinkage of the layer spacing in
the SmC* state [3-7].

Probably the most important contribution to the
understanding of how it is possible that some materials
do not show shrinkage at the SmA*-SmC* transition
returns to the early ideas of de Vries who recognised
that the non-perfect orientational order present in all
SmA phases is associated with a substantial molecular
tilt of about 20°-30° on average [8], depending on
the details of the orientational distribution function.
The absence of a macroscopic optical tilt necessarily
requires randomly distributed directions of molecular
tilt in the SmA state. The tilting transition to SmC can,
in this model, occur simply through an ordering of the
molecular tilt directions at temperatures below 7. This
kind of ‘de Vries transition’ is distinguished from
regular SmA-SmC transitions by two characteristic
properties:

(1) The de Vries transition changes the distribution of
the molecular tilt directions. Since the magnitude
of molecular tilt remains basically unchanged, this
process in itself produces no change of the layer
thickness, i.e. dc=da=constant.

(2) The ordering of molecular tilt directions enhances
the orientational order along the director n and,
thereby, leads to considerable increase in birefrin-
gence An during the de Vries-type SmA-SmC
transition, i.e. Anc> Ana.
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In this communication we report experimental evi-
dence for de Vries-type SmA*-SmC* transitions in two
ferroelectric liquid crystalline polysiloxanes. This is, to
our knowledge, the first time that de Vries behaviour is
explicitly reported for ferroelectric liquid crystalline
side group polymers.

In chiral smectics of the de Vries-type the
electroclinic effect (i.e. the change in the optical tilt
induced by an electric field) is expected to be rather
high, since the optical tilt can be changed without
affecting the smectic layer thickness [4, 9]. In working
with ferroelectric polysiloxanes [10-13] there are
especially two-better characterized—polymers (P1 and
P2) for which this criterion applies. Both are poly-
siloxane copolymers and show the phase sequence:
higher ordered smectic (SmX), chiral smectic C*
(SmC¥*), chiral smectic A* (SmA*) and isotropic (I).
The Landau coefficients have been determined for
polymer P1 [10], as well as for the slightly modified
crosslinkable polymer [11]. For P2 high field-induced
SmA* tilt angles up to 0O, =20° at 20Vum ™' are
reported [12]. In addition it is possible to induce
ferroelectric switching in the SmA* phase of P2 by
increasing the switching voltage (see figures8 and 9 in
ref. [13]). Therefore both polymers were studied more
closely. They were synthesized according to [14] by
hydrosililation of the appropriate mesogen with a
terminal double bond and showed the phase transi-
tions specified.

0 CHs
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a) 75°C {SmA®)

b) 40°C (SmC*)

c) 130°C (SmA*) d) 95°C (SmC*)

Figurel. Textures of the SmA* (left column «, ¢) and SmC*
(right column b, d) phases of 10-um planar samples with
P1 (top row) and P2 (bottom row). Note the distinct
increase in birefringence on cooling P1 into the non-
helical SmC* phase (b). The P2 sample is partially helical
in the SmC* phase (d) and therefore exhibits helical
regions, where the birefringence is close to that of the
SmA* phase (blue areas), as well as non-helical regions
where the birefringence is considerably higher (red areas).

It is typical for a de Vries-type SmA*-SmC* transi-
tion that the order parameter in the SmA phase is lower
than in the SmC* phase. To test whether this applies
qualitatively, texture observations between crossed
polarizers are sufficient. For this purpose commercially
available E.H.C. cells were filled with P1 or P2 in the
isotropic phase by capillary forces. The alignment of
the liquid crystals was improved by repeated cooling
and heating cycles in the range of the phase transition
(SmC*-SmA*) using a strong electric field (200V,
2Hz). The results presented in figure 1 show that the
order parameter really decreases at the phase transition
to the SmA phase. Filled into 10-um planar-aligning
cells, both polymers show SmA* textures, the inter-
ference colour of which is between blue and green (for
P1 with a two-ring mesogen it is more towards blue,
corresponding to a lower birefringence and, hence, a
lower order parameter value). On cooling both poly-
mers into the SmC* phase the colour becomes more
red, clearly showing that the birefringence increases as
expected for an increasing order parameter value.

To obtain a direct proof of the de Vries-like
behaviour, the change in the smectic layer thickness
was determined by temperature-dependent small angle
X-ray scattering (SAXS), using Cu K, radiation, a
Kratky-compact X-ray camera (Paar, Graz) and a
position-sensitive electronic detector (Braun, Munich).
The preparation of the polymer was carried out in a
Mark capillary (diameter 0.7mm). The tube was filled
with isotropic melt, then the samples were exposed at
different temperatures for 10min. Selected scattering
profiles from the P2 sample are presented in figure 2,
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Figure2. Temperature-dependent scattering profiles of P2. From back to front: 75, 94, 130, 142, 145, 152, 156 and 160°C.
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the corresponding layer spacings obtained for P2 and
P1 are seen in figure3. Several results are evident.
Firstly, the smectic layer reflection does not disappear
directly at the phase transition into the isotropic phase
(figure2). Even 10° above the clearing temperature
some hints of a short-range layered ordering can still be
seen. This may be a result of the microphase separation
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Figure3. Temperature-dependent layer spacing d in the
polysiloxanes (a) P1 and (b) P2. The actual d-values
experimentally observed by small angle X-ray scattering
(closed symbols) are compared with the hypothetical
values (open symbols) which are expected from the
optical tilt angle 0, in the SmC* state according to
equation (1).

between polysiloxane chains and mesogenic groups,
which is typical for copolysiloxanes [13, 15]. This
remaining order in the isotropic phase may explain the
observation that free standing films from these poly-
mers are best drawn in the isotropic phase [16]. The
next observation concerns the layer spacing, the varia-
tion of which is very small in the SmC* phases. The
minimum layer spacing in the SmC* phase of P1 is only
2% (0.8 A) smaller than the maximum layer spacing
observed in the SmA* phase at the onset of the
transition to SmC*. The minimum SmC* layer spacing
of P2 differs by no more than 3.5% (1.7A) from the
maximum SmA* layer spacing. However, on heating
through the SmA* phases the layer spacing decreases
strongly, with a drop of nearly 3A for P1 and P2
before the transition into the isotropic phase is reached.

The very small change of the layer spacing at the
SmA*-SmC* transition is contrasted by a large optical
tilt angle, which saturates at about 33° for P1 (at 50°C)
and 30° (at 60°C) for P2 [13, 17]. The expected SmC*
layer spacing estimated from equation (1) on the basis
of these optical tilt angle data is included in figure 3.
From the optical data a drop of 6.7 A for P1 and about
6.5A for P2 would be expected on cooling the SmA*
phase into the tilted SmC* phase. Compared with these
estimates, the layer shrinkage actually observed in the
X-ray measurements is truly negligible.

Based on these data we are convinced that polymers
P1 and P2 present the first examples of polymers with a
‘de Vries type’ SmA*-SmC* transition. Based on their
molecular structure, which promotes a microphase
separation between mesogens and polysiloxane chains
[13, 15], this seems reasonable, because the polysiloxane
sublayers should reduce inter-layer orientational coup-
ling between the mesogenic sublayers. Thus a disorder
transition with regard to the tilt direction should become
more likely. In this context the copolysiloxanes presented
here correspond well to various low molar mass systems
with siloxane or perfluorinated tails [5-7, 18].

Finally this result should be discussed in relation to
the observation of a giant electrostrictive effect in LC-
elastomers prepared from P1 [19]. This effect was
concluded based on interferometric experiments on
free-standing films, which basically measure the optical
path length, i.e. the product of ordinary refractive index
ny and film thickness Az. As the birefringence and thus
n, of smectics with de Vries-type tilting changes during
application of an electric field, these data have to be
reanalysed.

Financial support by the DFG, the Fonds der
Chemischen Industrie, and the Alexander von
Humboldt-foundation (J.L.) as well as support with poly-
siloxanes by Wacker Co. is gratefully acknowledged.
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