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We report preliminary results of optical and small angle X-ray scattering (SAXS)
experiments on the smectic A*2smectic 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 A2smectic 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 Tc 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’ hopt(T ) 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 TvTc. Assuming that

the mesogenic molecules simply behave as rigid rods,

the smectic layer spacing dC of the SmC phase then

decreases as:

dC~dA cos hopt ð1Þ
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

essentially becomes temperature-dependent through

the temperature dependence of hopt(T). 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 SmCa* 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 Tc. 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 Dn during the de Vries-type SmA–SmC

transition, i.e. DnCwDnA.

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 hopt~20‡ at 20 V mm21 are

reported [12]. In addition it is possible to induce

ferroelectric switching in the SmA* phase of P2 by

increasing the switching voltage (see figures 8 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.

Formula P1/P2.
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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 (200 V,

2 Hz). The results presented in figure 1 show that the

order parameter really decreases at the phase transition

to the SmA phase. Filled into 10-mm 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 Ka 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 0.7 mm). The tube was filled

with isotropic melt, then the samples were exposed at

different temperatures for 10 min. Selected scattering

profiles from the P2 sample are presented in figure 2,

Figure 1. Textures of the SmA* (left column a, c) and SmC*
(right column b, d ) phases of 10-mm 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).

Figure 2. Temperature-dependent scattering profiles of P2. From back to front: 75, 94, 130, 142, 145, 152, 156 and 160‡C.

Preliminary communication 885

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
5
2
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



the corresponding layer spacings obtained for P2 and

P1 are seen in figure 3. Several results are evident.

Firstly, the smectic layer reflection does not disappear

directly at the phase transition into the isotropic phase

(figure 2). 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

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 Å) 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% (1.7 Å) from the

maximum SmA* layer spacing. However, on heating

through the SmA* phases the layer spacing decreases

strongly, with a drop of nearly 3 Å 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 Å for P1 and about

6.5 Å 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

n0 and film thickness Dz. As the birefringence and thus

no 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.

Figure 3. 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 hopt in the SmC* state according to
equation (1).
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