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Résumé. 2014 On refroidit une couche nématique planaire déformée de CBOOA pour passer en phase smectique A.
Cette phase apparait d’abord au milieu de la cellule, là où les molécules sont parallèles au champ électrique appli-
qué. L’orientation des couches smectiques près des surfaces dépend de la force du champ électrique, de la vitesse
du refroidissement et de la force d’ancrage des molécules aux surfaces limites.
Pour des champs électriques très élevés, l’adaptation aux conditions d’ancrage se fait par des domaines confocaux
dans lesquels l’ellipse est dégénérée en un cercle et l’hyperbole en une droite. Le remplissage de l’espace est plus
aléatoire qu’Appolonien et s’arrête pour des domaines confocaux dont le rayon critique dépend de la force d’an-
crage. On calcule l’énergie d’ancrage.

Abstract. 2014 The SmA phase is obtained after cooling of a strongly deformed planar nematic CBOOA. This
phase first appears in the middle of the liquid crystal cell where the molecules are parallel to the applied electric
field. The orientation of the smectic layers in the boundary regions depends on the strength of the electric field,
on the rate of cooling and on the strength of the surface anchoring.
At higher electric fields matching to the boundary conditions is made with a system of confocal domains with
ellipses degenerated into circles and hyperbolae degenerated into straight lines. Filling of space is mainly random
rather than Appolonian and stops when confocal domains have some critical circular radius which depends on
the strength of the surface coupling. The surface energies in the smectic and nematic phases are also calculated.
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1. Introduction. - The nematic to smectic A phase
transition has been much studied after the work of
de Gennes [1] and McMillan [2] who introduced a
phenomenological Landau theory to describe the
static deformations of the smectic order parameter gi
and the nematic director n. This work extented the
Oseen-Frank theory of the SmA phase to describe the
static behaviour of the nematic phase just above the
phase transition where cybotactic groups exist. Diffe-
rent correlation lengths - (T - T c)-1/2 or

- (T - Tc)-2/3 were calculated according to the
different versions of the classical Landau theory
used, namely mean field theory (McMillan) and
liquid helium analog (de Gennes) respectively. Further
progress was made by Brochard [3] who postulated a
dynamic scaling relation for fluctuations of the
director ân and by Jâhning and Brochard [4] who
improved the modelling of the viscosity divergence
and of the elastic coefficients of the nematics. Halperin

(*) Part of this paper was presented at Eight 1 nt. Liq. Cryst. Conj.,
Kyoto, Japan, June 30-July 4,1980, Code No. J-1P.

and Lubenski [5], [6] changed de Gennes’ version to
include a transformed order parameter in the smectic
phase which does not have divergent phase fluctuations
(N-SmA-slightly first order). The divergence of the
nematic elastic constants was also calculated by
Jing-Huei Chen and Lubensky [7] and the divergence
of the viscosity coefficients by McMillan [8], Martins
et al. [9] and Hossain et al. [10]. Experiments performed
include X-ray scattering [11]-[13], elastic coherent
neutron scattering [14] and light scattering [15]-[21].
NMR measurements [22], acoustic measurements [23],
Fredericks transition measurements [24]-[28] and
other methods [29]-[32] have clearly showon that in
the vicinity of the N-SmA phase transition there is a
strong divergence of the twist and bend elastic coeffi-
cients, the rotational viscosity coefficient y, and some
other viscosity coefficients. The divergence of the
elastic coefficient c5K33 is more drastic than that of the
twist elastic coefficient ôK22. At and below the N-SmA
phase transition their ratio is ôK33/ôK22 - 8. There
is no divergent anomaly in the elastic coefficient K 11
with only one exception [27]. These results show that
the smectic clusters in the nematic phase appear as a
rotational ellipsoid which has its long axis perpen-
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dicular to the layers. On approaching T the length of
this axis corresponding to the number of smectic
layers increases critically, whereas the lateral extension
of the layers increases more slowly. Consequently
the critical fluctuations driving the formation of the
smectic clusters are those which lead to a stacking of
the layers. This result is relevant to the formation of
the SmA phase from deformed nematics.

In this paper we describe the SmA phase obtained
experimentally by cooling from different a.c. electri-
cally deformed planar nematic liquid crystals CBOOA
(cyanobenzylidene-octyloxyaniline). The textures of
the SmA phase depends strongly on the initial elastic
state of the nematic layer (the value of the bend-
splay deformations) and on the temperature in the
smectic phase.
At voltages U  1.5 Ulh (Uth is the threshold vol-

tage for the deformation in the nematic layer) the SmA
phase grows in the form of the well known bend walls
(or Grandjean’s walls) [34], [35] etc.

At voltages between 1.5 Uth and 3 Uth the SmA
textures observed confirmed the expérimental results
of Cladis and Torza [35] for the formation of SmA
phase from an initially bent nematic layer with

homeotropic orientation at one surface and planar
orientation at the other surface. The virgule and
honeycomb textures observed in the SmA phase
clearly show that nucleation of the smectic planes
starts at the boundaries where the température is
lower and propagates to the middle of the liquid
crystal layer.
At higher voltages we ohserved grain boundaries

as well as different types of confocal domains depending
on the value of the, temperature in the smectic phase,
on the coherence length in the nematic phase and
on the surface anchoring. These SmA textures are
a result of the different orientations of the liquid
crystal molecules at the surfaces and in the bulk of the
,layer.

The grain boundaries have been widely studied both
theoretically [36]-[38] and experimentally [38]-[41].

The confocal domains observed in our experiment
were usually in the form of ellipses degenerated into
circles and hyperbolae degenerated into straight
lines (Rosenblath et al. [42] pointed out a number of
difficulties with their formation in initially planar SmA
layers). Toroidal confocal domains built in one homeo-
tropic SmA matrix have been obtained by : (a) Perez
and Proust [43] for 8 CB confmed between two solid
surfaces treated with one molecular layer of an

alkylpolyvenyl pyridine bromide; namely PVPC4
and PVPC16 to ensure planar and homeotropic
orientation respectively and (b) Le Berre and

Hareng [44], [45] after relaxation of homeotropic
SmA CBOOA in the presence of an electric field near
the N-SmA phase transition. However these authors
did not consider this particularly important case

which allows a simple determination of the value of the
surface coupling parameter W.. The interpretation [46]

of our results is easier because our experiment is

simpler than previous ones.
The formation of these adjusted structures shows

that the SmA phase starts to nucleate either all at once
in the entire liquid crystal layer (U  5 Ulh) or first
in the middle of the liquid crystal layer. The latter is a
more likely process (U a 5 Uth). This idea is justified
by the value of Tc (the phase transition temperature
N-SmA) which strongly decreases with increase of
elastic deformations in the nematic phase [35]. The
adjustment process is in agreement with Bouligand’s
idea [37] but with two exceptions : (i) filling of the
space is frequently random and only, in rare cases
Appolonian, and (ii) stops for circular confocal
domains having some critical radius which depends
on the strength of the surface coupling. Further filling
of the space is with homeotropic SmA with planes
parallel to the glass plates. However, this is exactly
the picture, proposed by Friedel [47] for matching of
the bulk orientation with the free surface orientation
of a SmA liquid crystal drop supported by one solid
substrate.
The formation of circular-line confocal domains

allows for a simple determination of the surface
coupling parameter, WS, in the SmA phase. At very
high electric fields (( U &#x3E; 15 Ulh), d = 26 ym) the

liquid crystal molecules in the nematic and smectic A
phase were homeotropic, which allows for a simple
determination of the surface coupling parameter W,,N
in the nematic phase.

2. Experiments and experimental results. - 2. 1
PREPARATION OF THE CELLS. - The liquid crystal
under investigation, CBOOA, sandwiched between
two nesa coated glass plates, separated by 26 J..l111
mylar spacers, was placed between two lateral metal
holders (Fig. 1). The mechanical stability was achieved
by means of four screws. The cell was first warmed
with a regulated electric heater. The sample was placed
on the stage of a Leitz microscope when the liquid
crystal had reached its isotropic phase. The massive
metal lateral holders stored thermal energy such that
the cooling rate was 15 °C/min., sufficient for the

performance of the experiment. The preparation of the
liquid crystal cells in this way has several advantages,
namely, the possibility of achieving high temperature
gradients in the electrode planes, easy investigation
of a large area (several cm’) of the liquid crystal
and photography of the liquid crystal structures with

Fig. 1. - Structure of the liquid crystal cell with two glass plates.
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objectives having small focal lengths (magnification
x 400). The experimental results were repeated using
a Mettler hot stage with temperature regulation rates
0.1 °C/min., 1 °C/min., 3 °C/min. and 10 °C/min. The
phase transition temperatures were :

Planar orientation of the nematic liquid crystal was
obtained by SiO treatment of the electrodes under
vacuum evaporation. A high-frequency (&#x3E; 20 kHz)
voltage source of magnitude between - 1.1 U th and
40 Uth (Uth is the threshold voltage for the deforma-
tions in the nematic phase) was applied to the liquid
crystal layer in the nematic phase. Formation of the
SmA phase was different and depended on both
the coherence length ç introduced by de Gennes for
the nematic phase and on the cooling rate.

2.2 THERMAL DISTRIBUTION IN THE CELLS. - Ther-
mal transport phenomena in the liquid crystals have
been insufhciently investigated theoretically and expe-
rimentally [48]. Earlier investigations showed a strong
dependence of the thermal conductwity on tempera-
,ture, liquid-crystal orientations and the temperature
gradients. The thermal conductivity at the bounding
surfaces is usually greater [49], [50] than that in the bulk
of the liquid crystal layer. Recent investigations by
Urback et al. [51] and by Rondelez et al. [52] clearly
show a positive sign of the thermal condùctivity aniso-
tropy, i.e. the thermal conductivity along the molecules
is always higher than the thermal conductivity along
the perpendicular direction. There is no dramatic

change around the transition N-SmA or N-SmC i.e.
only short-range geometrical factors are important.

Cooling of the cells investigated clearly results in
a high temperature gradient in the electrode planes :
from the lateral metal holders storing the thermal
energy to the middle part of the cells.
However, it is difficult to understand the tempera-

ture distribution along Z (normal to the glass plates). A
temperature gradient is expected because of the
difference in the thermal properties of the glass on the
microscopic stage and the air above the liquid crystal
cell. This asymmetry, however, is not significant
because of the massive lateral metal holders with an

homogeneous temperature distribution. On the other
hand the cell thickness (20-30 gm) is much smaller
than that (- 1 cm) of the metal holders. This was
confirmed in our experiment by placing one comple-
mentary glass plate above the cells. No changes in the
experimental results were obtained.
Our experiments show that the thermal gradient

along Z decreases with thickness of the liquid crystal
layer and is smaller with 10 ym thick cells.

2.3 MICROSCOPIC OBSERVATIONS. - In the slightly
deformed nematic liquid crystal the SmA phase starts
to nucleate at the boundaries where in agreement
with Cladis and Torza’s results [35] the nucleation

energy is zero (Fig. 2). Such nucleation processes
determine the formation of stable grain boundaries
(typical regions are marked as A in Fig. 3) already
observed by Goscianski et al. [40] in homeotropic
CBOOA SmA, in the presence of a deforming electric
field. Usually the various grain boundaries are unstable
and relax to focal conics. The stability of the grain
boundary nucleation process has been investigated
in detail by Cladis and Torza [35].

Further increase of the voltage (U - 5 Uth) in the
nematic phase leads to generation of typical focal
conics in the layers (Fig. 2). Careful scrutiny of the
patterns given in figures 4 and 5 should reveal the
following types of confocal domains :

a) The general case of Dupin cyclides [33], [39], [41],
[47], [53], [54] in the section parallel to the hyperbola

Fig. 2. - Various textures obtained in planar CBOOA in the
deformed nematic phase.

Fig. 3. - Grain boundaries in planar CBOOA (26 gm thick,
U = 3 V, no//P 1 A, cooling rate 15 °C/min.). Typical grain boun-
daries are designated by A. The short side of the photo corresponds
to 215 ym (magnif. x 320).
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Fig. 4. - General conic structures in planar CBOOA (26 pm thick,
U = 5 V, no// P 1 A, cooling rate 15 OC/min.). The general case of
Dupin cyclides in the section parallel to the hyperbola plane is

designated by B, and the general case of Dupin cyclides in the
section parallel to the ellipse plane by C. The short side of the photo
corresponds to 215 nm (magnif. x 320).

Fig. 5. - General conic structures in planar CBOOA (26 pm thick,
U = 5 V, neP 1 A, cooling rate 15 °C/min.). The general case of
Dupin cyclides in the section parallel to the hyperbola plane is

designated by B, the general case of Dupin cyclides in the section
parallel to the ellipse plane by C. Single confocal domains, built in a
homeotropic SmA matrix in which the ellipses are degenerated into
circles and the hyperbolae into straight lines by D and homeotropic
SmA regions with planes parallel to the glass plates by E. The short
side of the photo corresponds to 215 gm (magnif. x 320).

plane [55] (designated by B in the photos) or in the
section parallel to the ellipse plane [55] (designated
by C).

b) Single confocal domains, built in a homeotropic
SmA matrix, in which the ellipses are degenerated into
circles and the hyperbolae into straight lines (several
examples are designated by D).

c) Homeotropic smectic with planes, parallel to the
glass plates (regions E).

The nucleation of different types of focal conics
clearly shows that the formation of the SmA phase
starts simultaneously in the whole liquid crystal layer.
This is due to the reduced N-SmA phase transition
temperature Tc resulting from the initial deformations
in the nematic phase [35], [56], [57]. This was confirmed
in our experiment by the existence of pronounced
transition N-SmA stripes (first-order phase transition)

and by the strong dependence of the N-SmA phase
transition temperature, T., on the strength of the
applied voltage, and on the degree of the bend-splay
deformations in the nematic phase.

Fig. 6. - Intermediate structures, designated by F, in planar
CBOOA (26 gm thick, U = 10 V, n0//P 1 A, cooling rate

15 OC/min.). One can observe circular-line focal conics designated
by D and homeotropic SmA regions with planes parallel to the glass
plates, designed by E. The short side of the photo corresponds to
215 gm (magnif. x 320).

Fig. 7. - Intermediate structures designated by F in planar
CBOOA (26 pm thick, U = 10 V, no//P 1 A, cooling rate

15 °C/min.). One can observe many circular-line focal conics desi-
gnated by D. The short side of the photo corresponds to 215 gm
(magnif. x 320).

Fig. 8. - Circular-line focal conics designated by D in planar
CBOOA (26 gm thick, U = 15 V, n0//P 1 A, cooling rate

15 oC/min.). These focal conics are in various planes parallel to the
glass plates. The short side of the photo corresponds to 215 ym
(magnif. x 320).
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Further increase of the applied voltage

(Figs. 6-8) the following textures appeared as the
temperature was decreased : bend-splay nematic,
stripe-like textures, intermediate texture (designated
in Fig. 7 and Fig. 6 by F), confocal textures in which
the ellipse was degenerated into a circle and the

hyperbola into a straight line. The rest of the liquid
crystal is a homeotropic smectic with smectic planes
parallel to the glass plates (Fig. 9) (as mentioned in the
introduction the same picture has been proposed by
Friedel [47] to explain a possible orientation of the
liquid crystal molecules at the free surface of a SmA
drop placed on a supporting glass plate). Thé circular
focal conic textures were formed from the stripes
through one intermediate structure (F in Figs. 6 and 7).
Sometimes the focal conic grew from the centre ôf this
structure as one can see from figures 6 and 7 (this type
of growth of the circular focal conic domains is

designated by G). The exact distribution of the smectic
layers in these intermediate structures (seen as bright
bands in crossed nicols) is not clear. These structures
arise only as a consequence of the relaxation which
takes place between transitional stripes and the
circular-line confocal domains which are energetically
stable. One possible explanation is the formation of
different types of grain boundaries which relax to thé
stable and energetically more favourable circular
confocal domains. These intermediate textures also
form a connecting link between the transitional stripes
and the general Dupin cyclides (see Figs. 4 and 5).

Fig. 9. - Schematic representation of the SmA phase obtained
from the strongly deformed nematic phase. The molecules are per-
pendicular to the smectic layers.

In a strongly deformed nematic, the SmA phase
starts to nucleate in the middle of the liquid crystal
layer where the nematic molecules are oriented
normal to planes, parallel to the electrode surfaces
and the transition temperature Tc1 is higher than that
in the boundary regions, Tc2 (Tc1 &#x3E; Tc2). Adjustment
between the molecular orientations at the surfaces
and those in the bulk is achieved with circular-line

confocal structures built in homeotropic SmA liquid
crystals with planes parallel to the glass plates.
At very high voltages (30 Uth  U  40 Uth,

Uth = 1.1 V) applied to the liquid crystal in the
nematic phase we observed dark regions in crossed
nicols which correspond to a homeotropic SmA
single liquid crystal with a few isolated small circular
focal conics (Fig. 10).

Fig. 10. - Homeotropic SmA liquid crystal with planes parallel
to the glass plates in planar CBOOA (26 ym thick, U = 30 V,
n/P 1 A, cooling rate 15 OC/min.). One can observe isolated
circular-line focal conics. The short side of the photo corresponds
to 215 gm (magnif. x 320).

Fig. 11. - Smectic structures in crystal phase of CBOOA (26 gm
thick, U = 10 V, P 1 A, cooling rate 15 oC/min.). The short side of
the photo corresponds to 215 ym (magnif. x 320).

Fig. 12. - Smectic structures in the crystal phase of CBOOA
(26 gm thick, U = 5 V, A 1 P, cooling rate 15 °C/min.). The short
side of the photo corresponds to 215 gm (magnif. x 320).
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A curious experimental fact was observed after
cooling the layers from the SmA phase to the crystalline
phase : frequently confocal domains or only the splay
orientation in the circles remain on the crystal lattice
(Figs. 11 and 12).

3. Général discussion for the patterns in figures 3-10.
- All photographs were taken with natural light
between crossed nicols. We note that this position of
the nicols is more favourable for optical investigations
of the SmA structures observed. The concentric rings
observed in the domains result from changes in the
total phase difference between ordinary and extra-

, ordinary waves (as noted by Perez and Proust [43])
and are seen only for splay molecular orientations
between crossed nicols even for nematics in the form

of droplets, as investigated by Cladis [58] and Candau
et al. [59]. 

Similar optical pictures (well described by Niessen
and Onden [60]) were obtained in a thick homeotropic
SmA single layer, illuminated by a convergent light
beam. These pictures confirm the types of the SmA
textures observed. In connection with these pictures
it is interesting to note their local optical biaxiality,
which has been investigated by Galerne [61] in oriented
defects in samples of lamellar liquid crystals.
The circular shape of the confocal domains may

also be observed without nicols in natural light
(see Fig. 5 in Ref. [43]). These shapes are clearly dis-
tinguished from the polygon shaped picture obtained
under the same optical conditions (see Fig. 3 in
Ref. [43]).
The circular-line confocal domains appear in

parallel nicols as elongated spots analogous to those
obtained by Ribotta [62] in the SmA phase of the
liquid crystal BBAA.

In conclusion, favourable conditions for observing
the confocal domains generated in the boundary
regions are the use of natural light, crossed nicols
and high magnification ( x 400).
The formation of differently distributed confocal

domains is , more easily obtained by cooling from
deformed nematic layer than by using special means
for mechanical undulations of the SmA layers [63]-[66].

4. Compétition between wall alignment and electric
field alignment (in the nematic phase) in a SmA. -
A number of wôrkers have considered possibilities for
the matching of the surface orientation with the bulk
orientation of the liquid crystal molecules, including
grain boundaries [36], [37], [40], [67], or systems of
focal conics [36], [37] filling the available space by
Appolonian packing (Fig. 13).

It is interesting to note that in our case the liquid
crystal behaviour follows closely that suggested by
Bouligand [37] : in his model the ellipses are all circles
and are in the plane of the surface ; the hyperbolae are
straight lines normal to the surface. The filled region

Fig. 13. - Appolonian packing of the confocal domains.

associated with one pair of conics is a cylinder of
revolution based on the circle. These cylinders fill all
the available space by Appolonian packing. No
polygons are required.

However, our experiments differ in two ways from
Bouligand’s model : in rare cases the filling is Appo-
lonian, in many cases random and stops for confocal
domains having a critical circle radius which depends
on the strength of the surface coupling. Further filling
of the space occurs by homeotropic SmA with planes
parallel to the glass plates i.e. in this case the surface
anchoring is insufficient for the large bending of the
smectic layers.

It is important to note that these domains were
, observed in a wide range of temperature gradients :
between 15 OC/min. (using a cell to store the thermal
energy) and 0.1 OC/min. using a Mettler type hot
stage. The large temperature gradients were in the
plane of the électrodes where the confocal domains had
a circular shape. These observations suggest that the
formation of the confocal domains is due to a balance
between the total surface energy on the area confined
within the circles and the total elastic energy of the
focal conic textures.
The domain radius was usually in the range of

1.3-2.6 gm. Sometimes at lower voltages the radius
of the circular line domains was one half of the thick-
ness of the liquid crystal layer (Figs. 4-5) which indi-
cates that the formation of the confocal domains in
these cases was due to non-equilibrium growth effects
rather than to an energy balance. At higher voltages
(Figs. 6-8) the size of the confocal domains varies by a
factor of 2 and is related to the formation of the SmA

phase only in the surface regions. In some cases the
circular confocal domains obtained were at different
levels with respect to the boundary planes (the barely
visible crosses in Fig. 8) due to growth effects. Another
more unlikely explanation could be their formation
at the lower glass plate.
The liquid crystal appears to be a single smectic A

for values of the applied voltage above 30 V in agree-
ment with the light microscope observations.

5. Estimation of the surface energy in the nematic and
smectic phases. - The smectic phase arises from a
strongly deformed nematic region. The distribution of
the domains of different size is related to surface

anchoring in the nematic and smectic phases.
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We suggest that the dark regions where the SmA
phase is homeotropic correspond to a smaller surface
energy of the two phases : N and SmA. I.e. these

pictures are a special distribution of the surface energy :
the confocal domains with larger radius correspond to
regions with smaller surface energy. 

’

The alignment of smectics on SiO treated substrates
under vacuum evaporation has been mainly investi-
gated in the bulk of the liquid crystal (see e.g. [68]).
In the literature there are no estimates of the size of
the surface energy of SmA liquid crystal molecules.
However, this is important both for experimental
investigations and for practical applications of the
SmA liquid crystals.

a) Estimates of 0-SmA surface energy [69]. -
The 0-SmA surface energy can be estimated from
theoretical results obtained by Kléman [70] for the
energy of these circular-line confocal domains :

where rc is the radius of the circle, r,,., is the core-
radius and Ki is the splay elastic coefficient.
The energy of the molecules in the surface regions is

maximized and takes the value, Ws(1t/2), when the
smectic layers are aligned and parallel to the boun-
daries. This total energy is equal to the sum of one
half of the energy of the confocal domains just above
their disappearance,

and the energy of the core line,

The energy of the core line per unit length is of the
order of K1 [37]. The core radius is of the order of
several smectic layer thicknesses - 100 À. We calcu-
late the mean value of the 0-surface energy of the SmA
liquid crystal for glass plates treated with SiO is,

from the relation,

using a low value for rc ~ 1.3 J.1m.

b) Estimates for lp-SmA surface energy. - The

ç-liquid crystal orientation of the SmA molecules
(i.e. in the electrode planes) is degenerated above the
N-SmA phase transition temperature. As mentioned
above, we observe the general case of Dupin cyclides
in the section parallel to the hyperbola plane (see
also [71]) and in the section parallel to the ellipse plane.
The former were randomly distributed. The latter,
due to the finite lp-surface anchoring energy, were
oriented along the major axis of the ellipse, parallel to
the easy axis of the SmA liquid crystal molecules which

is determined by the vacuum evaporation of the SiO
thin films. (Note that there were thermal gradients
perpendicular to the easy axis of the SmA liquid crystal
molecules.) The ç-surface energy should be calculated
as the différence between the energy of the general
Dupin cyclide (see the theoretical result obtained by
Kléman [69]) and the energy of the circular-line
domain obtained after relaxation of the Dupin cyclide
at lower temperatures. This, however, was not per-
formed in our experiment.
The determination of 0- and lp-surface energy is

more complex for cases where the filling of space is
achieved with systems of polygons [43], [73] (thé small-
est confocal domains are replaced by dislocations of
rotation [39], [74]). It is clear that the magnitude of the
surface energy (which is probably very high) may be
obtained after the transformation : systems of poly-
gongs - homeotropic SmA [43] if the total elastic

energy of the polygons per unit volume is known.

This, however, is a very difficult problem.

c) Estimates for 0-surface energy in the nematic

phase. - Application of high electric fields in the
nematic phase should completely orient the liquid
crystal molecules along the electric field lines (the
dielectric anisotropy of CBOOA investigated in the
nematic phase is positive) when the surface anchoring
is finite. This is difficult to confirm for liquid crystals
showing only a nematic phase although there are
sensitive optical methods such as total internal
reflection, etc. This, however, is easy to confirm for

liquid crystals having two or more liquid crystal
phases. As the coherence length in the boundary
régions, consisting of splay-bend deformations in the
nematic phase (see de Gennes [75] and [72]) tends to
zero when cooling, the transitional stripes charac-
teristic for first-order or slightly first-order N-SmA
phase transitions disappear and one can obtain a
single SmA liquid crystal [44], [45], [76]. The value of
the surface coupling parameter in the nematic phase
WsN can then be calculated from the balance between
the negative maximal electric energy per cm2 of the
liquid crystal and the positive maximal surface energy :

For an applied voltage with a strength of 30 V
(Fig. 10) As 5.5 [72] and d N 26 kim we calculate
the following value of the surface coupling parameter
WSN in the nematic phase :

The ratio of this surface energy with that obtained
for interaction of the smectic A molecules with the
same boundaries, W. : Wr 7-- 4 x 10-2 erg/cm2,
is about 20. We suggest this large difference is due
chiefly to physico-chemical short-range molecular 
interactions in both phases : nematic and SmA and
to a lower extent to surface relief effects.
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6. Influence of the electric field in the SmA phase. -
All textures in the SmA phase remain unchanged after
removal of the electric field. This is due to dielectric

anisotropy being positive in both nematic and SmA
phases. Consider the following possibilities for storage
information :

a) the generated focal conic textures contain storage
information about the surface energy as expressed
by dissent values of the confocal radius ;

b) the scattering textures due to the presence of
confocal domains containing disclinations in their
structure should have a long life [75]. This was con-
frmed- by storage of part of these domains in the
crystal lattices (Figs. 11 and 12).

Goscianski et al. [40] consider the possibility of
grain-boundary generation resulting from compe-
tition between surface anchoring and the bulk electric
deforming torques for liquid crystals 40.8 with negative
dielectric anisotropy..

Hareng et al. [77] observe focal conics induced by
an electric field in an initially homeotropic COB
sample.
Of interest is the investigation of the growing

processes of SmA phase from strongly deformed
surface regions in the nematic phase when the sign of
the dielectric anisotropy in both nematic and SmA
phases is different or with homeotropic CBOOA in
a transverse electric or magnetic field. This will be the
subject of another paper.

7. Conclusions. - The SmA phase was obtained
after cooling from a strongly deformed planar nematic
liquid crystal CBOOA. At low voltages

( Uth = 1.1 V is the threshold voltage) the textures
obtained were in agreement with Cladis and Torza’s
experimental results for hybrid deformed layers. At
higher voltages the SmA phase was first formed in the
middle of the liquid crystal cell. In the boundary
regions a system of confocal domains was observed in
which the ellipse is degenerated into a circle and the
hyperbola into a straight line. The remaining part of
the smectic liquid crystal is homeotropic with layers
parallel to the boundaries. The filling process which is
more random than Appolonian, ends with the for-
mation of circular confocal domains having some
critical radius which corresponds to a maximum value
of the surface energy. The smectic liquid crystal is
then homeotropic. The surface energies in the SmA
phase and in the nematic phase have also been cal-
culated.

Although all kinds of focal-conic domains were
obtained adjustment between the surface orientation
and the bulk orientation is not exhausted with these
structures. We have considered only those pictures
which are both typical and of some use for the deter-
mination of the surface energies which are important
both for experimental research and for technical

application of the nematic and SmA liquid crystals.
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