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Sm C layer undulation instabilities produced by first and second-order effects have been 
obtained after the rapid cooling of thin (10-26 -microns) homeotropic and twisted 
nematic NOBA films. The Sm C dilation modulus B has been approximately calculated 
to be around 0.32 X erg/cm3 and the larger value of the Sm C elastic coefficient 
A,, relative to that of A,* has been demonstrated. 

A number of novel, directly-observable Sm C edge-dislocation lines (or walls) have 
been obtained after the rapid cooling of electrically-deformed twisted nematic NOBA 
films. A physical model explaining their creation has been given. The possible relaxation 
of the dislocation walls into Nee1 walls with a partial twist and further into alternating 
nuclei with strength f 1 has not been observed, possibly due to the larger value of A,, 
relative to that of A,2. Possibilities for storage applications have briefly been discussed. 

1. INTRODUCTION 

Smectic A, B, C, etc. phases of liquid crystals (LCs) with nematic to 
smectic A (N-Sm A), nematic to smectic B (N-Sm B) and nematic to 
smectic C (N-Sm C), etc., phase transitions have usually been ob- 
tained and investigated after a slow cooling of the well-aligned nematic 
phase down to the corresponding smectic phase. On the other hand, 
they can be created after slow or rapid cooling of previously deformed 
nematic films. For instance, the nucleation of a Sm A phase from an 
initially bent nematic CBOOA has been investigated in detail by 
Cladis and Torza' who related the Sm A textures observed with the 
scattering properties of the well-known Kahn's thermo-optical display 
devices.' In addition, the growth of a Sm A phase after a rapid cooling 
of electrically-deformed planar nematic CBOOA films has been studied 
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224 H. P. HINOV AND M. PETROV 

in a technically simple manner by hi no^.^ Of interest is that the 
magnitude of the voltage being applied across the films under study 
was changed between 3U, and 30U,,,, where U,,, is the Freedericksz 
threshold voltage. Under these conditions the Sm A phase grew first 
from the well-aligned nematic in the middle part of the cells and after 
that from the two strongly-deformed nematic boundary regions. 

The cooling of previously-deformed Ns down to the smectic phase 
may first give important information about smectic surface  force^,^ 
hitherto insufficiently investigated and may secondly aid in the obtain- 
ing of a number of homogeneous and stable smectic scattering tex- 
tures, which are governed by surface forces and which contain in their 
structure defects related to both translational symmetry breaking 
(dislocations) and to rotational symmetry breaking (disclinations)? 
Such experiments should be carried out with Sm LCs nucleating either 
all at once in the entire cell or at first in the middle part of the sample, 
which is the most important case. To nucleate the smectic phase first 
in the middle part of the samples without utilizing a special kind of 
temperature gradient (it is well-known that the smectic phases start 
usually to nucleate at the glass plates where the nucleation energy is 
zero) it is necessary to use a previously-deformed nematic phase 
having pronounced pretransitional behaviour around the N-Sm A, 
N-Sm B, and N-Sm C, etc., phase transitions that are accompanied 
first at all by the creation of pretransitional stripe-like domains.' 

This paper deals with the formation of a Sm C phase after the rapid 
cooling of electrically-deformed planar, hybrid (homeotropic-planar) 
and twisted nematic NOBA films. During the experimental investiga- 
tions, a number of either well-known or novel Sm C textures are 
obtained giving important information about the possible matching of 
the Sm C liquid crystal, one of which is nucleated in the middle part 
of the samples, and the other formed in the boundary regions. The 
possible ways for the Sm C phase growing, including the orientation of 
the Sm C molecules and the position of the Sm C planes were clarified 
as well as the crucial role of the initial twist in the nematic phase and 
the strength of the voltage applied across both the nematic and Sm C 
phases for the creation of various Sm C textures were demonstrated. 
Moreover, the possible role of the surface forces has been discussed in 
detail (let us note that the competition between the surface forces and 
the bulk forces has not been investigated up to now either theoretically 
or experimentally). Finally, the Sm C layer undulations observed 
permitted first a numerical estimation of the dilation modulus B of the 
Sm C liquid crystal NOBA under study which has been compared to 
that already obtained by Johnson and Saupe for the case of the liquid 
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LAYER UNDULATIONS OF SMECTIC C 225 

crystal 5BA6 with a Sm A to Sm C phase tran~ition,~ and second 
unambiguously pointed out the larger elastic coefficient between A,, 
and A2,. 

11. EXPERIMENTAL RESULTS 

A. Compound and sample preparatlon 

The liquid crystal under study, NOBA ( p-n-nonyloxybenzoic-acid), 
with a nematic phase between 117OC and 143°C and a Sm C phase 
between 117 O C and 94 O C is characterized by well-defined pretransi- 
tional stripes around the N-Sm C phase transition. The characteristic 
tilt of the NOBA Sm C molecules with respect to the Sm C planes has 
been measured to be around 45O within the entire Sm C temperature 
interval.' 

The LC was first introduced between two NESA coated glass plates 
separated by mylar spacers 10 to 50 microns thick in its isotropic 
phase after being warmed by a regulated electric heater. The sample 
was then placed on the stage of a NU 2 microscope. The massive 
metal lateral holder stored the thermal energy such that the cooling 
rate of nearly 1SoC/min was sufficient for the performance of the 
experiment. This manner of cell preparation has several advantages 
resulting in possibilities for achieving high horizontal temperature 
gradients in the electrode planes, which permits the easy observation 
of pretransitional effects around the N-Sm C phase transition, the 
investigation of a large area (several cm2) of the LC and photography 
of the LC structures with objectives having small focal lengths (mag- 
nifications X 400). 

During the experimental investigations a number of planar, homeo- 
tropic-planar and twisted N NOBA films were cooled down to the Sm 
C phase in the presence of an a.c. electric field with differing strength. 
The planar and twisted orientation of the LC molecules were obtained 
by SiO treatment of the electrodes under vacuum evaporation whereas 
the homeotropic orientation was achieved by lecithin coating of the 
glass plates. 

B. Thermal dlstrlbutlon In the LC cells under lnvestlgatlon 

The thermal distribution in the LC cells under study has been dis- 
cussed in detail elsewhere? In such cells one notes a strong tempera- 
ture gradient in the electrode planes being directed from the lateral 
metal holders storing thermal energy to the middle part of the cells. 
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226 H. P. HINOV AND M. PETROV 

On the other hand, it is reasonable to accept a nearly homogeneous 
temperature distribution along Z, i.e. normal to the glass plates. This 
assumption is especially true for the thin LC cells being investigated in 
our experiment (one can obtain a nearly correct picture for the 
temperature distribution in thin LC cells by means of the typical 
scattering properties of widely-used short-pitch cholesterics: for in- 
stance, the clear colours produced by such cholesteric LCs 10-20 
microns thick unambiguously pointed out the nearly constant temper- 
ature over the entire LC layer even for samples heated from 
below6- the temperature gradient would widen the frequency range 
of the selective reflection of the light, which is related to the observa- 
tion of iridescent colours, as has been pointed out by Hajdo and 
Eringen? One notes, however, a significant temperature gradient 
between the outer sides of the glass plates confining the LC, which 
clearly shows the great importance of the thermal properties of the 
glass plates, depending on their thickness and thermal conductivity, 
etc.). In addition, we have observed very often a well-defined Schlieren 
texture and Bloch in the nematic phase of NOBA existing 
not very close to the isotropic phase. The degeneracy in the LC 
alignment implies the existence of thin isotropic layers near to the 
glass plates; this unambiguously points out the higher temperature in 
these regions. 

C. Electrlc field appllcatlon 

The dielectric properties of the NOBA LC under study in both the 
nematic and Sm C phases as well the temperature dependence of the 
dielectric tensor elements have been insufficiently investigated up to 
now. The preliminary experimental results obtained by Kuvatov 
et UI ."* '~  and some interesting results obtained by Chou and C a d 3  
clearly show first that the dielectric anisotropy is positive in the 
nematic phase and negative in the Sm C phase and second, that their 
temperature variations in both phases are negligible (see Figs. 6 and 7 
in Ref. 13). In addition, it is well-known that Sm C LCs are biaxial 
with differing magnitudes for the three principal dielectric tensor 
elements. However, the experimental results obtained by Kuvatov 
et al. unambiguously pointed out the nearly equal value of the trans- 
versal dielectric permittivities characterizing the low-frequency dielec- 
tric properties of NOBA in planes perpendicular to the long axis of 
the molecules, i.e. the Sm C liquid crystal NOBA is practically one 
uniaxial Sm C medium. The values of the dielectric anisotropy of the 
N and Sm C phases have been determined to be + 0.028 and - 0.025 
( f = 10 kHz), respectively. 
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LAYER UNDULATIONS OF SMECTIC C 221 

A high frequency voltage (f = 10 kHz) with a strength between q h  
(the threshold voltage q h  was in the range of 26-30 V,, depending on 
the impurity content) and 15qh was applied across the LC films under 
study in both the N and Sm C phases in order to obtain complete 
orientation of the nematic molecules in the middle part of the samples 
and two strongly-deformed LC nematic regions at the glass slides. The 
frequency of the applied electric field was sufficiently high for ensur- 
ing the orienting action of the dielectric torques without any hydrody- 
namic movement of the fluid. 

D. Mlcroscoplc obrewatlons 

The Sm C phase of the liquid crystal NOBA has been nucleated 
after a rapid cooling of either non-deformed or electrically-deformed 
PLANAR and TWISTED nematic films. The experimental results 
obtained for these two complementary cases are very important for 
understanding the novel Sm C textures observed. 

(1) Sm C phase obtained after the rapid cooling of non-deformed 
planar and twisted nematic NOBA films. 

The rapid cooling of thin planar nematic NOBA films of 10-26 
microns down to the Sm C phase often led to the formation of many 
local Sm C monodomains separated by vinversion walls. The nucleated 
Sm C blurred Schlieren texture in thick cells, however, was not 
controlled by the action of the surface forces. The rapid cooling of 
thin twisted nematic NOBA films of 10-26 microns thick, on the other 
hand, led to the formation of a number of pretransitional stripes and 
Sm C patterns as follows: 

( a )  pre-transitional parallel stripes very similar to those already 
observed and investigated by Cladis and Torza in Sm A‘ and by 
Scheffer et al. in Sm C  droplet^.'^ In cells with a thickness well above 
10-15 microns, cone-like pretransitional domains were observed due 
to the larger temperature gradient in the electrode 

(b)  Sm C Schlieren texture with one-dimensional undulation insta- 
bility (stripes) at higher temperatures in the Sm C interval (Figure l), 
as observed and investigated in detail by Johnson and Saupe in LCs 
with Sm A-Sm C phase transition4 (these stripes have been occasion- 
ally observed also by Bartolino et a1.I5, KumarI6 and Bourdon et al.” 
in various experiments on LCs with Sm A to Sm C phase transition) 
and two superimposed one-dimensional instabilities at low tempera- 
tures in the Sm C interval which have already been called a cross- 
hatched pattern by Johnson and Saupe4 (Figure 2). 

(2) Sm C phase obtained after rapid cooling of electrically-deformed 
planar and twisted nematic NOBA films. 
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228 H. P. HINOV AND M. PETROV 

FIGURE 1 Smectic C Schlieren texture with Sm C layer undulation instabilities in a 
thin (26 microns) NOBA films produced by second-order effects after rapid cooling of 
the twisted nematic phase. These Sm C patterns usually appear in the upper temperature 
range of the Sm C phase. Crossed nicols, the short side of the photo corresponds to 480 
microns. 

FIGURE 2 Smectic C Schlieren texture with two superimposed Sm C layer undulation 
instabilities (cross-hatched patterns4) in a thin (26 microns) NOBA film produced by 
first and second-order effect after rapid cooling of the twisted nematic phase. These Sm 
C patterns usually appear in the lower temperature range of the Sm C phase. Cross 
nicols, each side of the photo corresponds to 510 microns. 
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LAYER UNDULATIONS OF SMECTIC C 229 

The growth of the Sm C phase from electrically-deformed planar 
nematic NOBA films upon rapid cooling was in the form of well- 
defined Sm C local monodomains with different orientations of the 
Sm C molecules and the Sm C planes (Figure 3). The stacking of the 
local Sm C monodomains gave a number of discontinuous lines 
already discussed by Demus and Richter to be probable inversion 
walls.18 One may often observe weakly contrasting lines which follow 
the orientation of the Sm C layers and which probably represent the 
imperfections of the Sm C LC illuminated between parallel or crossed 
nicols clearly shows the various cp-orientation of the Sm C molecules 
either in some of the Sm C monodomains or in the Sm C monodo- 
mains themselves when passing from one monodomain to another. 

The growth of the Sm C phase from electrically-deformed twisted 
nematic NOBA films upon cooling, however, was quite different. At 
low voltages applied to both N and Sm C phases in the range of 20 V,, 
to 60 Kerf, a well-defined Schlieren texture with Johnson-Saupe’s 
stripes has been observed after the pre-transitional stripes. The appli- 
cation of this low a.c. voltage (the threshold voltage as noted was in 
the range of 16-20 Cff, depending on the impurity content) did not 
remove the Sm C layer undulations which existed in the voltageless 
LC state as well. This voltage, however, led to the slight increase of the 
stripe period. The application of voltage above 100 V,,, across both the 
N and Sm C phases gave rise to the disappearance of the Schlieren 
texture with the stripes and to the formation of many Sm C local 
monodomains with different irregularities of the Sm C planes (Figure 

FIGURE 3 Smectic C local monodomains with weakly-contrasting lines designated by 
A and smectic C local homogeneous monodomains designated by B, formed after rapid 
cooling of a thin (26 microns) electrically-deformed planar nematic NOBA film. Parallel 
nicols, the short side of the photo corresponds to 400 microns. 
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230 H. P. HINOV AND M. PETROV 

FIGURE 4 Smectic C local monodomains with various tilted-inversion walls desig- 
nated by A and edge-dislocation lines designated by B, formed after rapid cooling of a 
thin (26 microns) electrically-deformed twisted NOBA films. Parallel nicols, Ueff = 220 
V. f = 10 kHz, each side of the photo corresponds to 590 microns. 

FIGURE 5 Smectic C local monodomains with edge-dislocation lines formed after 
rapid cooling of a thin (26 microns) electrically-deformed twisted nematic NOBA films. 
Parallel nicols, Ueff = 280 V,f - 10 kHz, the short side of the photo corresponds to 500 
microns. 
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LAYER UNDULATIONS OF SMECTIC C 231 

4). The further increase of the voltage up to 300 V,,, (which was 
achievable in our experiment) led to a significant decrease in their 
period (Figure 5).  The crude measurements of the irregularity period 
gave roughly the law d - 1 / E ,  where d is the irregularity period and E 
is the strength of the electric field applied across both the N and Sm C 
phases (Figure 6). 

It is important to stress that the electric field was capable of 
influencing the irregularity behavior even in the Sm C phase. For 
instance, the increase of the voltage applied across the Sm C film 
above a certain threshold value caused a significant change in the 
irregularity period, which decreased by about two times and vice versa 
the decrease in the voltage led to a corresponding increase in the 
irregularity period, Occasionally the change in the electric field magni- 
tude led to a defocusing of the Sm C irregularities as well. Moreover, 
the total removal of the voltage was accompanied also by a slight 
increase in the irregularity period which clearly pointed out that the 
irregularities exist even in the voltageless Sm C state as a storage 
mode. We shall not study here in detail the irregularity behavior under 
the influence of the electric field since this complicated problem 
requires further investigation. We shall use, however, these experimen- 
tal results to interpret the possible orientation of the Sm C molecules 
and layers. 

I 1 

0 25 50 x 10" E-'[(St.V/cmF' ] 
FIGURE 6 The edge-dislocation period (d) versus the inverse strength of the electric 
field ( 1 / E )  applied across both the N and Sm C phases. One notes the crude law 
d -  1 /E.  
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232 H. P. HINOV AND M. PETROV 

As far as high voltages, well above 300 Kff, are concerned, we may 
say that with such high electric fields (unattainable in our experiment) 
a number of well-defined Sm C single crystals should be formed due 
to the eventual overcoming of the surface forces in the nematic phase. 

111. DISCUSSION 

(1) Johnson-Saupe’s stripes 
(a) Influence of the thickness of the films under study, initial 

orientation of the nematic phase and the surface anchoring of the Sm 
C phase. 

The formation of Johnson-Saupe’s stripes in LCs with N to Sm C 
phase transition may give valuable information about the magnitude 
of the dilation modulus and about some of the elastic constants of this 
class of LCs. Of interest are the possible ways for the easy and 
reproducible experimental creation of these Sm C layer instabilities. 

All the Sm C layer instabilities observed up to now have been 
obtained after a rather rapid cooling of N or Sm A films with different 
thicknesses determined by teflon or other hard-compressible spacers 
down to the Sm C phase. The stripes always exist in Sm C Schlieren 
textures characterized by Sm C layers parallel to the glass plates with 
f 1 nuclei perpendicular to the glass plates and/or n-inversion bulk 
 wall^.'^-'^ Consequently, the projection of the Sm C molecules being 
tilted relative to the glass plates can continuously change their direc- 
tion in the plane of the electrodes. 

The role of the surface anchoring of the Sm C films is of signifi- 
cance as well. It is well-known from the literature that the strong 
8-polar and cp-azimuthal anchoring of the Sm C molecules at the 
boundaries (Figure 7), achieved for instance by means of thin SiO film 
deposition under vacuum evaporation, can govern the formation of 
local Sm C monodomains with vertical or oblique orientation of the 
Sm C planes relative to the glass plates (planar position of the Sm C 

The rubbing technique, on the other hand, can 
determine only the projection of the Sm C molecules on planes, 
parallel to the electrodes (strong cp-azimuthal, weak 8-polar surface 
a n ~ h o r i n g ) . ~ ~ - ~ ~  In addition, the rubbing technique may determine the 
initial twisting of the molecules in the Sm C phase24 (a twisting of the 
Sm C molecules from layer to layer has been observed by Sakagami 
et al. in Sm C spherulities as well2’). 

It is clear that strong surface forces can determine various orienta- 
tions of the Sm C molecules. However, this is only possible for thin 
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LAYER UNDULATIONS OF SMECTIC C 233 

Q ANCHORING 

e l e c t r o d e  
p l a n e  

X/ 
J 

FIGURE 7 Schematic representation of the 0-polar and cp-azimuthal anchoring of N 
and Sm C molecules. 

LC cells with a thickness in the range of 10-20 microns. For example, 
the experimental investigations of Price and Bak on Sm A filmsz8 
unambiguously pointed out a 20-50 microns penetration depth of the 
Sm A surface forces into Sm A films under study which is surprisingly 
below the penetration depth of the surface forces into N films mea- 
sured to be several hundreds microns.29q3o It seems that this small 
penetration depth of the surface forces into Sm A films is due not to 
their weakness but rather to the very bulk forces of the Sm LCs which 
are able to overcome the surface forces even for relatively thin smectic 
films in the range of 30-50 microns. 

Our experimental observations clearly show that Sm C layer undula- 
tions are not possible for the case of either vertical or oblique Sm C 
planes relative to the glass plates (Figure 8). It is easy to understand 
that the thermo-mechanical forces leading to the formation of 
Johnson-Saupe's stripes are not capable of causing such Sm C layer 
undulations in these cases due to the small lengths of the Sm C layers. 

The experimental results have shown that Sm C Schlieren textures 
with stripes are easily obtainable after a rapid cooling of twisted N 
films. It is more difficult, however, to obtain a Sm C Schlieren texture 
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234 H. P. HMOV AND M. PETROV 

T DECREASIYC T DECREASINC 

FIGURE 8 Schematic representation of various N and Sm C textures obtained before 
and after rapid cooling of twisted nematic NOBA films, respectively. 

after the rapid cooling of planar N films. Sm C Schlieren textures with 
stripes can be easily created from homeotropic nematic films upon 
cooling as well.19 Accordingly, such patterns were obtained during our 
experimental investigations after the rapid cooling either of hybrid- 
aligned nematic films with planar orientation of the molecules at one 
of the boundaries and homeotropic orientation at the other, or by the 
rapid cooling of homeotropic nematic films. 

Nice Schlieren textures with closed bulk inversion walls and stripes 
were obtained after the rapid cooling of homeotropic nematic NOBA 
films, when the glass plates had previously been rubbed to prevent 
full-azimuthal degeneration of the orientation of the Sm C molecules 
(Figs. 9a and 9b). In a number of cells very nice stripes were obtained 
in a large area and only the existence of isolated focal-toric domains 
already studied by Perez et aL3' and by Bourdon et al." has indicated 
the planar position of the Sm C planes (Figure 10). 

It seems that the essential reasons responsible for the formation of 
Johnson-Saupe's stripes in LCs with Sm A to Sm C phase transition4 
coincide with those leading to the creation of the same stripes in LCs 
with N to Sm C phase transition. Our experimental observations, 
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LAYER UNDULATIONS OF SMECTIC C 235 

FIGURE 9 Formation of a Schlieren Sm C texture consisting of n-inversion bulk walls 
with pronounced Sm C layer undulations after rapid cooling of a thin (26 microns) 
homeotropic nematic NOBA film:( a) beginning of the Sm C layer undulations; (b) final 
undulation of the Sm C layers; P 45 OA, the short side of the photo corresponds to 330 
microns. 
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236 H. P. HINOV AND M. PETROV 

FIGURE 10 Formation of a Schlieren Sm C texture consisting of winversion bulk 
walls with pronounced Sm C layer undulations after rapid cooling of a thin (26 microns) 
homeotropic nematic NOBA film, P 45OA. The glass plates have been previously 
rubbed in a direction which coincides with that of the long axis of the stripes. One notes 
circular confocal domains as well. The short side of the photo corresponds to 330 
microns. 

however, clearly pointed out that the stripes obtained from a homeo- 
tropic nematic phase upon cooling down to the Sm C phase are 
parallel to the C, axis,4 i.e., they have been caused by second-order 
effects related to a strong coupling between the layer curvature and 
the tilt orientation of the Sm C  molecule^.^ In such films the Sm C 
stripes produced by first-order effects characterized without any cou- 
pling between the layer curvature and the tilt orientation4 were not 
observed even at low temperatures in the Sm C phase: at such 
temperatures we observed only strong transversal undulations of the 
stripes (Figs. 9b and 10) (let us recall that the first-order stripes do 
exist in Sm C Schlieren textures formed from twisted nematic NOBA 
films upon rapid cooling). 

( b )  An approximate determination of the NOBA dilation 
modulus B. 

The Sm C first-order undulation instability of an LC with Sm A to 
Sm C phase transition permits a simple determination of their dilation 
modulus B.4 For this purpose the well-known expression for the 
“penetration” length of the Sm C layer undulation should be used: 

A = (C1/B)1’2 
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LAYER UNDULATIONS OF SMECTIC C 237 

where B is the dilation modulus, C, is the effective elastic coefficient 
and A can be determined from the stripe period according to the 
following formula: 

where A, is the period of the stripes produced by first-order effects (let 
us stress that these stripes have the greater period in the cross-hatch 
patterns4). 

Taking into account the stripe period being around 7.6 microns (see 
Figure 2) and the mean value of the effective elastic coefficient C, 
expected to be in the range of lop6 dynes we calculated the following 
approximate magnitude for the NOBA dilation modulus B: 

BNoBA = 0.32 X erg/cm3 

Comparing the value of this coefficient with that obtained for the 
5BA6 liquid crystal4 measured to be around 10’’ erg/cm3 we can 
make, with some caution, the conclusion that LCs with N to Sm C 
phase transition have a dilation modulus B which is lower relative to 
that of LCs with N-Sm A-Sm C, etc., phase transitions. We find 
some justification for this important, according to us, conclusion in 
the experimental finding that electrohydrodynamic domains have not 
yet been observed in LCs with N-Sm A-Sm C, etc., phase  transition^,^^ 
probably in part due to the hard compressibility or dilatation of their 
Sm C layers. Moreover, de Vries pointed out that different kinds of 
forces should act in these two types of liquid crystals.33 

(c) Determination of the larger elastic coefficient between A,, and 

A comparison between the experimental values obtained for the 
“penetration” length of both the first-order and second-order Sm C 
layer undulations according to the formulae: 

A 21. 

A1 = (A12/B)1’2 

and 

A, = (A,, - C,2/B2)1/2(B)-1/2 

(3) 

(4) 

(A,,, A,,, ,C, and B, are the elastic coefficients given in Orsay 
notatiod4, B is the dilation modulus) can easily give the larger elastic 
coefficient between A,, and 
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238 H. P. HINOV AND M. PETROV 

Our experimental observations for the NOBA case clearly point out 
an experimental equality in the value of the periods of the two kinds 
of stripes (let us recall that the experimental value of the period of the 
second-order Sm C layer instabilities should be doubled): 

This experimental finding together with the positive value of the 
elastic coefficient B, (see for example the Sm C energy expression 
written by Klkman and Lejcek3’) clearly point out that A,, IS THE 
LARGER NOBA ELASTIC COEFFICIENT between A,, and 

A21 ’ A,, 
(2) Edge-dislocation lines 
A plausible interpretation of the irregularities obtained during our 

experimental research (Figures. 4 and 5 )  has required a careful com- 
parison of all the Sm C defects proposed and explained from a 
theoretical point of view21*36-38 with those observed during the experi- 
mental investigations of the Sm C phase up to n0w17*18*19921 etc. 
Following this path our first attempts for explaining the objects 
observed were in part successful since we were able to interpret only 
some of them. For instance, a number of the Sm C monodomains were 
created with different orientations of the Sm C molecules, as revealed 
by the corresponding orientation of some of the irregularities interpre- 
ted to be different types of inversion tilted walls, which are designated 
by A in Figure 4 (note again that the thick lines with a number of f 1 
nuclei separate adjacent Sm C monodomains with different orienta- 
tions of the Sm C layers in accordance with the interpretation given by 
Demus and Richter”). The wall lines in agreement with Demus and 
Richter’s discussiod’ point out the orientation of the Sm C layers 
relative to one axis chosen on the glass plates, say, for example, the 
rubbing axis. 

Another part of the irregularities has been interpreted in an analogy 
with the already observed and investigated in detail edge-dislocation 
lines (or tilted walls of dislocations) in Sm A liquid cry~tal .~’-~~ For 
instance, some of the lines or stripes designated by B in Figure 4 and 
all the imperfections observable in Figure 5 have been interpreted by 
us to be possible edge-dislocations of the Sm C layers (indirectly 
observable Sm C edge-dislocations with a very small Burger’s vector 
equal to one unit of smectic layer thickness in wedge-shaped samples 
have already been investigated in detail by Meyer, Lagerwall and 
Stabler in LCs with N-Sm A-Sm C, etc., phase tran~itions~~-~’). 
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LAYER UNDULATIONS OF SMECTIC C 239 

Directly observable edge-dislocations have already been discovered in 
the Sm C liquid crystal DOBCP in 1971 by Lefevre et u1.* which were 
designated as an “epi” structure. Furthermore, the birefringence mea- 
surements performed by these authors in N and Sm C phases unam- 
biguously pointed out the nearly equal LC orientation for this “epi” 
structure relative to that of the nematic phase. 

The clarification of the Sm C orientation in the middle part of the 
samples under study as well as in the boundary regions can signifi- 
cantly aid in understanding of the possible physical reasons responsi- 
ble for the creation of DIRECTLY -OBSERVABLE edge-dislocations 
in Sm C LCs. Let us study these cases in more details. 

(u). Alignment of the Sm C phase in the middle part of the samples 
being investigated. 

Our assumptions are as follows: 

First assumption. The temperature along Z, i.e. normal to the glass 
plates, is nearly constant within thin (10-20 microns) LC films. 
However, as noted, in some cases depending on the thickness and 
nature of the glass plates forming the cells, the temperature can be 
lower in their vicinity. 

Second assumption. The phase transition temperature TN-sm is 
HIGHER in the middle part of the samples and LOWER in the 
vicinity of the glass plates, where a strong realignment in the nematic 
orientation takes place: the orientation of the LC molecules is changed 
from planar to homeotropic along a distance which is in the range of 
several microns. Indeed, during the performance of the experimental 
investigations it was clarified that the Sm C phase is nucleated first in 
the middle part of the nematic films followed by Sm C formation in 
the boundary regions (Figure 8). We find evidence for this important 
fact in polycrystalline Sm C formation with Sm C local crystals being 
randomly distributed relative to the glass plate normal (note that in 
some cases one can observe some ordering in the Sm C monodomains 
which is attributed to the direction of the temperature gradient or to 
other non-controlled and unknown forces) (Figure 3). The different 
brightness of the Sm C monodomains in Figures 3,4 and 5 (the photos 
have been taken under parallel nicols) clearly show that the LC 
molecules very often have different azimuthal orientation either in the 
various Sm C monodomains or even inside some of them; this is 
related to the continuous change of this orientation. (At this point it is 
important to stress that the growing of the Sm C phase from the 
boundaries to the middle part of strong 8,  cp-anchored thin (10-20 
microns) planar non-deformed or electrically-deformed nematic films 
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240 H. P. HINOV AND M. PETROV 

would be in the form of two types of local Sm C monodomains 
situated approximately at an angle of 45 O relative to the rubbing axis: 
the Sm C molecules should follow the “easy” axis whereas the Sm C 
layers should be perpendicular to or inclined to the glass plates). 

We find justification for this assumption also in an analogy with the 
lowering in the transition temperature TN-sm A under elastic strains’ as 
well as in a number of t h e ~ r e t i c a l ~ ~ * ~ ~  and experimental  result^^^.^^ 
predicting and demonstrating respectively the significant enhancement 
of all three elastic coefficient of splay, twist and bend near the N-Sm 
C phase transition. Accordingly, the transition temperature in the 
strongly-deformed boundary regions should be depressed in the pres- 
ence of bend, twist and splay deformations. When the LC deforma- 
tions are larger (high electric fields, strong surface anchoring, small 
coherent lengths) the transition temperature is more depressed.’ The 
divergence of the elastic coefficients of bend (K33), twist ( K 2 * )  and 
splay (Kll)  near the N-Sm C phase transition is accompanied by a 
considerable decrease in the transition temperature. Consequently, the 
transition temperature in the strongly-realigned boundary regions 
Ti-sm will be LOWER than the transition temperature TNm_sm in 
the middle region, which is well-aligned by the electric torques, by an 
amount proportional to rot n‘ and div Z. The enhancement of the 
elastic coefficients in some cases characterized by a relatively wide 
N-Sm C phase coexistence, small latent heat change compared with 
kT and either a second-order phase transition or a slightly first-order 
one’ results in the occurrence of well-defined pre-transitional stripes 
already observed in Sm A‘ and Sm C14 liquid crystals. The gradient in 
the bend-twist-splay deformations in the N phase together with the 
rate of cooling can determine the periodicity of the “striped structure”. 

The pre-transitional stripes observed during the investigations of 
many NOBA films clearly pointed out the enhancement of all the 
NOBA elastic nematic coefficients. In addition, the latent heat change 
at the N-Sm C phase transition for the liquid crystal NOBA measured 
in 1967 by Herbert” to be around 0.04 cal/g is very small and 
comparable to that peculiar to the N-Sm A phase transition for 
CBOOA which has been measured to be between 0.06 and 0.10 
~al /g . ’ .~~.  Moreover, the increase in electric field strength led to a 
considerable decrease of the stripe period. This situation is further 
complicated by the rapid cooling of the samples in the range of 
15 O C/min, which according to Luckhurst, Ptak and Sanson26 can 
change the type of the phase transition. (Cladis and Tona pointed out 
that the N-Sm A phase transition for CBOOA liquid crystal is a first 
order transitions3 .) Furthermore, the strong electric field applied across 
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LAYER UNDULATIONS OF SMECTIC C 241 

the samples under study between 15 X lo3 V/cm and 15 x lo4 V/cm 
is able to change the transition temperature TN-sm of even the 
completely oriented nematic phase in the middle part of the cells (the 
change in the phase transition temperature of well-aligned LCs has 
been investigated to date, according to our knowledge, only for the 
case of N-Sm A phase transition and the results have been contradic- 
tory as follows: theoretical predictions show a rise in the transition 
tempe~ature~~ whereas the experimental results obtained by Sakamoto 
et al. pointed to a considerable decrease in this temperature” which is 
in accordance with Helfrich‘s theory56 taking into account the magni- 
tude and sign of the dielectric constants of both phases). However, 
direct measurements of the difference between the phase transition 
temperatures in the middle part of the samples and in the boundary 
regions, at the present stage of experimental investigation, are not 
possible, and only the physical considerations based on the optical 
properties of the textures observed can give the correct answer (note, 
that this problem can be successfully resolved by means of a transver- 
sal electric field when the LC orientation can be governed by surface 
forces generated from the electrodes). 

All considerations show that the Sm C phase arises first in the 
middle homeotropic part of the samples with a growth of skewed 
cybotactic groups.33.57*58 

Third assumption. The final orientation of the Sm C layers is 
determined by the corresponding orientation of the Sm C molecules 
and layers in the cybotactic groups just before the N-Sm C phase 
transition. 

This assumption is based on the fact that the Sm C phase is formed 
after a divergence in the size of the cybotactic groups: i.e. 
the orientation of the Sm C molecules and layers in these groups 
cannot be ignored. At this point we must emphasize the possible 
orientation of the Sm C layers. Most of the authors dealt with the 
existence of the cybotactic groups in the nematic phase of LCs with N 
to Sm C phase transition unambiguously pointed out their skewed 
character.33,57*58*59-66 Other authors, however, pointed out the normal 
position of the smectic  plane^,^^.^^ i.e., the existence of a Sm A 
structure inside each cybotactic group.68 Of special importance are the 
assumptions of Chou and Carr13 and of Rao el made on the basis 
of either conductivity measurements or by EPR investigations about a 
Sm A structure in the nematic phase of the liquid crystal NOBA. 

The two possible orientations of the smectic layers in the cybotactic 
groups formed in the middle part of the samples, where the nematic 
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242 H. P. HINOV AND M. PETROV 

phase is homeotropic, are shown in Figures l l a  and l lb .  It is natural 
to assume that the orientation of the LC molecules in the cybotactic 
groups is homeotropic since the dielectric torques due to Sm A or 
Sm C arrangements (negative sign of the dielectric anisotropy) are 
negligibly weak: the number of the molecules in the cybotactic groups 
in the range of 100 is by far not sufficient to ensure the orienting 
action of the electric field.34 The influence of the electric field on the 
cybotactic groups, in effect, is indirect and is effected by the action of 
the remaining nematic phase in agreement with Meiboom and Hewitt’s 
experimental results.70 

Although we are inclined to accept that the Sm C arrangement is 
more likely in the cybotactic groups, it should be noted that the 
passing from normal cybotactic groups with a Sm A arrangement of 
the LC molecules to skewed cybotactic groups with a Sm C arrange- 
ment is possible with a slipping of the molecules, as has often been 
observed after the Sm A-Sm C phase transition under the action of 
various electric,’l magneti~’~ or surface f0rces.7~3~~ However, it is 
reasonable to accept Sm C orientation of the LC molecules in the 
cybotactic groups just before the N-Sm C phase transition where both 
the N and Sm C phases coexist. In addition, the LC molecules should 
be homeotropic and the orientation of the Sm C layers oblique. Two 
of the infinitely possible positions of the Sm C layers are shown in 
Figure l lb .  The Sm C layers are inclined relative to the glass plate 
normal at an angle of approximately 45 O ,  the characteristic tempera- 
ture independent tilt angle for the NOBA Sm C liquid crystal. It is 
clear that all Sm C layer normals make a cone with an apex angle 

‘ N O B A I  I 
I 
I 
I 

I 
I 

4 b .( ‘x 
\ 

a I 

FIGURE 11 Two possible orientations of the smectic layers in the cybotactic groups 
formed after rapid cooling in the middle part of thin twisted nematic NOBA films: (a) 
Sm A arrangement; (b) one Sm C arrangement from the infinitely possible ones; a cone 
made by all  possible normals to the Sm C layers has been shown as well. 
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LAYER UNDULATIONS OF SMECTIC C 243 

equal to 90" (Figure llb). According to our third assumption, the Sm 
C layers maintain their oblique position relative to the glass plates 
after the N-Sm C phase transition (Figure 12a). 

Note that the Sm C phase formed in the middle part of the samples 
is insensitive to the influence of the surface forces, since it is ap- 
parently separated from the two glass plates by two very thin, with a 
thickness of several microns, nematic films with cybotactic groups: see 
the schematic representation of the possible N and Sm C textures 
observed, as given in Figure 8. This assumption is confirmed by the 
formation, for the first time in our experiment, of a number of Sm C 
monodomains with an oblique position of the Sm C layers relative to 
the glass plates (to date such Sm C monodomains have been obtained 
only either under the action of strong polar and azimuthal surface 
forces in thin films or under the action of magnetic or electric 
fields applied across the LCs in tubes with a diameter of several 
millimeters26* 'O ). 

The importance of the boundary conditions being able to determine 
not only the orientation of the Sm C molecules and layers but also the 
possible kind of the Sm C textures, has been demonstrated in our 
experiment by the rapid cooling of a homeotropic nematic phase in 
the presence of a high a.c. electric field, which is stabilizing in the 
nematic phase and destabilizing in the Sm C phase (note that the LC 
in the middle part of the cells being investigated had been under the 
same action of the electric field). The final result was the formation of 
blurred shaped Schlieren textures without the creation of any monodo- 
mains with an oblique orientation of the Sm C layers. 

FIGURE 12 One orientation (among the infinite possibilities) of the Sm C molecules 
and layers according to our model: (a) initial normal position of the Sm C molecules; 
(b) final planar position of the Sm C molecules, which is achieved under the action of 
the dielectric torques (negative sign of the dielectric anisotropy of the Sm C phase). 
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244 H. P. HINOV AND M. PETROV 

Fourth assumption. The Sm C molecules go from a homeotropic to 
planar position under the action of the dielectric torques of the Sm C 
phase (negative value of the dielectric anisotropy) (Figure 12b). 

This kind of probably thresholdless dielectric transition, which is 
realized without any resistance of the elastic forces, is expected for 
large Sm C monodomains and has already been proposed for the 
magnetic case.75976 Indeed such a reorientation of the Sm C NOBA 
molecules in the presence of a high electric field between 5000 V/cm 
and 7000 V/cm was observed by Chou and Carr a long time a g ~ ; ' ~ . ~ '  
we stress at this point that the electric field applied across the N and 
Sm C films in our experiment had a magnitude above 1500 V/cm. 

(b)  Alignment of the Sm C phase in the boundary regions of the 
samples: matching of the bulk Sm C orientation. 

The matching of the Sm C LC formed in the middle part of the cells 
under study with that formed in the boundary regions is characterized 
by the creation of different kinds of inversion walls and edge-disloca- 
tions. One can observe various types of the usual tilt-inversion walls 
without any undulation, compression or dilation of the Sm C layers 
and various types of edge-dislocation lines. The usual tilt-inversion 
walls (designated by A in Figure 4) as noted were rarely observed 
when the voltage applied across the N and Sm C phases was relatively 
low. The most frequent objects (designated by B in Figure 4 and all 
the textures observable in Figure 5 )  obtained during the experimental 
investigations were interpreted to be various novel Sm C edge-disloca- 
tions with a very large Burger vector formed for the first time in 
planar Sm C films (one example from the infinite possibilities for 
edge-dislocation lines and the corresponding orientation of the Sm C 
layers in the middle part of the cells is schematically shown in Figure 

FIGURE 13 One example (among the infinite possibilities) of a topological model 
showing the dislocation lines in thin Sm C samples with an oblique position of the Sm C 
layers in the middle part and a complex splay-twist-bend realignment of the Sm C 
molecules in the boundary regions. 
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LAYER UNDULATIONS OF SMECTIC C 245 

13). Justification for this important assumption is found in the oblique 
position of the Sm C layers relative to the glass plates and in the 
optical properties of the objects observed being very similar to those of 
the dislocation tilted walls obtained and investigated in detail by 
Williams and Kleman in Sm A39-41 as follows: 

(i). One usually observe very sharp dark and broader bright lines 
adjacent to each other which do not depend significantly on the 
various possible position of the nicols related to the strong refraction 
and even total internal reflection of the light from the edge-dislocation 
lines due to the strong variation of the optical indices in these regions. 

(ii). The dislocation lines parallel to the Sm C planes are localized 
near the glass plates which results in their relief being very clear and 
distinct . 

(iii). The inclination of the Sm C layers in the middle part of the 
films together with the account of both the initial twist in the nematic 
phase and the ability of the LC under study to form cybotactic groups 
easily can lead to a significant bending of the Sm C layers and to the 
creation of dislocation lines. This bending of the Sm C layers accom- 
panied by complex bend-twist-splay deformations of the Sm C mole- 
cules inside each of the Sm C layers (Figure 13) is confirmed by the 
strong influence of the optical pictures by variations in the electric 
field magnitude even in the Sm C phase: we stress here that the small 
dielectric anisotropy of the NOBA Sm C liquid crystal in the range of 
(-0.Q25) together with the relatively low magnitude of the voltage 
applied across the cells between 80 Cff and 300 V,,, is not able to 
cause even weak deformations of the Sm C layers. 

(iv). The edge-dislocation lines can be created in some cases by 
other non-energetic causes, such as the manner of Sm C nucleation 
and strong temperature gradients, etc. 

(v). An increase of the voltage up to 300 Kff, i.e. 10 times the 
threshold voltage, leads not only to a decrease in the dislocation 
period but also to a decrease in the penetration depth of the disloca- 
tion walls into the middle part of the films. 

(vi). Although the dislocation walls in the Sm C phase are more 
complex due to the very realignment of the Sm C molecules inside the 
Sm C layers, it seems that the bright part of the dislocation walls is on 
the compressed side of the dislocations, whereas the dark part is on 
dilated side of the same 

(vii). Edge-dislocation lines cannot be obtained after the rapid 
cooling of twisted nematic films down to the Sm C phase when the Sm 
C layers are parallel to the glass plates due to the possibilities existing 
for easy adaption of the twist deformation (see the experimental 
results obtained by Arora et d"). 
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246 H. P. HINOV AND M. PETROV 

Indeed, in some cases, one notes two or more possibilities for the 
eventual interpretation of the objects observed such as dislocation 
walls, and Sm C layer undulations, etc., and it is difficult to prefer one 
of them. However, this problem exists for the Sm A case as well and 
only clear physical considerations or additional experimental investi- 
gations can lead to a correct interpretation. 

c )  Possible physical causes leading to the formation of edge-disloca- 
tions in the Sm C phase. 
To understand the formation of edge-dislocations in the Sm C phase 

it is necessary to discuss the influence of the various parameters which 
can play an essential role in the phenomenon under study, such as the 
existence of twist in the boundary regions (let us remember that the 
matching of the same Sm C phase grown from an electrically-realigned 
planar N film to that formed in the boundary regions has been 
effected by the formation of oblique Sm C layers just up to the glass 
plates without the creation of any kind of edge-dislocation lines or 
various types of tilted-inversion walls), the eventual role of the surface 
coupling of the Sm C films under study and finally, the possible type 
of N-Sm C phase transition coupled to the rate of cooling.26 

(i). Possible role of the twist deformation in the boundary regions 
of the cells in both the N and Sm C phase for the creation of 
edge-dislocation in the Sm C phase 

The boundary regions of the electrically-realigned twisted N cells 
were modeled by the construction of thin (2-3 microns) twisted cells, 
which was achieved without the utilization of spacers. Upon cooling 
these cells, pronounced pre-transitional stripes that were apparently 
linked with the enhancement of the N twist elastic coefficient were 
observed just above the N-Sm C phase transition. The further cooling 
of the cells below the N-Sm C phase transition led to the creation of 
both the various Sm C monodomains with different inclination of the 
Sm C molecules relative to the glass plates, which is indicated by the 
creation of n-inversion walls accompanied by pronounced colouring of 
adjacent Sm C monodomains, and edge-dislocation lines which are 
very similar to those already observed by Lagerwall et af. in wedge- 
shaped Sm C film~.4*-~~ 

It is worth mentioning that the rapid cooling of thin (2-3 microns) 
hybrid-aligned planar-homeotropic N NOBA films down to the Sm C 
phase always led to the formation of homogeneously-oriented Sm C 
films with many open and loop n-inversion walls. In addition, the Sm 
C molecules in such cells were always oriented along the rubbing 
direction determining the LC orientation at one of the surfaces (the 
other surface was coated by lecithin to give a homeotropic orientation 
of the LC molecules). 
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LAYER UNDULATIONS OF SMECTIC C 247 

However, twist deformations might be induced in the boundary 
regions of the electrically-realigned planar N films upon cooling as 
well, due to the action of the Sm C phase already formed in the middle 
part of the samples: Sm C single crystals which are randomly-distrib- 
uted relative to the glass plate normal may determine a different 
azimuthal orientation of the Sm C molecules after the electric field 
realignment. It seems that at least two essential reasons make the 
creation of such a Sm C-induced twist difficult: the first reason is 
connected with the possibilities for a higher transition temperature in 
the boundary regions of electrically-realigned PLANAR nematic films 
on comparison with that characteristic for electrically-realigned 
TWISTED N films, due to the lack of a boundary-induced twist (the 
details of Sm C formation in the different regions of such cell are not 
clear), and the second one is related to the possible role of the 
cybotactic groups formed in the NON-TWISTED nematic boundary 
regions. Whatever the reason, the final experimental result is that such 
Sm C-induced twisting is not capable of promoting the generation of 
surface-induced edge-dislocations. 

(ii). Possible role of the surface coupling in both the N and Sm C 
phases for the creation of edge-dislocations in the Sm C phase 

The important role of the &polar and cp-azimuthal surface anchor- 
ing (Figure 7) in determining different orientations of the Sm C 
molecules and layers has already been noted at the beginning of this 
paper. It is interesting to point out that the Sm C phase in the 
boundary regions is actually formed under the influence of strong 
surface forces due only to one of the glass plates. On the other side of 
the interfacial LC layer, natural Sm C surface forces generated from 
the previously-formed Sm C phase in the middle part of the samples 
act, which can dictate the formation of the Sm C phase in the 
boundary regions. It is evident that the various kinds of edge-disloca- 
tion walls can be generated only under the action of strong cp-azimuthal 
surface forces, which usually overcome the &polar ones. The various 
Sm C textures observed during our experimental investigations clearly 
indicate that the smectic cp-azimuthal and B-polar surface energies are 
not equal and may vary from one region of the glass plates to another. 
For instance, it is possible to obtain the usual tilted-inversion walls, 
various dislocation lines and even non-deformed Sm C monodomains 
experimentally (Figs. 4 and 5) ,  depending on the strength of both 
surface forces and dielectric torques. 

We are inclined to think that edge-dislocation lines are formed 
under the combined complex action of the initial twist in the nematic 
phase, which is closely related to the surface anchoring of the nematic 
films, the formation of oblique Sm C layers in the middle part of the 
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248 H. P. HINOV AND M. PETROV 

samples, the ability of the LC under study to form cybotactic groups 
easily and finally, the strong cp-azimuthal surface anchoring of the Sm 
C phase, which however, is itself not capable of inducing a curving of 
the Sm C layers with a complex splay-twist-bend realignment of the 
Sm C molecules. 

(iii). Possible role of the cooling rate and the type of the phase 
transition for the creation of edge-dislocations in the Sm C phase 

The type of the N-Sm C phase transition plays a crucial role in the 
creation of well-defined pre-transitional stripes, which upon cooling 
can start the novel Sm C textures. Although the N to Sm C phase 
transition has been pointed out to be of a possible second order,78 
most of the theoretical and experimental results reveal the first-order 
character of this t r a n ~ i t i o n . ~ ’ * ~ ~ * ’ ~ * ~ ~  On the other hand, in analogy 
with the Sm A case it seems that such pre-transitional stripes can be 
formed only in the case when the corresponding phase transitions 
(N-Sm A, N-Sm C etc.) are accompanied by low latent heat, which is 
typical for second or slightly first-order phase transitions. 

As far as the role of the rate of the cooling of the N phase down to 
the Sm C phase for the creation of edge-dislocations is concerned we 
may say that this problem can be discussed in two views. The first one 
has been touched upon by Nesrullaev and S ~ n i n ~ ~  who relate the 
cooling rate to one of the possible ways for the appearance and growth 
of the nucleated centers. The second one is connected with the 
possibility of the cooling rate to change the latent heat, and conse- 
quently the type of the phase transition. Indeed, this problem has 
already been discussed in 1973 by Luckhurst ef a/. .26 For instance, the 
growth of the Sm C phase from initially very thin (2-3 microns) 
twisted nematic NOBA films upon very slow cooling clearly shows the 
absence of pre-transitional stripelike domains and edge-dislocations. 
This observation clearly points out that the latent heat and conse- 
quently the type of the phase transition change with the rate of cooling 
in the N phase down to the Sm C phase. 

(3) Possible relaxation of the dislocation walls and the storage 
effect. 

According to Williams and KIeman39-41 the edge-dislocation lines 
in Sm A phase after grouping to form a large Burger vector can relax 
in the presence of a glass plate boundary into pairs of d i n e s  and 
further into focal conics. The situation with Sm C, however, is much 
more complex. It seems that the edge-dislocations should relax after 
grouping to form a large Burger vector into Neb1 walls with a partial 
twist (we recall that inside the bent Sm C layers there is a strong 
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LAYER UNDULATIONS OF SMECTIC C 249 

splay-twist-bend realignment of the Sm C molecules) and further into 
a series of alternating nuclei s = + 1 and s = - 1.'7,21,36,37*38 During 
our experimental investigations, however, only various types of tilted- 
inversion walls and edge-dislocation walls were obtained. This is 
probably due to the larger value of the Sm C A,, elastic coefficient 
relative to A,, as has been shown by our experimental results for the 
NOBA liquid crystal. 

As claimed at the beginning of this work one notes only a slight 
change in the dislocation walls after the electric field is removed. 
Consequently, the various types of dislocation lines or walls obtained 
during the performance of our experiment can be successfully em- 
ployed as an appropriate storage mode for industrial applications.81*82 
The major advantages characterizing this novel type of storage mode 
result in their direct governing by surface forces, independence of the 
frequency of the voltage applied across both the N and Sm C phases, 
independences of possible temperature variations inside the Sm C 
interval and long stability, etc. The last of these advantages is directly 
confirmed by the existence of some of the dislocation lines in the first 
optically isotropic crystal phase formed after the Sm C phase upon 
cooling. 

CONCLUSION 

Various kinds of Sm C layer undulation instabilities are obtained after 
the rapid cooling of twisted, hybrid-aligned and homeotropic NOBA 
nematic films. The rapid cooling of homeotropic nematic films led to 
the formation of Sm C stripes following the C, axis which are caused 
by second order effects. On the other hand, the rapid cooling of 
twisted N films led to the formation of two kinds of Sm C stripes, one 
following the C, axis and produced by second-order effects and the 
other whch is perpendicular to this axis and produced by first-order 
effects. The magnitude of the stripe period of these Sm C layer 
undulation instabilities permits the crude estimation of the NOBA Sm 
C dilation modulus By which was measured to be around 0.32 X 
erg/cd and the determination of the larger elastic Sm C coefficient 
A,, in comparison with A1,. 

The application of a high a.c. electric field across both the twisted 
nematic and Sm C phases, which aligns the N molecules homeotropic 
(positive value of the dielectric anisotropy) and Sm C molecules planar 
(negative value of the dielectric anisotropy) may completely remove 
the Sm C layer undulations and is capable of creating various types of 
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250 H. P. HINOV AND M. PETROV 

well-defined and optically-observable edge-dislocation walls (or lines) 
due to the different orientation of the Sm C molecules and layers in 
the middle part of the samples being studied and those in the 
boundary regions. Possible causes, such as the existence of initial twist 
in the N phase, the strong azimuthal anchoring of the Sm C molecules, 
the role of the cybotactic groups, the rate of cooling being closely 
related to the possible type of the phase transition and the orientation 
of the Sm C layers in the middle part of the samples are discussed in 
detail. Finally, important problems such as the possible relaxation of 
edge-dislocation walls and their possible application as a suitable 
storage mode have been covered. 
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