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INFLUENCE OF THE SURFACES ON THE

NUCLEATION PROCESS DURING THE

CHOLESTERIC-NEMATIC TRANSITION

Andriy G. Kozachenko
x
and Lachezar Komitov�

Department of Physics, Chalmers University of Technology and

Göteborg University, Göteborg SE-41296, Sweden

The nucleation phenomenon in short pitch cholesteric liquid crystals (LC),

taking place during the relaxation from the electric field-induced cholesteric-

nematic (CN) transition, has been investigated for various boundary con-

ditions. The dynamic hysteresis properties have been studied by direct optical

methods. For the first time it is shown the strong evidence that the nucleation is

not exceptionally a bulk phenomenon and the supporting solid surfaces may

act as nucleation sites. It is confirmed also that the nucleation velocity is not

a function of the type of molecular alignment at the liquid crystal=solid inter-

face rather than it depends on the uniformity of the surface interactions with

liquid crystal molecules. This result is of importance for time scale optimiza-

tion in modern fast driving schemes for cholesteric LCDs.

Keywords: cholesteric liquid crystals; hysteresis; nucleation; surface

INTRODUCTION

Due to the bistability and intrinsic memory, cholesteric liquid crystals
remain in the scope of interest for display applications. During the last
decade the interest in the display applications of cholesterics has been
renewed due to the progress in the material science that made possible
the so-called short pitch cholesteric display modes to become compatible
with the moderate voltage driving electronics. Short pitch cholesterics are
very attractive because of their unique optical properties as the selective
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light reflection that, in fact, could be combined with the texture bistability
properties provided that appropriate boundary conditions are present. The
twisted configuration of molecular ordering in cholesteric LC can be
unwound, i.e. transformed into nematic configuration, by applying an exter-
nal electric field due to the dielectric coupling. This kind of transition was
described by de Gennes [1]. One of the most important features of the cho-
lesteric-nematic transition effect that make short pitch cholesterics very at-
tractive is the hysteresis behaviour. Otsuka et al. [2,3], Walter and Kruger [4]
and Greubel [5] reported that during the relaxation from the unwound state
to the helical molecular ordering, the field-induced nematic state can be
saved even below the cholesteric-nematic transition threshold. Greubel also
reported that for the homeotropic alignment at the supporting solid surface,
the inhomogeneities like surface and bulk defects might strongly influence
the hysteresis properties. Kashnow et al. [6] were the first to suppose the
reverse nematic to cholesteric transition to be a nucleation process, which,
in fact, occurs around defect sites for homeotropic boundary samples,
whereas the entire supporting solid surface may act as a nucleation site
for planar boundary conditions. Kawachi and Kogure [7] investigated the
nematic-cholesteric (NC) relaxation in long pitch cholesterics and observed
the hysteresis irrespective of the boundary conditions. They gave also the
evidence that the reverse nematic-cholesteric transition is a nucleation pro-
cess, which occurs around the bulk and surface defects and concluded that
the nucleation velocity does not depend on the type of molecular alignment
at the interface, i.e. the nucleation is an exceptionally bulk phenomenon.
However, the relaxation process from the field-induced nematic state is still
not well understood and requires further investigations. In our previous stu-
dies we have found that the type of molecular alignment at the interface
(homeotropic or planar) does not, in fact, play a significant role in the nu-
cleation process. Moreover, the nucleation appears to be not only a bulk
phenomenon since at appropriate boundary conditions it may be governed
by the boundary conditions too [8,9]. This result seems to be very important
for the time scale optimization in modern fast driving schemes for choles-
teric LCDs because it allows to curtail significantly the row addressing time
just by selection of the appropriate boundaries.

In this paper we report the results of our investigations on the influence
of the boundary conditions on the nucleation phenomenon in short pitch
cholesteric liquid crystals. These results show a strong evidence that the
entire confining solid surface may give rise to a nucleation process.

Because of the Bragg selective light reflection properties of short pitch
cholesteric texture, it is possible to inspect separately the molecular con-
figuration in the bulk and at the solid surface by means of optical birefrin-
gence and selective reflectance measurement techniques. So, if the
nucleation process is not influenced by the boundary conditions, the mol-
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ecular configuration in the bulk and at the solid surface should be quite
similar. As a consequence, no significant temporal stratification between
evolution kinetics in the bulk and at the solid surface should be observed.
On the other hand it is well known that the nucleation occurs around the
bulk and surface defects, where the symmetry is broken. These defects
act as nucleation seeds if the surface treatments induce an uniform align-
ment and the typical distance between the neighboring nucleation sites
is at least an order of magnitude bigger than the cell thickness [7]. Conse-
quently, if one can suppose that the nucleation is exceptionally a bulk pro-
cess and their velocity depends only on concentration of the nucleation
centers, the small variation of cell thickness should have no effect on the
nucleation speed. Otherwise the re-appearance of the helical molecular
order should be influenced by the surface.

In order to clarify the evolution dynamics of the unwound cholesteric
texture and to prove the assumption that the boundary conditions may play
an important role in the nucleation process, we performed a series of
experiments with substrates whose surfaces were differently treated. The
surface treatment differs not only by the kind of imposed alignment but
also by its uniformity and anchoring strength.

THEORY

The experimental results indicate unambiguously that for the real samples
the boundary conditions play an important role especially for low d=Po (cell
thickness to quiescent helical pitch) ratio. The liquid crystal=solid surface
interactions could even be so strong that they may induce unwinding of the
molecular helical order. The anchoring strength is naturally reflected on
the values of critical fields associated with texture transitions in choles-
terics calculated by Kawachi and Kogure [7]. They used a pictorial rep-
resentation in which the threshold fields appear as crossovers of the
field-dependent free energy curves for the relevant states in cholesterics:
planar, focal conic and induced nematic. This approach was further de-
veloped by Van Sprang and Van de Venne [10] including the liquid crys-
tal=surface interactions. According to their description, the threshold fields
are now the crossovers of total free energy curves in an applied electric
field and differ from those of Kawachi and Kogure by incorporation of sur-
face free energy terms. The derived expressions for critical fields in this
case are the following:

Ecn ¼ 2
ffiffiffi
2

p p
Po

� �2
K22

eoDe

� �
þ Fsn � Fsc

eoDed

� �" #1=2

ð1Þ
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Enc ¼
p
Po

4K2
22 � K33 Po=dð Þ½ �2

eoDeK33
þ 4P2

oFsn

p2deoDe

" #1=2

ð2Þ

Ec0c ¼ 2
ffiffiffi
2

p Fsn � Fsc0

eoDed

� �1=2
ð3Þ

where Ecn, Enc, Ec0c - are the critical fields for cholesteric-nematic (CN)
transition, reverse nematic-cholesteric (NC) transition and for focal conic
deformation, respectively. Fsc0, Fsc, Fsn - are the densities of surface free
energy in the planar, focal conic and induced nematic states respectively,
d - is the cell thickness, K22, K33 - are the Frank splay and bend elastic con-
stants, respectively, and De is the dielectric anisotropy of the liquid crystal.
Expressions (1–3) were derived assuming that for planar anchoring con-
ditions Fsc0 ¼ 0 and for homeotropic Fsn ¼ 0.

EXPERIMENT

The investigations have been performed with a variety of aligning layers
that provide different director configurations of the cholesteric liquid crys-
tal at the liquid crystal=solid surface interface. The cell preparation has
been performed in the following way. Standard glass plates, precoated with
ITO conducting electrode, were covered by electron beam evaporated
SiO2–Al2O3–SiO2 dielectric protective layer to avoid the electric shortage.
The overall layer thickness was controlled by means of interferometric
technique and was kept in the range of 220 nm. Then, an aligning layer
was deposited onto the protecting layer. Four differently prepared and
treated aligning layers were investigated in our experiments namely Poly-
imide (PI) AD-9103 (Ukraine), Octadecyl-trichlorosilane (OTS) and Silicon
Oxide SiOx, respectively. Polyimide film was spin coated, dried and imi-
dized. When no additional treatment is applied it provides a degenerate pla-
nar orientation of the liquid crystal molecules at the solid surface. After
unidirectional mechanical rubbing, the polyimide layer provides homo-
geneous planar alignment. Octadecyltrichlorosilane (OTS) film, promoting
a homeotropic alignment of the liquid crystal molecules, was deposited
onto the protected layer by dipping. SiOx alignment layer, obliquely de-
posited by cathode reactive sputtering in glow discharge plasma, provided
a planar alignment with low pretilt of the molecules at the substrate sur-
face. After the deposition of the alignment layers, the cells were assembled
and then filled with the liquid crystals in a vacuum chamber.

Cholesteric liquid crystal used in our experiment was a mixture of
cholesterol derivatives CH12-M (Ukraine) which was added to the nematic
host E7 (BDH Ltd.) in ratio 3:2 by weight. The resulting mixture has a
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temperature independent helical pitch Po � 0,33 mm and corresponding
wavelength of maximum selective reflection from Grandjean texture
observed in the region of green light km ¼ 540 nm at normal light inci-
dence. The dielectric anisotropy of liquid crystal material was measured
by means of the dielectric spectroscopy technique to be De ¼ þ2,6.

The procedure for calculation of the surface free energy terms with our
liquid crystal material and alignment layers is discussed in details in [9].
Here, we only show their values, which are collected in Table 1.

The dynamic hysteresis properties were determined by means of the
experimental setup, which is represented schematically in Figure 1a. It
consists of a light source (LS), collimator (C), polarizing microscope (M)
with photomultiplier=spectrophotometer (PM), which is embedded into a
trinocular system, analog to digital and digital to analog converter
(ADC=DAC) and personal computer (PC). The resulting signal of the rec-
tangular form simulated by PC is passing through the DAC and applied to
the cell. Any changes in the transmission or in the selective reflection of
light are detected by photomultiplier and returned in a digital form to
the computer via ADC.

The dynamic hysteresis measurements were carried out using the con-
ventional technique with some modification. First an electric field, higher
than critical field for CN transition Ecn, is applied to unwind the cholesteric
helix. Then the applied field is reduced to a bias field Eb < Ecn. The time of
bias field action Tb, which is one of the parameters in the dynamic re-
sponse, was fixed for every hysteresis curve. Peculiarity of the experiment
lies in the very fact that the electric field was reduced from Ecn to Eb not
gradually, as in the usual case of quasi-static hysteresis measurements, but
stepwise as shown in Figure 1b. In this case, the transitions homeotropic to
planar and homeotropic to focal conic textures start to compete with each
other as soon as the bias field is settled. So, the final configuration of the
cholesteric liquid crystal depends mostly on the duration time of the bias
pulse [7]. For our experiments the most interesting sites are the ones, at
which competition between the relaxation modes is strongest, i.e. in the
vicinity of jump, where the growth and the propagation velocity of focal

TABLE 1 Surface Free Energy Terms for Various Aligning Layers

Alignment layer FSC0, (J=m2) FSC, (J=m
2) FSN, (J=m

2) Type of alignment

PI, no rubbing 0 2.9�10� 4 5.5�10� 4 Planar, degenerate

PI rubbed 0 3.2�10� 4 3.9�10� 4 Planar, uniform

OTS 1.8�10� 4 5.4�10� 4 0 Homeotropic

SiOx 2.1�10� 4 4.3�10� 4 7�10� 5 Planar, tilted

Influence of the Surfaces on the Nucleation Process 209=[1819]
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conic texture is highest. The variation of the bias pulse duration allows to
catch the nucleation onset and to freeze it while bias field is applied. Due to
the bistable properties in surface stabilized cholesteric texture, it is easy
to distinguish the final state of frozen texture when the field is turned
off. The sites with homeotropic configuration will evolve into the planar
state whereas the focal conic sites will remain in the same state. The areas
occupied by these two textures are easily to be detected by direct optical
techniques. The focal conic texture is known to give a contribution into
phase delay associated with the optical birefringence as well as it may be
identified also by nonselective scattering. The planar state has a strong
contribution into a selective reflection and comparatively low one to a
phase delay. Finally, the monochromatic light source could be used in order
to improve the contrast between these two textures. We must stress here
that all investigations have been performed for a high d=Po ratio. This
allows to consider the cholesteric system as stratified anisotropic media
which is capable to save the information both at interfacial layers and in
the bulk layer separately. The possible configurations of cholesteric tex-
tures associated with different boundary conditions in such a layered strati-
fication are schematically depicted on Figure 2.

RESULTS AND DISCUSSION

The major goal of the present study is to investigate the influence of the
surface boundary conditions on the nucleation process from the field-
induced cholesteric-nematic transition. The surface free energies, calcu-
lated for the alignment layers used in our experiments, are given in
Table 1 and somewhat differ from the values presented in [10] for similar
alignment layers. However, even though similar, the layers used by us for

FIGURE 1 Schematic representation of the experimental setup for dynamic

hysteresis measurements (a) and sequence of applied voltages (b). (Td – the delay

before the measurements).
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obtaining planar and homeotropic, respectively, alignment differ substan-
tially from the ones in [10] by their chemical nature as well as by the
way of their deposition and, thus, by their structural properties. The notice-
able feature which could be seen from Table 1 is that the surface free en-
ergy Fsn and the threshold field for unwinding of cholesteric helix Ecn

associated therewith differs for the cells containing the same aligning
layers i.e. PI with and without mechanical treatment. It was found that
CN transition threshold has diminished after the treatment of polyimide
by rubbing and the dynamic hysteresis curves have been significantly modi-
fied too [9]. The nucleation time increased at least an order of magnitude
after mechanical buffing (see Fig. 3).

If we suppose that the nucleation centers are mostly concentrated at the
surface, their density should be drastically diminished after rubbing. In
fact, the nucleation seeds are observed very well with polarizing mi-
croscopy due to the formation of p-wall circles around the defects, which
are existing even above CN threshold. Indeed, these p-walls serve as a
powerful source of nucleation but we did not encounter any significant
changes in their concentration after rubbing. We have tried to invoke the
reasoning of the nucleation theory elaborated by Van Sprang [11] and tak-
ing into account our experimental results we have concluded that the most
likely the nucleation occurs mainly at the surface and then gradually
permeates into the bulk for untreated polyimide layers. In order to test
our assumption we have investigated the dynamic electro-optical response
curves for the same sample with untreated PI layers taken both from the
reflectance and transmittance measurement techniques. The respective
curves are represented in Figure 4 for the various bias times Tb.

FIGURE 2 Simplified representation of the possible configurations of short pitch

cholesteric textures associated with the relaxation from field-induced nematic

state. Stratified textures 1&2 represent the cases where the nucleation originates

in the bulk and at the surface, respectively.
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On the sites with maximum nucleation velocity we built up the curves
which reflect the dynamic of nucleation process and plotted them as trans-
mittance (reflectance) curves v.s. bias time. These curves are represented
in Figure 5. The noticeable feature in these curves is that they show a sig-
nificant diversity for the nucleation times at the surface and in the bulk. As
it could be seen from Figure 5 the nucleation at the bulk is just about to
begin whereas the same process has been completed at the surface (no
selective reflection). This diversity may, however, be due to the transient
processes associated with the smooth deviation of helical axes from the
surface normal. It’s well known that bend type deformation may also induce
the nucleation and corresponding turn of the helical axes. In such manner
the selective reflection may not be observed when the helical axes becomes
highly tilted, so that the Bragg diffraction conditions are not satisfied.
Nonetheless, this experiment at least showed us that for this kind of align-
ment the nucleation is a continuous process.

The next step is to prove that it occurs at the surface at first and then
permeates into bulk. An indication that the nucleation process starts at
the solid surface is a strong dependence of the nucleation velocity on the
sample thickness. Therefore we investigated the nucleation time as a func-
tion of cell thickness. The corresponding light transmission curves of the
nucleation velocity for the investigated aligning layers, listed in Table 1,
are depicted in Figure 6. These curves, which reflect the dynamics of the
nucleation process, are built up on the sites with maximum nucleation velo-
city, detected by transmittance technique, vs. bias time (see Fig. 4a). As
seen, the samples with non-rubbed PI are sensitive to the thickness
variations, hence indicating that the nucleation process originates at the

FIGURE 3 Kinetics of the nucleation process in cholesteric samples for various

boundary conditions of the same cell thickness d � 4,5 mm (transmittance mode).
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solid surface. In the first approach, we have found that the nucleation time
in the samples with rubbed PI alignment layer is a linear function of the cell
thickness, but further studies are needed to evaluate more precisely the
character of this dependence. The samples with rubbed PI and OTS align-
ment layers, respectively, exhibit nucleation time approximately of the
same order of magnitude, which are, in fact, rather insensitive to such var-
iations. Hence, the very fact that the nucleation time is independent on the
cell thickness is a clear indication that the nucleation process in these cells
is driven by the surface and bulk defects. The longest nucleation time was

FIGURE 4 Dynamic electrooptical response curves of a cholesteric sample

(d ¼ 6 mm) aligned with non-rubbed PI alignment layer obtained by means of the

transmission -(a) and reflection -(b) techniques.
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measured in the samples with SiOx alignment layers, which, in fact, also
show cell thickness dependence. If compared with the samples with the
PI (rubbed as well as non-rubbed) alignment layers, the longer nucleation
time in the case of SiOx layer seems to reflect the lower value of FSN in this

FIGURE 6 Kinetics of nucleation process in cholesteric systems for the various

alignment layers and cell thickness. (transmittance mode).

FIGURE 5 Kinetics of the nucleation process in cholesteric sample with

non rubbed PI alignment layer obtained by means of transmission and reflection

techniques.
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case as well as smaller concentration of defects at the surface. Such an
assumption seems to be quite reasonable since the anchoring on SiOx layer
is known to be weaker than the one on PI layers. According to the
nucleation theory elaborated by van Sprang and van de Venne [10,11],
the birth of cholesteric texture from field induced nematic state takes place
at the sites where the symmetry breaks occur. In case of planar alignment,
the bend type deformation at the surface may be considered as the initiator
of the nucleation onset. Because the concentration of the nucleation cen-
ters is small their influence on the thickness dependence of the nucleation
time could be considered as small too.

When discussing the possible reason(s) for the beginning of the nu-
cleation process at the solid surfaces in the samples with non-rubbed PI
alignment layer and why the process takes place in this case, we certainly
should be aware which kind of changes occur after the mechanical treat-
ment of the PI layer.

The non-rubbed PI film consists of randomly distributed clusters of PI
molecules [12]. These clusters are of different size and have deformed
spherical shapes. Therefore, the topography of the non-rubbed PI film is
very irregular. Such film gives random planar alignment, i.e. the preferred
direction of alignment varies locally. After the mechanical treatment, the PI
film drastically changes. The film topography becomes smoother and long
cluster chains as well as a system of shallow and deep groves are formed
along the rubbing direction. The rubbing process results in anisotropy of
the physical properties of PI films. As a consequence, the rubbed PI films
align most of the liquid crystal materials into uniform planar texture. The
major feature of the non-rubbed PI alignment layer is the imposed local
variation of the liquid crystal director forming a domain structure. One
may consider the existence of preferred direction within the single domain
only (see Fig. 7). The strong anchoring of the liquid crystal on the PI sur-
face and the variation of the director in the neighboring domains give rise

FIGURE 7 Schematic representation of the liquid crystal director distribution

imposed by a non-rubbed polyimide film.
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to formation of local surface defects. These defects will play the role of
nucleation seeds. Because the distance between neighboring defects is
rather small (less than 1 mm) if compared to the thickness of LC layer,
the nucleation could be considered as driven by the whole surface. Our
finding is strongly supported by the observation of surface-induced nu-
cleation reported in [13], where periodic surface boundary conditions
resulted in uniform lying helix texture of short pitch cholestertic during
the relaxation from field-induced cholesteric-nematic transition.

As mentioned, the nucleation velocity in the case of SiOx alignment layer
was also found to be dependent on the sample thickness, thus indicating
that the nucleation process begins at the solid surface. The reduced surface
scalar order parameter in this case could be considered as one of the poss-
ible reasons. However, further studies of the nucleation process dynamics
in samples with SiOx alignment layers are necessary in order to shed more
light on the origin of the surface influence on the nucleation process in this
case. Such studies are underway.

CONCLUSION

In this paper we have investigated the nucleation phenomenon in short
pitch cholesteric liquid crystal samples during the relaxation process from
the field-induced cholesteric to nematic transition for various alignment
layers and boundary conditions. We have found that the nucleation is not
exceptionally bulk phenomenon, as stated by Kawachi and Kogure [7], it
could be largely driven by the liquid crystal=surface interactions. This find-
ing opens the way to increase the nucleation speed at least an order of mag-
nitude just by careful selection of appropriate boundary conditions. This
allows to reduce drastically the row addressing time and eventually the
total frame time in modern fast driving schemes for cholesteric LCDs.

REFERENCES

[1] de Gennes, P. G. (1968). Solid State Commun., 6, 163.

[2] Otsuka, T. & Tsukamoto, M. (1973). Jpn. J. Appl. Phys., 12, 22.

[3] Otsuka, T., Tsukamoto, M., & Tsuchiya, M. (1973). Jpn. J. Appl. Phys., 12, 371.

[4] Walter, K. H. & Kruger, H. H. (1974). Ber. Bunsenges. Phys. Chem., 78, 912.

[5] Greubel, W. (1974). Appl. Phys. Lett., 25, 5.

[6] Kashnov, R. A., Bigelow, J. E., Cole, H. S., & Stein, C. R. (1973). Liquid Crystals and

Ordered Fluids, Johnson, J. E. & Porter, R. S. (Eds.), Plenum: NY., 4(II), 483.

[7] Kawachi, M. & Kogure, O. (1977). Japanese J. of Appl. Phys., 16, 1673.

[8] Kozachenko, A., Oleksenko, P., Sorokin, V., & Nazarenko, V. (1997). Proc. IDRC’97,

p. 148.

[9] Kozachenko, A. G. (2001). Mol. Cryst. Liq. Cryst., 361, 149.

216=[1826] A. G. Kozachenko and L. Komitov

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
0:

43
 1

1 
A

ug
us

t 2
01

2 



[10] van Sprang, H. A. & van de Venne, J. L. M. (1985). J. Appl. Phys., 57, 175.

[11] van Sprang, H. A. (1985). Mol. Cryst. Liq. Cryst., 122, 269.

[12] Kim, Y. B., Olin, H., Park, S. Y., Choi, J. W., Komitov, L., Matsuszczyk, M., & Lagerwall, S. T.

(1995). Appl. Phys. Lett., 66, 2218.

[13] Komitov, L., Bryan-Brown, G. P., Wood, E. L., & Smout, A. B. J. (1999). J. Appl. Phys., 86,

3508.

Influence of the Surfaces on the Nucleation Process 217=[1827]

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
C

al
if

or
ni

a,
 S

an
 D

ie
go

] 
at

 1
0:

43
 1

1 
A

ug
us

t 2
01

2 


