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Turbulence to turbulence transition in homeotropically aligned nematic liquid crystals
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In this paper, a study of the electrically driven turbulent-turbulent transition in a homeotropically oriented
nematic sample is reported. The transition has the characteristics of a nucleation process, and its threshold has
been experimentally determined. The nucleation rate and the growth velocity of the new turbulent nuclei are
also reported[S1063-651X%99)05807-9

PACS numbdis): 61.30—v

INTRODUCTION N, N - dimethyl-N - [3-(trimethoxysily)propyl]-1-octadecana
minium chloride (DMOAP). Then the cells were filled by
The transition between two different turbulent regimes iscapillary action with the nematic liquid crystal
not a very common phenomenon in natlit¢. Among the  N-(p-methoxybenzilidenep-n-butylaniline (MBBA), and
best known systems are the turbulent-turbulent transition imounted in a thermally insulated oven, the temperature of
superfluid helium[2] and the dynamic scattering model— which could be kept at 24 °C by a HAAKE F3 water bath
dynamic scattering mode ?DSM1-DSM32 transition in  thermostat. Finally, an ac voltage has been applied across the
nematic liquid crystal§NLC) under a planar anchoring con- Cell (z direction. The experimental procedure consisted of
dition [3]. Lately the transition between turbulent statestWo steps: (a) to measure the threshold voltage for the
driven by an external voltage has also been observed in BSM1-DSM2 transition by the experimental setup shown in
homeotropic aligned nematic liquid crystal sampié Fig. 1; and(b) to observe by means of an optical microscope
In the last few years, electrodynamic instabilities in ho-th€ nucleation of the DSM2 areas, record their growth on
meotropically oriented layers of negative dielectric anisot—V'dgoﬁlape' an?] su?sr—;qu]fantly tho calculgtedthe nucleation rate
ropy nematics have attracted the interest of a discrete numb ngeee%rgg\ﬁm;ﬁto\fvlg; g)errr]f(;rriergcgtr t‘;e I;nbg%esa'c voltage
of authors[5-9]; in fact, although the homeotropic orienta- frequency of 70 Hz, but the results do not change qualita-

:'ﬁn slhows a |ESST;’]ICh Isceinano I d:_ffers (illramatlcally frOmtively if the frequency is varied in the conductive regime of
e planar case. The electroconvective rolls occur as a Sefije nematic materidli0].

ondary instability after the Feslericksz ond10]. Further- 1" grder o check the existence of a threshold voltage for
more, because at the ledericksz tranS|t'|on t.he nematic di- {he DSM1-DSM?2 transitiony, was swept with various rates
rector_spontaneogsly ch(_)oses a bend direction, a spontanequny/s) in the neighborhood of the DSM1-DSM2 transition.
breaking of the isotropic symmetry occurs, which makesiy Fig. 2 the voltage dependence of the light transmittance is
possible a direct transition to the spatial ché®4.1]. shown as a function of both increasing and decreasing ap-
From a strictly phenomenological point of view, when a plied voltage.
low frequency electric voltage is applied to a homeotropic  On increasing the voltage, the light transmittance has a
sample of NLC with a negative dielectric anisotropy andsudden change in the slope at the voltage AboveV,; the
positive conductive anisotropy, above a certain voltagebSM2 nuclei rise and grow spontaneously and a greater and
threshold, the well-known Feelericksz transition is ob- greater amount of light is scattered out from the transmitted
served. At a higher value of the applied voltage, it is possibl&yeam(in the homeotropic case we did not observe the strong
to observe several structures constituted by extremely contependence on the polarization of the incident light which
plex and irregular patterns that are quite different from thoséyas been found for the planar cas@he voltageV; de-

observed in a planar sample of the same liquid crystal matereases as increases; therefore, we can consider it as an
rial. In spite of this, even in this case it is easy to observe the

transition between turbulent states. These two turbulent PD NS
states are optically similar to DSM1 and DSM2 regimes -
found in the planar case so, for simplicity, we keep the same PHl PAM ;‘

L
notation to refer hem. L g
otation to refer to the e 0 "‘O@ED

s U\ IR\ 2A

EXPERIMENTS AND RESULTS

The sample cell consisted of two parallel square=@0
x30mnf) glass plates spaced by two Mylar stripd ( L A
=36um). The cell surfaces were coated with transparent
electrodes of indium tin oxidé TO) and, in order to obtain
homeotropic alignment, were treated by the surfactant FiG. 1. The experimental setup, He-Ne laser; PH, pinhole;

BS, beam splitter; PD, photodiode; PAM, photoacoustic modulator;
L, lens; S NLC sample;O, oven, A, amplifier; WG, wave form
* Author to whom correspondence should be addressed. generator; LA, lock-in amplifier; PC, personal computer.
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FIG. 2. Hysteresis in the light transmittandél, near the FIG. 4. Nucleation ratd for DSM2 turbulent nuclei as a func-

DSM1-DSM2 transition for various ramp ratesmV/s). The ramp  tjon of the reduced voltage, .
values used range from 60 tdmV/s) at the fixed frequency of 200

Hz andT=24°C. It is worthwhile to note that in the case of a planarly

) . aligned sample, the DSM2 nuclei are always roughly ellipti-
r-dependent DSM2 threshold. UnliRé;, the voltageVy is  caf in shape with the long axis parallel to the initial planar
rather insensitive to changes 0ind the differenc&V be-  anchoring direction. On the other hand, in the case of the
tweenV, andV, tends to zero for decreasimgBecause of homeotropically aligned sample, the DSM2 nuclei display a
this behavior we takev,=Vy=17.5V (at 24°Q as the clearly circular form. Moreover, the number of nucleation

DSM2 threshold voltage. _ _ _ sites increases and their initial size becomes smaller as the
In Fig. 3 there is a series of images which show, at dif-external voltage is increased.

ferent times, the nucleation phenomenon for both planar and | et ys define now the nucleation rateas the number of
homeotropic samples of NLC. In both cases the temperaturgsm2 nuclei spontaneously created, per unit of area, in the
was kept at 24 °C and the external applied voltage was sudime interval ranging from 1at 2 s after the external control
denly increased from 0 te,, whereg,=2.1 (plana) and  parameter was suddenly increased from G 4o In Fig. 4,
&,=10.7 (homeotropi¢, wheres, is the external control pa- the nucleation ratd is shown as function of,, at a fixed
rameter of the transition: temperature of 24 °C. The solid line was obtained from the
> 2 usual expressiofil2] for the nucleation rated:
(Vo— Vi)
82:_2_\/th : J=J.exd —Al(l+e,)]+B
ing the following values foff=24°C: J,.=995mn?,
=32,B=4.5mm 2.
Here A corresponds to a normalized potential difference
tween DSM1 and DSM2 regimes, aBdis probably re-
lated to the contribution from a heterogeneous nucleation
induced by inhomogeneities in the sample and/or on surface
Planar alignment Homeotropic alignment electrodes. Using the obtained valueJof=995 mm ?, it is
possible to give information about the minimum area for one
nucleation phenomendri3]. In fact, the obtained value of
J.. corresponds to a size of about &%, quite similar to the
value of 33um? found in the planar cagd.3].

On the other hand, in the planar case the value of the
temperature-dependent activation energf=6G0 for T
=27°C) [13,14 is greater than the homeotropic one. In
other words, the nucleation processes are facilitated, for the
same applied voltage, in the homeotropic samples. It is
worthwhile to correlate this different activation energy with
the difference of the anchoring energy that has been found
[15] for homeotropically and planar oriented samples. In
fact, the polar(or zenithal anchoring energy for homeotro-

! ‘ pically oriented MBBA samples is generally of the order of
FIG. 3. A set of photographs of the growth process of DSM210 3~10 2ergcmi 2 Instead, for planar oriented samples

nuclei at different times after applying a voltagelarger than the the polar energy is generally higher (13-1 ergcm?).
DSM2 threshold voltag®/y, (see the tejt These remarks seem to be a reasonable confirmation of the

The darkest regions are the spontaneously created DS
nuclei. In time the nuclei grow and merge with other nuclei.
Simultaneously new nuclei are created in the remaininq)e
DSM1 area until the whole sample is in the DSM2 state.

t=1sec t=1sec

t=3sec t=2sec

t>5sec t=3sec
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300 oriented nematic liquid crystal layer has been experimentally
studied near onset.
250 It is worthwhile to draw a parallel between the homeotro-
pic and the planar cases. The DSMDSM2 transition both
2004 in planar and homeotropic samples is a threshold phenom-
. enon, although in the latter case the threshold voltage is
2 much lower.
51 1509 : i Contrary to the planar, where the DSM2 nuclei are always
B g roughly elliptical in shape with the long axis parallel to the
1004 o e original undistorted director orientation, in the homeotropic
sample, the DSM2 nuclei have a circular form.
50 > We are able to give some quantitative information about
important parameters governing the nucleation phenomenon
0 . i in the turbulent-turbulent transition. Both the nucleation rate
0 5 10 and the growth speed of the nucleated DSM2 areas are about
g, the same for homeotropic and planar samples. For the same

external applied voltage, we have found also the same mini-
FIG. 5. The growth velocity of the DSM2 turbulent nuclei as a mum area for one nucleation phenomenon. In contrast, the
function of the reduced voltags, . activation energy and the ac voltage threshold are lower for
the homeotropic orientation. Our measurements confirm that
fact that to the basis of the nucleation process there is ghe nucleation process is facilitated for the homeotropic ori-
breaking of the molecular anchoring at the surfit@-1§  entation and suggest that the transition would be a surface
that is most easily achieved for the homeotropic orientationphenomenon in which the anchoring strength is mainly in-
In Fig. 5 the growth velocity of the DSM2 nuclei as a vyolved. Once the anchoring is broken, the dynamics of the
function of the control parametep, at T=24 °C is reported. nucleation process is the same for both the planar and the
The solid line represents the expression ye5’, wherey homeotropic orientation.
=32um/s at 24 °C has been chosen for the best fit. Similar In conclusion we think that a better understanding of elec-
values of y were obtained for planar samples of NLC, al- trohydrodynamics and, in particular, of the nucleation phe-
though in the planar case two different nucleus growth venomenon that takes place at the DSMIDSM?2 transition,
locities exist, one parallel, the other perpendicular to thecould be useful to gain insight into the problem of the an-
original undistorted director orientatigd3,17. choring breakage, which is of interest for the novel LCD
Unfortunately, problems related to the low optical con-technology.
trast values hinder us in measuring the growth velocity for

values ofg,<1.5.
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