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Comment on ‘‘Periodic distortions in lyotropic nematic calamitic liquid crystals’’

Maren Grigutsch and Ralf Stannarius
Universität Leipzig, Fakulta¨t für Physik und Geowissenschaften, Linne´straße 5, D-04103 Leipzig, Germany

~Received 12 February 1997!

Simões Palangana, and Evangelista@Phys. Rev. E54, 3765 ~1996!# describe the spatial periodicity of
director wall arrays in a lyotropic nematic by means of elastic theory. We believe that this treatment is
incorrect; the approach cannot describe a wavelength selection mechanism. The texture originates from a
dynamic dissipative process. A hydrodynamic description is appropriate and leads to well understood relations
between observed wavelengths and viscoelastic parameters.@S1063-651X~97!10211-2#

PACS number~s!: 61.30.Gd, 61.30.Jf, 64.70.Md
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The authors of@1# study metastable periodic walls in th
director field which appear during the magnetic twist Fre´ed-
ericksz transition in sandwich cells filled with lyotropic c
lamitic nematic material. They describe the observed st
textures in terms of a purely elastic theory. From mo
functions, elastic energy considerations, and additionalad
hocassumptions, relations between the wavelengthl0 of the
patterns and the magnetic field strengthH are developed.
The introduction of additional arbitrary elastic parameters
necessary to explain the experimental observations.

During the last two decades, there has been substa
progress in the experimental and theoretical analysis of
magnetically induced dynamic Fre´edericksz transition in-
cluding monomeric thermotropic~e.g., @2–7#! polymeric
~e.g., @8–10#! and lyotropic ~e.g., @11–21#! materials. The
appearance of transient periodic patterns at sufficiently h
field strengths~typically .1.5 times the Fre´edericksz field
HF) is a common feature in these systems. The phys
origin of the stripe textures was discovered already
Guyon, Meyer, and Salan@2# in the coupling of nonuniform
director modes to convective mass flow in the sample. T
theory has been applied to the twist Fre´edericksz geometry
by Lonberget al. @3#. The generation mechanism of the p
riodic pattern is a well-known hydrodynamic effect. Its d
scription necessarily involves the analysis of the stand
hydrodynamic Leslie-Ericksen equations, i.e., the torque
ance for the director field and the generalized Navier-Sto
equation. Although elastic terms are involved in these eq
tions, the dominating mechanism is an effective viscos
reduction for nonuniform director reorientation modes. T
fastest growing mode determines the periodicity of the
sulting director pattern. This hydrodynamic theory has be
shown to describequantitatively the stripe pattern orienta
tions, wavelengths, and growth rates in good agreement
the experiment. The magnetic field dependence of the pa
periodicity is well established. The periodic director reorie
tation results in the formation of metastable wall structu
which decay very slowly.

The relation between the wavelengths of these metast
structures and the predictions of the linearized hydrodyna
theory which describes the initial wavelength selection p
cess has been analyzed in a number of publications. It t
out that the wavelength of the fully developed metasta
wall pattern is relatively close to the predictions of line
theory@21,5#. The influences of noise@22# and nonlinearities
@11# in the hydrodynamic equations has been discussed t
561063-651X/97/56~6!/7323~3!/$10.00
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retically. All these investigations prove that the dissipati
wavelength selection process is essential for the period of
metastable wall pattern observed in the course of the exp
ment.

The director structure in the metastable walls has b
studied in different systems~see, e.g.,@12,17,4,5#!. In that
situation, elastic theory predicts correctly that the direc
can escape into the direction normal to the cell plane. T
nematic reduces elastic energy by transforming splay b
into twist deformation (K22,K33). The elastic description
concerns the shape and director structure of the metas
director walls rather than the periodicity of the pattern whi
is initially determined by hydrodynamics.

The elastic theory as applied by the authors of@1# is not
able to describe a wavelength selection mechanism by c
paring the elastic energies of deformation modes. It does
even explain the orientation of the wave vector of the p
tern. In fact, if we consider a continuous wave vector sp
trum there exists an infinite number of periodic equilibriu
solutions with different wave vectors. The energetically p
ferred state, however, is always the homogeneous tex
without director gradients in the cell plane. In the expe
ment, the wall patterns always decay towards this homo
neous solution in finite time~see, e.g.,@4#!, starting from
defects or inhomogeneities in the pattern. The decay t
can range from seconds to hours depending upon the
coelastic properties of the system. Pairs of adjacent w
successively disappear until the uniformly twisted state
reached. There is no finite preferred wavelength from
viewpoint of elastic theory. One must strictly discrimina
between the metastable wall textures described here
stable periodic distortions in splay geometry (H normal to
the cell! as described in@23# which represent genuine energ
minima.

In view of these considerations, the physical model p
posed in@1# is therefore not relevant to describe the expe
mental observations and consequently the conclusions dr
in the paper are incorrect. A detailed discussion of the
proach proposed by Simo˜es, Palangana, and Evangelis
might nevertheless be instructive. The authors minimize
free energy and derive a closed form of the Euler-Lagra
~EL! equation under certain approximating assumptions. T
solution of this equation is not sought analytically. Instea
model functions are introduced which describe a spatia
periodic director field. Let us first consider harmonic mod
functions of wavelengthl and amplitudew0, which corre-
7323 © 1997 The American Physical Society
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7324 56COMMENTS
spond to the casel 51 in the notation of Simo˜es, Palangana
and Evangelista. The model functions are used together
the EL equation to derive relations between magnetic fi
H, wave lengthl, and deformation amplitudew0 „Eqs.
~13!–~15! in @1#…. The authors misinterpret Eq.~15! as the
definition of the selected wavelengthl0 which is found in-
versely proportional toH22HF

2 @24#. They ignore the fact
that the corresponding amplitudew0 calculated by the inser
tion of Eq. ~15! in Eq. ~14! is strictly zero. What is the
correct interpretation of Eq.~15! for l 51? The result is
rather trivial. What the authors can expect from this calcu
tion is to obtain the curvesl(H) andw0(H) for which their
model functions are exact solutions of the EL equation. As
the well-known one-dimensional Fre´edericksz transition
@25#, the harmonic functions are exact solutions directly
the critical field. Equation~15! defines the lower wavelengt
limit lC(H) for stationary periodic solutions in the give
magnetic fieldH. All shorter modesl,lC are energetically
prohibited and their amplitudes decay to zero while for
wavelengthsl.lC energetically stable nonzero solution
can be found.

From the comparison of the misinterpreted Eq.~15! with
the experimental data the authors draw the conclusion
modified model functions have to be chosen. An additio
parameterD5(12 l )/2 is introduced~with l ,1). The model
function consists now of walls of widthl l /2 separated by
regions of widthlD with constant deformation6w0. Two
equations derived from the free energy extremization„Eqs.
~14! and ~15! in @1#… define l and w0 for given l and thus
reduce the number of free parameters to 1. That is, for
l.lC a set ofw0(l) andl (l) can be found which describe
an approximated stationary solution. The comparison of
free energies of these solutions should yield the prefe
wavelength provided that such a wavelength exists. Yet a
minimizing the free energy with respect to the wavelengthl
of the test modes, the authors in@1# have a problem. The free
energy of the periodically deformed director field contin
ously decreases when the wavelengthl of the deformation is
increased. No minimumF(l) exists for finitel, and the
prediction of a preferred wavelength fails. In order to c
cumvent this problem, the authors introduce anad hocterm
aD2 in the free energy which is proportional to the squar
wall distanceD and describes an attraction of adjacent wa
The additional free parametera is then used to fit the experi
mental data. The introduction of this term is not motivat
by the application of elastic theory but its only purpose is
provide an apparent wavelength selection mechanism.
is absolutely unnecessary when one uses the correct dyn
cal description of the wavelength selection as follows.

After the field H is switched on in the beginning of th
experiment, the sample is in an instable equilibrium and
director reorientation is triggered by small fluctuation mod
In a harmonic analysis,lC(H) ~see above! describes the
neutral curve in the (l,H) parameter space, which separa
the region of stable~decaying! modes from that of the in-
stable~growing! modes. All modes with wavelengths larg
than the described criticallC become instable. Respons
speed is the decisive criterion for the wavelength select
The fastest growing modeQ which dominates the resultin
pattern periodicity is given by the fourth order equation~see,
e.g.,@3#!
ith
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D , ~1!

while the normalized wavelength of the neutral cur
QC52d/lC „corresponding to Eq.~15! in @1#… is given by

h2511kQC
2 .

We have introducedQ52d/l0, h5H/HF , and the vis-
coelastic material parametersā5a2

2/(hcg1), h5ha /hc ,
k5K33/K22. One recognizes the critical threshold fieldHC
for stripe pattern formation:

HC5HFAS 11
kh

ā
D .

The data in@1# seem to suggest that the periodic textu
appears immediately above the Fre´edericksz thresholdHF
@see, e.g., Eq.~15!#. In the hydrodynamic description, th
preferred sample reorientation is uniform in the cell plane
fieldsHF,H,HC . The periodic stripe pattern evolves on
above the thresholdHC @3#. In fact, one can confirm the
difference between the critical fieldsHF andHC experimen-
tally by means of exact measurements in the vicinity ofHF .
One also acknowledges from the Eq.~1! that the curve 1/l0

2

vs H2 bends from a straight line in accordance with the e
perimental observations of Simo˜es and others, which is a
consequence of the viscosity reduction mechanism.

After the wavelength selection in the hydrodynamic r
gime, a periodic director pattern has formed and elastic
ergy is stored in the periodic metastable walls. This ene
can be released when the wavelength of the pattern increa
However, the sample cannot simply relax the director def
mation by stretching the wall pattern. Pairs of walls have
retreat. This relatively slow process has been studied in s
eral publications before and it is also correctly described
the introduction of@1#.

One can prove experimentally that the initial conditions
the reorientation process are essential for the pattern pe
icity. When the magnetic field is changed after the format
of the stripe texture, the pattern period is basically det
mined by the initial magnetic field. In addition to the fund
mental discussion above, it should be noted that the assu
tion of a planar director field„Eq. ~1! in @1#… is rather
questionable in view of the results published in@12,17,4,5#
which give evidence that the director field in the walls e
capes towards the cell normal at higher magnetic fields.

In summary, the approach proposed in@1#, in particular
the introduction of an attractive potential between adjac
walls, is incorrect. The theory is inappropriate for the d
scription of the experimental results reported by the auth
It has to be replaced by the well-established hydrodyna
theory. It should be noted that McClymer, Labes, and Kuz
reported identical experiments with comparable lyotro
samples@21# which the authors of@1# were probably un-
aware of. In that study, the authors correctly mention
dynamical nature of the wavelength selection process.

We are indebted to L. Kramer and W. Pesch~Bayreuth!
for valuable discussions.
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