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Comment on “Periodic distortions in lyotropic nematic calamitic liquid crystals”
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Simces Palangana, and Evangeli§®hys. 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 paramge2d363-651X%97)10211-2

PACS numbe(s): 61.30.Gd, 61.30.Jf, 64.70.Md

The authors of 1] study metastable periodic walls in the retically. All these investigations prove that the dissipative
director field which appear during the magnetic twistdete  wavelength selection process is essential for the period of the
ericksz transition in sandwich cells filled with lyotropic ca- metastable wall pattern observed in the course of the experi-
lamitic nematic material. They describe the observed stripenent.
textures in terms of a purely elastic theory. From model The director structure in the metastable walls has been
functions, elastic energy considerations, and additi@thl studied in different systemgee, €.9.[12,17,4,9). In that
hocassumptions, relations between the wavelengtbf the  situation, elastic theory predicts correctly that the director
patterns and the magnetic field strendthare developed. can escape into the direction normal to the cell plane. The
The introduction of additional arbitrary elastic parameters isnematic reduces elastic energy by transforming splay bend
necessary to explain the experimental observations. into twist deformation K,,<Kj3). The elastic description

During the last two decades, there has been substantiabncerns the shape and director structure of the metastable
progress in the experimental and theoretical analysis of thdirector walls rather than the periodicity of the pattern which
magnetically induced dynamic Federicksz transition in- is initially determined by hydrodynamics.
cluding monomeric thermotropice.g., [2—7]) polymeric The elastic theory as applied by the authorgdfis not
(e.g.,[8-10])) and lyotropic(e.g.,[11-21]) materials. The able to describe a wavelength selection mechanism by com-
appearance of transient periodic patterns at sufficiently higlparing the elastic energies of deformation modes. It does not
field strengths(typically >1.5 times the Fredericksz field even explain the orientation of the wave vector of the pat-
Hg) is a common feature in these systems. The physicdiern. In fact, if we consider a continuous wave vector spec-
origin of the stripe textures was discovered already bytrum there exists an infinite number of periodic equilibrium
Guyon, Meyer, and Saldr2] in the coupling of nonuniform  solutions with different wave vectors. The energetically pre-
director modes to convective mass flow in the sample. Thiderred state, however, is always the homogeneous texture
theory has been applied to the twist €dericksz geometry without director gradients in the cell plane. In the experi-
by Lonberget al.[3]. The generation mechanism of the pe- ment, the wall patterns always decay towards this homoge-
riodic pattern is a well-known hydrodynamic effect. Its de- neous solution in finite timdsee, e.g.[4]), starting from
scription necessarily involves the analysis of the standardefects or inhomogeneities in the pattern. The decay time
hydrodynamic Leslie-Ericksen equations, i.e., the torque balean range from seconds to hours depending upon the vis-
ance for the director field and the generalized Navier-Stokesoelastic properties of the system. Pairs of adjacent walls
equation. Although elastic terms are involved in these equasuccessively disappear until the uniformly twisted state is
tions, the dominating mechanism is an effective viscosityreached. There is no finite preferred wavelength from the
reduction for nonuniform director reorientation modes. Theviewpoint of elastic theory. One must strictly discriminate
fastest growing mode determines the periodicity of the rebetween the metastable wall textures described here and
sulting director pattern. This hydrodynamic theory has beerstable periodic distortions in splay geometiy formal to
shown to describguantitativelythe stripe pattern orienta- the cel) as described ifi23] which represent genuine energy
tions, wavelengths, and growth rates in good agreement witminima.
the experiment. The magnetic field dependence of the pattern In view of these considerations, the physical model pro-
periodicity is well established. The periodic director reorien-posed in[1] is therefore not relevant to describe the experi-
tation results in the formation of metastable wall structuresmental observations and consequently the conclusions drawn
which decay very slowly. in the paper are incorrect. A detailed discussion of the ap-

The relation between the wavelengths of these metastabf@oach proposed by Sires, Palangana, and Evangelista
structures and the predictions of the linearized hydrodynamimight nevertheless be instructive. The authors minimize the
theory which describes the initial wavelength selection profree energy and derive a closed form of the Euler-Lagrange
cess has been analyzed in a number of publications. It turng&EL) equation under certain approximating assumptions. The
out that the wavelength of the fully developed metastablesolution of this equation is not sought analytically. Instead,
wall pattern is relatively close to the predictions of linear model functions are introduced which describe a spatially
theory[21,5]. The influences of noige2] and nonlinearities periodic director field. Let us first consider harmonic model
[11] in the hydrodynamic equations has been discussed thefudnctions of wavelengthh and amplitudep, which corre-
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spond to the caske=1 in the notation of Simes, Palangana, 1—- o 2k o
and Evangelista. The model functions are used together with h?=| —« | Q*+| —=| Q%+ | 1+ —]|, 1)
the EL equation to derive relations between magnetic field na a a

H, wave length\, and deformation amplituder, (Egs. ) )
(13—(15) in [1]). The authors misinterpret EGL5) as the while the normalized yvavelength pf the. neytral curve
definition of the selected wavelengify which is found in- Qc=2d/\¢ (corresponding to Eq15) in [1]) is given by
versely proportional tH?>—H2 [24]. They ignore the fact
that the corresponding amplitudg calculated by the inser-
tion of Eg. (15) in Eq. (14) is strictly zero. What is the . .
correct incierpretationqof Eq(15) for }I/=1? The result is Ve have introducedQ=2d/ho, h=H/He, and the vis-
rather trivial. What the authors can expect from this calculacoelastic material parameteis= a5/(7¢y1), 7= a7,
tion is to obtain the curves(H) and ¢o(H) for which their ~ k=Ka3/K2,. One recognizes the critical threshold figdg
model functions are exact solutions of the EL equation. As irfor stripe pattern formation:

the well-known one-dimensional Fadericksz transition

[25], the harmonic functions are exact solutions directly at K7
the critical field. Equatiorf15) defines the lower wavelength Hc=He 1+ —=/.
limit Ac(H) for stationary periodic solutions in the given @
magnetic fieldH. All shorter modes\ <\ are energetically
prohibited and their amplitudes decay to zero while for all

\(/:V;r:/ebtf;ghhnsé\>)\c energetically stable nonzero solutions [see, e.g., Eq(15)]. In the hydrodynamic description, the
: . . . preferred sample reorientation is uniform in the cell plane at
From the comparison of the misinterpreted EEp) with ieldsHe<H<H.. The periodic stripe pattern evolves only

. . e
the experimental data the authors draw the conclusion th tbove the thresholéHc [3]. In fact, one can confirm the

modified model functions have to be chosen. An addlt'ona&fference between the critical fieldbe andH experimen-

tally by means of exact measurements in the vicinityHef.

h?=1+ Q2.

The data in[1] seem to suggest that the periodic texture
appears immediately above the &dericksz thresholdH

parameted = (1—1)/2 is introducedwith | <1). The model
function consists now of walls of widti|/2 separated by 5
regions of widthAA with constant deformationt ¢y. Two Onezalso acknowledges_from_ the_ HG) that the curve N
equations derived from the free energy extremizafiggs. VSH bends from a _stra|ght I|r_1~e in accordance W'J.[h th_e ex-
(14) and (15) in [1]) definel and ¢, for given A and thus perimental observauo_ns of Sires an_d others, V\_/h|ch is a
reduce the number of free parameters to 1. That is, for angj‘onsequence of the viscosity rgduqtlon mechanism. .

N>\ aset ofpg(N) andl()\) can be found which describes . Alter the'wallvelgngth selection in the hydrodynamu_: re-
an approximated stationary solution. The comparison of thd'Mme. a per|0d|_c d|rector_ pattern has formed and e_Iastlc en-
free energies of these solutions should yield the preferre8rgy is stored in the periodic metastable walls. Th'? energy
wavelength provided that such a wavelength exists. Yet aftefa" be released when the wavglength of the pat.tern INCréases.
minimizing the free energy with respect to the wavelength However, the sample cannot simply relax the director defor-

of the test modes, the authors[if] have a problem. The free mation by §tretch_ing the wall pattern. Pairs of WaII§ ha_lve to
energy of the periodically deformed director field continu- retreat. T_hls_relatlvely slow Pprocess has been StUd'ed. In Sev-
ously decreases when the wavelengtbf the deformation is eral publications before and it is also correctly described in

increased. No minimunt(1) exists for finite, and the theC)Iggoci%CtKr)c?ngjerimentall that the initial conditions in
prediction of a preferred wavelength fails. In order to cir- P P y

cumvent this problem, the authors introduceaghhocterm ;[Eif r?/c\)/ﬂzr;]t?rt]lecz)rrlnzronc;iscs f?erlfj ?Ssiﬁgtr']alefg;g]; ?ﬁ:?c:?mp;[ir(';d'
aA? in the free energy which is proportional to the squared Y. 9 g

wall distanceA and describes an attraction of adjacent Walls.Of. the stripe texture, the pattern period 1S basically deter
i . : . 'mined by the initial magnetic field. In addition to the funda-
The additional free parametaris then used to fit the experi- . . .
. . . ; : mental discussion above, it should be noted that the assump-
mental data. The introduction of this term is not motlvated,[ion of a planar director fieldEq. (1) in [1]) is rather
by the application of elastic theory but its only purpose is to uestionable in view of the results published[i2,17,4.3

prowde an apparent wavelength selection mechanism. Th@vhich give evidence that the director field in the walls es-
is absolutely unnecessary when one uses the correct dynami-

cal description of the wavelength selection as follows. Capes towards the cell normal at higher magnetic fields.

After the fieldH is switched on in the beginning of the In summary, the approach proposed[id, in particular

. L : o the introduction of an attractive potential between adjacent
experiment, the sample is in an instable equilibrium and the

director reorientation is triggered by small fluctuation modeswa”S' is incorrect. The theory is inappropriate for the de-
; > 199 y . scription of the experimental results reported by the authors.
In a harmonic analysis)c(H) (see above describes the

neutral curve in thex,H) parameter space, which se arateslt has to be replaced by the well-established hydrodynamic
. 1) X pace, par theory. It should be noted that McClymer, Labes, and Kuzma
the region of stablddecaying modes from that of the in-

; g reported identical experiments with comparable lyotropic
stable(growing) modes. All modes with wavelengths larger : ]
than the described critical . become instable. Response samples[21] which the authors of1] were probably un

. o o -~ aware of. In that study, the authors correctly mention the
speed is the decisive criterion for the wavelength selection y y

The fastest growing mod® which dominates the resulting dynamical nature of the wavelength selection process.
pattern periodicity is given by the fourth order equatisae, We are indebted to L. Kramer and W. Peg&ayreuth
e.g.,[3]) for valuable discussions.
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