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Forbidden walls
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Departamento de Fisica, Universidade Estadual de Londrina, Campus Universitario, 86051-970, Londrina (PR), Brazil
(Received 1 March 1999

In this paper the presence of periodic twist-bend walls in the upper vicinity of thezlErieksz critical point
of a nematic calamitic sample is reported. According to the existing theory, the formation of these structures
could not happen in this region of the magnetic field. The length of the periodicity of these walls as well as the
time spent with their formation have been measured, and it was demonstrated that the coherent motion of the
nematic material cannot drive their construction. We assume that the mechanism responsible for their appear-
ance results from the magnification of some selected random fluctuations occurring at the neighborhood of the
Freedericksz critical pointfS1063-651X99)02909-9

PACS numbgs): 61.30.Gd, 61.30.Jf, 64.70.Md.

It is largely accepted that the coherent motion of mattemof pattern. In this paper the behavior of this selection mecha-
can drive pattern formation in nonequilibrium hydrodynamicnism will be investigated when the coherent motion of the
systemq1]. Therefore, when this coherent motion of mattermatter goes to zero.
goes to zero one expects that the formation of these patterns According to the existing theorj6], when the Freder-
would become feeble and, in the limit, would disappear. Inicksz threshold is approached—from the upper side—the co-
this paper an example of a system will be given where théderent internal motion of the nematic material becomes
pattern formation persists even when the coherent motion admaller and smaller and there is a pdigt—greater than the
matter can be neglected. For this purpose the periodic twisFreedericksz critical pointh;—below which it disappears.
bend walls[2,3] usually found in nematic liquid crystals Between this point and the Fadericksz threshol@8,9] the
(NLC) will be used. walls would be absent and the director would have a homo-

Theoretical and experimental procedures have been usegneous alignment. Nevertheless, under experimental condi-
to investigate the formation of these structurés14]. They tions, we have found that when the critical point is ap-
arise when an external magnetic field, perpendicular to theroached the emergence of these structures continues.
initial director direction and greater than the &dericksz  Furthermore, the time spent in its construction is so long that
threshold 15], is applied to a homogeneous aligned nematicthe established picture must be abandoned. We conjecture
sample subjected to strong anchoring boundary conditionshat in the neighborhood of the Fe@ericksz threshold there
In this condition there is a competition between the magnetiés a mechanism responsible for the selection of these pat-
susceptibility that tends to align the director along theterns. It could result from the magnification of some random
magnetic-field direction, and the elastic energies, which tenfluctuations occurring at the vicinity of the critical point. The
to produce a director orientation consistent with its orienta-detailed process by which this selection and magnification
tion at the surface of the sample. Due to this competitionpccurs deserves further investigation, but our theoretical and
and ther symmetry of the director, the nematic phase begingxperimental results are sufficient to establish its existence.
an unstable dynamical phase that produces the characteristic Let us consider a NLC sample inside a microslide glass
oscillatory patterns of the twist-bend walls. with the dimensionsd,b,d) such thata>b>d. An initial

It is well established that for high magnetic fields the homogeneous orientation of the director alongxturection
internal motion of the nematic material, which starts at thelS obtained, and a fixed-strength-controlled magnetic field
moment at which the external magnetic field is turned on(accuracy of about 2%s applied along thg direction. It is
has a decisive role in their construction This internal motionassumed that the director evolves in the planar geometry
is responsible for their outstanding, one-dimensional, perigiven by n,=cos6(xy,zt),n,=siné(xy,zt), and n,=0,
odic charactef12]. In fact, with the use of the anisotropic Where#(x,y,z,t) gives the instantaneous angle between the
properties of NLC, Guyoret al. [4] and Lonberget al. [6]  directorn and thex direction. Strong boundary conditions
have shown that the construction of the walls is possiblare assumed at the borders of the sampleThe time evo-
because the coherent motion of the nematic material drivingution of this system is given by the so-called Eriksen-Leslie-
them has an effective viscosity, which is lower than the oneParodi(ELP) approact{16—1§ in which the NLC motion is
resulting from the matter movement forming any other kindgiven by a set of differential equations composed by an an-

isotropic version of the Navier-Stokes equatid®,2Q, the
balance of torques equati¢@,21], and the equation of con-
*Permanent address: Departamento d&icB) Universidade Es- tinuity. Furthermore, as our experiment is restricted to the
tadual de MaringaAvenida Colombo, 5790, 87020-900 Maringa neighborhood of the Feslericksz critical point, the linear
(PR), Brazil. approximation of the ELP approach can be used. When high
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FIG. 1. Lyotropic nematic phase in 0.2-mm thick microslides Square of the normalized magnetic field (')

between crossed polarizers. Magnetic fi2kG) along they axis FIG. 2. Measured points of and (2/\)? versush?. The
at 0° of the light polarizing direction. The measured length of thesquares give the measured points fdhat are read at the left side.

periodicity of this wall was\ =700 um and only became percep- Tpg griangles give ()2 and are read at the right. The continuous
tible after 36 hours of constant exposition to the magnetic field. line accompanying the squares and the triangles is only for guiding
the eyes. The dotted line gives the curve along which are supposed

be the experimental points of ¢2\)2 versush?. This curve would
magnetic fields are used this approach must be reconsideragtive at zero ah?~2.5 and remain at zero until the poin=1.

and nonlinear modes must be taken into accdht No such behavior was found in the experiment. The measured point
Under these conditions the director acquires an oscillatorgoes directly to the poirti?=1, and no region with (M)?=0 was
pattern along thex direction. Let\ be the wavelength of a found. Observe that the first point only appears in the curi€ o
component, this one-dimensional oscillatory pattern, and let?. For this point we do not find the formation of any kind of
k=2m/\ be the corresponding modulus of the wave vector structure in the sample even aftewaekof continuous exposure to
From the ELP approadi6], results of the time spent with the the magnetic field. As was demonstrated in our paper, when point
construction of this mode is given by h, is approached the bending of the director should become homo-
geneous, the walls would disappear, and the time spent with the
construction of this homogeneous bendingst be finiteWe never
oy 1 [KR(E - E9)(mld) P+ K (- £p)] ! saw a homogeneous bending of the director and, furthermore, the
( yaH? h2 ~ 5 - (@ time spent for the walls’ construction became infinite as the critical
a''c - 1 - K33k . .
point was approximated.

In these equations h?=H?H2, H2=(Ky(7/b)?
+ Ko m/d)?), Kgg=Kasl/(xaH2); Ki1, Kpp, and Ky, are
the elastic constants;;, &;, &3, and# are viscosity coeffi-
cients as defined by Vertogen and de [2Qi, andy, is the
magnetic susceptibility. Moreover, af=h?=1 we have the
Freedericksz critical point. Observe thaiis strongly depen- Where the selected mode would be characterized%y0,
dent onk?, i.e., for eachk? there will be a different time thatis, the fastest mode would be the homogeneous bending
interval wasted with the building of the corresponding pro-of the director. Furthermore, it can also be shown that for
file. The hypothesis of Lonbergt al.[6] is that the dominant this mode the coherent velocity of the nematic material
pattern is the one that can be constructed in the shortest timeould be zero.
(fastest modge This results in a selection mechanism for the  In the experiment we looked for the outputs of the param-
parametek? that, through the minimization of, is given by  etersk? and r in the neighborhood of the Feeericksz tran-
the roots of the equation sition. It was used a nematic lyotropic mixture of potassium
laurate (KL), potassium chloridéKCI), and water, in the
a2 ) nematic calamitic phase, with the respective concentrations
a) UL in weight percentage: 34.5, 3.0, and 62.5. Nematic samples
were encapsulated in a flat glass microslitength a=20
mm, widthb=2.5 mm, and thickness=0.2 mn) from Vit-
rodynamics. Figure 1 shows a periodic distortionnofvith
walls formed in the direction ofi in a polarizing micro-
This selection mechanism has given good results for thecope. During the experiment the temperature was controlled
regions far above the Fredericks threshold, but as can bat 25-1 °C. According to the theory presented above we

easily verified[8,9] this equation predicts the existence of would expect from Eq(2) that in the neighborhood di?
regionh?=<h?<h2, =hZ,

R33(77'/d)277
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=1+ E1—&3 @
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PRE 60 BRIEF REPORTS 3423
£ & struction became infinite as the critical point was approxi-
k2:~—(h2—h§,), (4) mated. Furthermore, the final wave number presented by the
2K3z3(n+&1) observed patterns is not the one obtained by the fastest mode

of Eq. (15). Indeed, the fastest mode is not even an approxi-
mation of the observed result, simply because it predicts the
absence of patterns. Our measurement of the wavelength and
the time spent with the formation of these objects indicate
that these walls are built by the system as soon as thedFre

n ericksz threshold is exceeded. Moreover, the Lonberg model

) cannot explain the long time demanded by their construction.
Indeed, it is impossible to conceive that there is a coherent
motion of matter lasting three days in a viscous medium
where the only external force is due to a constant magnetic
field. In the neighborhood of the Redericksz threshold the
ime spent with the constructions of the walls becomes so
E]ng that the viscosity of the system would damp any coher-
ent motion of mater. For this reason, we assume that the big
random fluctuations existing in the neighborhood of the criti-
cal point[23] are driving the birth and selection of the ob-
served structures.

If this mechanism of the construction of walls via the
§a[1dom fluctuations happening at the neighborhood of the
Freadericksz critical point in fact occurs, an observable con-
sequence would be immediate. It is known that the usual

whereh2 was given in Eq(3). At the same time ak?>—0
the time 7 would converge to the value,

V1 1 V1 §1— &3 N (d>2§1_§3

XaHZ ho—1  xaHZ Kag(mid)?n  Kas

Tw

ks

Therefore, according the above resultsk&s- 0 it would
be expected that a graph kt vs h? would be a straight line
converging to the poirti2,. Below this point a homogeneous
director bending would be found. In Fig. 2 the dotted line
gives a picture of this supposed result. The results of ou
measurements are also shown. The surprising result is th
the walls always exist and a region with homogeneous align
ment was never founf22].

Furthermore, a graph of vs h? would converge a?
—0, to the pointr, calculated above, which is clearly a
finite time interval. But, according to our experimental re-
sults the time spent with the formation of these structure
diverges as the point at whidf— 0 is approached. We have
obtained data so close to this critical point that the corre . ; .
sponding walls only appeared aftevo or three dayof con- walls—the ones that are built far from the Edericksz

tinuum exposition to the magnetic field. Observe that the ﬁrsghresholdd—?re unhstgble gtrgptyres. ghat iS'd?”CG qreatﬁ:d tTey
point only appears in the curve kf vs h2. At this point we hecag an | ose their pde”r? 'CEY ?1” one b|men5|ona ity. It
did not find the formation of any kind of structure in the Nas been demonstrated that this happens because as soon as

sample even afterweekof continuous exposure to the mag- the fluid motion that gives_rise to them stops, they become a
netic field. Consequently, we were not approaching the poinlpCall maximum (.Jf the static ffee enerfld] . However, the

h2=hZ . Furthermore, no signal of any kind of homogeneousrandom fluctuations giving rise to the structures here de-
alignr}’]Vént was found'at this point, or below it scribed never stop. Therefore, these walls would be stable

Therefore, it is experimentally evident that the &der- structures and would never decay. We have observed that

icksz threshold must be above this point and we are forced tg1ese structures remain practically unaltered even after a

. . Week of its birth. This is strong evidence that they are really
conclude that the two curves are not approaching the pomvf’ . .
h2=hfv, but the Fredericksz critical poinh2=1. That s, stable. But, due to the long time usually spent by the physics

: . . of these structures, new measurements must be done and
the formation of walls in the upper neighborhood of the

N . " . . nalyzed.
Freedericksz transition has been detected in a region Wher& alyzed

according to the existing theory, these structures would not This work was supported by the Brazilian agency, CNPq.
exist. We have never seen a homogeneous bending of th&e are indebted to P.A. Santoro for his kind assistance in the
director and, furthermore, the time taken with the walls’ con-experimental observations.
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