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Metastable periodic Fresdericksz transition in nematic liquid crystals
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The stability of twist periodic deformations induced by a magnetic field on a nematic liquid crystal sample
planarly oriented is analyzed. We show that this kind of deformation always corresponds to a metastable state.
This conclusion is in agreement with the experimental observation, according to which this type of distortion
is not stable in time[S1063-651X96)06111-9

PACS numbd(s): 61.30—v

Let us consider a nematic sample planarly oriented along 1 2 2 o\ 2
the x axis. A distorting magnetic field is applied along the f= 5[ Kllsmz(b(W Ky = +K330052‘D<5)
y axis, perpendicular to the initial nematic orientation. The
two surfaces of the sample are z+ +d/2, whered is the B 26iP
thickness of the slab. In this situation the deformation in- XaH"sind @

duced by the magnetic field can be a pure twist characterized _

by the twist angleb formed by the nematic directar with ~ WhereKii, Ka,, andKgs are the splay, twist, and bend elas-
the x axis. As is well known[1], this reorienting phenom- tic constants, re;pectlveM]. In the limit of small® the
enon, in the case of strong anchoring on the two ”mitingprewous expression fdr reduces to

surfaces, has a well defined threshold given by 1 9P\ 2 9P\ 2
= 5[ K33< W) 22(5 —XaH2<D2] - )
o K_zz For the aperiodic Felericksz transitiond=®,,(z). We

Hc_d Xa' (1) suppose strong anchoring conditions on the two surfaces,
which implies®(—d/2)=®(d/2)=0. In this framework, at

the lowest order, we can assume
whereK is the twist elastic constant, ang,=x|— x, the
. . . > . . (D :A y 4
diamagnetic anisotropy| (andL refer to |n). This kind of apl2) = AgpC0s m2/d) @

Freederiksz transition is usually called “aperiodic” and which is the first term of the expansion ®;,(z) in Fouri-
®==®(2) only. A few years ago Lonberg and Meyer have er's series in ¢ d/2,d/2). By substituting Eq(4) into Eq.(3)
shown that the elastic anisotropy can induce periodic distorand integrating ovez, from —d/2 to d/2, andx, from 0 to
tions instead of aperiodic ond&]. They have also shown X\, simple calculations give for the free energy per unit length
that when these periodic distortions appear, they involve spahe expression
tial deformations. Hence the distortion does not correspond i ) 5 )
to a simple twist deformation. This means that the nematic :J 7= ™ KZZ}‘[ _ xaH (E) } 2 (5
directorn is not everywhere parallel to a plane. The critical e ®P 4d Koz \ 7 o
values for the elastic anisotropies necessary to observe th
kind of periodic Fredericksz transition for different surface
treatments and geometries have been discussed by severd

Il—srom Eq.(5) one deduces that the undistorted state, corre-
pnding toA,,=0, is stable for

authors[3-6]. More recently[7] it has been shown, both + K
experimentally and theoretically, that a periodic deformation H<Hgap=—1 /_22, (6)
completely described by the anglein the planar geometry d V¥V xa

described above can appear. This kind ofefélericksz tran- . ' . . .
sition, that from now on we shall call twist periodic instabil- I.e.I’_ef,;?rufsieclzgisl?c\ilc\;?rntgvavrlkfzet\;irgtlCa(;rfiloe(;?cglé\gnri(t:)lzslzzﬁ)én-
ity, has been theoretically analyzed by Evangelista and Coé't'on for which. at the lowest ordgﬁ) can be assumed to be
workers[8,9]. In this Brief Report we want to show that this e which, W ’ u

twist periodic deformation is metastable, in the sense that itgf the form

energy is alwayf, larger thaD .that of the aperlodl_cal pn(_a. ® =D (x,2)= A,co8 2mx/\)cog 7Z/d). @)
Let n(x,z)=icosb(x,2)+jsin®d(x,2) the nematic liquid

crystal (NLC) director for a deformation of the kind dis- By substituting Eq(7) into Eq. (3) and integrating oveg,

cussed above. In the situation under consideration, the frefeom —d/2 to d/2, andx, over one period, simple calcula-

energy densityf of the NLC is[8] tions give
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dr2 [\ 772K22)\ d 2K33 where
Fo= 7d/2J0 fodx dz=—g4 N K_22+
XaHZ d\2 ) —fdlz fxi d‘bap 2_ -
— K22 ; Ap_ (8) Fap— _a2do 2 K22 _dZ XaH (I)ap dx dz (11)
From Eg. (8) we obtain that the undistorted state, corre-
sponding toA,=0, is stable for Equation (10) shows that in the limitd,,<1, and e<1,
7 Ky d\2Kgs even if EQ.(4) and Eq.(7) do not hold,F,>F,,. In other
H<Hp(\)= aVo 1+ ( ZX P >Hgp. (9)  words, forH>H, the stable state is the aperiodic one. Hence
Xa 22 a periodic twist deformation induced by a magnetic field in a

SinceH ,(\)>H,p, VA, it follows that the stable state, dis- planarly oriented nematic sample is a metastable state. For
torted under the action of the magnetic field, is always thdhis reason the periodic patterns observedh disappear
aperiodic one. Hence the periodic distortion of the kindfter some time. .
given by Eq.(7) could represent a metastable state. In our analysis we have only considered planar arrange-
A simple analysis shows th&,>F ,, for H=H,. Let us ment of the director by a static point of view. Sragral.
supposed of the form ® ,(x,2) =[1+ e(X) P 1,(2), Where [10] have shown that spatially periodic structures correspond
€(x) is a periodic functicfn_ ,This form fo &pz) 1fo||ows to nonequilibrium configurations. Their model distinguishes
from the boundary conditiong(x td/2)=p0 ,due to the two regimes: the firstis dominated by the viscosities, and the
strong anchoring hypothesis. Simple calculations give for th&éecond one by the elasticity. This simply means that the total

total free energy per unit length of the periodic distortion, EN€rgy of the spatially periodic deformations is higher than
near the aperiodic oné.e., for e—0) the one-dimensional solution for the distortion.

2
Fp= fdlz f}\fpdx dz= fdlz J')\EK33(D§p(Z)<E> dx dz Thig V\{ork has been pa_rtially supported by. Istituto Nazio-
—drzJo —d2Jo 2 dx nale di Fisica della MateridNFM) and by Italian and Bra-
N zilian National Council of Scientific Researd€NR and
+Fap3f [1+ez(x)]dx>Fap, (10) CNPQ. Many thanks are due to P. Galatola for useful dis-
Ao cussions.
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