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Surface fields and the splay-bend elastic constant

A. L. Alexe-lonescu® S. Fontanini>® A. M. Figueiredo Neto® and G. Barbert
IDepartamentul de Fizica, Universitatea “Politehnica” din Bucuresti, Splaiul Independentei 313, R-77206 Bucuresti, Romania
’Departamento de Bica da Universidade Estadual de Maringavenida Colombo 3690, 87100, Maringdarana Brazil
3Instituto de Fsica, Universidade 3nPaulo, Caixa Postal 66318, 05389-970,052aulo, Sa Paulo, Brazil
4Dipar’[imento di Fisica, Politecnico di Torino, Corso Duca degli Abbruzzi 24, 10129 Torino, Italy
(Received 24 August 1995; revised manuscript received 18 March) 1996

We show that a surface field localized near the bounding surface over a mesoscopic length gives rise to a
subsurface discontinuity. Our result is compared with a recent elastic theory in which the subsurface distortion
is due to the splay-bend elastic constant. By means of our model, the interpretation of continuous surface
variations of the average nematic orientation is given and compared with the elastic rf®te63-
651X(96)51205-3

PACS numbdps): 61.30.Cz, 61.30.Gd

[. INTRODUCTION more, we shall show that a surface field gives rise to a sub-
surface deformation of the average nematic orientation. This
The orienting effects of external fields on nematic liquid reminds us, in some aspects, of the subsurface deformation

crystals have been extensively analyzed in the past, mainigue to the splay-bend elastic constant in a nematic sample
due to their possible applicatioid]. From a fundamental characterized by surface tilted alignmé¢@b,16. Therefore,
point of view, the interaction between an external field andwve conclude that the detectable splay-bend elastic constant
nematics has been used to measure the elastic, dielectric, [dr7] also has a contribution connected with the substrate.
diamagnetic properties of these materids3]. Usually the

magnetic field is considered position independent across the

sample. This is a consequence of the small value of the dia- Il. THEORY

magnetic anisotropy of these medi4]. On the contrary,
when considering the interaction between an external eIectriF

field and a nematic, due to the large dielectric anisotropy Ofsinite. A Cartesian reference frame having thexis nor-

the nematic m_a_terlqlﬁs], the electric field could not be SUP" mal to the limiting surface is used. The nematic occupies the
posed as position independent. However, for small devia; - half-space. On the surface 20 the easy axis char-
tl%ns f:jom the undefcar'med statee, Epr? f|eI.d COUI(:] St'lllbe Cofn'acterizing the nematic-solid substrate interaction is supposed
slaere con_stan_t, as discusseddh There IS an_ot erclass ol 4t an angleb with respect to the axis. The surface anchor-
effects which involves external electric fields that are

- . . ~ing energy is assumed to be weak. In the following, we shall
strongly position dependent. For instance, when a nematic Sonsider a planar and one-dimensional problem in which

in contact with an anisotropic material, the van der Waals-~ - = > K wh is the til |
interaction connected with the fluctuating electric field de-"=N(2)=sing(2)i+cosp(z)k, where ¢(2) is the tilt angle

creases 35_3, wherez is the distance between a Consideredformed by the nematic dlreCtﬂinth thez axis. The surface

point from the interfacé7]. Another interesting problem is field is supposed to be localized in the surface layer
related to selective ion adsorpti¢@]. In this case, near the O0=z<N\ where\ is a mesoscopic length. In our analysis we
surface limiting the sample over a surface layer whose thicksuppose thah is larger than the coherence length of the
ness is of the order of the Debye screening length, ther@ematic-isotropic phase transitidn In the opposite case a
exists an exponentially decreasing electric figdll The in-  continuum description does not work any longer, and other
teraction between the surface field and the nematic coul@ffects, like the spatial variation of the scalar order parameter
give rise to an apparent dependence of the anchoring energjiould be considerefd 8]. In the case of the van der Waals
strength with the thickness of the samptd. interaction, A\ ~10* A [19]. On the contrary, if the selective
Recently the influence of a surface field on the nematidon adsorption is importantA coincides with the Debye
orientation supposing weak anchoring has been theoreticallgcreening length.
analyzed 10]. It has only been considered as having homeo- The surface fieldE(z) is supposed to be oriented along
tropic or planar easy axes. According to this hypothesis onlyhe z axis, and the relevant bulk free energy density is given
second order transitions in the nematic average orientatioby
are expected. It has also been shown that due to the presence
of the surface field, temperature induced surface transitions

Let us consider a nematic sample of very large thickness
, about several microns, which is to be considered semi-

could be observed. 1 5 1\ dE
In this paper, we extend the theoretical analysis presented == 320e4F (2)coS p+e| cos' - 5) dz
in [10], considering tilted easy axes. In this framework we
shall show that continuous changes in the surface orientation n EE(Z)SiI’](Zd)) d_d’ (1)
induced by temperature could be expedteti-14. Further- 2 dz’
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The first term is the anisotropic part of the dielectric en-It is also possible to deduce Ed®) and (6) by means of a
ergy (eg is equal to the vacuum dielectric permittivity, perturbative method, starting directly from the Euler-
ga=&|—¢&, is equal to dielectric anisotropyThe second Lagrange equation associated with functiof@l By mini-
term is the dielectric energy due to the quadrupolar propermizing F, given by (4), with respect tog; it is possible to
ties of the nematicd=e;;+ €33 is equal to the flexoelectric obtain the actual surface tilt angie,. However, this analy-
coefficien} [9]. The latter term takes into account the dielec-sis is not important in the present context. In the case where
tric energy of flexoelectric origin. The total energy, per unitE(z)=Eqexp—(z/\), simple calculations give (zE?)

surface of the nematic sample, is given by ~E3N/4, (E)~E,, and(zE)~Eo\. Hence, we could con-
, clude that for static fields, for small, the quadrupolar and
(7)1 [dé 1 2 dE) . flexoelectric contributions in Eq1) are more important than
F= k| ==| + | egeaE%(2)—2e—=|sirf¢ : : . ;
o2 \dz 2 dz the dielectric energy associated 4g. In this case Eq(5)
becomes
e . do¢ 1
+ =E(2)sin(2¢) —— dz+ zwsiP(ps— D), (2)
Ap=—5 — SN2y, (7)

where ¢,= ¢(0) is the actual surface tilt angle. In E()
the first term in the integral is the elastic energy density in
the one constant approximation. The latter term is the anisonhere Ey=E(0) is the amplitude of the surface field. The
tropic part of the surface anchoring energy in the Rapinisubsurface discontinuit¥ ¢ given by Eq.(5) [or by Egs.(6)
Papoular approximatiof8]. The terms representing the in- or (7) in the particular cases of fluctuating or static fields,
teraction between the nematic and the surface field have beeaspectivelytakes place over the surface layerlf we com-
written to neglect terms that atgindependent. Note that for pare Eq(5) with the subsurface discontinuity connected with
fluctuating surface fields, such as the van der Waals ones, thike k;5 splay-bend elastic constant which is
linear terms in the fields and in its derivative are, in time
average, zero. In this case, is the value of the dielectric Kys
anisotropy at high frequency. A bspiay-bend — ﬁsin(Zqﬁs), (8

Let us consider the case where the surface field induces a
small surface distortion of the(z) profile. SinceE(z2) is
localized in a surface layer of thickness we may assume, we derive that a surface field is equivalent to an effective

in a first approximatiorj20], splay-bend elastic constant given by
P (2)=pstAp(z/N) for O<z=<\ Koo sosa<ZE2>+3e<E> )
b(2)=, for \=z<w. 3) T 1+ 2(e/k)cog2¢)(zE)

This means that the)(z) distortion is assumed to be lo- in general, eithek;3=\eqe,(zE?) for fluctuating fields or
calized in the same surface layer wh&f) # 0. When sub-  k,.=3\eE, for the static surface fields. From the results
stituting Eq.(3) into Eq. (2) one obtains reported above we predict continuous surface transitions of

the tilt angle induced by the temperature . In fact, as it fol-
Ad lows from Eq.(5), A¢ depends on €qe.(zE%) +3e(E))/
N [k+2ecos(2p)(zB)]. Sincee,>«S andexS, whereS is the
dE Ad scalr_;lr order parametf21], whereak=S?, one deducgs that
808a<ZE2)—26< z—> +e<E))sin(2¢>S)— A¢ is expected to be temperature dependent. This conclu-
dz A sion is valid even in the case in which the anchoring is strong
and, henceg, is temperature independent.

2

F= 2|k
"2

1+ ZECOE{Z¢S)<ZE>)

+

—+

A Vz—vsinz(¢>s—<b),

4)
\ ) ) We have shown that a surface field introduces a subsur-
where (X)=(1/\)[oX(z)dz is the mean value oK in the  face deformation delocalized over a surface thickness in
surface layer. The actudl¢ is the one minimizind= given  which the surface field exists. The analytical expression for

dE
eoea<E2>—2e<E> )sin2¢s
I1l. CONCLUSIONS

by Eq. (4). Simple calculations give this subsurface “discontinuity” reminds us of the one intro-
) duced by the splay-bend elastic constant. Therefore we can
N eoea(ZEY) +3e(E) (5) conclude that the detectable splay-bend elastic constant has

Ag= 2k 1+ 2(e/k)cos(2¢s)<zE>°m(2¢5)’ an intrinsic and an extrinsic contribution. The extrinsic con-
tribution to kq3 is proportional to the penetration length of
because(zdE/dz)=—(E). In the case of the fluctuating the surface field\. Hence, in principle, it is possible to ob-
fields Eq.(5) reduces to tain information on the intrinsic part &f;5 changing\. This

can be done, for instance, by doping the nematic liquid crys-
tal in order to change the Debye screening length. Consider-

A
- 2
Ad ZkSOS"’1<ZE ) © ing the temperature dependence of the energy connected
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