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A FLEXOELECTRIC MECHANISM: THE QUADRUPOLE SURFING

J.F. PALIERNE
Laboratoire de Rhéologie,
B.P.53X, 38041 GRENOBLE Cedex/ FRANCE

(Received October 7, 1991)

Abstract A flexoelectric polarization proportional to the splay deformation is
expected in phases with local smectic order, because the alternation of highly
polarizable molecular cores with paraffinic tails of lower polarizability produces
a spatial modulation of electric fields applied normal to the layers, and the
locally inhomogeneous field pushes the permanent quadrupole moment of the
core along the field direction, coupling with the splay deformations.

Most nematogenic molecules are made with a rigid core of high electric polarizability,
prolonged by one or two flexible tails of lower polarizability. Smectic planes thus
have in their middle a layer of high dielectric constant, which contains the cores,
bordered on each side by layers of low dielectric constant, containing the tails. The
simplest model for the dielectric behaviour of smectics can be based on a periodic

local dielectric constant

e(z+ 18) = &(z) ¢))

where 1 is the thickness of the smectic planes, and the z-axis is parallel to the local
director 1i and perpendicular to the layers. Let us now consider the effect of an electric
field applied parallel to the director, of magnitude E = E.5. This macroscopic field is
the average of the microscopic field € over a small but macroscopic region, therefore, it
is smooth at the molecular scale. It is related to the macroscopic induction D = #D by

the macroscopic dielectric tensor, which zz-eigenvalue will be denoted £ and satisfies

E=% D V)]
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As the induction is uniform, the z-component of the local field reads

ez) = ¢ (2D = —E 3
The effect of the layered dielectric constant is thus a modulation of the macroscopic
electric field at the molecular scale. In addition to the dipoles induced by the electric

field, the core carries a permanent quadrupole moment of zz+component 6 [1], which

undergoes a force due to the induced field
f =69°e=01"E @
E Z E

where the quantity

! ®)

B = [F02e(2) "] 2

has the dimension of a length, and compares with the layer thickness l;. Since the

2=2Z

position z¢ of the core corresponds to a maximum of £(z), the term between brackets
in eq. (5) is positive. The core is then pushed by the local field as if it were carrying
a ’pseudo charge’ q = ¢ Ig2, acted upon by the macroscopic field.

This force, which tends to distort the molecule by pushing the core against one tail

and away from the other one, is resisted by the mechanical force

fM = _k(ZC_ZO) (6)
due to the tails acting like springs, which tends to bring the core back to its rest position
zg in the middle of the layer. The constant k compares with the stiffness of an entropic
chain of b bounds of length I, : k ~ 3k, T/ (blﬁ). The position zq is no longer the
rest position of the core when a splay imposed to the smectic bends the layers. The
tails sitnated on the convex side are then given more room, whereas on the concave
side the tails are compressed. The core then moves towards the convex side by a

displacement in the i direction, of magnitude

7z -2z = 2 divi )
C 0
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The constant A, which has the dimension of a length, can be estimated as follows: let
S be the section of the molecule projected on the smectic plane. In a bended layer,
the surface allowed to the tail on the convex side is increased by §5 =~ S1_/2div#,
and reduced by the same amount on the concave side. The variation év ~ 1_/28S of
the volume offered to each tail is compensated by a displacement of the core such that
S(z, —2z,) = v ~ 1/4S1? divii. From eq. (7) one gets the order of magnitude

A = 1,/2 = tail length. The force which produces the displacement (7) reads

f = A’ kdiva ®)

S
The total force fg + fm + f5 acting on the core derives from the energy

w(zC,E,ﬁ’) = k/2(zc —z0)2 . (m;’E + /\deivﬁ) (zc —zo) ©

which reaches its minimal value
1 1 -4 - -
w(E,§) = —=kA" (divi)” 28" 17k E® — 0172\  Bdivi  (10)
2 2 E E
at the equilibrium position of the core

2, =2, + N7k E + A divi (1)

B

corresponding to a zero total force fg + fiy + fs.

We are now in a position to write down the contribution of the quadrupole surfing to

the free energy density of the liquid crystal:

P(B.) = Nw(Ed) = -5x° (£.5)% + %K; @ivi? - o) Eddivi ()

where N is the molecule number density, and

x° = NIk, K® = -NkA', & = Ngi *A7 13)
'z E n 3 E
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are the surfing contributions to the longitudinal electric polarizability, the Franck
splay coefficient and the splay flexocoefficient respectively. The macroscopic electric
polarization

p° oF* s

s =x, (E.ﬁ‘)ﬁ + efﬁdivﬁ (14)

exhibits both the dielectric and the flexoelectric effect of the quadrupole surfing
mechanism.

In contrast with the flexoelectric polarization due to the orientation of the quadrupoles
[1], for which the splay and bend flexocoefficients e; and e, respectively are identical,
the quadrupole surfing mechanism contributes to e; only. Since the dimensionless
group 17°A* is of order unity, the contributions of either the quadrupole surfing and
the quadrupole orientation have the same order of magnitude, with opposite signs.

In conclusion, the semiquantitative theory presented here points to the existence of a
specific mechanism for splay flexoelectricity, which involves both the nematic order,
responsible for the orientation of the molecular quadrupoles along the director, and the
smectic order, for the spatial modulation of the local dielectric constant. However, a
local smectic-like environment suffices to modulate the electric field acting on a given
molecule, provided this order extends over a few molecular lengths. Therefore, the
quadrupole surfing can be expected also in the nematic phase, and provides a measure

of the fluctuations of the smectic order.

{1} J. Prost, J.P. Marcerou, J. Physique 38, 315 (1977).



