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Spontaneous Splay of Monolayers Comprised of Chiral Molecules
at the Air-Water Interface Due to the Electric Quadrupole Effect

Dep.of Phys.Elec., Tokyo Inst.of Tech. = Tetsuya Yamamoto, Takaaki Manaka, and

Mitsumasa Iwamoto !
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Due to the symmetry breaking of interface, monolayers at the air-water interface form non-
centrosymmetric orientational structure. The orientational order parameters S,(= (cosf)) are
introduced to represent the orientational structure of monolayers as an extention of the ori-
entational order parameters of liquid crystal Sy (P,(cosf):Legendre polynomial). On account
of the non-centrosymmetric structure, i.e. S; # 0 and 53 # 0, the spontaneous and second
order non-linear polarizations are generated from monolayers [1]. We have developed Maxwell
displacement current (MDC) and optical second harmonic measurement (SHG) techniques to
detect the spontaneous and non-linear polarizations of monolayers comprised of rod-shaped achi-
ral molecules, and measured S; and S3 of monolayers [2]. Recently, the chirality of monolayers
comprised of rod-shaped chiral molecules has also been detected by MDC and SHG [3]. Here,
we analyze electric quadrupole moment density generated from monolayers comprised of chiral
molecules for the further understanding of the dielectric physics of monolayers.

In our previous study [4], the rod-shaped chiral molecules are modeled by cylinders with
dipole moment attached at the surface of the cylinder (see Fig.1). This model molecules rep-
resent chirality with respect to the molecular long axis and dipole moment. The electrical
property of this molecules is expressed by the sum of dipole moment y = u(0,sin 6., cos 6.) and
electric quadrupole moment q¢ = pdo/2(0,sin é., cosf.)). The spontaneous quadrupole density

generated from monolayers comprised of the model molecules are calculated as

Noud sin 0, (sin @ cos 1 cos ¢ cos @ sin ) — cos O,.(sin? @ cos 1 cos @)
Q. = —-—s—g—g — sin B,(sin 6 cos? 1 cos @) , (1)
— sin O.(sin? @ cos ¥ sin 1)) — cos f.(sin § cos y cos H)

where 0, ¢, and ¢ are the tilt angle, twist angle, and tilt azimuth, respectively. x and z are par-

allel to the average in-plane orientational direction of molecular long axis (c-director) and water
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Figure 1: Model of constituent chiral molecules.

surface normal. y is the in-plane direction perpendicular to the in-plane orientational vector.
() is the thermodynamic average in terms of the orientational distribution function f(6,,®).
Eq.(1) indicates that the in-plane component of Q, is non-zero only when constituent molecules
possess orientational ordering with respect to the tilt azimuth, i.e. nematic order. Thus, Q, is
generated only from monolayers in liquid crystal phases. Under the chiral transformation, i.e.
0. — —6. and f(8,v,9) — f(0, -, —¢), only sign of the y-component of Q. changes. In other
words, the characteristic of molecular chirality appears in the y-component of Q,.

On account of S; # 0, the spontaneous polarization Py, is generated from monolayers in 2z
direction. The divergence of spontaneous electric quadrupole density is viewed as polarization
(PQ = —V-Q,). Thus, the electrostatic energy is stored due to the interaction between Py, and
PR. When the distribution of Q, possesses radial symmetry (Q.(r) = Q,(r)), the electrostatic
energy is written as

F = - /:de foar'dr’so(r')V-Qz, )

where so(r') = For rl,/a dt[(l—jg—)'gE(t) — 'i-_%gF(t)] F(t) and E(t) are the complete elliptic

T

integrals of first and second kind, respectively. In the liquid crystal physics, eq.(2) is nothing
but the spontaneous splay. Thus, the interaction between spontaneous polarization and electric

quadrupole moment density contributes to the free energy of monolayers as spontaneous splay.
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