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The molecular asymmetry of mesogenic molecules is defined as a deviation of the corre-
sponding molecular property from spherical and axial symmetry. Three types of asym-
metry—electrical, steric and biphilic, are considered using a multipole representation.
Two basic molecular shapes are included—rod-like and plate-like. The first three multi-
poles—monopole, dipole, and quadrupole, are involved. In the steric case a monopole
does not exist. The effective shape of a molecule includes not only steric, but also electri-
cal intermolecular repulsive interactions. The biphilic asymmetry is determined by the
distribution of the hydrophilic and hydrophobic groups along the molecule.

Three types of generalized fields—electrical, deformational, and biphilic, are also de-
fined and their volume and surface sources are discussed.

The effects of the molecuiar asymmetry on the intermolecular interactions in thermo-
tropic (rod-like and disc-like) and lyotropic liquid crystals are qualitatively discussed in
an analogy to the electrical case. The possible pure and mixed asymmetry effects under
the action of volume and surface induced generalized fields are also revealed. Some of
these effects (like flexoelectricity) may have an equivalent macroscopic demonstration,
but their molecular origin can be very different. Besides well known effects, there are
several new effects predicted and classified. Their experimental registration may prove
the effectiveness of the proposed classification.

This classification is also very useful for the common description of thermotropic and
lyotropic liquid crystals.

t Lecture, presented at the Fourth LC Conference of Socialist Countries, Tbilisi,
USSR, 5-8 October, 1981, Abstracts, A-IV.
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. QUALITATIVE DESCRIPTION OF MOLECULAR
ASYMMETRY BY GENERALIZED MULTIPOLES

The notion of molecular asymmetry was used by some authors in the
theory of flexoelectricity, dielectric properties of liquid crystals, elastic-
ity, cholesteric and smectic ordering, and so on.'”’” Many symmetry as-
pects, on the macroscopic and molecular level, have recently been dis-
cussed with respect to new liquid crystalline phases.

Here we first systematize existing knowledge about molecular
asymmetry, introducing some parameters which characterize it quali-
tatively and looking for some relationships between them.

We will call “molecular asymmetry”’ the deviation of a correspond-
ing molecular property from spherical and axial symmetry. Three types
of asymmetry will be considered—electrical, sterical and biphilic (see
below), using a multipole representation. Previously, a multipole rep-
resentation was used for description of the impurity effects on smectics
A, i.e., the effects of the shape of an impurity in an analogy to magnet-
ism.’ The discussion will be given with respect to two basic shapes of
the mesogenic molecule—rod-like and plate-like. The latter molecular
shape is characteristic for the recently discovered discotic mesogens. '

Let us start with electrical asymmetry. Its quantitative expression in-
volves different multipoles, describing the molecular charge distribu-
tion and its deviation from spherical symmetry. Most important are
the first three multipoles: the charge, dipolar, and quadrupolar mo-
ment of the molecule. The charge can be positive or negative (and most
often zero), the dipolar moment—longitudinal and transverse, while
for the quadrupolar moment more possibilities exist. Some of them,
which are representable as combinations of antiparallel, longitudinal
and transverse dipoles, are given in Table I. But there are also quad-
rupolar charge distributions, which cannot be represented in this way,
e.g. a positively charged core surrounded by a negatively charged elon-
gated shell.

We will consider steric asymmetry mainly with respect to the nematic-
like elasticity of the liquid crystal. Unlike Ref. 9, it turned out that
steric monopoles cannot be consistently defined in such a case. That is
why the corresponding positions in Table I are left empty. A longitudi-
nal steric dipole is ascribed to molecules having conical asymmetry of
shape with respect to the basic rod-like’ or plate-like shape (Table I). A
transverse steric dipole, in the case of elongated molecules, is ascribed
to those having banana-like asymmetry of shape, while in the case of
plate-like molecules—to those having wedge-like asymmetry (Table I).
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TABLE 1

Schematic representation of the electric, steric, and biphilic multipoles with respect to

the two basic shapes of mesogenic molecules—rod-like (left) and disc-like (right).

Hatched areas in biphilic case mark the hydrophilic portions of the molecules. Different
dipoles are depicted by arrows.
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Concerning steric quadrupoles, some of them may be analogously
represented by antiparallel combinations of longitudinal or transverse
steric dipoles—see Table I.

Let us stress here that the effective shape of a molecule is a result not
only of the steric (hard core) repulsive interactions, but also of the elec-
trical intermolecular interactions. A relationship between electrical
and steric dipolar asymmetry having the form of exact proportionality,
was postulated by Prost and Marcerou.'® Another relationship involv-
ing the charge is extremely important in the determination of the effec-
tive size of the head and resultant conical asymmetry of biphilic meso-
gens'>" with charged or non-charged head groups'' (see below).

Finally let us introduce some ideas for biphilic asymmetry. This
asymmetry is determined by the distribution of the hydrophilic or hy-
drophobic groups along or across the molecule. A positive *biphilic
charge” will characterize high solubility of the molecule as a whole in
water, while negative “biphilic charge™ will characterize its high solu-
bility in oil (positive charge is represented by hatched areas in Table I).
Hydrophilicity is mainly connected with the presence of charged or
polar groups and especially groups capable of hydrogen bond forma-
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tion. A “biphilic dipole™ can be ascribed to molecules, one half of
which (in the longitudinal or transverse direction) is hydrophilic and
another part is hydrophobic. “ Amphiphilic quadrupoles,” we will as-
cribe, €.g., to molecules with a hydrophilic middle part and hydro-
phobic tails or hydrophobic periphery (discotic mesogens) or vice
versa. Let us stress, however, a characteristic feature of amphiphilic
charges—oppositely to the electrical case, attraction takes place be-
tween equal and repulsion between opposite “amphiphilic charges.”
Consequently, the analogy must take this point into account.

Summarizing, we can say that although these three types of asym-
metry are not completely independent and relations between the last
two of them and the electrical asymmetry exist, as mentioned above, it
does not seem possible at present to express all of them in terms of
asymmetry of charge distribution.

We will see in what follows that the separate introduction of three
types of asymmetry of mesogenic molecules and consideration of com-
binations of them is very convenient for the common discussion of
many effects in thermotropic and lyotropic liquid crystals.

ll. GENERALIZED FIELDS AND POTENTIALS

To continue our discussion, it is necessary to introduce generalized
fields with which generalized multipoles interact. These fields can be
considered as acting in the volume of the liquid crystal or at its surface.

In the electrical case, it is the electrical field E as a gradient of the
scalar potential U that acts upon the electrical multipoles of the mole-
cules at any point of the liquid crystal.

In the steric case it is natural to employ the invariant vectorial ex-
pressions' of the two basic deformations in a nematic liquid crystals
(splay S and bend B) as generalized steric fields:

S =ndivn 1)
B=-—nXrotn (2)

(n is the director). Note that two separate fields should be considered in
this case. They cannot be, in general, represented as gradients of one
scalar field, so that a steric potential will not be introduced. This is
consonant with the non-introduction of a steric monopole. In the case
of smectics A or lyotropics, it is only the splay field § which comes into
play.
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For the introduction of biphilic potential and biphilic field by anal-
ogy with electricity, one should use a standard biphilic charge (e.g., a
H.O molecule) and look for its standard free energy in different zones
of the liquid crystal—lyotropic or thermotropic. Steep changes in the
standard free energy take place at various interfaces, such as oil-water,
air-water, liquid crystal-air, and at the interfaces between hydro-
phobic and hydrophilic zones in lyotropics. These are just the planes
where strong biphilic fields A will be considered to act. There are also
examples of gradual intermixing of two liquids e.g., the H,O-nitroben-
zene contact zone. In this case the biphilic field will be weaker but ex-
tended over a substantial distance (Figure 1). The quantitative defini-
tion of the biphilic potential makes use of the expression for the
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FIGURE 1 Distribution of the biphilic potential and its derivatives at an oil-water
interface.

a. Biphilic potential shown as a free energy of transfer of a water molecule across the
interfacial region.

b. Biphilic field A as a first derivative of the biphilic potential and the corresponding
orientation of biphilic dipoles at the interface.

¢. Gradient of the biphilic field A as a second derivative of the biphilic potential and
the corresponding orientations of biphilic quadrupoles at both sides of the interface.
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chemical potential u of a standard molecule (e.g., H:O or CHy) across
the interfacial region, which must have a constant value in equilibrium:

pu=u(x)+ kT In ¢(x)

where c(x) is the molar concentration of the water (oil) molecules at
the point x, and u(x)—the standard free energy (free energy of transfer)
of the water (oil) molecule at the point x.

The simultaneous definition of biphilic charge and biphilic potential
could be achieved by a model in which u(x) is proportional to the prod-
uct of the surface area of the molecule @ and a specific surface energy
¥(x) which depends on the composition of the interfacial region at the
point x:

u(x) = aay(x)

The coefficient a takes the value +1 for a completely hydrophilic mo-
lecular surface (H20) and —1 for a completely hydrophobic one (CHs).
For bigger and more complex molecules (e.g., glycerol, benzene) it may
take intermediate values. Now aa is the biphilic charge of the mole-
cule. (Biphilic dipoles would be characterized by dividing their surface
into two parts with respect to biphilic charges aia; and a»a2, where sign
a; = —sign a; etc).

v¥(x) is the biphilic potential, which has the meaning of a position
dependent surface tension. For convenience its zero value could be
taken at the point of maximal slope d-y/dx (i.e., the point of maximal
biphilic field—Figure 1). For an oil-water interface the difference be-
tween the asymptotic values of y(x) in the oil and in the water should
be equal to the oil-water interfacial tension i.e., y(—) — y(+9) = 50
erg/cm’.

From the condition of constancy of the chemical potential u = const,
one gets at equilibrium:

aay(x)

c(x) = co exp(- T )

i.e., the well known formula for the concentration distribution of
charged molecules in an external field.

The distance dependence of the concentration of one type of mole-
cule in a critical binary liquid mixture (AB) in contact with a wall has
been studied by Fisher and de Gennes.*' When molecules of type A are
preferentially adsorbed onto the wall and the mixture is far above its
critical point T, the concentration profile is of the type ¢(x) ~
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exp(—x/{), where x is the distance from the wall and { is the correlation
length of the density fluctuations:

i=o( T25)

v = 0.63 is the critical exponent.

For our purpose, one can imagine a hydrophilic wall in contact with
oil containing a small amount of water (or other hydrophilic mole-
cules) or a hydrophobic wall in contact with water containing a small
amount of oil.

If a critical binary mixture approaches its critical temperature from
above, the exponentially decaying concentration profile is replaced at
distances x < { with the power dependence c(x) ~ x™"2, i.e., the spatial
extension of the wall-induced perturbation becomes much longer.*
Such critical behavior of the concentration profile has very recently
been experimentally established in the critical mixture nitrobenzene-n-
hexane, where nitrobenzene is strongly adsorbed onto a silica wall.*?
From our point of view this is an example of a surface-induced biphilic
field near a hydrophilic surface.

The attractive interaction of two parallel identical plates with a dis-
tance D between them when immersed in a binary liquid mixture has
also been considered.*’ Due to the preferential adsorption of the type
A molecules and the deviation of their concentration near the walls
from the unperturbed value, an extra term in the free energy of the sys-
tem arises. Far from T, this coupling energy term is U, = —kT/
33 exp(—D/Y). In the limit T — T. (or D < {) a power law is predicted:
Uiz =~ —kT/D%

These general results can be directly applied with our concept of bi-
philic interactions. In the language proposed above, we can say that
from a biphilic field between two identical surfaces (hydrophilic or hy-
drophobic) an attraction between them arises. The distance depend-
ence of the interaction energy far from the critical point resembles the
screened Coulomb interaction of two (oppositely) charged plates in an
electrolyte, the role of Debye screening length being played by the
correlation length {, which in this case is of the order of one molecular
length. This points out that in general, biphilic multipoles would inter-
act via a screened Coulomb-type biphilic potential. That means that in
most cases biphilic interactions are rather short range. Possibilities
for long range interactions exist, according to the results of Fisher and
de Gennes, in critical oil-water mixtures.
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The biphilic interactions we considered above as due to the pertur-
bation of the local concentrations in binary mixtures are not to be con-
fused with the hydration* or solvation* forces in pure liquids due to
the perturbation of the local order of the liquid (orientation, density
etc.). For comparison, hydration forces (short ranged too) between
two identical surfaces are repulsive.*

ll. ASYMMETRY OF THE SOLID SUBSTRATES

The asymmetry of various types of solid substrate can be considered as
the origin of surface-induced generalized fields:
1. Electrical case—charged or dipolar surfaces.

2. Steric case—specific *‘dipolar” microtopography of the surface
(Figure 2a & b).

b.

FIGURE 2 Steric-dipolar microtopography of a substrate surface and the correspond-
ing surface orientation of the steric dipoles.

a. homeotropic case—longitudinal steric dipoles.

b. planar case—transverse steric dipoles.
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3. Biphilic case—hydrophilic or hydrophobic surfaces. Some com-
binations can also be considered. The usual way to get hydrophobic
surfaces is by adsorption of monolayers of surfactants onto glass
plates. But recently, a deeper insight into the orienting mechanism of
adsorbed lecithin monolayers on MBBA was given.'*'* Their homeo-
tropic orienting action turned out to be connected not only with the
hydrophobic interactions with the butyl tails of MBBA, but also
mainly with the presence of vacancies (holes), since condensed mono-
layers with no holes strikingly lose their orienting action. Such a hy-
drophobic surface with molecular holes is an example of a combina-
tion of steric and biphilic asymmetry of the surface.

Adsorption of ionic or zwitterionic surfactants provides us with ex-
amples of the combination of electrical and biphilic asymmetry. As
above, the biphilic field is localized in the close vicinity of the sub-
strate. An idea of its spatial variation is given by the corresponding
halves of Figure 1b.

IV. MOLECULAR ASYMMETRY, INTERMOLECULAR
INTERACTIONS AND STRUCTURE OF THE LC

To begin our discussion of the influence of molecular asymmetry on
the intermolecular interaction and the structure of liquid crystals, let us
stress that molecular asymmetry is not a basic prerequisite for liquid
crystal ordering. Historically, the attempt of M. Born to describe ne-
matic order as a result of the interaction of electrical dipoles was not in
accordance with the experimental situation of non-polar molecular
order. On the contrary successful theoretical models of the uniaxial or-
dering which is a basic characteristic of the liquid crystal state suffice
to use cylindrically symmetrical hard rods or plates (Onsager model)'®"’
or the anisotropy of the electronic polarizability (Maier-Saupe model'®)
which is intrinsically inherent to such symmetrical shapes. So we will
look upon the effect of molecular asymmetry against the background
of the uniaxial ordering provided by basic rod-like or plate-like shapes.
We will try to explain qualitatively details on the molecular order in
different mesophases such as deviations from this background order-
ing caused by a given type of molecular asymmetry or a combination
of them.

First we will discuss the effects of the molecular asymmetry in the
absence of generalized fields, i.e., the consequences of each type of mo-
lecular asymmetry on the intermolecular interactions and the structure
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of liquid crystals, and the possibility of a unique description of these
consequences based on our systematics. Then we will look for some
combined effects.

IV.1. Electrical asymmetry

IV.1.1. Monopoles: The influence of electrical charges upon inter-
molecular interactions in thermotropics is usually negligible because of
their small volume density and the essentially non-orientational char-
acter of these interactions. Important exceptions are charge-transfer
complexes in mixtures of donor and acceptor mesogens. ' In lyotrop-
ics, the charges of the hydrophilic head groups determine to a great ex-
tent the effective size of the head (steric asymmetry) and in this way the
structure of the lyotropic phase (lamellar, cubic, hexagonal, nematic I,
nematic II, or micellar). Many possibilities for changing the charge and
consequently the structure of the phase exist in lyotropics (pH, ionic
strength etc.) The transition from nematic I (rod-like micelles) to ne-
matic Il (plate-like micelles) with a small increase in the ionic
strength?® can be discussed on such a basis. Another example of this
kind is the formation of lamellar structures from molecular solutions
of single chain ionic amphiphiles (acids) by titration, when the charge
of the head group is neutralized.”

1V.1.2. Dipoles: The electrostatic interaction of permanent dipoles
often leads to a compensation of the dipolar asymmetry of the meso-
genic molecules by suitable mutual orientation of neighbors so that the
resulting mesophase is nonpolar, i.e., with higher symmetry than the
constituent molecules. In nematics, antiparallel orientation of dipolar
moments giving rise to antiferroelectric short range order is well
known. It is reflected in the sudden decrease of the mean dielectric
permittivity of the nematic phase with respect to the permittivity of the
isotropic phase at the phase transition isotropic-nematic. Such anti-
ferroelectric short-range order may be not only electrically determined
(see the theory?? including longitudinal moments only), but also steri-
cally determined (see below).

Examples of true ferroelectric ordering due to dipole-dipole interac-
tion have not been found up to now in liquid crystals. We are able to
predict that in discotic phases, the combination of columnar order and
a longitudinal dipole can result in a permanent polarization along the
column axis.

When intermolecular interactions of the biphilic type lead to liquid
crystal structures with a high degree of parallel molecular order of
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neighbors, like different lyotropic phases, the orientation of the dipolar
moment of the head group in zwitterionic amphiphiles contributes
substantially to the effective cross section of the head, i.e., the steric
asymmetry of the molecule. Longitudinal dipolar moments, of which
reorientation around the short molecular axis is forbidden, lead to a
higher equilibrium area per head group due to electrostatic repulsion,
while transverse dipoles, for which rotation around the long molecular
axis is free, attract each other and lead to a smaller equilibrium area
per head.

IV.1.3. Quadrupoles: The role of electrical quadrupoles in thermo-
tropics is relatively well understood.” Interaction between adjacent
quadrupoles composed of two antiparallel longitudinal dipoles favors,
by means of longitudinal displacement, relative two-molecular correla-
tions of the type middle-end, i.e., a nematic phase or a smectic C phase
with large tilt (Cabib and Benguigui model®). On the other hand the
interaction between adjacent transverse quadrupoles favors middle-
middle correlations, i.e., smectic A phase or smectic C phase with low
tilt, when some longitudinal components of the antiparallel dipoles are
also present (McMillan model*).

In disc-like mesogens, transverse quadrupoles will favor relative po-
sitions involving center-periphery, i.e., a tilted columnar phase. Longi-
tudinal quadrupoles should prevent formation of columnar phases and
lead to a nematic phase.

v.2. Stor_lc asymmetry
IV.2.1. Monopoles: no effects.

1V.2.2. Dipoles: In macroscopically non-deformed structures, the
steric dipoles of adjacent molecules are often antiparallel in order to
compensate for the steric asymmetry of the single molecule. This cor-
responds to a minimum in the elastic energy of the medium. Because of
the coupling between the electrical and steric dipoles, this also leads to
an antiferroelectric short-range order in nematics, which is, however
sterically determined. This leads again to a decrease of the mean per-
mittivity of the nematic phase by a decrease of both its components (ey
and 1)

In disc-like mesogens, longitudinal steric dipoles should, in general,
prevent formation of columnar phases—such steric asymmetry at the
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condition of dense packing can be best compensated in a discotic ne-
matic phase.

I1V.2.3. Quadrupoles: The steric interaction of longitudinal steric
quadrupoles also favors middle-end relative positioning, i.e., a ne-
matic phase or a smectic C with large tilt (Van der Meer model),” while
the interaction of adjacent transverse quadrupoles—middle-middle
and end-end position, i.e., smectic A or smectic C phase with low tilt
(zig-zag model).”

In disc-like mesogens, transverse quadrupoles will again favor center-
periphery positioning, leading to a tilted columnar phase. Longitudinal
quadrupoles should prevent formation of columnar phases.

IV.3. Biphllic asymmetry

1V.3.1. Monopoles: these determine the hydrophilicity of the liquid
crystal as a whole and its solubility properties—for polar and nonpolar
additives.

1V.3.2. Dipoles: As a consequence of the basic property of biphilic
charges (attraction of equal, repulsion of opposite), the favorable
orientation of longitudinal biphilic dipoles is already parallel for lat-
eral neighbors and antiparallel for neighbors in the longitudinal direc-
tion. Such interactions probably lead to formation of bilayer smectics
A when a strong polar group is situated at one end of the molecule,®
i.e., a hydrophilic and hydrophobic portion of the smectogenic mole-
cule can be distinguished. This bilayer structure is at the same time
antiferroelectric.

An example of the second type—antiparallel orientation of longitud-
inal neighbors—is provided by the dimer formation in alkoxybenzoic
acids. The hydrophilic parts of these acids (—COOH groups) are con-
nected in dimers by means of hydrogen bonding.?” This is a typical hy-
drophilic interaction. The dimer formation can be considered as a
manifestation of the tendency for the compensation of longitudinal bi-
philic dipoles. The dimer itself can be already described by a biphilic
quadrupole.

IV.3.3. Quadrupoles: The association between longitudinal biphilic
guadrupoles is already of the type middle-middle/end-end, and favors
the formation of smectic structures of the monolayer type. This is in
agreement with the behavior of mesogens with polar groups (hydro-
philic part) situated in the middle of the molecule. It is manifested best
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when the biphilic quadrupole is big enough, i.e., at sufficient length of
the hydrophobic end substituents (alkyl chains), as is observed experi-
mentally in homologous series of rod-like mesogens.

All disc-like mesogens synthesized up to now are characterized by a
hydrophobic periphery (alkyl chain substituents) and a more hydro-
philic central part. It means that the formation of columnar phases
(center-center association) implies the interaction of biphilic quadru-
poles as an important part of the intermolecular interaction. For this
interaction to be strong enough, a sufficient chain length is again
necessary.

IV.4. Some combined effects

The combination of electrical charge and biphilic dipole is important
for determination of the steric asymmetry of amphiphiles (see above).
The same is valid for the combination of the electrical and biphilic di-
pole. This combination is also responsible for the formation of
antiferroelectric bilayer smectics A.

The combined action of electrical and steric dipoles giving rise to
antiferroelectric short-range order in nematics was also considered
above.

If the non-polar part of a smectogenic molecule is rather bulky (a
combination of biphilic and steric dipole), formation of an inverted
cubic phase (smectic D)** and eventually an inverted hexagonal
phase (in mixtures) can be expected.

A combination of biphilic dipole and quadrupole effects may ex-
plain the formation of a smectic phase on mixing a “dipolar’” and a
‘“*quadrupolar” nematic, as in Ref. 40. To make an analogy with lyo-
tropic lamellar phases, “‘quadrupolar” molecules could be considered
as a hydrophobic solvent in which biphilic dipoles associate to form
lamellar structures.

Finally, let us consider the combined influence of the quadrupoles.
As we have already explained the longitudinal amphiphilic quadru-
poles by association of the type middle-middle and end-end favor
smectic A formation. This is enhanced by the transverse electrical
quadrupoles, eventually leading to a smectic C transition.* Alterna-
tively or simultaneously, transverse steric quadrupoles lead to the same
effect—the so called “zig-zag™ model®® of the smectic C phase.

In both these models of the C phase, molecular reorientations
around the long axis are strongly hindered.

However, both electrical and steric longitudinal quadrupoles will
counterbalance the smectic A arrangement, as we have already dis-
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cussed. This will result in a smectic C with free reorientations around
the long molecular axis or a nematic phase.

V. MULTIPOLES IN THE PRESENCE
OF GENERALIZED FIELDS

As we have already noted, the fields of interest may be volume-induced
or surface-induced. Let us consider first the interaction of each type of
multipole with its corresponding field.

V.1. Electrical asymmetry and electric fleld

i. Charged molecules (ions) experience a force proportional to the
electric field E.

ii. Dipoles experience a force proportional to the gradient of the
electric field [grad |E|] and a torque proportional to the field.

iii. The presence of a dipolar moment leads to a difference between
the static and the high-frequency dielectric permittivity of the meso-
phase (e # €%).

iv. Quadrupoles experience a torque proportional to the gradient of
the ﬁeld’ (Grad E).

v. The jump in the quadrupolar density of uniaxially oriented quadru-
poles at the surfaces of the liquid crystal is equivalent to a surface dipo-
lar moment, which, under the action of an electric field E, gives rise to
a surface torque.

V.2. Steric asymmetry and steric fleld
i. Monopoles do not exist.

ii. Steric dipoles must be oriented in a deforming field, as qualita-
tively suggested by R. Meyer (1969) and should experience a force if
this field is not homogeneous.

ili. Analogously to the electric case, the energy of steric quadrupoles
should depend on the derivatives of the deforming field, e.g., div S. But
it means that steric quadrupoles contribute to the non-linear elasticity
described by the term K3 div (n div+n).

iv. The presence of a “steric dipole” leads to a difference between
static and dynamic elastic constants (K§ # K3).
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v. In favor of the above-mentioned conclusion concerning K3 is
also the next analogy with electrical quadrupoles—the density jump of
steric quadrupoles should lead to a surface density of oriented steric
dipoles. This is illustrated by Figure 3. The latter density, however,
should lead to surface orientational strains and in definite cases to a
spontaneous deformation of the free surface, due to the absence of
steric compensation. This is also typical to the non-linear elasticity; be-
cause of its divergent character, it influences the boundary conditions
only. Spontaneous deformations at the free surface have already been
observed.*

V.3. Biphilic asymmetry and biphilic fleld

i. In the presence of a gradient in the potential of the amphiphilic
field (e.g., at an oil-water interface), the *“‘biphilic charges” will move
towards the water or oil phase in accordance with their sign. This
property is demonstrated, for example, in the distribution of different
molecules in lyotropic liquid crystal phases and in the solubilization
phenomenon.

ii. The “biphilic dipoles™ will be localized just at the interface and
oriented normally to it (Figure 1b).

- i G s = e

<> EERAVAVAVAVAY
i
it

FIGURE 3 Jump in the density of the oriented steric quadrupoles at a free surface and
the equivalent surface density of steric dipoles leading to orientational strains.
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iii. “Quadrupoles™ will also experience an orientating action, but ac-
cording to the sign of the “quadrupole,” they will orient tangentially or
normally to the interface (Figure 1c).

These properties (ii and iii) are demonstrated by the bu1ldmg-up of
two-dimensional liquid crystals—monolayers with an oil-water or air-
water interface,’! by the building up of volumes of lyotropics,’*> and
also by the orientation of thermotropic mesogenic molecules at a free
surface and, with respect to hydrophilic or hydrophobic supports, with
both possibilities—homeotropic (the *dipoles”) and planar or homeo-
tropic (the “‘quadrupoles™). It is interesting to note that according to
the space variation of the first derivative of the biphilic field (i.e., the
second derivative of the biphilic potential) (Figure 1), biphilic quadru-
poles should be localized not just at the interface (like dipoles), but also
at one or another side of it. At one of these two positions, the orienta-
tion of the quadrupole will be normal to the interface (homeotropic)
while at the other it will be parallel (planar). An example of the planar
orientation of biphilic quadrupoles is the observation of Grandjean
textures of cholesteric esters (hydrophilic middle part) at hydrophilic
substrates and of focal-conic textures at hydrophobic substrates.*® In
the last case of solid supports, the corresponding half of Figure Ic is
relevant.

iv. To discuss further the effect of biphilic dipoles, a corresponding
response function like € or K describing the biphilization of the liquid
crystal in the presence of a biphilic field should be introduced.

v. The surface jump in the density of oriented biphilic quadrupoles
will be equivalent to a surface biphilic dipolar moment.

V.4. Mixed interactions

Up to now, we have considered the interaction of different types of
multipoles with the corresponding generalized fields. Let us look now
for some examples of mixed interactions. As an example, we have the
interaction of the deforming field with electrical multipoles. A direct
influence of this field upon the charges and dipoles cannot be expected.
However, the orientational deformation of uniaxially oriented electric
quadrupoles leads to electrical polarization of the structure—the quad-
rupolar flexo-effect of Prost and Marcerou.'! This polarization in turn
creates a depolarizing electric field which acts on the charges and
moves them, and in the case that the field is non-homogeneous, it will
also move the dipoles, which are already preferentially oriented.
Analogously to this, the deformation of a liquid crystal structure

LA N1

with “steric quadrupoles” should lead to “steric polarization™-*steri-
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zation” of the medium. Such a sterization could act upon the steric
“dipoles” analogously to that discussed above.

Finally, a deformation of amphiphilic uniaxially oriented *“quadru-
poles™ (e.g., in a smectic A) should lead to amphiphilization™ of the
medium, i.e., to a gradient of its hydrophility. This last gradient, equiv-
alent to an amphiphilic field could influence the distribution and the
orientation of small amounts of hydrophilic, hydrophobic, or biphilic
materials.

A direct influence of the electrical field upon the steric and amphi-
philic multipoles is not to be expected. The same seems to be valid for
the biphilic field with respect to electrical and steric multipoles. Why
then is the deformational field more universal? The reason is that in all
three cases the starting state consists of uniaxially oriented quadru-
poles and the deformational field itself simply reflects the fact that this
orientation is changed.

VI. COMBINATIONS OF ASYMMETRIES

Here, the effects connected with combinations of asymmetries will be
considered. Best studied are the effects arising from the simultaneous
presence in the mesogenic molecules of two kinds of dipolar asym-
metry. The combination of an electrical and a steric dipole leads to the
well known dipolar flexo-effects' (R. Meyer, 1969)—direct and con-
verse. The combination between electrical and biphilic dipoles should
lead to an “ampho-electrical” effect, direct as well as converse. The di-
rect effect is in fact also well known—this is the surface polarization
under the action of a biphilic field. Most often this is observed at an in-
terface air-water for monolayers and oil-water for lyotropics. But this
phenomenon also exists in thermotropics—at a free surface or at the
contact with hydrophilic or hydrophobic supports®*** (Prost & Per-
shan, 1976; Petrov & Derzhanski, 1977). The converse ‘“‘ampho-electri-
cal” effect should be expressed in an “amphiphilization™ of the medium,
i.e., causing an amphiphilic gradient or giving a change in amphiphilic
gradient under the action of an electric field.

The third combination—between steric and biphilic dipoles—leads
to an “amphosteric™ effect. The direct one is known—this is the pres-
ence of those orientational strains and spontaneous deformations over
interfaces which orient biphilic dipoles of thermotropic liquid crys-
tals*® (Meyer & Pershan, 1975) and of lyotropic lamellar and hexagonal
phases'? (Petrov & Derzhanski, 1976), and the pore forming action of
conical lipids®’ (Petrov, Mitov & Derzhanski, 1979). The converse ef-
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fect should be expressed in an “‘amphiphilization” of the medium, ex-
periencing an orientational deformation. As in the electrical case, the
combination between a geometrical and a biphilic dipole gives an effect
equivalent to an amphiphilic quadrupole only.

The combinations between different types of charges lead also to
some known and some new effects. For example, the effect of redistri-
bution of hydrophilic and hydrophobic ions between water and oil
zones in lyotropics and membranes is known. This effect creates a sur-
face potential and diffuse double layers, and connected with them is
the electrical component of the disjoining pressure,”® which essentially
determines the stability of some two-dimensional liquid crystals, e.g.,
black films. Inversely, the application of an electrical field, by changing
the space distribution of hydrophilic or hydrophobic ions should
change the “amphiphilization” of the medium. Let us call these effects
“electrobiphilic™ effects.

The last combination—of a steric and electrical quadrupole—should
lead to a specific surface flexo-effect—a relationship between surface
polarization and surface torques. This effect, in which the essential role
is played by the non-linear elasticity K3, has no volume analogue.

VII. CONCLUSION

Let us summarize the situation. In principle, the eight elements of
asymmetry introduced by us for each of the two chosen basic shapes,
taken separately and in twos and combined with the three generalized
fields, lead to

38+ 3(2) =24 + 84 =108

different effects. We must count separately the effects in the absence of
external fields as well:
8
8+ =36
(2)

More combinations are still possible—e.g., by threes, as well as gener-
alized tensorial fields as for the case with quadrupoles.

By including higher order multipoles (octupoles), the scheme can be
used to discuss chirality effects.’’ Such a development has been made
in Osipov—Pikin’s theory of chiral smectics C.
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To conclude, a large number of effects connected with molecular
asymmetry (some known and some new) can be discussed within a
general framework. We have considered here a small part of these ef-
fects and have clarified some of them-as non-existing. We see that some
of the effects may have an equivalent macroscopic manifestation (e.g.,
flexoelectricity), but their molecular origin may be very different. This
of course makes it difficult to use some relationships between the
macroscopically measurable parameters of mesophases (e.g., flexo-
coefficients) and their molecular characteristics (considered earlier as
unequivocal). The experimental registration of the predicted new ef-
fects may prove the effectiveness of the proposed classification. It is
also very useful for the common description of thermotropic and lyo-
tropic liquid crystals.
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