
plane of the layer. For 6 ^0 a spontaneous polarization
arises in the layer

(ne) — XR ̂ n (3)

The helicoidal structure exerts a significant influence on the
properties of the ferroelectric LC and this is particularly no-
ticeable on the example of the permittivity j = %0 + 8%c;

(4)

The first term in (4) represents the contribution from
the Goldstone mode associated with the untwisting of the
helicoid, and the second term is determined by the "soft"
mode corresponding to the simultaneous change in the po-
larization and the angle of inclination 0. In such a case the
anisotropy of the flexoeifect leads to a strong temperature
dependence of the permittivity in the C* phase due to the
relation 62~(T-TC)W. Experimental data show2 that the
permittivity of a helicoidal ferroelectric LC differs signifi-
cantly from the permittivity of the CLC with an untwisted
helix. Such a connection between the polarization and the
helical structure represents one of the interesting properties
of liquid crystal ferroelectrics.

The specific features of ferroelectric ordering in LC is
manifested most clearly on the microscopic level. Indeed,
the dipole-dipole interaction which is the basis of ferroelec-
tric ordering in crystals cannot lead to the appearance of
spontaneous polarization in C* smectics, since they are not
sensitive to the chirality of the molecules, while ferroelectri-
city is observed only in chiral LC. Molecular theory3 shows
that spontaneous polarization in the C* phase arises due to
the polar component of the energy of chiral interaction be-
tween molecules. For a more detailed description it is neces-
sary to examine models of chiral molecules of a C* smectic,
shown in Fig. 2. The chirality of the molecule shown in Fig. 2
is determined by the side chain forming a chiral center. Tak-
ing into account the fact that the maximum polarization is
observed in C* smectics with a large dipole in the chiral
fragment, it can be shown that the principal role is played by
the induction interaction of this dipole with the anisotropic
polarizability of the neighboring molecule taking into ac-
count the asymmetry of the shape of the molecules. Molecu-
lar theory enables one to relate the phenomenological con-
stant (ip, which determines the spontaneous polarization,
with the model parameters of the molecules

FIG. 2. Model of the interaction of chiral molecules in a ferroelectric LC.

where SL is the steric and dL is the electric dipole, D is the
diameter, and L is the length of the molecule, % is the polariz-
ability of the molecule, a is the number of nearest neighbors
and A = (d,a,) ([d,a, ] ,m,) is the measure of the chirality of
the molecule the vectors a, and m, are shown in Fig. 2). We
note that the polarization grows rapidly as the dipole at the
chiral center is increased, p~d\, and this corresponds to
experiment.

It is interesting to note that the ferroelectric ordering
can be induced in a nonchiral smectic by means of adding a
small admixture of chiral molecules. This effect is connected
with the fact that the chiral forces discussed above appear
under the condition that at least one of the attracting mole-
cules is a chiral one. In such a case the possibilities of produc-
ing new ferroelectric LC with optimal properties are signifi-
cantly broadened, since the molecular parameters entering
expression (5) are distributed among different components
(for example, chirality and a large dipole moment).

In conclusion it should be noted that in recent years the
practical importance of ferroelectric LC is rapidly increas-
ing in connection with attractive prospects for their utiliza-
tion in different electro-optical devices, which are character-
ized by considerably lower response times and controlling
voltages than analogous devices in which nematic LC are
used.
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Yu. M. L'vov and L. A. Feigin. Production and struc-
ture of Langmuir films. 1. Production of films. Amphiphilic
molecules placed on a water-air interface arrrange them-
selves in such a way that their hydrophilic parts are in water
and their hydrophobic parts are in air. If the area (a) of the
water surface along which the molecules are situated is de-
creased with the surface pressure (IT) being controlled in the
process, then three characteristic regions can be distin-
guished on the (77 — a) diagram: "Two-dimensional gas",

when the amphiphilic molecules interact weakly, "two-di-
mensional liquid" and "two-dimensional solid" when a two-
dimensional crystalline lattice is formed on the surface of the
water.

If a substrate is slowly moved through the surface with
the formed "two-dimensional liquid" (Fig. I) a monolayer
of amphiphilic molecules will be formed on it. Then the sub-
strate is moved in the opposite direction and the next mono-
layer is formed in which the molecules are oriented towards
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substrate

FIG. 1. Sequence of deposition of L-B films of Y type (a-d). The
arrows indicate the direction of motion of the solid substrate.

the substrate with their other ends. Such central-symmetric
films are called films of the Y type, but if the deposition is
obtained by moving the substrate in one direction then polar
films of the X or Z type are formed.1'2

A big contribution to the study of such films on the
surface of water was made by the American physicist I.
Langmuir, while his pupil K. Blodgett developed methods of
transferring the films to substrata and therefore the films on
substrata obtained in this manner are called Langmuir-
Blodgett films or L-B films. In its essence the L-B method is
a method of controlled layered crystallization of amphiphi-
lic molecules which enables one to obtain on substrata exact-
ly 1, 2, 3, 4, 5,...25, etc., monomolecular layers.

L-B films have been made from fatty acids and their
salts, from lipids, from perfluoridated compounds, and also
from a wide class of molecules which have donor-acceptor

properties, and from dyes with hydrocarbon chains "at-
tached" to them. At the present time dielectric, semicon-
ducting and conducting L-B films have been made.3'4

2. Structural analysis of L-B films. The principal meth-
ods of investigating the structure of L-B films are small-an-
gle x-ray analysis and electron diffraction.5-6 X-ray analysis
enables one to obtain information concerning the total thick-
ness of the film on the substrate, the number in it of molecu-
lar layers, the repetition period, and to calculate the profile
of the electron density across the layer, to localize the posi-
tion of the heavy atoms and the characteristic groups of mol-
ecules, to determine the magnitude of the inclination of the
hydrocarbon chains in the layers and the type of packing of
the molecules into a two dimensional lattice. Electron dif-
fraction is used to obtain the parameters of the packing of the
molecules into a lattice, even in the case of analyzing samples

I, rel. units

a 2

ft rel. units
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FIG. 2. Intensity of small-angle x-ray scattering in the meridional
direction from a L-B superlattice: (bilayer of octadecylphenol -f-
bilayer of Ba behenate),0 (a), profile of its electron density and a
schematic arrangement of molecules (b)
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containing only a single monomolecular layer.
For L-B films of the Y type of salts of the fatty acids

CH3 [ ( CH2 ) "COO ~ ] 2Me2 + the repetition period of the bi-
layers (D) lie in the range from 44.1 A [for palmitates
(n = 14) to 64.0 A for lignocerates (n = 22) with the period
increasing by 5.0 A as the length of the hydrocarbon chain
increases by 2 links. Between bilayers of the residues of fatty
acids metal ions are situated, and films with the following
interlayers have been obtained: Mg, Ca, Mn, Cd, Ba, Pb, Tl.

The intensity curves for small-angle x-ray scattering by
L-B films contain 10-20 reflections of the 001 type and also
oscillations between reflections — secondary maxima of the
Laue function the possibility of recording which is deter-
mined by the presence of a small number of elementary cells
in the samples (Fig. 2). From the period of the oscillations
(AS) one can calculate the total thickness of the film:
L = I/ AS, S — 2 sin 9 /A, while an analysis of the set of inte-
grated intensities of the reflection I ( h ) enables one to calcu-
late the profile of the electron density:

D — i
cos

D

3. Molecular architecture. One can obtain not only one-
component L-B films; they can be synthesized from alternat-
ing layers of different molecules, and this enables one to rea-
lize the ideas of molecular architecture, i.e., of the
construction of different arrangements of molecular ele-
ments. Such films are called L-B superlattices. _^ _^

If there are two types of amphiphilic molecules: A and B
( the arrows indicate their polarity ), then the following alter-
iiations^qf their^ layers in^the^L^ fijm^jire^possible^

A^3^^J*5J,5UU-S- l̂i535ijE^"^®' AB AB
AB, ABB ABB ABB, AABB AABB AABB. An elementary
cell across such films includes 1 , 2, 3, an 4 layers of molecules
and the repetition period lies in the range between 25 and 110

A. All the indicated variants of alternation of molecular lay-
ers have been realized5'7'8 (in positions which we have de-
noted by A and B different amphiphilic molecules have been
utilized with properties of importance for applications). Fig.
2 shows the curve of small-angle x-ray scattering by a L-B
superlattice with an elementary cell including a bilayer of
octadecylphenol + a bilayer of Ba behenate, its profile of
electron density and the arrangement of molecules.

A further step in the development of molecular archi-
tecture was the development of the methods of selective ac-
tion on a particular type of molecules in L-B superlattices.
Thus, in Ref. 8 the method has been developed of layer by
layer polymerization in superlattices with x-ray and elec-
tron-defraction control over the process. A bilayer of octa-
decylphenol was polymerized by irradiation with electrons
of 100 eV energy, then this was covered by a bilayer of mole-
cules of Ba behenate, then again a bilayer of octadecylphenol
was deposited and polymerized, and then again a bilayer of
Ba behenate, etc. In this manner it was possible to obtain
superlattices with polymer interlayers, which nevertheless
preserved long-range order in the packing of layers (the cor-
relation radius amounted to approximately 1000 A and this
corresponds to 40 molecular layers).
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L. M. Blinov. Physical properties and applications of
Langmuir films. Langmuir films or Langmuir-Blodgett
films are stacks of monomolecular layers of surface-active
materials transferred from a water surface to a solid sub-
strate. These films are quasi-two-dimensional partially or-
dered structures and have a unique set of electrical, magnet-
ic, optical and other properties.'~3

Langmuir-Blodgett films have the following very im-
portant special properties:

a) they are composed of individual monolayers whose
thickness is determined by the size of the organic molecule
and its orientation with an accuracy down to fractions of an
angstrom;

b) the films have a sharply expressed anisotropy of the
ordering of the molecules, and their properties differ strong-
ly for the longitudinal and tranverse directions with respect
to the normal to the film;

c) the molecular composition of the different mono-
layers can be varied as desired by the experimenter and in
this manner complicated molecular ensembles can be pro-

duced in which each molecule has its own functional pur-
pose.

1. Optical properties. The specific details of the packing
of organic molecules in a monolayer leads to a number of
interesting optical effects. Thus, for example, exciton excita-
tions can be transmitted to considerable distances along mo-
lecular aggregates of dyes, where they are then captured by
interceptor molecules purposefully introduced into the
monolayers. Phenomena of this kind simulate processes in
biological structures (photosynthesis) and can be used for
sensitizing surfaces of photographic materials. By modify-
ing the index of refraction of individual monolayers by intro-
ducing into them atoms of heavy metals it is possible to pro-
duce artificially different profiles of the coefficients of
refraction of multilayer structure as a whole, and this is of
great interest for integrated optics.

2. Polar structures and superlattices. In the process of
transferring monolayers from the surface of the water to a
solid substrate it is sometimes possible to preserve the same
orientation of their macroscopic dipole moments and to ob-
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