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Abstract Local eleotric field of 1light waves 1in
Langmuir-Blodgett film is caloulated, and its effect
on optical Bsecond harmonic generation (SHG) is
estimated. Strong dependence of SHG intensity on the
film thickness is explained.

INTRODUCTION

Quick development of Langmuir-Blodgett technique and plane
wave guides devices gave rise to numerous experimental
investigations of linear and nonlinear optical properties
of these media, and they show promising ocharacteristics
(both efficiency and reliability) and c¢lear perspectives
for further improving. It is olear +that long organic
molecules of IB films may be modified to dinorease their
nonlinear polarizabilities P up to very high values, and
well ordered siructure of the films provides them with
high total nonlinear susceptibility %. It would be useful
for such investigations to oconnect moleocular B, film
structure and the total , as it 1is +the case for bulk
molecular crystals.1'3 For this reason here we try to
simulate loocal electric field in the LB film structure and
the effect of its distribution on the film nonlinear
susceptibility.

[2591/19
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THE MODEL

As usual we consider the comnnection of macroscopic ) and
local P in the form:
1

Xige = v 7k B’L}'Lj'k’ fj}'Lj A (1).
Here and below summation over all repeated iIndices is
done, and fi?, is a local field tensor, connecting Maxwell
macroscopic field E in the film and local field FM at the
p—th molecule:

Ft = ft:, Et' (2).
The structure of this fensor is to be very special for IB
films due to:

i) strongly anisotropic molecules of the film;

ii) sitrongly anisotropic molecular packing of the film;
iii) limited and rather small size of the film in the film
normal direction;

iv) molecular length being of the same order as the film
thickness.

All these factors are to ve taken into account for local
field simulation, and usual isotropic approximation seems
to be too rough in this case.

Problems i-ii may be solved in the same way as it has
been done in usual molecular orystalsa_A, i.e. by direct
summation of molecular dipcles fields over film siructure,
and using Bwald approach for better convergence. In the
framework of this approach it's easy to take into account
limited film thickness as well. As for molecular length,
it means that point dipole approximation can't be used for
LB molecules. Multipole expansions seem not good as well;
molecular length being of the same order (if not more) as
intermolecular distances would result dn a very poor
convergence of multipole series. So we've preferred to
divide molecules under simulation inio 2 - 3 'secatiering
centers' (hard core and flexible tails) and calculate
lattice sums for them.® But in this case we have 1o  know
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fragment's polarizabilities; besides it complicates
sumation considerably. To simplify this task, we use mean
molecular lattice sums (meant over fragments of the given
molecule, weighted with fragment's polarizabilities)? As
in this case only relative fragment's polarizabilities are
actually used, we've estimated them using additive scheme.
We based our model parameters on the data of
papers?_6 where both 1linear and nonlinear optical
properties of LB f£films had been measured quantitatively
together with structural data. The same optically
nonlinear molecules have been taken for simulation:

H25012— NCHS— 06H4_ N=N 06H3N02_ COCH (3),
HOOC -~ 02H4— NCHS— C6H4_ N=N- C5H4— C17H35 (4),
H25C12— CSHSNOE_ N=N - CGHA— NCHS— COCH (5),

and arachidic acid molecule as a passive buffer. Molecular
hyperpolarizabilities § have been estimated using the same
additive scheme and fragment's datal A single IB layer has
been oconsidered as square lattice of uniaxial moleocules,
and local field tensor (2) at the molecules as well as
macroscopic nonlinear susceptibility % (1) have been
simulated for different structures (uniform Z stack of
active layers, Y stack of alternating aoctive layers,
single active layer on passive Y =stack of Dbuffer
molecules) as a funotion of the film thickness N (see
Table 1 for model parameters).

TABLE 1 Model parameters.

1T Layer Lattice (10~ 40 : fy
Molecule thickness (%) parameter(X) B1077, SI wnits)

1 2.0 6.0 929

2 42.0 6.1 1541

3 32.0 5.9 g9
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RESULTS AND DISCUSSION

Obtained values of macroscopic X agree enough good with
experimental ones, that proves the correctnese of
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FIGURE 1 Dependence of nonlinear susceptibility of
7 stack of molecules (5) on the layers number N.
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FIGURE ? Dependence of nonlinear susceptibility of
single layer of molecules (%) placed on Y stack of
buffer molecules, on the stack thickness N.
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FIGURE 3 Dependence of nonlinear susceptibility of
alternating Y stack of moleocules (5) and (4)
on the layers number N.

performed caloculations. The most typical of obtained
dependencies are shown in Fig. 1-3. The most drastio
dependence X = X(N) has been obtained for Z stacks - after
quick decreave at first two - three layers it shows
typical odd-even alterations and oonverges to bulk
nonlinear susceptibility at N ~ 20, where contribution of
surface layers into total ) beoomes negligibly small. Such
alterations may result in SHG instability in such films,
if their structure is not ordered enough, as it has been
obgerved experimentally? The same though smaller effect of
local field inhomogeneity has been obtained for single
active layer on passive bul fer stack (Fig.2).

Alternating Y etacks formed of highly nonlinear
moleosules show the most stable behavior (Fig.3). Their
macrescopic ¥ appears practically independent on film
thickness; its allerations were less then 10% for all
similated structures of this kind. It explains stability
of exgerimental SHG intensity observed in these films as
well.”?€
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So proposed medel gives reasonable results and may be
effectively applied for local electric field simulations
in strongly anisctropic LB films. It seems promising to
develop it further taking into account: 1i)changes of
molecular parameters due to intermolecular interactions;
ii) orientational and structural disorder of molecular
packing in IB films; iii) macroscopic field inhomogeneity.
Such model is in progress now.

Authors are grateful to Dr.I.Ledoux and Prof.J.Zyss
for helpful discussions.
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