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LOCAL ELECTRIC FIELr EFFECTS AND SECOND HARMONIC 
GENERATION IN LANGMUIR-BLODGBTT FILMS 

A.N.BOTVICH 
Krasnoyarsk Polyteohnioal Institute, Krasnoyarsk, 
660036, Russia 
M.P.SHKURYAEV, A.N.VTYURIN 
Krasnoyarsk University and L.V.Kirensky Institute of 
Phys ios ,  Krasnoyarsk, 660036, Russia 

Abstract Local electrio field of light waves in 
Langmuir-Blodgett film is oaloulated, and it5 effect 
on optical second harmonic generation (SHG) is 
estimated. Strong dependenoe of SHG intensity on the 
film thiokness is explained. 

TNTRODUGTION 

Quick development of Langmuir-Blodgett technique and plane 
wave guides devices gave r5se to numerow. experimental 
investigations of linear and nonlinear optical properties 
of them medi.a, and they show promising characteristics 
(both efficienoy and reliability) and clear perspectives 
for further improving. It is clear that long organic 
molecules of LI3 films may be modified to inorease their 
nonlinear polarizabilitiep, p up to very high values, and 
well ordered struoture of the films provide6 them with 
high t o t a l  nonlinear susoeptibility x. It would be useful 
f o r  suoh investigations t o  oonnect moleoular p, film 
structure and the total x. as it is the case for bulk 

For this reason here we try to molecular crystals. 
simulate local electrio field in the LE film structure and 
the effect of its distribution on the film nonlinear 
susoeptibility . 
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20/[260] A.N.  BOTVICH ET AL. 

THE MODEL 

As usual we consider the connection of macroscopic X and 
local p in the form: 

I 

Here and below summation over all repeated indices is 
done, and f t y ,  is a local field tensor, connecting 
macroscopic field E in the film and local field FP 
p-tki molecule : 

The struoture of this tensor is to be very speoial 
films due to: 
i )  st rongly anisotropic molecules of the film; 

Mame 11 
at the 

( 2 ) .  

for LB 

if) strongly anisotropic molecular packing of the film; 
iii) limited and rather small size of the film in the film 
normal directi on; 
i v )  molecular length being of the same order as the film 
thickness. 
A l l  these factors are to be taken into account f o r  local 
field simulation, and usual isotropic approximation seems 
to be too rough in this case. 

Pmblems i-if may be Eolved in the same way as it has 
been done in usual mol ecular crystals'-', i . e . by direc t 
r..cmation of molecular dipoles fields over f ilm structure, 
and using Ewald approach f o r  better convergence. In the 
framework of this approach it's easy tu take into account 
limited film thickness as well. A s  f o r  molecular length, 
it means that point dipole approximation o m '  t be used f o r  
LB mc)lec!iiles. Multipole expansions seem not good its well ; 
mu1 eciilar 1 ength twine o f  the same (>r-cIei- ( i f not m01*e ) as 
i n  ter.rncilc~u1 ai- di;: t ,ai(:LL: W o L t i d  I+E'S-?ILL t in a ver*y poor 

c*oi ivai~~t : rux u f  m u 1  t i p 1  c; reibic::. Sn we ' V P  pref err+cci tl I 

d i v i d e  rnolwulw under S ~ I T M J  ation fn to  2 - 3 'scattering 
Centers '  ( h r d  coi'e u i d  flcxible tajls) and cali.iiiate 
1atLlr.e sum:; f o r  t h e m .  B u t  in this "az.c.e wc: have; to hiiclw 
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L,QCAL mELD EFFECTS AND SHG IN LANGMUIR-BLODGETT mLMS [26 11/21 

fragment's polarizabilities; besides it complicates 
mmnation considerably. To simplify this task, we use mean 
moleoular lattice sums (meant over fragmentEi 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 ba~ed our model parameters on the data of 
where both linear and nonlinear optical 

properties of LB films had been measured quantitatively 
together with stmctural data. The same optioally 
nonlinear molecules have been taken for simulation: 

5-6 papers 

Hz5C12- NCH,- C6H4- N = N C6H3N02- COOH 

HOOC - C2H,- NCH,- C6H;- N = N - C 6 4  H - C,7H35 (4) 9 

H25C12- C 6 H 3 NO 2 - N = N - GBH4- NCH3- COOH ( 5 ) ,  

and arachidic acid molecule as a passive buffer. Molecular 
hyperpolarizabilities p have been estimated using the same 
additive scheme and fragment's data'! A single LB layer has 
been considered as square lattioe of uniaxial moleoules, 
and looal field tensor ( 2 )  at the molecules as well as 
macroscopic nonlinear sueceptibility x (I) have been 
Gimulated for different struotures (uniform Z staok of 
active layers, Y stack of alternating active layers, 
single active layer on passive Y stack 01 buffer 
molecules) as a furlotion of the film thickness N (see 
Table 1 for model parameters). 

TARLE 1 Model parameters. 

.l 32 .O 6.0 
9 42 .O 6.1 
3 32.0 5.3 
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2212621 A.N. BOTVICH ET AL. 

RESULTS AND DISCUSSION 

Obtained val.ues of macrosoop:ic x agree enough good w i t h  
experiment a1 

5 8.5 
0- 

I 
Q) -8.0 

cines, that proves the correctness of 

1' ' ' ' " I '  " " " "6' ' ' " " " I " '  " " " ' 
4 8 10 

0 7.0 
I 0  
v, Number of LB layers, N 

FTCTJRE 1 Dependenae of nonlinear. susoep t ib i l i t y  of 
Z Btaok of molecules (5)  on the layers  number N. 

- 10.0 
rn 
c 
3 

.Id .- 

v, 9.0 

0- 
7 

I 
Q, - 8.0 
x 
&? 

.Id .- - .- 
Y a 7.0 
a, u 
v) 
3 
0)  

0 6.0 
I in 

, , ( , , , , ,  I , , , , , , ( , ,  I , , , , , , , , ,  , , , , , , , ( ,  , , , , , -  
0 2 4 l o  

Number of buffer layers, N 

FTGTJRE P Dependence of nonlinear su~ceyt ib i .1  i ty of 
r;inglt. l ayer  of molecules ( 5 )  placed on Y s tack  of 

b u f f e r  molecules, on the stack thickness N.  
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LOCAL FIELD EFFECTS AND SHG IN LANGMUIR-BLODGE'IT FILMS [263]/23 

0.0 
I 

1""' " " 4 '  ' " ' # ' I  6 " ' I  ' I  " "A' q - ' '  I '  ' I '  10 

v, Number of LB layers, N 

FIGURE 3 Dependence of nonlinear susaeptibility of 

on the layers number N. 
alteimating Y stack of molecules (5) and ( 4 )  

performeti cal culat ions. The most ty-pioal of obtained 
cleyendenoiea arc shown in Fig. 1-3. The most drastio 
dependence x = x(N) haa been obtained f o r  2 staoks - after 
cpricrk deoreaBe at first two - three layers it shows 
typiaal odd-even alterations and oonverges to bulk 
ncrnlinsar susoeptibility a t  N @ 20, where oontribution of 
surface layers into total x beaomee negligibly small. Such 
alterations may result in SHG instability in suoh films, 
if their structure 3s not ordered enough, as it has been 
observed experimentally? The same though smaller ef fee t of 
Inm1  field inhornogenei ty has been obtained f o r  single 
. m t , j w  layer on p a m i v c  bul'fer stack (Fig.2). 

Alternating Y etaaka formed of highly nonlinear 
mc 1 l.mulc% ::how the mast stable behavior (Fig. 3 ) . Their 
maorosoopic x appears yrac tically independent on film 
thi0krJeSS; i ts  alterations were lesa then 10% for  al l  
::imiilatt.d ::.tmotures of this kind. It explains stability 
of' cixperimental SHG intensity observed in these films as 
we1 1. 
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24/t2611 A.N. BOTVICH GT AL,. 

So proposed model gives reasonable results and may bs 
effeotively applied for  local electric field simulations 
in strongly anisotropic LB films. It seems promising t o  
develop i t  further taki.ng into amount: i)changeo of 
moleoular parameters due to intermoleoular interactions; 
ii ) or*ientational and struotural disorder of moleoular 
yaokirg in LB films; iii) maomscopic field inhornogeneity. 
Suoh model is in progress now. 

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