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In many practical problems, the thickness of liquid films spread on solid surfaces is 
of the order of i0-I00 nm. Organic liquids form films of such thickness on molecular crystal 
surfaces; dyes, lubricants, etc., that wet the surface, completely or partially, form similar 
films [i]. Films of similar thickness are also formed under laser melting and demetalliza- 
tion as a result of rapid heating. Liquid film stability is an important problem for the an- 
alysis of interaction between radiation and substance (absorption, scattering, etc.), and also 
for ensuring high quality of film under laser processing. 

Even though a macroscopic description is generally applicable, the fluid mechanics of 
thin films and film stability are determined by van der Waals forces (vdW), and also by electro - ~ 
static double-layer forces localized near the phase separation boundary. Models of such inter- 
actions [1-3] are used in the present paper to determine the conditions of dynamic film stab- 
ilityand to obtain estimates for the growth increment of small perturbations of the film sur- 
face.# 

The energy density of van der Waals forces E(6) is determined by the following [i, 2, 5]: 

~10a%~ , 6<%, 

Here 6 is the film thickness, ~ is Planck's constant, m 0 is the characteristic frequency, s 0 ~ 1 
is a dimensionless constant, and % = 2~% ~ 8.10 -s m. The sign of ~0 depends on the force (at- 
traction or repulsion) that acts on the film. 

An electrostatic double layer of opposite charges forms at the water-solid interface. 
The corresponding lforce of "wedging" pressure (due to the double layer) is calculated in [6]. 
Thus, for 6~k 7 (kS I ~ 30 nm is the shielding length), we have 

E (6) = Cexp (--2kd6)/2k a. (1 )  

For univalent ions C = 64nkdTtanh (IFoe/kdT) , where ~0 is the surface potential of the solid sur- 
face and n is the ion density. Due to the large dielectric permeability of water, the elec- 
trostatic field outside the liquid film is negligible. (According to experimental data [I] 
for films of thickness ~4-i0-8m, the density of energy of long-range forces is E(~) ~ in 6.) 

We will investigate the development of small perturbations at the surface of thin films. 
When the film thickness is altered by ~ = 6 - 60, where 6 o is the film thickness in the absence 
of perturbations, the pressure at the free liquid surface changes by 

6p = (--~zAe + pge -7- E "  (60) e) 

where  E" = d 2 E / d 6 2 1 5 -  6 , and ~ i s  t h e  s u r f a c e  t e n s i o n  c o e f f i c i e n t  a t  t h e  f r e e  s u r f a c e  o f  t h e  
- -  0 

f i l m .  L i n e a r i z i n g  t h e  e q u a t i o n s  o f  f l u i d  m e c h a n i c s  w i t h  r e g a r d  t o  t h e  s m a l l  a m p l i t u d e  o f  p e r -  
t u r b a t i o n s  ( t h e  s m a l l  p a r a m e t e r  max {E/h ;  s / 5 0 }  << 1, where  ~ i s  t h e  w a v e l e n g t h ) ,  w e c a n e a s i l y  
o b t a i n  t h e  d i s p e r s i o n  r e l a t i o n s h i p  f o r  g r a v i t a t i o n a l - c a p i l l a r y  waves  [7] m o d i f i e d  f o r  l o n g -  
r a n g e  f o r c e s  : 

= E "  ( 2 )  (o 2 (ak ~. eke~o)thk60 (a ~ g ~- (60)/p). 

*Deceased. 
tThe thermodynamic stability of thin films was studied systematically, for example, in [4]. 
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The sign and amplitude of acceleration a can vary depending on the properties of the liquid 
and solid. Consider some typical cases. For w 0 < 0, when the long-range force is repulsive, 
the film surface may be unstable for small perturbations. The condition of instability 

g +  E" (80) /p < 0, (3)  

enables us to determine the critical film thickness 5, below which the film is unstable (for 
5 0 < 5,). When van der Waals forces act at the solid-liquid interface, the critical thickness 
5, is determined by 

8, 

(/'3 ~1<Ool3 "~ 8 ~-~ 

/ / 3  ~1% I ~i\1/5 

Figure I shows the variation of the instability increment 7 with wave number k. When kmax = 
(ialp/2a) I/2 and kS0<<i, the instability increment reaches the maximum 

?max = Im~ = (8op/~)l/2a/2. (4) 

For a f i l m  w i t h  p a r a m e t e r s  50 ~ 10 -s  cm, p ~ 2 g/cm 3, a ~ 20 e r g / c m  2, t h e  maximum i n s t a b i l i t y  
i n c r e m e n t  i s  o f  t h e  o r d e r  of~max ~ la[/3g s ec  f o r  kma x ~ 7 (lal/g)l/2 cm -1 For  example ,  when 
~o - 1014 s e c - 1  and 5 0 ~ 10 -s  cm, we have  lai/g~ 3~l~01/(8n28~pg)~ 107 , ?max 0.3 Dsec and 
kmax -1 1 ~m. When t h e  c o n d i t i o n  o f  i n s t a b i l i t y  (3)  i s  s a t i s f i e d ,  t h e  l i q u i d  p r e s s u r e  d e c r e a s e s  
in  t h e  d i r e c t i o n  o f  t h e  s o l i d  s u r f a c e .  The f o r c e  t h a t  d e v e l o p s  as  f i l m  t h i c k n e s s  changes  c a u s e s  
t h e  a m p l i t u d e  o f  p e r t u r b a t i o n s  t o  i n c r e a s e .  C a p i l l a r  Z f o r c e s  a t  t h e  f r e e  s u r f a c e  a r e  s u f f i -  
c i e n t  t o  s t a b i l i z e  s h o r t w a v e  p e r t u r b a t i o n s  w i t h  k > / 2  kma x. 

When a > 0 (w 0 > 0, ~0 < 0 ) ,  t h e  " g r a v i t a t i o n a l " - c a p i l l a r y  waves a r e  s t a b l e ;  by p r e s e r v -  
ing  t h e  t e rm " g r a v i t a t i o n a l " - c a p i l l a r y - w a v e s ,  we would l i k e  t o  e m p h a s i z e  t h a t  f o r  lal  >> g 
t h e  r o l e  o f  " g r a v i t a t i o n a l "  f o r c e s  a r e  p l a y e d  by van de r  Waals f o r c e s  o r  d o u b l e - l a y e r  f o r c e s .  
The d i s p e r s i o n  r e l a t i o n s h i p  i s  s i m p l i f i e d ,  ~ = / a h 0 k ,  when t h e  f o l l o w i n g  i n e q u a l i t i e s  a r e  
s a t i s f i e d :  a >> g,  and k >> ( p g / a )  1 /2 .  The wave p h a s e  v e l o c i t y  in  a t h i n  l i q u i d  f i l m  i s  d e t e r -  
mined by t h e  l o n g - r a n g e  f o r c e s  n e a r  t h e  s o l i d - l i q u i d  i n t e r f a c e .  

When t h e  h e a t i n g  i s  inhomogeneous ,  t h e  " g r a v i t a t i o n a l " - c a p i l l a r y  waves a t  t h e  s u r f a c e  
o f  l i q u i d  f i l m s  may be u n s t a b l e  even i f  t h e  c o n d i t i o n  o f  i n s t a b i l i t y  (3)  i s  n o t  s a t i s f i e d  [ 8 ] .  
The s u b s t i t u t i o n  g § a s h o u l d  be made in  t h e  e q u a t i o n s  d e v e l o p e d  by Levchenko  and Chernyakov  
[8]  in  t h e  c a l c u l a t i o n s  o f  t h e  i n s t a b i l i t y  i n c r e m e n t  and t h r e s h o l d .  Th i s  s u b s t i t u t i o n  can 
l e a d  t o  s i g n i f i c a n t  n u m e r i c a l  d i f f e r e n c e s .  The r a t i o  o f  i n s t a b i l i t y  t h r e s h o l d s  w i t h  and w i t h -  
ou t  t a k i n g  i n t o  a c c o u n t  t h e  van de r  Waals f o r c e s  when k5 0 << 1 e q u a l s  a / g .  The dependence  
o f  t h e  i n s t a b i l i t y  i n c r e m e n t  on a i s  more c o m p l i c a t e d  [ 8 ] .  

We p r e s e n t  c a l c u l a t i o n s  o f  a c c e l e r a t i o n  a f o r  l i q u i d  f i l m s  whose s t e a d y - s t a t e  p r o p e r t i e s  
a r e  d e s c r i b e d  i n  [1 ,  9 ] .  For  m0 > 0 and c o m p l e t e  w e t t i n g ,  v o l a t i l e  l i q u i d s  form,  on a d r y  
s o l i d  s u r f a c e ,  f i l m s  o f  t h i c k n e s s  

( ~o~ ~15 
8~ = \ 6 ~ - ~ ]  ' (5)  

which  i s  o f  t h e  o r d e r  o f  30 nm. I n  t h e  d e r i v a t i o n  o f  Eq. (5)  i t  was assumed t h a t  h = aSO - 
aSL - ~ = 0, where  ~SO, aSL, and a a r e  t h e  s u r f a c e  t e n s i o n  c o e f f i c i e n t s  f o r  t h e  f o l l o w i n g  
i n t e r f a c e s :  d r y  s o l i d  s u r f a c e - a i r ,  s o l i d  s u r f a c e - l i q u i d ,  and l i q u i d - v a p o r ;  A d e t e r m i n e s  t h e  
s p r e a d i n g  c a p a b i l i t y  o f  t h e  f i l m .  When t h e  f i l m  i s  s p r e a d i n g  on a wet  f o u n d a t i o n ,  we have  
[1] 

802 = [ ~ 0 ~ 1 6 ~ p g ]  1/5. (6 )  

For  0 < h < 1 t h e  f i l m  t h i c k n e s s  i s  [8] 

808 = [~%/64nsh]~t2 (803 < ~); (7)  

and when e l e c t r o s t a t i c  f o r c e s  (1)  a r e  a p p l i e d  [1] 

6o4 = (1/2kd) In (C/Aka). (8)  

S u b s t i t u t i n g  Eqs.  ( 5 ) - ( 8 )  i n t o  ( 2 ) ,  we o b t a i n  
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Fig. i 

IS = 6o~ , 

( - -  2ka6o4) + 1] g, = 504 �9 

When 6 = 50~ and 6 = 50,, the acceleration a exceeds the gravitational acceleration by an order 
of magnitude. Thus the attractive van der Waals or double-layer forces are stabilizing, which 
significantly increases the instability threshold of nonuniformly heated liquid films. 

The growth of small perturbations at the liquid surface can cause breakdown of the liquid 
film at the nonlinear stage of instability. The formation of an incipient pattern on liquid 
films of melt obtained by laser melting is also of importance, since it determines subsequent 
scattering and absorption at the surface. 

It should be noted that the scale of the long-range forces, as a rule, does not exceed 
~5"i0 -s m. Exceptions are polymer melts with a high molecular weight (M ~ 10 6 ) for which the 
range of action of the force at the interface between two phases is ~i0 pm, and in some cases 
~i mm [i]. This difference should be taken into account in estimates of the instability in- 
crement (4). 

The authors thank S. A. Zhdanok and L. A. Bol'shov for discussing the results. 
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