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Abstract We use the theory o f  Boehm-Yaris and Jacobi-Csanak t o  ca l cu la te  
the d i  pele-d i pole, dipole-quadrupole, quadrupole-di pole and quadrupol e- 
-quadrupole con t r i bu t i ons  t o  the d ispers ion  energy between two d i f f e r e n t  
closed she l l  atoms. To t h i s  energy we add one o f  the Born-Meyer type wr- 
responding t o  valence e f fec t s .  I n  t h i s  way we f i n d  a  f i n i t e  t o t a l  i n -  
t e rac t i on  energy f o r  any interatomic distance,  whose asymptotic behavior 
reproduces the usual d ispers ion  energy. The r e s u l t s  are compared t o  ex- 
perimental data and t o  some theo re t i ca l  values found i n  the l i t e r a t u r e .  

The i n t e r a c t i o n  po ten t i a l  between atoms and/or molecules i s  o f  

fundamental importante t o  understand several s t a t i c  and dynamic  pro- 

p r i e t i e s  i n  gases, l i q u í d s  and so l ids l .  

Since the  pioneer work o f  S la ter  i n  1 9 2 8 ~ ,  a  number o f  s  impl i- 

f ied potent i a l s  have been s u c ~ ~ e s t e d ~ ' ~ ~ ,  mai n l  y  based on asymptot i c  so l -  

u t  ions o f  the  Schrod i nger equat ion. 

I n  more recent papers one has t r  ied t o  obta i n r e l  i a b l  e  wliversal 
formulae f o r  the intermolecular  po ten t i a l  i n  c e r t a i n  gas types, most ly  

by means o f  ab i n i t i o  ca lcu la t ions .  P a r t i c u l a r l y  8arkanZ6 suggested re-  

cen t l y  t h a t  the Kiara p o t e n t i a l ,  w i r h  ca re fu l  l y  ca lcu la ted parameters, 

y i e l d s  a  se l f - cons i s ten t  desc r i p t i on  o f  several macroscopic p r o p e r  t i es 

o f  i n e r t  gases. 

Even though i t  i s  a r t i f i c i a l ,  i t  i s  convenient t o  d i v i d e  the in -  

t e rac t i on  potent ia  

This work was p a r t  

11  i n t o  two types: shor t  range po ten t i a l  ( a l so  c a l  l e d  

ia1 l y  supported by CAPES (Brazi l ian government agency). 
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valence o r  chemical p o t e n t i a l )  and long range p o t e n t i a l  ( o r  Van der 

Waals p o t e n t i a l ) .  

For two closed s h e l l  atoms separated by  a  d i s t a n c e  R, the 

valence po ten t i a l  can be expressed by the u l  t ra- simpl  i f  ied  form (Born- 

-Meyer type) 

where A and b are  c h a r a c t e r i s t i c  parameters o f  the a  tom i c  pa i r  under 

study. 

The long range i n t e r a c t i o n  between two non-polar s y s  tems i n  

t h e i r  respect ive  ground s ta tes  (as i n  the case o f  t h i s  paper) i s  charac- 

t e r i zed  by a  d ispers ion  (sometimes cal l ed  ~ondon)  po ten t i a l  . This poten- 

t i a l  i s  due t o  the c o r r e l a t i o n  between e lec t rons  i n  d i s t i n c t  atoms. Here 

the expansion o f  the inverse in ternuc lear  d istance (R- ' )  forms a  prob- 

lemat ic de ta i  1 . Second order per turbat  ion theory, by means o f  a  mul t i  po lar  

expansion, g ives f o r  the  d ispers ion  po ten t i a l  between two atoms the ex- 

pans ionZ7 

where the c o e f f i c i e n t  C6 represents the d ipo le- d ipo le  i n te rac t i on ,  C, 

the d ipo l  e-quadrupole i n t e r a c t i o n  and C1 o r e fe rs  t o  the quadrupole-qua- 

drupole and dipole-octupol  e  i n te rac t i ons .  

From eq. ( 2 )  i t f o l  lows tha t  V ( R )  -t -- when R  -+ O.  Nevertheless, 

i t  i s  genera l ly  des i rab le  t o  ob ta in  damped po ten t i a l s  f o r  intermediate 

and small values o f  R .  Severa1 authors have al ready t rea ted the damping 

o f  i n te rac t i on  d ispers ion  f o r  decreasing values o f  R.  B u c k i  ngham and 

corner7 were the f i r s t  t o  work i n  t h i s  d i r e c t i o n  m u l t i p l y i n g  the d i s -  

persion terms by a  damping func t i on  dependent on R .  Later,  Musher and 

 mos", in t roduc i  ng terms formed by mul t i p l  y  ing pol ynomial s  by exponen- 

t i a l  func t ions ,  obtained convergent d ispers ion ser ies .  

More recent l  y, a n a l y t i c a l  fosrmulae were proposed f o r  the damp- 

ing o f  the London po ten t i a l  i n  ground s t a t e  atoms. The f i r s t  o f  them 

suppl ies  expl i c i t l y  the p r i n c i p a l  term o f  the d ispers ion  po ten t i a l  be- 

tween two i den t i ca l  atoms and was publ ished by Jacobi and csanak2'. The 

technique introduced by those authors i s  o f  basic importance f o r  t h e  
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presen t  paper and w i  1 1  be d iscussed i n  t h e  f o l  l ow ing  s e c t i o n .  ~ i c h a r d s o n ~ '  

proposed a  comp le te ly  d i f f e r e n t  technique supp ly ing  a n a l y t i c a l  r e s u l t s  

f o r  t h e  d  i po l  e- di  p o l  e, d i  po l  e-quadrupol e  and quadrupol e-quadrupol e  con- 

t r i b u t i o n s  t o  t h e  d i s p e r s i o n  i n t e r a c t i o n  between two atoms. Th is  i s  a  

semi- c lass ica l  f o r m u l a t i o n  where every atom i s  t r e a t e d  as a  harmonic 

o s c i l l a t o r .  ~ o i d e ~ l ,  t o o ,  i n t roduced  a  method s u p p l y i n g  a  c o n v e r g e n t  

s e r i e s  f o r  t h e  d i s p e r s i o n  energy. I n  t h i s  method p h y s i c a l  p r o p e r t i e s  o f  

every atom appear s e p a r a t e l y .  Koide stud' ied p a r t i c u l a r l y  t h e  H2 system, 

o b t a i n i n g  a n a l y t  i c a l  formulae f o r  t h e  d i p o l e - d i p o l e ' a n d  d i p o l  e- quadru- 

p o l e  c o n t r i b u t i o n s ,  i n  t h e  i n t e r a c t i o n  d i s p e r s i o n .  The Koide expansion 

i s  v a l i d  o n l y  f o r  s p h e r i c a l l y  symmetr ical systems and i s  n e a r l y  equ iv -  

a l e n t  t o  t h a t  o f  Jacobi-Csanak. F i n a l l y ,  B a t t e z z a t i  and ~ a ~ n a s c o ~ ~ , a l s o ,  

developed an a n a l y t i c a l  formula f o r  t h e  d i s p e r s i o n  energy by a  method 

i n s p i r e d  i n  works by ~ o n ~ u e t - ~ i ~ ~ i n s ~ ~  and ~ c ~ e e n ~ ~ ~ .  For t h e  d i p o l e  

- d i p o l e  c o n t r i b u t i o n  t h e  r e s u l t s  o b t a i n e d  i n  re ferences 32 and 29 a r e  

c o i n c i d e n t .  

2. THE JACOBICSANAK TECHNIQUE 

Th is  technique represen ts  e s s e n t i a l l y  an improvement in t roduced 

by these au thors  t o  t h a t  p a r t  o f  t h e  second q u a n t i z a t i o n  fo rma l i sm o f  

Boehm and y a r i s 3 '  t r e a t i n g  t h e  d i s p e r s i o n  energy. T h i s  f o r m a  1 i sm de- 

s c r i b e s  t h e  i n t e r a c t i o n  between two systems by a  l i n e a r  response theory  

based on themany  body Green's f u n c t i o n  t e c h n i q u e s  o f  M a r t i n  a n d  

~ c h w i n ~ e r ~ ~ .  Instead o f  u s i n g  a  m u l t i p o l a r  expansion l e a d i n g  t o  eq. (21, 

Jacobi and Csanak adopted t h e  s t r a t e g y  o f  i n t r o d u c i n g  i n  t h e  fo rma l i sm 

o f  Boehm and Y a r i s  t h e  a n a l y t i c a l  r e p r e s e n t a t i o n  o f  t h e  Born ampl i tudes 

ob ta ined  by Csanak and ~ a ~ l o r ~ ' .  

The b a s i c  equa t ion  o f  t h e  work by Jacobi-Csanak can be w r i t t e n  

where ( R l R 2 L ; 0 0 0 )  a r e  Clebsch-Gordan c o e f f  i c i e n t s ,  
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(vnR = exci  t a t i o n  energy) 

and 

In  eq. (5) FBR(q) i s  the  r a d i a l  p a r t  of a Born ampl i tude which, f o r  an 

atomic system, can be fac to r i zed  i n  the form3' 

w i t h  Y (c) denoting a spher ical  harmonic o f  order R and h 

I n eq. (7) Ji- and $; are, respect i v e l  y, the  wave funct  ions o f  n 
the exci  ted and ground s ta tes  o f  an atom wi t h  N electrons and q the mo- 

mentum absorbed by i t dur ing the exci  t a t i o n  process. By x = (xl ,r2,. . . , 
. ,x ) we are  denoting the set  o f  coordinates o f  the  N electrons.  

"j'" + N 
r = ( r . , ~ . )  re fe rs  t o  the fou r  coordinates o f  the j - t h  electron,  three 
i 3 3 

spa t ia l  ( r . )  and one o f  sp in  (w .) . i and o ind ica te  the set  o f  quantum 
3 3 

numbers respect ive ly  de f i n ing  the exc i ted and ground states.  The i n t e -  

g r a t i o n  ranges over a1 1 the  atomic coordinates ( inc lud ing summing over 

the sp in  coordinates) and d~ i s  the  volume element. 

We wi 11 adopt the Jacobi-Csanak a ~ p r o x i m a t i o n ~ ~ ,  replacing the 

exact Born ampl i tudes [eq. (7)] by simpl i f  ied  forms o f  the corresponding 

ser ies  o f  ~ s a n a k - ~ a y l o r ~ ~ .  We r e f e r  t o  the expressions ( i n  atomic un i-  

t i e s ) :  
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and 

where 

In  eq. (12) I i s  the i on i za t i on  energy and Fi one exc i  t a t i o n  energy. 

Equation (3 )  was appl ied by i t s  authors on l y  i n  the ca lcu la t ion  

o f  the p r i n c i p a l  term (Ri=R2=1) o f  the Van der Waals po ten t i a l  between 

two helium atoms, separated by intermediate and l a r g e k e l a t i v e  t o  the 

atomic diameter) distances. I t  was used a lço  by J.C. t o  ca l -  

c u l a t e  the  dipole-quadrupole term o f  the d ispers ion  po ten t i a l  between 

two helium atoms. 

3. DISPERSION INTERACTION BETWEEN TWO DIFFERENT CLOSEDSHELL ATOMS 

a) In t roductory  cons i de ra t  ions 

We wi l l use equations ( 3 ) ,  (8) and (9) t o  ob ta in  anal y t i c a l  ex- 

press ions f o r  the dipole-dipole,  d ipo l  e-quadrupole, quadrupole- d  i po 1 e 

and quadrupole-quadrupole terms o f  the d ispers ion  po ten t i a l  between two 

d i f f e r e n t  closed she l l  atoms. I n  p a r t i c u l a r  we w i l l  numerical ly  calcu- 

l a t e  the i n t e r a c t  ion between an h e l  ium atom and neon one. We th ink  tha t  

t h i s  work i s  a  f a i r  genera l iza t ion  o f  the c a l c u l a t i o n  made by Jacobi- 

-csanakZ9 and J.C. Antonio3', mainly because our study o f  the in terac-  

t i o n  between two d i s t i n c t  atoms demanded an a n a l y t i c a l  ca l cu la t i on ,w i th  

very 1  i t t l e  a i d  o f  tables,  o f  q u i t e  complex i n teg ra l5  (see Appendix). 

We express the d ispers ion  energy I n  the form 
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and c a l c u l a t e  each o f  these f o u r  c o n t r i b u t i o n s  s e p a r a t e l y  

b) D i p o l e- d i p o l e  c o n t r i b u t i o n  

Taking i n  eq. ( 3 )  Ri = R2 = 1 and c o n s i d e r i n g  t h a t  the  Clebsch 

-Gordan c o e f f  i c i e n t s  (R1R2~;000) a r e  d i f f e r e n t  f rom zero  o n l y  i f  t h e  

c o n d i t i o n s  IRi -R2(  á L S (R1+!&) and (R1+R2+1;) = even number a r e  s imu l -  

taneous f u l l f i l l e d ,  we w i l l  have 

(0,O) (2,2) 
vd,d(R) '-L r gn1l,n2l kn, l ,n2~ (R) + 2 1 nll ,n21 (R)] (14)  

2n5 n,  ,nZ 

Assuming t h e  approx imat ion f l  i n d i c a t e d  i n  e q s .  ( 8 )  a n d  ( 9 )  

where, f o r  each one o f  t h e  systemç@and@, t h e  parameter a d e f i n e d  by 

(12) i s  independent o f  the  p r i n c i p a l  quantum number n, i n t r o d u c i n g  (8) 

i n  (5) ( w i t h L  = L '  = O and L = L f  = 2) and s u b s t i t u t i n g  t h e  r e s u l t s  

i n t o  eq. ( ] h ) ,  we o b t a i n  

where 

On t h e  o t h e r  hand, d e f i n i n g  t h e  o s c i l l a t o r  s t r e n g t h  i n  an atom 
ii O 

( i n  a.u.) as 

and compar ing  w i  t h  eq. ( 1  O) , we have 



Revista Brasileira de Física, Vol. 17, n9 2, 1987 

So, from eqs. ( 4 )  and (18) i t  fo l lows tha t  

There forqdef  i n i n g  the  dynamic po lar  i zab i  1 i t i e s  i n  an atom as4' 

and the dispersion coefficients C as 2'  
R13 R2 

eq. (1 5)  takes the form 

where C i s  obtained through eq. ( 2 0 ) .  

c )  Dipole-quadrupol e cont r  i b u t i o n  

Taking i n  eq. (3) R 1  = 1 and R2 = 2 and consider ing tha t  (1 2. L; 

O O O )  i s  d i f f e r e n t  from zero on ly  f o r  L = 1 and L = 3 we ob ta in  

Now, in t roduc ing eqs. (8) and (9 ) ineq (5 )  (w i t h  L -- L '  = 1 and L =L1=3)  

and subst i  t u t i n g  the resul  t s  i n t o  eq. (22) we have 
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where the f S ( l i )  are funct ions to be obta ined from eq. (16). m 
On the other hand from eqs. ( 1  I )  and ( 1  7) we obtain 

Further, f rom eqs. (41, (18) and (24) i t fol lows that 

C C 

Final ly, using relations (19) and (20) successively in (25) and intro- 

ducing the resul t thus obtained in (231, we have 

d) Quadrupole-dipole contribution 

Taking in eq.(3) R1 = 2 and R2 = 1 and performing the same 

stages as we did in the preceding sub-section, we find 

where the coeff icient C is calculated through eq. (20) and the par- 
231 

ameters cik (k = 1,2) are obtained through equation (12). The functions 

z13(R) and z ~ ~ ( R )  resul t from two of the integrations indicated in eq. 
4 3 4 3 

(16). 

e) Quadrupol e-quadrupole cont r 

Taking in eq. (3) R, = 

ibution 

Ri = 2 and using the procedures and de- 

f ini tions of sub-sections b) and c), we obtain 
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f )  Resul t s  

Introducing eq.(A18) i n  eqs. (211, (261, (27) and (28) and subs- 

t i t u t i n g  the r e s u l t s  thus obtained i n t o  eq.(13), the usual d i s p e r s  i o n  

energy W(K) i s  reproduced 

On the o ther  side, adding the valence energy given by eq . ( l )  t o  

our d ispers ion energy [eq. (1311 we ob ta in  the  t o t a l  i n t e r a c t  ion energy 

For a nurnerical appl i c a t i o n  we choose the  He-Ne system, f o r  which A = 

= 57.00 a.u. and b = 2.43 a.u. As d ispers ion  c o e f f i c i e n t s  we use 

those o f  reference 27, t ha t  i s ,  C = 3.13 a.u., C = 17.5 a.u.,C, 
l ,  , 

= 15.2 a.u and C = 15.7 a.u.. 
2 Y 2  

In  f i gu res  1 and 2 we show a surnrnary o f  our resu l t s ,  together 

w í th  equivalent  resu ls  obtained by other authors. As f o r  the  heliumatorn 

we f i r s t  take a1 = 1.67508 a.u. (corresponding w i t h  the I ' S  + 3 ' ~  t ran-  

s i  t i o n )  and subsequentely al = 2.48535 a.u. (corresponding wi t h  the 

auerage energy ezcitatZon ca lcu la ted by V i c t o r  e t  a2. I ) .  As f o r  the 

neon atorn we remain w i t h  the t r a n s i t i o n s  ( l s I 2  ( 2 ~ ) ~  (2p)6 ( I s  ) -+ 3s' 
1 o o 
(2)1 ( ' P ~ ) ,  corresponding t o  a, = 1.84720 a.u.. 

4. ANALYSIS OF THE RESULTS 

Our equations and graphs show tha t :  

a) I n  the asymptotic region (R > 4.0 8) our resul  t s  reproduce the usual 

d ispers ion  energy, being there fore  p r a c t i c a l l y  independent from the 

parameters a, and a,. 
o 

b) I n  the interrnediate region (2.0 A < R 6 4.0 2) our curves d e c r e a s e  

q u i t e  more s lowly than i n  the corresponding usua 

graph. I n  t h i s  way the dependence o f  our r e s u l t s  

a, does not rernain n e g l i g i b l e  any longer. The sh 

nounced as R becomes smal ler .  (See i n  f i g .  1 the 

1 d ispers ion  e n e r g y  

r e l a t i v e  t o  a, and 

i f  t becomes more pro- 

region R < 4.0 a ) .  
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Fig.1 - (a) our d ispers ion  
energy f o r  a1 = 1.67508 a.u. 
and a2 = 1 .84720 a.u. ; (b) 
our d ispers ion energy f o r  a, 
= 2.48535 a . u .  and a;! = 
= 1.84720 a.u.; ( c )  u s u a l  
d ispers ion  energy [eq. (2911. 

Fig.2 - (d) t o t a l  i n t e r a c -  
t i o n  energy f o r  A = 57.0 a.u, 
b = 2.43 a.u., a, = 1.67508 
a.u. and a2 = 1.84720 a . u .  
(ao = 0.529 8) ;(e) the same as 
i n  (d) f o r  ai = 2.48535 a.u. 
and a2 = 1.84720 a.u.; ( f )  
t o t a l  i n te rac t i on  energy cal- 
culated fo r  ~ a e ~ ~  ; (g) exper- 
imental r e s u l t s  o f  by Chen 
e t  UZ.'~ 
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c) Our t o t a l  i n te rac t i on  energy, g iven i n  eq. (30), shows a  good agree- 

ment w i t h  the theo re t i ca l  work o f  ~ a e ' ~  and w i t h  the experimental re-  

s u l t s  o f  Chen et a~~~ (see f i g .2 ) .  I t  i s  i n t e r e s t i n g  t o  see t h a t  i n  

the problematic region of the Van der Waals minimum our ca l cu la t i ons  

show a  b e t t e r  agreement w i  t h  the experimental data than Rae's resul t s .  

Further,  i t  i s  simple t o  ob ta in  s t i l l  b e t t e r  r e s u l t s  choos i n g  ad- 

equate values f o r  the parameters ai and ae. 

d) Our resu l  t s ,  d i f f e r e n t e l y  from the usual d ispers ion  energy, do not  

d iverge fo r  small R-values. I s  t h i s  way, they may be usefu l  i n  the 

study o f  problems such as atom-atom sca t te r i ng .  

The au t h o r s  wish t o  thank Raquel 

f o r  assistance i n  the execution o f  numerica 

Frans Van den Bergen f o r  h i s  generous he lp  

wor k . 

Regis Azevedo de Carvalho 

1 ca lcu la t ions  and D r .  Karel 

i n  the l a s t  stage o f  t h i s  

To i l l u s t r a t e  the a n a l y t i c a l  technique used i n  c a l c u l a t i n g  the  

i n teg ra l s  fS def ined by eq. (16) l e t  us take mn 

I n  eq.(A3) the integrand i s  an even func t ion ;  so 
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The i n teg ra l  (A41 can be ca lcu la ted w i t h  the  he lp  o f  residue 

theory. To do tha t  l e t  us de f i ne  the funct ions f ( z )  o f  a complex v a r i -  

able z as fo l lows.  

Consider the func t ions  

and use the contour shown i n  f i g .  AI. 

Fig.AI - Contour t o  be used i n  the c a l c u l a t i o n  o f  i n teg ra l  (A4). 

Accord ing to  the res idue theory 

where R i  and RI are  the residues of the poles o f  f(z) ly i'ng w i t h i n  the 

i n teg ra t i on  contour (see f i g .  A I ) .  We know tha t  those residues a re  given 

by 
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where m i s  the 

From eqs. ( A s )  

po le 's  order.  In the 1 i m i  t R + rn ,  J f ( z )  d z  + O and so 
c 2  

I ( R )  = $ f ( q ) d q  = 2 i R 1  + 2 i R 2  . (A81 

-m 

and ( A 7 )  i f  fo l lows ( f o r  rn = 3) t ha t  

and 

App ly ing  these two resul  t s  i n  eq. ( A 8 )  and executing the operat ions shown 

i n  eq. ( ~ 2 )  we ob ta in :  

where 

P ~ ( R )  = + E , ~ ] R  , P ~ ( R )  = E l 1 2  + E l I 3 R  and P ( R )  = 
6 

9 
3 (a: -0.2 ) ' R  

wi t h  
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By an d i r e c t  genera l isa t ion  o f  t h i s  method we o b t a i n  the  f o l -  

lowing r e s u l t s  f o r  the remaining in tegra ls  pointed out  i n  eqs. (21),(26), 

(27) and (28 ) .  We have 

1 
-a2R 

2 2 
Z ( R )  = - {L + [P,, ( R )  - P,  ( R ) ]  e P, ( R )  + P,  ( R ) )  e }, 3 3 ala2 

w i t h  

and 
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We have 

where 

We have 

where 

p1 ( R )  = ( I W ~ R ) R ~ / ( ~ ~ - ~ : )  ' and P*, ( R )  = ( ~ + a ~ ~ ) ~ ~ / ( a ~ - a ~ ) '  , 
wi  t h  
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We have 

We have 
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where 

1 1 
Pl ( R )  = E21 5 ( 1  + a l R  +- 2 a2R2 1 ió a ; R 3 )  + E,, ,R4 + E , ~ , R ~  + E,, ,R6 , 

1 1 
P Z o  ( R )  = E,, , (1 + a 2 R  + a ' ~ ~  + a2R3)  + E,] o ~ 4  + E2 i , 

2 

(1 + ~ , R ) R ~  (1 + a 2 ~ . ) R 2  

P2 (R)  = and PZ2 ( R )  = 
(a: - a:) 

= - [  a a -  I +  a: ( a i - a : )  ' + a: (a:-a:) a: (a : -a i>  
+ 

We have 

(A1 5) 

where 
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and 

- 1 
- and E = 1 

E224 - - 1 6a2 ($-a:) (a:-a:) 2 2  48aZ (a:-a:) * 

We have 

where 

1 P (R) = E2210(l + a R +-a:R2) + E  R3 + E  R' + E  R' 
2 7 2 2 2 2 1 1  2 2 1 2  2 2 1 3  

and 
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Finally we have 

(A1 7) 
where 

and 
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I t  i s  i n t e r e s t i n g  t o  no te  t h a t  the  func t ions  (A9) - (A171 a r e  

a n a l y t i c a l  and t ha t ,  f o r  l a r g e  values o f  R, we have t he  f o l l o w i n g  be- 

hav io r  

15 1 233 +- - 105 1 , 240: + O , z Z 4  + O and + ---- - . 
4 3  a8a6 ~4 rr 4  

1 2  
4 4  (ala2)' R5 

(A181 
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Resumo 

O formal ismo de Bohem-Yaris e Jacobi-Csanak 6 usado no cá l cu lo  
dos termos d ipo lo- d ipo lo ,  dipolo-quadrupolo, quadrupolo-dipolo e quadrw 
polo-quadrupolo da energia de dispersão en t re  dois d i f e ren tes  átomos de 
camadas fechadas. A esta energia f o i  adicionada uma energia de va lênc ia  
do t i p o  Born-Meyer. Assim f o i  ob t ida  uma energia t o t a l  de integração f i- 
n i t a  para todas as d is tânc ias  inter-atômicas,  cu ja  forma ass in tõ t i ca  re-  
produz a energia de dispersão usual. Os resultados foram comparados com 
dados experimentais e out ros  valores teõr icos d isponíve is  na l i tera tura .  


