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We have evaluated the magnetic d i p o l a r  parameter b f o r  several values 

o f  the in ternuc lear  distance i n  the molecule F; . The d i f f i c u l t i e s  ap- 

pear ing i n  the ca l cu la t i ons  are discussed and a way t o  overcome them i s  

presented. 

Calculou-se o parâmetro d ipo la r  magnético b para vá r ios  va lores  da dis- 

tânc ia  in ternuc lear  da molécula F;. As d i f i cu ldades  que aparecem nes- 

ses cã lcu los  são d iscut idas e uma forma de superá- las é apresentada. 

1. INTRODUCTION 

Typical  d i f f i c u l t i e s  involved i n  the c a l c u l a t i o n  o f  magnetic dipolar  pa-

rameters f o r  molecules has been recen t l y discussed by Bufá iça l e t  aZ.'. 

I n t h a t  work, the authors considered the eva luat ion  o f  

3 
f o r  the  F; molecule, where r i s  the p o s i t i o n  vector  o f  the e lec t ron  with 

respect t o  the nucleus f o r  which the c a l c u l a t i o n  i s  performed, k i s  a 

convenient ly def ined constant and 3au i s  the  re levant  one-electron an- 
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t ibond ing molecular o r b i t a l  obtained by G i l b e r t  and wah12 f o r  severa1 

values o f  the i n te rnuc lea r  d istance R. 

To avo id  spur ious r e s u l t s  associated w i t h  the  poss ib le  ex is tence o f  a 

numerical po le  i n  t he  integrand o f  the above i n t e g r a l ,  Bufá iça l  e t  aZ.' 

suggested t h a t  the c a l c u l a t i o n  should be performed tak ing  

where 

A and B denot ing the two f l u o r i n e  n u c l e i .  

Th is  procedure e l im ina tes  

s- type wavefunctions, exp 

a t  the o r i g i n  A, t h a t  i s ,  

t h a t  such terms g i ve  zero 

diverges otherwise.  

improper numerical con t r i bu t i ons  a r i s i n g  from 

l i c i t l y  appearing i n  the LCAO-MO 3oU, centered 
-t A +  

terms l i k e  < s ( r A ) l b Z l s ( r A ) >  . I t  i s  w e l l  known 

i f  the angular i n t e g r a l  i s  perforrned f i r s t  and 

I t  should be not iced t h a t  t h i s  procedure does not  avoid a1 1 spurious con- 
+ 

t r i b u t i o n s  s ince $ 1  ( r B  s t i l l  has s- type components centered a t  A. 
5.4 

The purpose o f  the present work i s  t o  review t h i s  problem and to present 

a manner o f  hand l ing  i t .  



2. METHOD AND RESULTS 

W r i t i n g  the d i p o l a r  constant as 

-+ + Y; ( eA> + + 
b = 2 r<@o (rA) +-mo <rB) 1 - I@, ( r A )  + @o ( r B ) >  

u u r u u A  

k ( T 1  + T ,  + 2 ~ ~ )  , 

where, as def ined by G i l b e r t  and wah12, 

9 
3 

n - 1 - Y e , 
U s=l S 

3 ( 8 )  -' -'sPs y; m ( r , )  = I fOU rBs e 
Ou s=l S 

e x p l i c i t  forms fo r  T I ,  T ,  and T ,  are  obtained below. 

T I  i s  r e a d i l y  obtained:  



where (jl  j 3 ]  i s a Y igner 3-j symbol . 
" 1  '"2 *3 

-+ 
On the other hand, T, <@o (rB) 1 [ Y ~ ( B ~ ) ] / P ~ ~ @ ~  ($1' can be obtained 

U U 
expanding [Y:(OA)]/ri on s i t e  B, Ref.3, placing the nuclei on the z- 

f o r  r < R ,  
B 

and fo r  rB > R , 

Therefore, T, i s  given by the sum of  the two following terms: 

f o r  rB < R , 



and f o r  rB > R , 

where L = 2+R and the rad ia l  i n tegra ls  (incomplete l' funct ions) are ob- 

tained ana ly t i ca l l y .  

-f 
F ina l l y ,  T3 i <mo ( ~ A ) l [ ~ ~ ( 0 A ~ / r 3 1 +  (;B)>is ~ a l c u l a t e d e ~ n d i n g ( ~ ( r $  

U A 54 U 
on s i t e  A. We have used the method suggested by ~ e t t e ' (  tak ing the LÕwdin 

a- functions5, general ized by sharma6 adapted by ~ u f  f7: 

where 

and the a- functions aR(s ',R,rA) are def i ned by ~ e t t e ' ,  convenient 1 y 

adapted f o r  S la ter  - type functions. Therefore, we obtain: 

soi 
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F i g .  1 - Magnetic d i p o l a r  constant versus i n t e r n u c l e a r  d is tance .  F u l l  

curve: r e s u l t s  o f  the c a l c u l a t i o n  using the  rnethod presented i n  t h i s  

work. Dashed curve: r e s u l t s  o f  the c a l c u l a t i o n  using the rnethod presen- 

ted i n  Ref .  1 .  



and the r a d i a l  i ntegra l  was nurneri ca l  1 y evaluated by the Simpson-Newton 

-Cote rnethod8. 

I t  i s  c lear ,  from the expressions f o r  TI, T, and P,, t h a t  thesymrnetry 

p rope r t i es  i nvo l v ing  the 3 - j  syrnbols e l i rn inate  the  poss ib le  numerical 

divergence i n  the eva luat ion  o f  the d i p o l a r  parameter b. The presence 

o f  these 3 - j  r e f l e c t s  the f a c t  t ha t  f o r  TI, T, and Tg we have f i r s t  pr- 

formed the angular i n t e g r a l s  a n a l y t i c a l l y .  

I n  Fig.1, the  f u l l  curve shows the r e s u l t s  o f  the ca l cu la t i ons  using 

the method presented above. 

We have a l s o  ca lcu la ted b as a func t i on  o f  R f o l l o w i n g  the suggestions 

o f  B u i f ã i ç a l  et aZ.'; the r e s u l t  i s  the dashed curve o f  Figure 1. We 

p o i n t  ou t  t ha t  there i s  a disagreement between t h i s  curve and the f i -  

nal  r e s u l t  o f  Ref.1; we have v e r i f i e d  t h a t  i n  t he  work by Bufã iça l  e t  

aZ.' the  cross terms o f  the  type 

were improperly evaluated and neglected. For small values o f  R, these 

terms are  not  n e g l i g i b l e  and lead t o  p h y s i c a l l y  i nco r rec t  r e s u l t s  s in -  

ce we can expect t ha t  b increases f o r  decreasing values o f  R. 

I n  conclusion, we should remark tha t  the d i f f i c u l t i e s  a r i s i n g  i n  the 

eva lua t i on  o f  magnetic d i p o l a r  parameters i n  molecules are due t o  the 

f a c t  t ha t  funct ions centered on one nucleus have non zero values on 

o ther  nuc le i  . I n  the case o f  the F; nolecule,  we have shown t h a t  t h i  s 



i s  relevant onty f o r  internuclear distances smaller than 3.5 a.u.. Ge- 

nera l ly ,  a proper manner o f  e l im ina t ing  the spurious contr ibut ions due 

t o  the existence o f  s- type funct ions i s  essent ial  t o  a r e a l i s t i c  ca l -  

cu la t ion  o f  magnetic d ipo la r  parameters i n  rnolecules. 

The authors would l i k e  t o  thank Pr0f.H.G.P. Lins de Barros f o r  e l uc i -  

dat ing discussions. 
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