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Extended Hiickel calculations are found to satisfactorily account for the various properties 
of the n - v addition compounds. 

Among the various types of electron donor-acceptor interactions, the inter- 
action between n-donors (Lewis bases) and v-acceptors (Lewis acids) is associated 
with the largest energy [1, 2]. Thus, n - v interaction is responsible for the forma- 
tion of stable addition compounds such as B F  3 etherate. We wish to report  
the results of our molecular orbital calculations on a few n - v  addition 
compounds of BF 3 and BH 3 employing the extended Htickel approximation of 
Hoffmann [-3] ; Hoffmann [3] has reported some preliminary results on pyridine 
boranes, but detailed calculations (including potential energy curves) on a 
variety of these systems have not been carried out. We may note here that 
extended Hiickel calculations have been quite successful in predicting the prop- 
erties of hydrogen bonded systems [4-6-1. 

We calculated [7] the total energies, ET, of the addition compounds as 
functions of the boron-donor  (B. . .  D) distances taking the other structural 
parameters from the literature [8-12]. In a few cases, we calculated the potential 
energy curves after minimizing E r with respect to the B - F  as well as the 
FBF angle, but the De did not vary significantly. For  BH 3 �9 NH3, where only 
the B ... N distance has been reported [13], we minimized E T with respect to the 
B - H  distance assuming the angles to the tetrahedral. In our evaluation of the off- 
diagonal elements by the method of Wolfsberg and Helmholz [14] we have 
employed a K value of 1.75. 

The important  results from our calculations are summarized in the Table. 
The dissociation energies and the equilibrium B. . .D  distances, R, obtained from 
the potential energy curves are in fair agreement with the experimental values; in 
BH3-NH3,  however, the calculated B... N distance is somewhat longer. The results 
in the Table clearly indicate extensive donor-acceptor charge-transfer. The charge 
at the donor  site decreases while that at fluorine (or hydrogen) increases 
on complex formation; the positive charge on boron decreases in all the cases 
except in BF3. O(CH3)z where it is essentially unaffected. An examination of 
the a and zc densities shows that the a(s, p~) densities at the donor  atoms decrease 
appreciably while the rc densities are slightly reduced. There is an increase 
in the a(S, px ) derisities at the boron and the fluorine atoms in all the 
complexes except BF 3 - O(CH3)2. In the etherate, the s density increases while 
the Px density decreases; the Px density at the donor  oxygen is unaffected, 
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b u t  the  s dens i ty  decreases.  Th e  r~ dens i t ies  at  the  b o r o n  a n d  f luor ine  a t o m s  
are  s l ight ly  h ighe r  in  the  complexes .  I n  the  case of  the  p y r i d i n e  a n d  n i t r i l e  c o m -  
plexes, the  o- dens i t i es  a t  the  c a r b o n  nex t  to the  d o n o r  site show an  inc rease  
o n  c o m p l e x a t i o n .  

The  M u l l i k e n  o v e r l ap  p o p u l a t i o n  of  the  B - F  (or B - H )  b o n d  shows a 
m a r k e d  decrease  in  the  complex .  Th e  o v e r l ap  p o p u l a t i o n  of  B ... D b o n d s  are  
app rec i ab l e  as expec ted  in  such  s t r o n g  a d d i t i o n  c o m p o u n d s ,  the  p o p u l a t i o n  
b e i n g  m a x i m u m  in  the  s t ronges t  c o m p l e x  (BF 3 . p y r i d i n e )  a n d  lowest  in  the  
w e a k  complex ,  B F  3 . e thera te .  T h e  ove r l ap  p o p u l a t i o n s  of  the  b o n d s  d i rec t ly  
l i n k e d  to  the  d o n o r  a t o m s  are  s l ight ly  grea te r  in  the  a d d i t i o n  c o m p o u n d s .  In  the  
p y r i d i n e  complex ,  the  C - N  o v e r l ap  p o p u l a t i o n  is also e n h a n c e d  as n o t e d  

ear l ier  b y  H o f f m a n n  [3].  

The authors are thankful to the staff of the I.I.T. Kanpur Computer Centre for assistance with the 
IBM 7044 computer and to the U.S. National Bureau of Standards for a research grant under 
their Special International Programme. 
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