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It is suggested that the Extended Hiickel Method by Hoffmann may be used for the determination 
of approximate bond dissociation energies. 

Several years ago, in a classic paper dealing with hydrocarbon conformational 
problems, Hoffmann [1] introduced what is generally known today as the Extended 
Hiickel method. The purpose of the present note is to suggest that with slight modi- 
fication, the latter may be used for the determination of approximate bond 
dissociation energies D. 

The technique, as extended by us, requires only the adjustment of the propor- 
tionality constant(s) used in the semi-empirical estimation of the resonance 
integrals/4ij such that the minimum of the calculated total energy Er(r ) coincides 
with the experimentally obtained average internuclear distance 1. That is, for a 
specific F~ and F~ combination, when r (min. Er) is approximately 2 equal to r o, 
we then expect, for N equivalent bonds, 

N " D ~ E r ( r o ) -  Er(oc  ). 

To illustrate our proposed technique, we have considered the bond dis- 
sociation of the a-bonded tetrahedral molecules CH 4 and Sill4, as well as their 
isoelectronic NH~ and PH~ ions. Furthermore, we have carried our computations 
within the following framework: 

(i) In all cases we have used SCF wavefunetions as given by Clementi [33. 
(ii) In all cases we have assumed that the ns and np orbitals (ns 2 np" configuration) 

of the central ions were primarily involved in the bonding of these molecules 
and ions. 

(iii) In all cases we have used the calculated atomic orbital energies given by 
Clementi [-3] as the value of the coulomb integra ls / t , .  

(iv) In all cases we have used the reciprocal mean [4] to compute the exchange 
integrals/~ij. 

1 The applicability of the proposed technique, naturally, depends on the availability of a minimum 
total energy. It is perhaps instructive to mention that the best SCF-LCAO-MO calculation does not 
recognize the existence of F2 [2] ! 

2 To the tenth of an~ngstrom. 
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Table. Computed and observed molecular parameters 

CH 4 Sill4 N H  + PH + 

F. 1.75 1.90 1.60 1.58 
ro(obs, a) 1.093 A 1.480 1.008 1.417 
ro(used) 1.1 115 1.0 1.4 
D (calc.) 4.2 eV 3.6 2.6 2.0 
D(exp. b) 4.4 3.3 ? ? 
(c~ z Er/3r2)o 5.04 mdyn/A 2.84 5.00 3.2 
fR (exp.r 5.04 2.84 5.46 3.15 

a From Ref. [5]. 
b From Ref. [6]. 
c S.V.F. force constants  computed from Ref. I-7]. 

The Table gives the experimental as well a s the calculated values of the pertinent 
molecular parameters. Fig. l, on the other hand, gives the one-electron molecular 
orbital energies of Sill 4 as a function of the Si -H distance, while Fig. 2 displays 
the total energy of Sill 4 as a function of the internuclear distance. An examination 
of the table, indicates that in the known cases the calculated values are very close 
to the experimentally obtained values, while for the unknown cases they seem to 
be quite reasonable. 

Our confidence in the proposed technique is further enhanced when we consider 
the following: 

(i) The force constants, in the harmonic approximation, agree remarkably 
well with those obtained from the vibrational spectra. 
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Fig. 1. One-electron M O  energies of Sill  4 versus the S i -H bond distance r 
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Fig. 2. Er(r ) of Sill 4 plotted versus r (Solid line). Broken line presents the harmonic oscillator 
approximation 

(ii) T h e  r a t i o  o f  the  c a l c u l a t e d  b o n d  d i s s o c i a t i o n  ene rg ies  o f  the  ions  

D(NH2)/D(PH~) is 1.3, w h i c h  c o m p a r e s  f a v o r a b l y  wi th  the  r a t i o  o f  1.2 of  the  

t h e r m o c h e m i c a l  b o n d  ene rg ie s  o f  the  p a r e n t  m o l e c u l e s  E(NH3)/E(PH3). 
The author would like to express his sincere gratitude to Miss Etta Rosenzweig for her assistance 

in this project. 
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