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I. Alternant and Non-Alternant  Hydrocarbons* 

By 

RICARD0 FERREIRA 

I t  is suggested that the Coulomb integral in simple LCAO-MO methods is given by ar = 
- (It + ~m~x E~), where lr is the valence state ionization potential of atom r, J~ is the average 

of the valence state electron-affinities of the nearest neighbors of r, and Nm~x is the maximum 
z-bond order of atom r. It  is assumed that a parabolic relation holds between the bond integral 
fir8 and the overlap integral Srs. All bond integrals and overlap integrals are included. Bond 
orders and ~-electron densities are calculated for a representative number of alternant and 
non-alternant hydrocarbons. Comparison with values obtained by other simple LCAO-3~O 
methods and by advanced NO calculations suggests that the proposed parametrization intro- 
duces some electron-electron interaction in the Hiickel methods. 

Fiir die Coulomb-Integrale der einfaehen LCA0-MO-Theorie wird der Ansatz cr = 
- (It +/Y~x E~) vorgeschlagen, wobei I~ das Ionisationspotential des Valenzzustandes yon 

Atom r, ~ der Mittelwert der Elektronenaffinltgten der ngchsten Nachbarn und N ~  die 
maximale Bindungsordnung yon r is t .  Alle Resonanzintegrale werden in die Rechnung ein- 
bezogen. Ffir sic wird eine parabolische Abhgngigkeit yore ~berlappungsintegral angenom- 
men. Bindungsordnungen und ~-Elektronendichten werden fiir eine Anzahl konjugierter 
und nicht-konjugier~er KoMenwasserstoffe bereehnet. Vergleiche sowohl mit anderen ein- 
fachen MO-Theorien als aueh mit solchen komplizierterer Natur lassen den SehluB zu, dab 
ein Teil der Elektronenwechselwirkung bei der vorgeschlagenen Parameterisierung erfal3t 
wird. 

L'expression a, = - (/~ + 2gr~ ~ )  est propos6e pour l'int6grale de Coulomb dans les 
m6thodes simples LCAO-MO, ell I~ signiefie l'6nergie d'ionisation de l'6tat de valence de 
l'atome r, E~ le moyen des affinit6s 61ectroniques des 6tats de valence des atomes voisins de r, 
et N ~  l'indice de valence maximale de l'atome r. Toutes les int6grales de r6sonance/~ et de 
reeouvrement S~ sent inclus au caleul, et une relation parabolique entre ]~, et S~ adopt6e. 
Les indices de liaison et densit6s 61ectroniques z sent caleul6s pour quelques hydrocarbures 
repr6sentatifs, al~ernants et non-alternants. La eomparaison ~ d'autres mgthodes simples 
LCAO-MO et g de calculs MO 61abor6s sugg~re que la param6trisation propos6e introduit une 
certaine interaction 61ectronique aux m6thodes de Hiiekel. 

Introduction 

In te res t  in  simple LCAO-MO calculations has been recent ly  revived by  the  
papers of HOFFMANN [9] and  of ORLOFF and  FI~TS [15]. As pointed out  by  these 
authors,  the fundamen ta l  difficulty of the simple methods is the choice of the 
one-electron energy integrals,  

OCr : Hrr  (i) = ~ ~)*r (i) J/g~ (i) ~Or (i) dT~, and  firs : Hrs (~) = ~ ~o~ (i) d~f (i) ~Os (i) dTI, 

Work supported by grants from the U.S.A.F. Office of Scientific Research and the 
NationM Science Foundation. Part of the results reported here were presented at the Sympo- 
sium on Molecular Structure and Spectroscopy, Columbus, Ohio, June t5-~9, t964. 
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where the IIamil tonian is the exact operator including all many-body interactions 
[2, 10]. Since these integrals at present cannot be computed reasonable numerical 
values must be assigned to them. 

Because the tIamil tonian in C~r is the molecular I-Iamiltonian ~r cannot be 
measured solely in terms of parameters pertaining to the isolated a tom r, as done 
by HO~FB~AN~ [9] and by PEITCItABD and SvM?a~ [19]. For the bond integrals, 
the usual parametrizations due to MULLI~E~ [13] and to WOL~SBEnG and HEL~- 
n:OLTZ [23] are now believed to be not particularly good ones [16]. RVEDE~BnRG 
[20] on the other hand has shown tha t  a parabolic relation between firs and the 
overlap integral Srs is a better approximation. 

All these paramctrizations [9, 13, !9, 23] have been proposed on the basis of 
physical intuition as to the meaning of C~r and firs. However, in most simple 
LCA0-MO calculations it has been found convenient to represent the Coulomb 
and the bond integrals by expressions of the type:  

C~r = ~o § hr fio (1) 
a n d  : 

firs = krs fio (2) 

where c~ 0 and fi0 are standard parameters, usually those of benzene, and hr and ks 
are arbi trary constants chosen in such a way as to reproduce the experimental 
value of a molecular property. Thus, these are essentially two variables approxi- 
mations. Electron-electron interaction can be incorporated within the framework 
of these procedures by the use of an iterative calculation such as the co-technique 
[21, 22], but  this requires the introduction of a third variable. 

Within the limitations of all independent particle models, simple LCAO-MO 
methods can be explored along these two main lines. On one hand it will possibly 
be rewarding to examine statistically which values of C~r and firs reproduce best a 
group of molecular properties for the largest possible number of molecules. This 
has been done in the past [21], although perhaps not in the systematic way tha t  
would be desirable. On the other hand, following the fundamental  contributions 
of MULLIKEN [12] we could t ry  to eliminate as far as possible the arbi trary charac- 
ter of the choice of ~r and firs by analysing these integrals and partitioning them 
in terms of experimental atomic parameters. In  this first communication we are 
concerned with the latter type of approach. 

The Coulomb Integral 
The validity of the a-~ separability conditions will be assumed. Deviations 

from these conditions can be serious [9, 12] and should be particularly so in hete- 
roeyclies, but  we will neglect them since we are confined to an analysis of the 
performance of a certain parametrization within the simple LCAO-MO methods. 
Overlap integrals between adjacent as well as non-adjacent atoms will be included 
and accordingly atomic charges and bond orders are those defined by C~IIBGWI~ 
and CovLso~ [4]. 

Consider a two-electron localized bond between atoms r and s, and let the two 

electrons be i (centered in r) and ~ (centered in s). The Coulomb integral is : 

ar (i) = ~o* (i) -- ~ V~ R,~ I~ + Vav (i]) ~fr (i) dh (3) 
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where Vav (i]) is the  e lect ron-elect ron in te rac t ion  opera to r  a v e r a g e d  in a cer ta in  
way*.  This in tegra l  can be wr i t t en  

f ( ,  ; ( ,  ) - T ~ (i) RZ  + V ~  (ij) ~f~ (i) dt~ (4) 

I f  Fr (i) in t he  i so la ted  a tom obeys the  vir ia l  theorem,  t hen :  

~ r  ( i)  = - I , .  + ~0" (i)  - ~ + V ~  ( i ] )  ~0~ ( i)  c~t~ (5)  

where I r  is the  valence s ta te  ioniza t ion  po ten t i a l  (VSIP)  of a tom r. This usual  
pa r t i t ion ing  [6] entai ls  an  approx ima t ion ,  sinee in order  for the  molecular  eigen- 
funct ion to  obey the  v i r ia l  t heorem the  a tomie  orbi ta ls  of the  l inear  combina t ion  
mus t  be scaled dif ferent ly  f rom the  isola ted  atoms.  I n  spi te  of  this  error, equa t ion  
(5) will hold  app rox ima te ly .  The  in tegra l  

f ~* (i) ( -  R~ + v~ 

measures  the  in te rac t ion  of the  core of a tom s plus electron j wi th  electron i cen- 
t e r ed  in r (since we are deal ing with  only the  Coulomb integra l  we can t r e a t  elec- 
t r on  i as a po in t  charge centered in r, neglect ing overlap).  I f  the  bond  d is tance  is 

Table 1 

I ql q2 Method 

a) Trans-Butadicne 

LOOO0 
t.0000 
0.9552 
0.9216 
1.0638 
0.9388 
0.9882 
L0097 

b) Naphthalene 

1.0000 
1.0000 
1.004 
0.967 
0.9998 
L0072 

HMO 
POPLE a 

PAleR and MULLIKE~N b 

Bm~l~Y LCAO-SCF c 
B EI~,I~u AIMc 
MOSER d 

TAKE~IYO VB~ 
Present Paper 

HMO 
POPLE a 

PRITCHARD a n d  SUI~IiMEI% f 

MOS:Et~g 

KOLBOE and PULLMAIq h 

Present Paper 

aPOt'LE, J. A.: Trans. Faraday Soc. 49, 1375 (t953). 

1.0000 
1.0000 
t.0448 
t.0784 
0.9362 
t.06t2 
t.01t8 
0.9903 

1.0000 
1.0000 
1.008 
1.003 
0.9998 
1.0009 

q9 

1.0000 
1.0000 
0.976 
1.062 
1.0008 
0.9839 

bPAI~Ir i~. G., and 1~. S. Mulliken: J. chem. Physics 18, t338 (1950). 
OBEm~Y, R. S.: J. chem. Physics 26, 1660 (1057). 
dMos~lr C. M.: J. chem. Soc., 3455 (1954). 
eTAKEu S.: Bull. chem. Soe. Japan 35, 355 (1962). 
~PI~ITCI~ARD, H. O., and F. It. SV~NEI~: R.cference [19]. 
gMosEI~, C. M.: J. chem. Physics 52, 24 (1955). 
hI(OLBOE, S., and A. PULLmAn-: Colloq. Intcrnat. Calc. Fonetion d'onde Mol., C. N. R. S., 

Paris, 1958, p. 213. 

* The nuclear repulsion term l/R,~ is included as part of the total energy of the n-electron- 
less framework. 
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equal to the double of the radius of atoms s, this interaction is clearly given by  Es,  
the valence state electron affinity (VSEA) of  a tom s. Hence : 

O~r ( i )  -~  - -  ( I  r 4 .  E s )  �9 (6) 
Equat ion  (6) is valid for a bonding localized orbital between atoms r and s. 

For  the delocalized u-electrons in poly-atomie systems, we write 

ar  (i) = - ( I ,  4- ZYmax Es) (7) 

where A/max is the m a x i m um  ~-bond order [3, 11] of a tom r, and J~ is the average 
of  the VSEA of the nearest neighbors of  r [7]. To antecipate briefly, we checked 
equation (7) with a number  of al ternant  hydrocarbons  and the expectat ion of 
uniform charge distribution in those molecules is closely met. This can be seen 
from Tab. i where the charge distribution for t ransbutadiene and naphthalene 
is compared with the distributions calculated by  other methods.  Al though this 
hardly  is a proof of the validi ty of  equation (7), it gives us confidence in the inter- 
nal serf-consistency of the method.  

The Bond Integral 
I t  will be assumed [20] t ha t  the bond integral is given by  a parabolic relation: 

f rs  = c~ Srs + b Sr2s . (8) 

The constants a and b are determined in the following way :  for Rrs = co, 

Srs = 0 and firs = 0. Also, for Rrs = O. Srs = t and firs = ~(r+l), Where a(r+l) 
is the Coulomb integral of electron i in an a tom of Z = Zr 4- i*. The value of firs 
for R = Re can be obtained from the barycenter  of  the singlet and triplet ~ -~ ~* 
transitions of  a s tandard  molecule. I n  the case of the C-C z -bond  the s tandard  
molecule was chosen to be ethylene, where Re = t.334 A [1]. Scc = 0.273 [14], 
and As = 6.1 eV [17]. From the three points (S =0 ,  S = 0.273, and S = 1.000) we 
draw the parabola:  

rice = -0 .951  S 4- 0.388 S 2 (in a .u . )  (9) 

The value of - 6 . 0 8  eV for flcc of the  ethylene z -bond  in certainly larger than  
the usual values, but  it is close to  H o y F M ~ ' s ,  --5.45 eV [9]. 

2 2 3 

3 
Z 2~ 

2 5 

6 3 3 2 
7 5 q 8 

z~ r yF- ~- 

* This is rigorous for H +, since lim fiE+ = c~e+ For many-electrons systems we can 
R-->0 

imagine the formation of a united pseudo-atom of nuclear charge Z + ~. 
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R e s u l t s  a n d  D i s c u s s i o n  

O v e r l a p  i n t e g r a l s  a r e  f r o m  t h e  t a b l e s  o f  ~/~ULLIKEN, ]:~IEKE, 01~LOFF, a n d  ORLOFF 

[ ld ] .  V a l e n c e  s t a t e  i o n i z a t i o n  p o t e n t i a l  (C [t 1 t 2 t a z] -+ C + [t 1 t 2 ta] ) a n d  e l e c t r o n -  

a f f i n i t y  (C it  I t~ t~ z] ~ C -  it I t~ t s z~]) a r e  f r o m  PILO~E~ a n d  SKn~NE~: IC = l l . 2 2 e V  

a n d  E c  = 0.62 eV [18]. T a b .  2 s h o w s  t h e  c a l c u l a t e d  M. O.s, o r b i t a l  energ ies ,  b o n d  

o rde r s ,  c h a r g e  d i s t r i b u t i o n s  a n d  ~ d ipo le  m o m e n t s  for  a r e p r e s e n t a t i v e  n u m b e r  o f  

a l t e r n a n t  a n d  n o n - a l t e r n a n t  h y d r o c a r b o n s .  

Butadiene. T h e  h i g h  v a l u e  for  t h e  7c-bond o r d e r  b e t w e e n  c a r b o n s  2 a n d  3 m u s t  

b e  p o i n t e d  ou t .  T h e  z - e l e c t r o n  ene rg i e s  a re  - -56 .76  e V  fo r  t h e  trans f o r m  a n d  

- 5 6 . 6 0  e V  fo r  t h e  cis f o r m ,  c o r r e s p o n d i n g  t o  a p o t e n t i a l  b a r r i e r  o f  3.7 kea l .  

Table 2 

Molecule Bond Bond Order n-Electron Distribution 

]Trans -Butadiene 
(I) 

3is-Butadiene 
(II) 

Benzene 

Naphthalene 
(III) 

Fulvene 
(IV) 

Azulene 
(v) 

:1,2 
2,3 
1,3 
1,4 

t ,2  
2,3 
1,2 
1,4 

1,2 
:1,3 
t ,4  

1,2 
2,3 
t ,9 
9,10 

1,2 
2,3 
t ,5  
5,6 

~,2 
1,9 
9,10 
4, t0 
4,5 
5,6 

0.923 
0.385 
0.004 

-0 .385 

0.934 

ql = q4 = t.0097 

q2=qa= 0.9903 

q l = q 4 =  1.0064 
0.357 
0.003 q2 = 

-0.3333 

0.6666 ql = 
0.0000 q5 
-0.3333 

0.745 ql = 
0.574 
0.541 q2 = 
0.545 % = 

0.840 ql = 
0.423 q~ = 
0.386 q~ = 
0.835 q6 = 

0.643 q l =  
0.613 q2 = 
0.345 q~ = 
0.6t3 q s =  
0.650 q6= 
0.643 qg=  

gs = 0.9936 

q2 =qs=q47 
= ~ = t .0000 

1.0072 

1.0009 
0.9839 

t.068 
t.027 
t .000 
0.811 

i.146 
0.999 
0.898 
1.007 
0.9t8 
0.993 

Molecule 
Occupied MO. s 

Trans-Butadiene (I) 

~/r = 0.3269 (~fl + ~fa) + 0.4929 (Y~2 + ~f3) 
T ~  = 0.5487 (Y~I - Yq) + 0.3624 (~f2 - YJa) 

Cis Butadiene (II) 

T~ = 0.3333 (y~ + Fd) + 0.4873 (~p~ + %) 
TII  = 0.5445 (F1 - ~fd) + 0.3740 (Y~2 - Y~8) 

Energies of Occupied and 
Lowest Non-occupied MO. s 

(a. u.) 

s~ = - 0.5582; 
sir = -0 .4852;  
em = -0.3331 

e~ = -0 .5594;  
eH = - 0 . 4 8 i 3 ;  
s m =  -0.3405 
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Table  2 (Cont inued)  

Molecule Energies  of  Occupied and 
Occupied ~ .  O. s Lowest  Non-occupied MO. s 

(a. u.) 

Benzene  

T~ = 0.3255 ( ~  + y~ + ~a + ~ + ~s + ~ )  
W~ = 0 .0 i65  (F~ - ~4) + 0.4652 (y~z - F~) + 0.4487 ( ~  - F~) 
T~H = 0.5277 (~x - ~ )  + 0.2495 (y~ - W~) - 0 .278i  (~a - %) 

T~ 

N a p h t h a l e n e  (III)  

0.2317 (F~ + ~o~ + ~ + ~os) + 0.1902 (y~ + Fs + F~ + ~o~) 
+ 0.3439 (% + ~O~o ) 

=~0.2280 ( ~  + ~o~ - ~o~ - ~os) + 0.3497 (~v~. + % - ~ - y~v) 
W m =  0.3567 ( ~  - ~r - ~ + ~s) + 0.1586 (~v~ - % - y~a + ~ )  

+ 0.2959 ( ~  - Y~o) 
T~v = 0.0091 (y~ + ~v~ + y~ + ~vs) + 0.3644 (y~ + ~s + ~s + ~ )  

+ 0.3981 (% + F~o) 
T v  = 0.4004 (Yh - Y~ + ~2~ - Y~s) + 0.2601 (~p~ - % + % - y~) 

s~ = - 0 . 5 8 7 9 ;  
e~ = sm~ = - 0 . 5 0 3 6 ;  
s~v = ev = - 0 . 3 0 5 8  

s~ = - 0 . 6 0 6 3 ;  
e~ = - 0 . 5 6 0 9 ;  
s m =  - 0 . 5 2 5 7 ;  
s~v = - 0 . 4 9 9 9 ;  
sv  = - 0 . 4 7 2 0 ;  
ev~ = - 0 . 3 4 2 9  

~ u l v e n e  (IV) 

T~ = 0.3373 (~o t + ~o~) + 0 .3 t76  (~o~ + ~oa) 
+ 0.3955 ~p~ + 0.1904 ~p~ 

T ~  = 0.0341 (~p~ + ~o~) + 0.4090 (~p~ + ~p~) 
- 0.4599 y~5 - 0.5308 ~o s 

T~H = 0.5621 (~p~ - ~o~) + 0.3678 (~o~ - ~%) 

e~ = - 0 . 5 9 4 4 ;  
e~ = - 0 . 5 0 4 7 ;  
s m =  - 0 . 4 7 4 3 ;  
e~v = - 0 . 3 7 4 7  

Azulene  (V) 

T I  = 0.2607 (~v 1 + ~Vs) + 0.2348 Y2 + 0.2125 (~a + Fs) 
+ 0.1478 (W5 + ~#7) + 0.1300 % + 0.3556 (% + ~1o) 

T 2 = - 0 . 2 2 3 2  (~1 + ~Vs) - 0.2703 ~v 2 + 0.1762 ( ~  + ~s) 
+ 0.3638 (Y~5 + Y~7) + 0 .43 i l  % - 0.0831 (% + ~1o) 

T 3 = - 0 . t 7 1 9  ( ~  - %) + 0.4329 ( ~  - Y~s) + 0.3222 (~5 - Y~) 
- 0 . 2 5 0 6  (~9 - ~Plo) 

Tr = 0.2244 ( ~  + Fs) + 0.5136 ~2 - 0.2376 (~a + ~s) 
+ 0.1507 (~5 + ~v) + 0.3687 ~ - 0.3256 (% + Yho) 

T~ = 0.5352 ( ~  - %) + 0.1169 ( ~  - %) + 0.3322 (% - ~v) 
+ 0.2647 (~s - ~v~o) 

e1 = - 0 . 6 0 6 9  

eii = - 0 . 5 6 1 t  
eHI = -0 .5327  
s i r  = - 0.4907 
sv  = - 0 . 4 5 4 5  
s w  = - 0 . 3 7 1 5  

m o l e  - 1  f a v o r a b l e  t o  t h e  t rans  f o r m .  A s  c a n  p e r h a p s  b e  e x p e c t e d  f r o m  t h e  u s e  o f  

s p e c t r a l  d a t a  t o  c o m p u t e  f l e e ,  t h e  c a l c u l a t e d  = - ~  = *  t r a n s i t i o n  f o r  t r a n s - b u t a -  

d i e n e  is  4 . 1 4  e V ,  i n  g o o d  a g r e e m e n t  w i t h  t h e  e x p e r i m e n t a l  v a l u e  f o r  t h e  b a r y -  

c e n t e r  o f  t h e  s i n g l e t  a n d  t r i p l e t  t r a n s i t i o n s ,  4 . 0  e V  [8]. 

Benzene .  T h e  e x p e r i m e n t a l  v a l u e  f o r  t h e  b a r y c e n t e r  o f  t h e  = ~ = *  s i n g l e t  a n d  

t r i p l e t  t r a n s i t i o n s  is  5 . 50  e V  [5].  O u r  r e s u l t s  g i v e  5 .38  e V  b u t  t h e  s i g n i f i c a n c e  o f  t h e  

a g r e e m e n t  s h o u l d  n o t  a l s o  b e  o v e r e m p h a s i z e d .  W e  s h o u l d  n o t e  a g a i n  [7] t h a t  t h e  

s u m  o f  t h e  = - b o n d  o r d e r s  a r o u n d  a g i v e n  c a r b o n  a t o m  i n  b e n z e n e  is  e x a c t l y  I i f  w e  

i n c l u d e  t h e  b o n d  o r d e r s  w i t h  t h e  n o n - a d j a c e n t  a t o m s .  



Semi-Empirical Approximations for the Coulomb and Bond Integrals. I 153 

Naphthalene. W e  have  seen a l r eady  (Tab. 1) t h a t  the  charge d i s t r ibu t ion  in 
naph tha l ene  is uniform. The  bond  orders  are given in Tab.  3, and  a number  of  
bond  orders  ca lcu la ted  b y  differing me thods  are included for comparison.  

Table 3. Bond Orders in Naphthalene 

Bond 

1,2 
2,3 
t,9 
9,10 

I a 

0.725 

0.603 

0.555 
0.518 

IIb III~ 

0.713 0.798 
0.607 0.514 

O.548 0.487 

0.456 0.624 

ItMO. 
b HMO with variation in a. 

Method 

IV d V ~ 

0.738 i 0.756 
0.580 I 0.570 
0.529 0.526 
0.5i4 0.563 

VI~ 

0.87 
0.40 
0.4t 
0.73 

Vllg I VIII h 

0.815 
0.668 
0.656 
0.627 

0.745 
0.574 
0.541 
0.545 

c PO:PLE, J. A.: Trans. Faraday Soc. 49, 1375 (1953). 
a SCF with variation in a; H. O. P~ITCI~A~D, and F. H. SU~E~:  Trans Faraday Soe. gl, 

457 (t955). 
e Modified SCF, (reference d). 
f I(OLBOE, S., and A. PVLL~A~: Colloq. Internat. Cale. fonct, onde molec., C. N. R. S., 

Paris 1958, p. 213 
g ASMO-CI, H. ITo, and u I'ItAY~: Theoret. chim. Acta 2, 247 (([964). 
~ Present Paper. 

Fulvene. The charge d i s t r ibu t ion  of fulvene, shown in Tab.  2, is r epea ted  in 
Tab.  4, toge the r  wi th  values  ca lcu la ted  b y  o ther  methods .  Tab.  4 also shows the  
charge d i s t r ibu t ion  ca lcula ted  b y  a ref inement  in our procedure,  namely ,  an 
o>teehnique t r e a t m e n t  s ta r t ing  wi th  our original  charge d is t r ibut ion .  We also 
t r i ed  an i t e ra t ive  calcula t ion based  on a parabol ic  re la t ion  between c~c and  qc [19] 
bu t  the  calcula t ion does not  converge. I t  is seen t h a t  our method ,  wi thou t  i tera-  
tion, gives resul ts  i n t e rmed ia t e  be tween those  ob ta ined  b y  the  ~o-technique and  
those  f rom advanced  MO methods .  The i t e ra t ion  gives stil l  be t t e r  results,  bu t  
the  i m p r o v e m e n t  perhaps  does not  jus t i fy  the  in t roduc t ion  of a new a r b r i t a r y  
pa ramete r .  

HMO 
Modified HM0~ 
~o-Technique b 
SCF-MOo 
Present Paper 
Present Paper ~ 
Experimental 

Table 4. Charge Distribution in Fulvene 

ql = qa r q2 = q~ 

-0.092 
--0.060 
-0.055 
- 0.040 
-0.068 
-0.060 

l 
-0.073 
-0.052 
-0.029 
+0.007 
-0.027 
-0.025 

g 5  

-0.047 
-0.036 
-0.138 
-0.053 

0.000 
-0.003 

% (1)) 

+0.378 4.7 
+0.260 3.25 
+0.306 3.03 
+0.119 1.0 
+0.189 2.3 
+0.t73 , 2.1 

I 

I 1.2 

Different/?s for differing bond distances. 
b STI%EITWIESER, J r . ,  A. ]=IELLER, and M. I~ELDI~AN: J. Phys. Chem. 68 1224 (1964). The 

reported dipole moments are evidently in error. 
oFRA~-COIS, P., and A. JVLG: J. Chim. Physique ~7, 490 (t960). 

Iterative calculation included. 
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Azulene. Tab.  5 shows the  charge d i s t r ibu t ion  of  azulene ca lcula ted  b y  our  
approach  and  b y  a number  of  o ther  methods .  Our  ca lcu la ted  dipole m o m e n t  is in 
be t t e r  agreement  wi th  t he  exper imenta l  va lue  t h a n  the  one ca lcula ted  b y  the  
convent iona l  ~o-technique. Al though  in th is  case we d id  no t  make  any  i t e ra t ive  
calculat ion,  there  is l i t t le  d o u b t  t h a t  the  resul t  could be improved  b y  such refine- 
ment .  

Table 5. Charge Distribution in Azulene 

Modified HMO~ 
o)-Technique~ 
VESCF o 
Modified SCF ~ 
Present Paper 
Experimental 

-0.139 
-0.I~8 
-0.061 
-0.049 
-0.145 

~2 

-0.047 
- 0.048 
- 0 .021 
+0.003 
+0.001 

~8 = q9 

+0.t45 
+0.095 
+0.063 
+0.092 
+0A02 

+0.0~4 
+0.025 
-0.009 
-0.034 
-0.007 

~6 

+0.130 
+0.084 
+0.039 
+0.062 
+0.082 

a Differing fiz for different bond distances. 
b STlCEIT~VIESEIr A., Jr. : l~cferenee [21]. 
o BROWN, R. D., and M. L. ttEFFE~MA~: Austr. J. Chem. 18, 38 (1960). 

JU~G, A., and P. F~NCOlS: J. Chim. Physique ~9, 339 (1962). 

q9 ~ ~10 

-0.027 
-0.020 
+0.009 
- 0.042 
+0.007 

(D 

5.2 
3.8 
2.3 
~.7 
3.5 
t.1 

G e n e r a l  C o n c l u s i o n s  

Our calculat ions of a l t e rnan t  and  non-a l t e rnan t  hydroca rbons*  give resul ts  
which are a t  least  comparab le  wi th  those  ob ta ined  wi th  the  ~o-techniquc [21, 22], 
b u t  involv ing  one a r b i t r a r y  p a r a m e t e r  less. I t  is thus  possible t h a t  our pa ramet r i za -  
t ion  in t roduces  some e lec t ron-e lec t ron  in te rac t ion  wi th in  the  f r amework  of the  
s imple LCAO methods .  

P re l imina ry  calculat ions  of azobenzenes and  o ther  hetcrocycl ies  indicate  t h a t  
the  po la r iza t ion  of the  ~r-electrons b y  the  a symmet r i c  a f r amework  mus t  be t a k e n  
into account .  These calculat ions will be the  subjec t  of  a for thcoming publ ica t ion .  
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