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The semi-empirical modifications introduced into the self-consistent field 
molecular orbital method (SCFMO) by POPLE [13] and P A ~ I s ~  and PA~R [10] 
make it quite feasible to compute the excited state energies of monosnbsti tuted 
benzenes using self-consistent field orbitals. The only published work on this topic 
has been on aniline [12, 11]. In  one of these studies [12] the energy levels were not 
reported and in the other [11] the agreement between experiment (Tab. i) and 
theory (Tab. l)  was not very good for the second transition. Since data on the 
effect of polar substituents on the properties of benzene form a large par t  of the 
experimental results available for testing theories of molecular structure, it is 
important  tha t  the theoretical calculation of such properties be carried out with 
as much detail as is possible. 

As par t  of a more general programme on the calculation of molecular properties 
of disubstituted benzenes we have applied the SCFMO method to phenol, to aniline 
and to benzaldehyde where the substituents are a weakly interacting electron 
donating one, a strongly interacting electron donating one and a strongly inter- 
acting electron at tracting one, respectively. 

The calculation of the SCF ground state orbitals was made by  the semi- 
empirical MO method [13] using empirical values of the resonance integrals from 
the literature. 

i.e. f l c - -c  (r ~ i.39 •) ~ - -2 .39  ev, f l c - -c  (r ~-- 1.48 -~) ~ - -1 .68  ev, 
f lc - -o  = - - 2 . i 2  ev [9], fic--~v ---- - - 2 . 74  ev [12], and f ic=o = - -2 .70  ev [1]. 

The core integrals with the exception of tha t  of nitrogen, were those also used by 
previous workers, 

i.e. We+ ~- - - f i . 2 8  ev [10], Wo+ -~ - -18 .29  ev [1], and Wo2+ - -  - -34 .95  ev [9]. 

For nitrogen Wzr = - -  24.56 isless than tha t  usually used, i.e. Wiv2+ ----- 27Ai4 ev [2] 
but  similar to tha t  used by  M c E w ~  for nitroamide (W~ve+ ------24.83cv[5]).  
The effect of varying the value of the core integral will be discussed elsewhere. 
The molecular repulsion integrals were calculated using the approximation 
suggested by MALAGA [all, rather  than the more usual PAnxs~  and P ~ R  

* Given in part at the XVIIIth International Congress of Pure and Applied Chemistry, 
Montreal, August 1961. 

** Permanen~ address: Centre de M6canique Ondulatolre Appliqu~e, 155, l%ue de S~vres, 
Paris t5% France. 

6* 



84 J.E. BLooI~ and F. PERADEJORDI: 

a p p r o x i m a t i o n  [10]. The resul ts  are compared  wi th  expe r imen ta l  t r ans i t ion  energies 
(E) and  osci l la tor  s t rengths  (f) in Tab.  I .  The agreement  wi th  expe r imen t  is qui te  
sa t i s fac tory .  Self consis tent  orbi ta ls ,  ob t a ined  as descr ibed  above,  m a y  be used  
as a basis for  the  ca lcula t ion  of  energy s ta tes  of  con juga ted  molecules R - - S  b y  
treating t he  b o n d  be tween  the  two f r agmen t s  R and  S as a p e r t u r b a t i o n  on exc i ted  

Table 7. SCF Calculations on Monosubstituted Benzenes 

C6HsNH~. Exp . . . . . . . . . .  
Prey. Calc. [11] . . . . . . . . .  
New Cale . . . . . . . . . . . . . .  

C~I-I~OH. Exp . . . . . . . . .  
Calc . . . . . . . . .  

C~HsCH0. Exp . . . . . . . . .  
Calc . . . . . . . . .  

E (ev) 

4.30 
4.30 
4.24 

4,60 
4.80 

4.50 
4.69 

f* 

.03 

.99 

.02 

.01 

.01 

.03 

E (ev) 

5.27 
4.30 
5.29 

5.83 
5.96 

5.16--5.30 
5.39 

f 

.t7 

.44 

A0 
.06 

.25 

.39 

E (ev) 

6.4 
6A 
6.57 
6.61 
6.54 
6.82 
6.83 
6.36 
6.48 
6.88 

1.00 
~i .20 
1.09 

.83 

.99 

* A.~ defined in ref. [6]. 

configurat ions built, up  f rom SCF wave funct ions  of R - - H  and  S - - H  [8, 7]. The 
configurat ions are of  two kinds ,  local ly  exc i ted  (LE) ones involv ing  the  orbi ta ls  
of  R or of  S only,  and  e lec t ron t rans fe r  (ET) configurat ions,  involv ing  e lect ron 

t ransfer  be tween  R and  S. 
P re l imina ry  resul ts  using this  m e t h o d  for benza ldehyde  and  the  th ree  h y d r o x y -  

benza ldchyde  isomers are g iven  in Tab.  2. The expe r imen ta l  d a t a  recorded are 

Table 2. IntramolecuIar Charge Trans/er Calculations 

C6HsCH0. Exp . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Calc . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

para-OMeC~HdCH0. Exp . . . . . . . . . . . . . . . . . . .  
Ca,lc . . . . . . . . . . . . . . . . . . .  

meta-OMeOaHaCHO. Exp . . . . . . . . . . . . . . . . . . .  
Calc . . . . . . . . . . . . . . . . . . .  

ortho-OMeC6HdCHO. Exp . . . . . . . . . . . . . . . . . . .  
Calc . . . . . . . . . . . . . . . . . . .  

E (ev) 

4.50 
4.80 
4.4j 
4.5 
4.30 
4.47 
4.00 
4.38 

.01 

.01 

.01 

.00 

.05 

.07 

.06 

.08 

E (ev) 

5.20 
5.30 
4,50 
4.83 
5.00 
5.30 
5.00 
5.28 

.25 

.15 

.42 

.20 
A4 
.16 
.22 
A6 

those  for  t he  me thoxybenza ldehydes ,  since th is  e l iminates  the  necess i ty  of t ak ing  
into considera t ion the  effect of in t r amolecu la r  h y d r o g e n  bonding,  The  pure ly  
electronic effect of  replac ing h y d r o x y l  b y  m e t h o x y l  is k n o w n  to be smal l  [3]. 
The  SCF orbi ta ls  of  R and  S were t a k e n  as those  of  phenol  and  of  fo rmaldehyde ,  
while t he  energies of the  L E  s ta tes  were t a k e n  f rom the  observed  spec t ra  of these  
molecules.  F u r t h e r  deta i l s  toge the r  wi th  fu r the r  calculat ions on subs t i tu t ed  ni t ro  
compounds  and  anil ines will  be r epo r t ed  elsewhere. 
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