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The calculation of proton hyperfine coupling constants for dibenzothiophene radical anion 
is reported. 

Several experimental studies [1-3] on this topic have been performed in 
recent years, but a reliable assignment of splitting constants has been performed 
only recently by Gerdil and Lucken [3], who examined the EPR spectra of a 
number of dimethylbenzothiophenes and the deuterated dibenzothiothene radical 
anions. These authors also performed spin density calculations [2, 3], within the 
framework of the Hfickel molecular orbital method, using both the p- and d-models 
[4, 5], with appropriate choice of parameters for the sulphur atom. 

We feel that it would be interesting to compare the results of these crude 
calculations with the results of more sophisticated ones, and so we have calculated 
the spin density distribution for the dibenzothiophene radical anion using the 
SCF MO method with CI [6, 7]. 

The molecule was assumed to be planar. No d-orbital participation to the 
re-system, by sulphur was considered since several authors have pointed out 
that, should any such participation occurs, its influence on molecular properties 
(for example, dipole moments [8], polarographic reduction [9] or electronic 
spectra [10]) is negligible. 

The following parameters, in standard notation, were used in the calculation: 
f l c c = - 2 . 3 9 5 e V  [11], f l c s = - 2 . 0 e V  [-12] and 6 W s = - 8 . 8 4 e V  1-13]. The 
Coulomb integrals were approximated using a Mataga-Nishimoto [-14] approxi- 
mation, with I c = 11.42 eV, I s = 22.3 eV, A c = 0.58 eV, A s = 11.0 eV, acc = 1.328 A, 
acs = 1.300 A, ass = 1.274 A, rcc = 1.4 A, rcs = 1.74 A [15-18]. 

The calculated SCF charge and spin densities are given in Table 1. Spin 
densities were converted to coupling constants using the following relationships 

[19, 20]: a r = - 2 7  Qr (I) 

a, = - 2 7  ~r - 12.8 (1 - q,) ~r (II) 

in standard notation. Calculated and experimental proton coupling constants 
are given in Tables 2 and 3. 
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The  resul ts  o b t a i n e d  using re l a t ion  (II) show a be t te r  overa l l  ag reement  wi th  
exper iment ,  t han  do  those  o b t a i n e d  using re l a t ion  (I). Both  sets of  results  give 
be t te r  ag reemen t  wi th  expe r imen t  than  the ear l ier  Hi icke l  ca lcula t ions ,  a l though  
Gerd i l  and  Lucken  admi t t ed ly  d id  no t  t ry  to ob t a in  be t te r  ag reement  wi th  ex- 

Table 1. Charge and Spin Densities 

Dibenzo- Ring Charge Spin 
thiophene Position Density Density 
Anion 

1 1.1135 0.1747 
2 1.0473 -0.0554 
3 1.1605 0.2044 
4 1.1067 0.0281 
5 1.8487 0.0160 

Table 2. Calculated proton hyperfine splittin9 constants of the radical anion of dibenzothiophene 

Molecule Method of calculation al a2 a3 a4 Reference 
of spin densities 

(flcs/flcc = 0.6 2.54 0.135 2.28 1.49] 
Dibenzothiophene A~flcs/flcc = 0.8 2.84 0.27 2.48 1.47~ 1 

Anion (J~cs/flcc = 1.0 3.16 0.49 2.67 1.46.) 

f a) 1.36 2.30 0.02 2.63~ 
B .  b) 3.99 -1.23 5.03 0.753 3 

(I) 4.72 -1.50 5.51 0.76 
C (II) 4.47 -1.47 5.09 0.72 

A. HMO calculation of odd-electron density by using the d-orbital model of the sulphur atom and 
various values for the ratios flcs/flco 

B. HMO calculation of odd-electron density for two models: a) the d-orbital model and b) the p- 
orbital model. 

C. Our SCF calculations of odd-electron density for the p-orbital model using expressions (I) and (II) 
for converting the spin densities to coupling constants. 

Table 3. Proton hyperfine splittin9 constants of the radical anion of 
dibenzothiophene 

M o l e c u l e  a I a 2 a 3 a 4 Reference 

Dibenzothio- 4.48 0.86 5.16 1.46 1 
phene anion 4.48 0.86 5.16 1.46 3 

4.60 1.05 5.04 1.45 2 

pe r imen t  by  vary ing  the pa ramete r s ,  bu t  mere ly  po in t ed  out  tha t  the  ma in  features 
of  the E P R  spec t rum cou ld  be exp la ined  by  the p-model .  

A n  e x a m i n a t i o n  of  our  resul ts  shows tha t  the theory  fails to r ep roduce  ac- 
cura te ly  a 2 and  a4, bu t  suggest  tha t  the exper imen ta l  ass ignment  has  been  m a d e  
uncorrec t ly .  However ,  this  is p r o b a b l y  no t  the  case, and  the difficulty n o d o u b t  
arises f rom the fact tha t  the  "cons tan t s"  in (I) and  (II) va ry  qui te  cons iderably ,  
even for a neu t ra l  a l t e rnan t  h y d r o c a r b o n  radical .  Thus,  for example ,  if one uses 
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ar = ( - -  27 -+- 2) ~ r t hen  the  a l ,  a2 a n d  a3 c o u p l i n g  c o n s t a n t s  r e p r o d u c e  exact ly  
the  e x p e r i m e n t a l  values.  I f  the  in f luence  of  s u l p h u r  o n  its nea res t  a n d  nex t  nea res t  
n e i g h b o u r s  is very  s ign i f ican t  t h e n  o n e  s h o u l d  use a very  different  va lue  of  Q to 
r e p r o d u c e  a 4 correct ly .  

However ,  it  is c lear  f rom the  resul t s  p r e s en t ed  here  tha t  the  p -mode l ,  u s ing  
S C F  t h e o r y  is as useful  a m o d e l  for the  c a l c u l a t i o n  of  the  sp in  dens i ty  d i s t r i b u t i o n  
in  ions  of  s u l p h u r  c o n t a i n i n g  molecules ,  as it is for the  c a l c u l a t i o n  of  b o n d  leng ths  
[21, 22]  a n d  exci ted  s ta te  p rope r t i e s  [17, 18, 23]  of  n e u t r a l  molecules .  
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