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Electron-spectroscopic Evidence for an Unsymmetrical Structure for 
2,5-Dimethylthiathiophthen’ 
By ROLF GLEITER* and DIETER SCHMIDT 

(Physikalisch-Chenzisches Institut der Universitat, Basel, SzeFitzerEand) 

and HANS BEHRINGER 
(0rga.nisch-CheuPzisches Institut der Urciversitat Miinchen) 

Suinma~y The electronic polarization spectrum of 2,5- 
dimethylthiathiophthen (11) suggests an unsymmetrical 
structure of the molecule in its electronic ground state. s-s *s 

INVESTIGATIONS so far have not allowed an unequivocal 
decision to be made between structures (Ia) and (Ib) for 
thiathiophthen (I) .2?3 (Ia) describes a situation where the 
molecule has C2,, symmetry in its equilibrium conformation, 
while (Ib) corresponds to a double minimum situation? 
where the molecules a t  their energy minimum have only 
C, symmetry. To obtain additional information con- 
cerning the structure of (I) and related molecules, the band 
polarizations of their electronic spectra have been com- 
pared with the results of model calculations. 

Figure 1 shows the electronic spectrum of 2,5-dimethyl- 
thiathiophthen (11) measured by the stretched film tech- 
nique.4 The curves correspond to the absorption spectrum 
measured with polarized light parallel and perpendicular 
to the 3’ axis of the molecule. (If the molecule had C,, 
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symmetry the x axis would be parallel to the C, axis). In 
constructing the curves in Figure 1 we have assumed that 

t The equilibrium (Ib) is also consistent with the n.m.r. results obtained for symmetrically substituted thiathiophthens (11) if the 
n.m.r. time scale is large compared with the rate constant for the interconversion of the two forms. 
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the first band, which is polarized parallel to the long axis 
(y) of the oriented molecules, does not contain a perpen- 
dicular component. Since we believe that the molecule (11) 
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FIGURE 1. Electronic spectrum of 2,5-dimethylthiathiophthen (11) 
in a polyethylene film measured with light parallel (11) (-) and 
perpendicular (I) ( - - - - )  to the y axis. The spectrum is com- 
puter corrected for the non-ideal orientation of the molecules in the 
stretched film. 

has C, symmetry this assumption is only approximately 
true. 

In addition to the polarization of each band our measure- 
ments also reveal that the spectrum in the interval 30-45 
k K  is composed of four overlapping bands. Theory pre- 
dicts that all these are n* f- rr in character. 

To interpret these results we have carried out SCF-CI 
calculations of the PPP-type for the models (III),6 (IV), and 
(V) using only p orbitals as a basis. We have varied the 
parameters for the hetero-atoms independently starting 
with parameters suggested for similar sulphur compounds 
by other authors.6 The assumed geometry for (111) and 

(IV) was that reported in the literature.' For (V) we used 
the same geometry as for (111) and (IV) except for a 
S(2)-S(3) bond length of 2-06 A. The parameters of the 
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sulphur atoms have been varied within the following range: 

to - 2, p(C-S) = 1.1 to 2.4, and y(SS) = 9 to 11 eV. In 
the framework of this approximation, our experimental 
results can only be explained if the equilibrium structure 
corresponds to the unsymmetrical model (V). The para- 
meters used for the results shown in Figure 2 were essentially 
those suggested by the Prague group.$ As can be seen 
from Figure 2 the sequence of polarization and the positions 
of the bands correspond reasonably well with experiment. 

The experimentally determined sequence of the polariza- 
tion of the individual n-bands demands an asymmetrical 

0. 0. 

Aa(S) = O to -2, A@(S) = - 5 to - 10, P(S-S) =I - 0.6 

-0.30 -0.08 -0.06 

model which in turn leads to the following prediction. The 
first n:l .t. n1 transition (band a t  20.7 kK) must be 
accompanied by the redistribution of charge 84 == 4; - qw, 
where 4; and qw are the charge densities in the first excited 
and the ground-state, respectively. This explains the shift 
towards higher energy (C ca. 2.5 kK) when the sulphur 
atom S(l)  is substituted by an arylimino-group or an 
oxygen atom.* This shift can be used as a criterion for the 
deduction of the structure of different tautomers such as 
(VI) [cmax (n:l +- =1) GU. 19*6--21*3 kK] or (VII) [f?max 

6 *1) ca. 22.2-23-3 kK]. 
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