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Abstract - The geometry of thianthrene and 1i1ts cation radicsls (the ground

atate 8nd first excited state) has been studied. Ad {nitio calculstions on

thianthrene i1ndicate a folded structure. Ad initio and energy weighted max-

1mum overlap on the thisnthrene cation radical and 1ts first excited state

reveal a structure very similar to the closed shell system. The results ob-

tained are discussed i1n relation to the chemical properties of thianthrene.
Thianthrene (Ta) has been the subject of a number of structural and dynamic studies. in the crystal,
each of the phenylene groups and the two sulfur stoms are coplanar, and the two planes intersect a-
long the S-S line. The molecule thus assumes a folded sz conformation with a dihedral angle at O =
131°' (Fiqure 1).

The structure of the thianthrene cation radical
(Ta**} has been discussed 1n relation to the results
obtained by measurcment of the q-lensor.’ The compo- s s
nents of the g-tensor were found to be 2.0048, 2.0086 ‘o’\
and 2.0142, which 15 not compatible with a complete- @S@ /
ly planar structure, and 1t has therefore been as- Te
sumed that the radical cation 1s non-planer.?

The structure of the excited thianthrene cation fi1g. 1. Thaanthrene
radical (Ta:-*) has to our knowledge never been dis-
cusgsed, but 1t has recently been found that electron-transfer fluorescence quenchings of Tase«e by
added donors give very high reorganization energxcs.’ The quenching dats which were treated in terms
of the Marcus theory gave 8 high AQ‘,’ (15.3 kcal-mole™',? which indicates bond and/or solvent re-
organization due to the addition of the electron to Tatee,

In attempts to throw some light over the structures of Ta, Ta** and Ta**® and some of their

chemical properties this paper presents a study using MO calculations for these purposes.

RESULTS AND DISCUSSION

The present i1nvestigetion 1s based on ad initio (Gsussian 80)° and energy weighted maximum
overlap (EWMO)* calculations. The bond lengths for Ta were taken from the litersture.’

The total energy, £ for Ts as a function of the dihedrasl angle, O, has been calculated using
an ST0-3C bsmis set (Gaussian B0) and the result 13 shown in Fig. 2.

It appears from Fi1g. 2 that the totsl energy for Te hes 8 minimum for 6 = 130°, 1n accordance
with the results from X-ray crystellographic investigstions' and earlier calculetions:® In these

calculations, the total enerqy, £ was given as: £ = Eo . E“ . [s' where it was assumed that the o-
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bond energy 1s qiven by a constant quantity and E‘; €(au.)

and L“ are the strain and ~-electron binding energy, [

respectively. from the results 1n f1q. 2 the cnergy //
of the barrier for turning the molecule inside out -1239.650 7/

=1

can becalculated tobe about 15 kcal*mole™. This value

-1239.700

18 1nreasonable agreement wath the experimental result

where analysis of the inversion barrierusing different

-1239.750

harmonic vibrations geve an 1nversion berrier of 4-7
kcal-mole™. Using ab wnitio calculations with an extend- 41239800

ed basis set (4-31G)° gives a result (~10 kcal*mole™)

which 15 1n better accordance with the experimentsl re-

-1239.850
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sult.’ The dihedral angle found for Ta 1s also in
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good agreement with dipolemoment analysis of Te 1in
benzene solution which indicates a dihedral angle
of 144° ¢+ 8°,’

The structure of Ta+* has to our knowledge Fi1g9. 2. The total energy, £ as a function
of the dihedral angle, 6, for thienthrene
(basis set: ST0-3C, full line) and the
thianthrene cation radical {UHF, basis
set: ST0-3G, dotted line)}.

only been discussed 1n relation to ESR spectro-
scopy from which i1t was assumed that 1t was non-
plenar.?

The total energy, £ [(UHF, ST0-3G) of Ta+* as
a function of the dihedral angle, 6, 13 shown as the dotted line 1n Fi1g. 2. This curve reaches also
8 minimum at C ¢ 130°. Compared with Ta, 1t appesrs that the total energy increases very rapadly
for smaller dihedral angles, wheress a slower increase 1s observed for larger angles. Using the re-

', @ result which

sults for Ta*e from F19. 2 the i1nversion barrier 1s found to be about 6 kcal-mole”
remains to be verified spectroscopically or calometrically.
further support for a dihedrsl angle at sbout 130° for Ta+¢* comes from EWMO calculations of

the principal components of the g-tensor’c' ’

(g“, q,,+ and g”). figure 3 exhibits the results of
the variation of the EWMO g-tensor principal val-
ues 83 8 function of the dihedral sngle O.
A good agreement with cxperimental results
13 obtained for the two first components of the Components of the
g-tensor (g“ and qn) for 0 = 130°, whereas for A g'tensor
9,4 MO agreement 18 found. These results indicate,
together with the UHF ad initio celculations of 933

Ta*+ 1n F1g. 2 that this cation radical probably 2.0200
has a structure which 18 very similer to that of
the closed shell system.

20160

Before we proceed to the structure of Ta+**
a small part of theory 1s necessary: In the dis- - - - - —933
cussion of features of radicsls with one unpaired 20120
electron spin, a fundamental notation 13 the sep-
aration of the electronic energy: 20080

A”:—_—ngz

£ Ve l) = E(O,N) = ely) (1;
(e d 2 1) = BON 2 el 20040

—___ Gy

where E£(0,N) represents the closed shell energy
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of the reference state and e(j) 18 the energy

> O

difference between the radical and the ground
state. This difference can be obtained by the e-

lectron propagnlnr;s the €wMO mode]l was original-
F1q9. 3. Variation in the EWMO g-tensor

ly presented as an approximative way of estimat-
ing the propegator. It 1s sssumed that conforma-

tional changes and other perturbations of the e-

prancipal values as 8 function of the
dihedral angle, © {full line). The expe-
rimental velues are given as the dotted
line.?
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lectronic system induce changes in E(0,N) as well
as the singly occupied and excaited states.? The
relative position of the states 13 determined by
the latter only and 1t 18 expected to obtain use-
ful 1nformation from the possible deqeneracies
and near degeneracies in the molecular orbitals
of the effective hamiltonisn in the way one usu-
ally uses molecular orbital theory.

The changes in EWMO orbital energy for the
highest doubly occupied MO(HOOMO;, the highest
singly occupied MO(HSOMO) and the lowest unoccu-
pied MO{LUMO) as 8 function of the dihedral
angle, O, are shown 1n Fiq. 4.

from Fi19. 4 1t appesrs that the HSOMO enerqy,
which represents the Ta(la*+) system, exhibits &
minimum of energy at 8 dihedral angle at about
125°. These results are 1n good accordance with
the results obteined by the ab :initio celculstions
above for Ta and Te*-. With regerd to the LUMO
state which represents the excited structure of
Ta**(Ta++*), 1t 13 seen that 1t has 8 maximum 1n

enerqy at @ dihedral angle at sbout 120° and that

EWMO energy (a.u))
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. Variation i1n EWMO orbital ener-

gies (HOMO: highest doubly occupied
molecular orbitsl; HSOMO: highest singly
occupied molecular orbital; LUMD: lowest
unoccupled molecular orbital) as a func-
tion of the dihedral angle, 6.

o small decrease in M0 enerqy takes place for both smaller and larger angles. A few words about the

other occupied MOs should be mentioned here: MOs locsted at lower energies (not shown in Fig. &)

exhibits a nearly similar curvature as the HOOMO end HSOMO - a3 minimum 1n enerqy st 8 dihedral

sngle at about 125°-140° or remains more or leas flat. from the LUMO state 1t should thus be expect-

ed that the structure of Ta*** 13 very similar to that of Ta® and Ta. The experimentally found ex-

citation energy {2.13 ev'®) corresponds to some extent tu the calculated excitation energy at a di-

hedral angle at about 130°-140°. Further support for geometry of Ta**® very similar to thst of Ta**

comes also from the relative small Stokes shaft (1029 cm™').!'!

let us now return to some of the chemical properties of Ta and Ta**®, and the attention will

here be focused on the halogenation of Ta'?

Bromination of Ta leads to 2-bromo-Ta exclusively:

Br

and the quenching of Ta**® by electron donors.

1,11

U = 00 = CUOL,

Scheme 1

It hes been reported that sddition of bromine to the Ta solution gives an 1ni1tisl red colour which

was refluxed until the colour was yellow.'? The 1nitisl red solution might i1ndicaste that the first

step 18 an electrophilic attack of a bromonium jon on sulfur i1n Ta giving a bromo-sulfonium 10n,

1, which by reaction with bromide leads to 2-bromo-Ta (Scheme I).
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Fig. 5 shows the HOMO and LUMO coefficients

for Ta (only left side shown).

It appears that sulfur has the largest HOMO m
coefficient, or in other words: Sulfur is most
preferred for an electrophilic attack by the
bromonium ion leading to a bromo-sulfonium ion HOMO LUMO
(I, Scheme 1), whereas the LUMO is mainly locat-
ed as shown in fig. 5, which supports the next Eé?é_;é gg:gsaggtg?no of thianthrene
step being a nucleophilic bromide attack on car-
bon no. 2 in Ta (Scheme 1).

The HOMO and LUMO states (as well as other unoccupied states located immediately above the LUMO
state) lead to a discussion of the large reorganization energy, Ago‘ (15.3 kcal*mole™!) for Tat+e*
as an electron acceptor.® In the ground state of Ta+* the unoccupied electron is mainly located on
the two sulfur atoms (80.63) relative to 0.185 on each of the two phenyl rings, whereas in the LUMO
state, which corresponds to Ta+**, the charge density on sulfur equals to 0 and 0.50 on each of
the two phenyl rings. Unoccupied states-immediatély above the LUMO state give a nearly similar charge
density picture as the LUMO state. The reorganization of the electron density from the central
ring in Tat+* to the side rings in Tat+** might then cause a solvent reorganization which can explain
the large Agnx.

It might be concluded that ab initio calculations of the total energy for thianthrene give a
minimum in energy at a dihedrel angle which is in agreement with the structure found by experiment-
al investigations. Ab initio, as well as energy weighted maximum overlap calculations predict the
structure of the cation radical and the excited cation radical of thianthrene obtained to have a
similar structure to the closed shell system. The calculations predict the sulfur in thianthrene
to be most reactive towards an electrophilic attack, and position 2 to be most reactive towards
nucleophilic attack, which is in accordance with the experimental results. The relatively large re-
organization energy for thianthrene obtained in fluorescence quenching experiments might be ex-

plained from a sudden polarization in the excited state of its cation radical.
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