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. Figure 1. Qualitative MO diagram for [HCBE;], showing thez-orbital
Receied Naember 29, 1995 mapifold andr* — o* excitation.

The chemistry and molecular and solid state structures of
heterocyclic SN- and SeN-containing radicals have been inten-
sively studied in recent years. Derivatives of the isomeric
1,2,3,5- and 1,3,2,4-dithiadiazolyl radicdland2 have received
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particular attentiort. In part, this activity can be attributed to
the potential use of these materials in the design of molecular
conductor$. Of the two isomeric forms, the 1,2,3,5-compounds
1 are the more stable; derivatives of the 1,3,2,4-compo@nds
can be photochemically converted info® The molecular
properties of derivatives df have been studied in solution by
ESR spectroscopyand cyclic voltammet§/and in the gas phase
by photoelectron spectroscopy? The results of these studies,

in conjunction with those obtained fromb initio molecular
orbital calculations, have provided a clear picture of the ground
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Figure 2. Gas phase electronic spectrum of [HE.

state electronic structure of this class of radical. As illustrated
in Figure 1, the singly occupied molecular orbital (SOMO) is
an S-S (and S-N) antibonding a orbital. Consistently with
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Table 1. Calculated Total Energies (au) ang-S and S-N Distances (A) in théA, and?B, States ofl (R = H) at the UHF-Optimized
Geometries, in Addition to Excitation Energiés(cm™)

2A, ground state 2B, excited state
basis set energy r(S—S) r(S—N) energy r(S—S) r(S—N) A

3-21G*

UHF —937.791 05 2.125 1.660 —937.736 11 2.645 1.614 12 058

MP2 —938.308 85 —938.278 55 6 650

MP3 —938.330 01 —938.293 25 8 068

MP4SDQ —938.349 31 —838.31231 8121
6-31G**

UHF —942.310 57 2.092 1.652 —942.247 26 2.581 1.617 13895

MP2 —942.980 70 —942.937 75 9426

MP3 —943.006 94 —942.958 46 10 640

MP4 —943.053 79 —943.012 87 8981
6-311G**

UHF —942.385 30 2.107 1.648 —942.320 38 2.577 1.614 14248

MP2 —943.084 55 —943.040 77 9609

MP3 —943.107 29 —942.057 49 10930

MP4 —943.160 13 —943.118 27 9197
6-311+G(2df,p)

UHF —942.430 52 2.088 1.631 —942.359 99 2.524 1.601 15 480

MP2 —943.280 22 —943.225 86 11931

tions responsible for the intense colors exhibited by derivatives only one low-lying excited state involving a bingly-occupied
of 1 have never been probed in detail. There has been, thereforemolecular orbital (SOMO) and thus an overdB, excited
a clear need to gain a better insight into the nature of the excitedstate!®> The total energies and optimized geometries of both
states of these radicals. the2A; ground and’B; excited states are summarized in Table
Solution measurements of the electronic spectra of dithia- 1. The calculated excitation energX)((including zero-point
diazolyls are difficult to interpret because of the simultaneous vibrational energy changes) varies somewhat both with basis
presence (in equilibrium) of the radical and its dimer; both set and with quantum chemical method, but the valuea of
species are strongly absorbitg.In order to overcome the  shown in Table 1 are entirely consistent with the exciBegl
problems associated with condensed phase measurements, watate lyingca. 11 000 cni! above the ground state, as observed.
have undertaken a combined gas phase spectroscopic an@oth the ground and excited states ar€gfsymmetry at their
theoretical study of the excited states of the prototypal radical minimum-energy structures. The major structural change upon
[HCN»S;] (1, R = H). In a previous paper, we examined, by excitation is the lengthening of the-S distance, from 2.09 A
ab initio theory and photoelectron spectroscopy, the ground statein the ground state (6-3#1G(2df,p)) to 2.52 A in the excited
electronic structure of this radical and also reported and assignedstate (6-31+G(2df,p)). This bond lengthening can be rational-
its gas phase vibrational spectrdfh.Herein we report the ized in terms of the SOMOs in the two states. The transition
observation and theoretical analysis of its gas phase electronicfrom the ground to the excited state involves the promotion of
spectrum. This is the first such characterization of any sulfur  an electron from thear* orbital to a Iy o* orbital (Figure 1).
nitrogen heterocycle. While both are antibonding with respect to the S linkage,
The gas phase spectrum bfR = H) covers a large part of  the weakening of the SS bond is expected to be far more
the near-infrared and visible region (Figure 2). It seems to be pronounced when the uppes brbital is occupied. The total
composed of an underlying “continuum” which peaks near Mulliken overlap population (6-311G**) in the?A, state
16 200 cnt? (617 nm) and a long vibrational progression with  (0.0900) indicates a small but positive interaction between the
a spacing of about 250 crh near the low-wavenumber edge two sulfurs. This is decreased to a negative valu8.0601)
of the transition. The first member of the vibrational progression in the excitec?B, state. These changes are entirely consistent
cannot be assigned on the basis of our spectrum. The first bandwvith the observed SS distances in the two states.
that we measure is near 11 938 ©mbut there is clearly at The vibrational fine structure (Figure 2) can be explained by
least one more band to lower wavenumbers. We arbitrarily considering that the selection rule for symmetric vibrational
assume that the band at 11 938%¢rhasy' = 1. By fitting the modes of a symmetry isAv = 0, 1, £2, .... The observed
first 14 bands from 11938 to 14 823 ciy we obtain the vibrational interval ofca. 250 cnt! can be compared to our

formula computational results, which indicate a low-frequengyibra-
tion in the excited state at 289 ci(6-3114+-G(2df,p)). This
T, o= 11678(10H 250(3y5 — 1.8(2);52 cm ! low-frequency mode corresponds to anS&stretching motion.

In the ground state, this mode is observed at 475%¢rthe
for the band positiond,_o, with one standard deviation error ~ calculated frequency is also 475 cth(6-311+G(2df,p)). The
in parentheses. This puts the electronic band origin at 11 678frequency difference between the ground and excited states
cm1 (or lower) and givess' = 250 cnt? (or higher). reflects again the severe weakening of theSSbond effected
In order to rationalize the spectrum of this molecule, an by occupation of the antibonding lrbital.
extensive computational search was made for any low-lying

excited states, at the SCF and CIS levels. This search revealecFXpe”mental and Computational Details

The visible spectrum ofi (R = H) was recorded on a Bruker
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Klein, H.-P.; Oakley, R. T.; Michl, Jinorg. Chem.1986 25, 3194. dipole pointing out of the plane in the direction. Note that our
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dimer®was allowed to fill a 1.2 m long White-type multiple-reflector ~ obtained using at least a split-valence basis set with added d-type
cell. The cell was set for four passes for a total path length of 4.8 m. polarization functions. Thus, predictions were made using four sets;
The spectrometer was operated with a quartz visible beam splitter, a3-21G*, 6-31G** and the larger valence triple-6-311G** and
tungsten lamp as a source, and a silicon photodiode detector. Teng-311+G(2df,p) bases. Geometries and vibrational frequencies were
thousand scans were recorded at a resolution of 8 tmobtain, after optimized at the UHF level. Energies were determined up to full
background corrections, the absorption spectrum shown in Figure 2. fourth—order Mgller-Plesset (MP4SDTQ).

The spectrum was corrected with a background scan recorded with an

empty cell. The sample integrity was checked by monitoring its -
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