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We investigate theoretically the electronic structure of (CS2)2-. Five different low-lying forms of the anion
are identified. These include the ion-molecule complex and a covalently bonded dimer anion, both of which
have electronic configurations consistent with electron attachment to the LUMO of the van der Waals dimer.
The other species, including the most stable form of the anion, all have cyclic structures and can be viewed
as arising from electron capture by cyclic covalently bonded neutral dimers, with electronic configurations
doubly excited with respect to the van der Waals dimer. Vertical detachment energies are calculated for the
various anions and lead us to reassign the features in the observed photoelectron spectra of (CS2)2-.

The structures and electronic configurations of the low-lying
states of (CS2)2- have been the subject of considerable discus-
sion. Bowen and Eaton obtained the anion photoelectron spec-
trum with 2.54 eV photon energy.1 Their spectrum displayed
a peak at an electron binding energy (eBE) of 1.4 eV that was
attributed to the CS2-‚CS2 complex form of the anion. More
recently, Tsukuda et al. obtained the photoelectron spectrum
of (CS2)2- at a photon energy of 4.66 eV and observed features
at eBE) 1.65, 2.7, 3.2, and 3.7 eV.2 These authors also
attributed the lowest energy peak to the ion-molecule complex
and assigned the 2.7 eV feature to photodetachment of aC2V

symmetry cyclic form of the anion with C-C and S-S chemical
bonding between the two CS2 moieties. This cyclic form of
the anion had been predicted by Hiraoka et al.,3 on the basis of
ROHF/6-31G calculations, to be 0.6 eV more stable than the
CS2-‚CS2 ion-molecule complex. Further evidence for a low-
energy cyclic form of (CS2)2- was provided by the recent
observation4 of the C2S2- product channel in the photodisso-
ciation of (CS2)n-, n ) 2-4 clusters.

The photodissociation and theoretical results both indicate
that the most stable form of (CS2)2- contains a C2S2 ring and
is not the CS2-‚CS2 ion-molecule complex. This, together with
the fact that the 1.4 eV peak in the photoelectron spectrum of
(CS2)2- is narrower than that observed in the photoelectron
spectrum of CS2-,1 leads us to raise the possibility that the low
binding energy peak in the photoelectron spectrum of the dimer
anion is due to a covalently bound anion. In order to address
this possibility, we have undertaken a detailed theoretical study
of the low-energy forms of (CS2)2-. Our calculations reveal
that this system is far more complex than has been recognized.
Specifically, we find that there arefour covalently bound forms
of (CS2)2-, all of which lie energetically below the ion-
molecule complex. Three of these are cyclic structures with
electronic configurations best viewed as arising from electron
attachment to a doubly excited neutral dimer. The vertical
detachment energies (VDE) of the various anions are calculated

and used to assign the features in the photoelectron spectrum
of (CS2)2-.
In the present study, second-order Møller-Plesset perturba-

tion theory (MP2)5-7 was used to characterize the anionic and
neutral dimers of CS2. The calculations on the open-shell
species were based on the spin-unrestricted Hartree-Fock
method.8-10 Geometries were optimized using analytical gra-
dients, and vibrational frequencies were calculated for the
various optimized structures to assure that they correspond to
local potential energy minima. All calculations were carried
out with a 6-31+G(d) basis set11 using the Gaussian 94
package.12

The optimized structures are shown in Figure 1, and the
relative energies of the different anion structures and the
associated VDE’s are summarized in Figure 2. Structures I and
II correspond, respectively, to the ion-molecule complex3 and
the covalently boundD2d structure, both of which have electronic
configurations consistent with electron attachment to the LUMO
of the neutral van der Waals dimer. The corresponding
structures of the valence isolectronic (CO2)2- ion are the only
low-energy forms of that anion.13-16

The remaining (CS2)2- structures, III-V, are cyclic. Of these,
anions III and IV haveC2V symmetry structures with both C-C
and S-S bonding between the CS2 monomers (see Figure 1)
and are nearly isoenergetic. Anion III has a2B1 electronic
configuration and is the species studied previously by Hiraoka
et al.3 and Maeyama et al.4 The electronic wave function of
anion IV has2B2 symmetry. To the best of our knowledge, the
latter anion has not been previously reported. Examination of
the electronic configurations of III and IV reveals that they have
a [...16(a1)214(b2)24(b1)24(a2)2] core with the odd electron
occupying out-of-plane 5b1 and in-plane 15b2 orbitals, respec-
tively. This core configuration is doubly excited (15(b2)2 f
16(a1)2) with respect to the van der Waals CS2 dimer (con-
strained to C2V symmetry). This suggests that the neutral dimer
possesses a low-lying cyclic structure with the [...16(a1)214
(b2)24(b1)24(a2)2] configuration. Our calculations show that this
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is indeed the case, with the cyclic neutral dimer (see Figure 1)
lying only 1.5 eV above the van der Waals dimer. This species,
which has a short 2.14 Å S-S bond, corresponding to a bond
order of 1, is analogous to the elusive dioxetane dione C2O4

molecule.17 Hereafter, we refer to this cyclic form of the neutral
dimer as1A1(DE), where the “DE” denotes “doubly excited”.
The1A1(DE) species can be viewed as arising from coupling

of two CS2molecules in excited3B2 states. The triplet excitation
energy of CS2 is calculated to be 3.2 eV (linear singlet to bent
triplet). All but 1.5 eV of the energy required to promote two
CS2 molecules to the lowest triplet state is recovered by
formation of the C-C and S-S bonds in the1A1(DE) species.
The 1A1(DE) cyclic form of (CS2)2 lies much lower in energy
than that of (CO2)2 because of the much lower singletf triplet
excitation energy of CS2 compared to CO2.14

The final anion studied, V, hasD2h symmetry, with the ring
consisting of four equivalent C-S bonds. The electronic wave

function has2B2g symmetry and also has an electronic config-
uration consistent with electron attachment to a doubly excited
neutral dimer. Our calculations show that the doubly excited
neutral dimer has aD2h global potential energy minimum
(structure shown in Figure 1), lying only 1.1 eV above the van
der Waals dimer.
The relative energies of the various forms of (CS2)2- together

with their VDE’s are reported in Figure 2. According to our
MP2 calculations, the most stable anions are the nearly
isoenergetic C2V

2B2 and 2B1 species with VDE’s of 2.88 and
2.23 eV, respectively. On the basis of these results, the2B2

anion is the most viable candidate for the 2.7 eV peak in the
(CS2)2- photoelectron spectrum.2

The lowest binding energy peak in the photoelectron spectrum
of (CS2)2- (eBE) 1.4 eV in the spectrum of Bowen and Eaton1

and 1.65 eV in the spectrum of Tsukada et al.2) was previously
assigned to the ion-molecule complex, for which our calculations
give a VDE of 1.04 eV. We believe it more likely that the 1.4
eV peak is due to the2B2g D2h (CS2)2- anion, for which our
calculated VDE is 1.44 eV. This assignment is consistent with
the fact that the 1.4 eV peak in the photoelectron spectrum of
(CS2)2- is substantially narrower1 than the peak in the photo-
electron spectrum of CS2-. The photoelectron spectrum2 of
(CS2)2- also displays a small peak at eBE) 3.2 eV, which
may be due to the noncyclic2A1D2d form of (CS2)2-, calculated
to have a VDE of 3.11 eV.
It is interesting to speculate how the cyclic anions with

“doubly excited” core electronic configurations are formed. The
most likely scenario involves conversion of anions with van
der Waals cores. This could happen with high probability if
there are energetically accessible crossings or avoided crossings
between the two types of anion states. Our calculations indicate
that a crossing between the2B2 C2V and2A1 D2d anion surfaces
lies substantially lower in energy than that involving the2B1

C2V and 2A1 D2d surfaces.14 This may lead to a greater
abundance of2B2 anions compared to2B1 anions in the ion
beam. It is also possible (but unlikely) that the electron impact
sources used in the experiments produced copious triplet CS2

molecules that recombined to form the cyclic neutral dimers
that, in turn, underwent nondissociative electron capture to
produce the cyclic anions with doubly excited core configura-
tions. This mechanism would favor formation of the2B2g D2h

anion since the corresponding form of the neutral dimer is
predicted to be the global minimum of the “doubly excited”
neutral potential energy surface.
In conclusion, we have identified theoretically five different

low-lying forms of (CS2)2-, two of which have electronic
configurations consistent with electron attachment to the van
der Waals dimer, while the other three, including the most stable
forms of the anion, can be viewed as arising from electron
capture by covalently bonded neutral dimers with electronic
configurations doubly excited with respect to the van der Waals
dimer. Calculated VDE’s of the various forms of the anion
are used to reassign the features in the observed1,2 photoelectron
spectra of (CS2)2-.
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