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Photodestruction spectra of carbon disulfide cluster anions)) [G$1=1-4, have been measured

with a time-of-flight mass spectrometer coupled with an optical parametric oscillator. The spectra of
all the cluster anions af=2 were found to exhibit a similar absorption band peaking at 1.6—-1.8 eV,
suggesting that a £S5, core is involved in the cluster anions. Photon energy dependence of
competition between electron detachment and dissociation of the dimer anion was also observed. It
was found that there is a reaction channel of the dimer anion produgligahd S, as well as the
ordinary dissociation into GSand CS. The most stable form of the dimer anion was investigated

by ab initio calculations at the unrestricted Hartree—Fock/6- & level, showing that the stable

form involves covalent C—C and S—S bonds. Reaction mechanisms are discussed on the basis of
electronic symmetries of the parent and the fragments.1998 American Institute of Physics.
[S0021-960628)01804-2

I. INTRODUCTION Rydberg electron attachmérand measurement of thermo-

chemical functior® using a high-pressure mass spectrom-

Recent experiments on the photoelectron spectroscopyer. Very recently, Nagata and co-worKesgserved photo-
of molecular cluster anions have shown that the binding eng|ectron spectra of (G§; .

ergy of an excess electron is generally a few electron volts. It

, o= S . ) Another important aspect also is that S an “isova-
is comparable with intermolecular binding energies for their,
. lent” molecule of CQ. Both molecules are well known to

cluster formation, so that electron detachment and dissocui?-e linear in their neutral around state. Hence. a comparison
tion may compete in photodestruction processes of cluste 9 ' ' P

anions. This is the similar situation encountered in “super-2€tWeen results for Gsand CQ cluster anions provides us
excited” state& of neutral molecules which may decay with much of chemical interest. Fleischman and Jotflan
through ionization and dissociation. Moreover, excitation enhave calculated stable geometries of the,@dner anion,
ergy of competitive destruction for anions is considerablywhere there can be two isomers, which are almost isoener-
lower than that for the neutrals, i.e., the process for aniongetic, the equivalent form(D,4 symmetry and the ion—
may occur in the near-infrared to visible region. Since decaynolecule complex form(Cg symmetry. Johnson and
dynamics of cluster anions near detachment threshold iso-workerd! have reported the photoelectron spectra of
closely related to their electronic structure, spectroscopy ifC0,), for n=2-13, suggesting the presence of isomers.
the near-infrared region is quite interesting with respect orheir data suggested that the dimer core structure is pre-
the mechanism of reactions induced by electron transfer.  gominant forn<5, and that the monomer core structure is
Carbon disulfideCS,) is one of the most reactive elec- 1,0 staple fon=6. Lineberger and co-workdfshave re-
trophilic reagents, which is frequently used as a medium fo orted photodissociation of much larger cluster anions (13

organic. syn}heses. .It has been algp repqrteql that =n=<40), where they have noted that electron detachment is
polymerize&* under high-pressure conditions or in discharge .
He only photodestruction channel fo12.

circumstances. Spectroscopic analyses on the reactivity ar]i i

structure of cluster anions (G5 may be a keystone by In th? present work, we report photodestruction spectra
which to elucidate reaction mechanisms under bulk condi®f (CS)n , n=1-4. We have observed the photon energy
tions. Nevertheless, photodestruction processes have newég¢pendence of the destruction channels for the dimer anion,
been reported for (G§, , although there have been many where electron detachment and two dissociation channels are
reports for the neutral and the positive ion clusters. For exfound to compete with each other. In addition to the ordinary
ample, Ng and co-worket§ have carried out extensive stud- dissociation channel leading to €&nd CS, we have found

ies on ionization and/or dissociation channels of, Gi8sters  another channel generating intracluster reaction products of
following photoexcitation with a continuous vacuum ultra- C,S, and S. Ab initio calculations at the unrestricted
violet (VUV) light source. To our knowledge, there are only 5 ree_Fock level with the 6-31G* basis set have been
two experiments published for (6 , i.e., generation by performed for the monomer and the dimer systems. Struc-
tures and reaction mechanisms of the dimer anion are dis-

dAuthor to whom correspondence should be addressed; electronic maigyssed in comparison with the calculated results.
mae@qclhp.chem.tohoku.ac.jp
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Maeyama et al.: Carbon disulfide cluster anions 1369

o type. The pulsed voltages, the duration of which wasu$0
35;}:,1;’;3@6 were typically — 1020 and— 940 V for the first and the sec-
A— ond electrodes, respectively. The ion signals were detected
O with a channel electron multipligiMurata Ceratron Eand
Ii]CEM were monitored with a digitizing oscilloscop@ ektronix

i TDS520A.

1 TOF Tube Signal or idler outputs of an optical parametric oscillator

i (OPO (Spectra Physics MOPO 7B@umped by another

-
1
)
Valve '
Driver 1
]
]
]
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Y

Nd:YAG laser(Spectra Physics GCR2bWere used for the
1 Vacuum Chamber photodestruction light source. The OPO beam was colli-
: mated by irises to 1 cm in diameter and was not focused, so
- | that the beam diameter completely covers a cross section of
—lg N Y an ion cloud of a particular species. The fluence of the light
vave 1| Switch pulse was attenuated te 12 mJ/cni by neutral density fil-
l“—""ép_[e}:"““:_"l 4 ters. The light pulse was introduced into the second accelera-
[ I fiter tion region of the TOF spectrometer to excite a single spe-
\D . cies. Depletion of the parent ion signals was observed when
oo % photodestruction takes place.
NavAG Laser  Teng)y 4 The total photodestruction cross secttis given as fol-

lows:

Gas Inlet
CSy/ Ar

i In(ly/1)
Nd:YAG Laser OPO Ol N)=¢ DN’ 1

where | and |, represent the numbers of parent ions at a
ﬂ | | given vyavelengthk during the OPO-on and -off periods,
Digital Deley Trigger Pulses respectively®(\) and 7 are the photon flux and the temporal
Generators duration of the OPO light pulse, respectively. The sympol

f is an instrumental parameter, which is unknown in this work.
Pulse In this respect, we obtained photodestruction spectra by us-
Generator ing the relative cross section,

FIG. 1. Schematic of the experimental setup for photodestruction spectros- |n(|0/| )
copy of cluster anions. oy = N
py tot A-o(N)

where ¢(\) is the fluence of the OPO light pulse. The pho-
Il. EXPERIMENT todestruction spectrum corresponds to the absorption spec-
trum, when we assume that photoexcited anions must decay
The experimental apparatus and the procedures wef@rough the electron detachment and/or dissociation pro-
mostly identical to those described elsewhErdigure 1  cesses.
shows a schematic of the experimental setup. In this experiment, we observed a remarkable depletion
A gaseous mixture of GSand Ar was supersonically of a negative ion in an energy region where photodetachment
expanded as a free jet into a vacuum chamber through ig the only destruction process of the ion. However, when
pulsed valvegGeneral Valve C9.with a 0.5 mm orifice. The dissociation channels are opened, fragment ions appear as a
partial vapor pressure of GSvas about 200 Torr and the broad band in the lower mass number region of the parent
total stagnation pressure was 4 atm. A zirconium metal platéon in the TOF mass spectra. The fragment ions reach the ion
was located on one side of the valve 15 mm from the axis ofjetector faster than the parent, because the fragments are
the beam. The fourth harmonic of a Nd:YAG lag8pectra  accelerated more in the electrostatic field of the photon-
Physics GCR230was introduced to hit the zirconium sur- interaction region. Thus, we obtain the total dissociation
face after a certain time delay from opening of the valve. Theyield of the parent ion by integrating all the fragment signals,
pulse energy of the incident laser light was typically 20 mJ.although the species of the fragments are not identified.
It was loosely focused so that the spot diameter on the suEomparing the total dissociation yield with the total destruc-
face was about 3 mm. Cluster anions were generated by afion cross section, the electron detachment yield can be ex-
tachment of photoejected electrons from the metal surface tgacted.
the neutral Cgclusters in the expansion region of the jet. A
similar electron attachment technique, using ®Ydisk as  IIl. RESULTS AND DISCUSSION
an electron source, was developed by Nakajehall* The
jet was skimmed into an ion beany b 3 mmskimmer. The
cluster anions were analyzed by using a pulsed time-of-flight  Figure 2 shows mass spectra of the,CHRister anions
(TOF) mass spectrometer of the standard Wiley—McLarerobtained under the OPO-off and -on conditions, where the

@

A. Photodestruction spectra of  (CS,),,
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FIG. 2. Time-of-flight mass spectra of (S under OPO-offbroken ling Photon energy / eV

and OPO-onE=1.64 eV; solid ling conditions. The input timing is tuned
to exciten=2. Shaded regions indicate the depletion of the parent and the

generation of the dissociation products. FIG. 4. Photodestruction spectra of (5 (n=2-4).

timing of the OPO light pulse irradiation was tuned to excite T notodestruction spectra pf=2-4 are shown in Fig. 4,
the dimer anion 1i=2) and the photon energy of the OPO and exhibit a broad absorption band peaking at 1.6—1.8 eV.

light was 1.64 eV. It is evident that a reduction of the parent! "€ P€2k position seems to shift gradually to the high energy

ion signals is induced by their photodestruction, and a broa§'d€ as the cluster size increases. The onset of the absorption
enhancement due to the fragment ions appears in the maQ5n=2 is found at 0.80.1 eV, which is considered to be
region betweem=1 andn=2. the adiabatic transition energy from the ground state to the

Figures 3 and 4 show the relative photodestruction Crosgrst excited state. The total destruction cross sectionnfor
sections forn=1—4 through Eq(2). The spectrum of the =2 at the absorption peak was estimated to be 3—-4 times

monomer anion, CS represents a gradual increase with re-larger than that fon=1 by measuring the dependence of the

spect to the photon energy. In this energy region, no dissd®" depletion rat'lo with respect to the OPO fluenc'e.. The
ciation process is observed, so thaG&cays only by elec- larger cross sections were also observedfai3. The_ simi-

tron detachment. In this respect, this spectrum can bl SPectra fom=2-4 suggest that the cluster anionsnof
compared with the photoelectron spectrum of,C®akes 23 consist of a dimer anion and the neut_ralzoﬁolety, :
and Ellisort® measured the photoelectron spectrum obCS which is loosely bound to the fqrmer. The dimer core anion
where a long progression of the bending vibration appearQCtS as a chromophore of the similar spectra. This is consis-

because CS has a bent structure, whereas the neutral ident with thermochemical measurements by Hiraoka and
linear. They determined the adiabatic electron detachme o-workers| where they found that the enthalpy change for

energy of C$ to be 0.895-0.020 eV. The extremely broad ¢ usterinr? of Ch§ Wiﬂ; Cr?z (%H : _Zlig kcal/r;ol) iSAEU_Ch
feature of the present spectrum can be understood in asin49rger than that of the dimer anion and L$AH=

lar manner; the increase of accessible vibrational states of th§6'4 kealf mol?. In th|sirgspecté h;a?aftier, we represent the
neutral C$ leads to a gradual rise of the photodetachmen imer core anion as £, instead of(CS,), . .
There have been reports of several cluster ions of homo-

cross section. i . .
geneous species having the dimer core structure, for ex-
ample, the benzene cluster catidn® (SQ,), %%

10 (CO,),,,* and so on. A dimer core ion often exhibitds an
absorption band with a large cross section in the near-
infrared or the visible region. Such an absorption is usually
assigned to the charge resonat€®) type transitioA® be-

° ° o o tween two states which arises from thé— combination of
° ° wave functions involving the neutral and the ionic configu-
rations of two identical molecules. However, the absorption
° bands observed for the G8luster anions cannot be assigned
to the CR type. The reason for this will be discussed in

following.

0.8
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Relative cross section / arb. units
[

0.0
14 16 18 20 22 24 2§ 28 B. Photodestruction channels of the dimer anion

Ptoton energy / eV

Since the dimer anion is a key species among the small
FIG. 3. Photodestruction spectrum of £S size cluster anions of GSwe concentrate our discussions on
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Maeyama et al.: Carbon disulfide cluster anions 1371

the results of the dimer anion. In the photodestruction spec-
trum of the dimer anion, any processes leading to the disap-
pearance of the dimer anion can contribute to the overall
cross section of the spectrum. We referatg; as the total

photodestruction cross section for the dimer anion. One of o
the destruction channels is the electron detachment process

C,S; +hv—(CS),+e. 3)

104 ©

o
T

Giss / Otot

Since we did not know whether the neutral species dissoci-
ates or not in the present experiment, the electron detach-
ment means all the electron releasing processes irrespective o
of the dissociation in the neutral manifold. The partial cross 0.0, : : : : : : :
section of reaction3) is represented as(e”), whatever 10 12 14 16 18 20 22 24

neutral fragmentation is involved. The other channel is due Photon energy / eV

to dissociation processes of ionic manifold but not to the

electron release. Since multiple dissociation processes aféG. 5. Photon energy depend_ence of the dissociation yield with respect to
expected, the partial cross section involving all the dissocial™® 8! destruction cross section.

tion processes is denoted ags. Therefore, the total cross

sectiona of the photodestruction process is represented asyngition that the cluster formation for=3 was minimized
follows: by adjusting the time duration as well as the stagnation pres-
(4) sure of the pulsed jet expansion. A new product band was
. - ) , _found atM =88 amu corresponding to,58, when the OPO
Among the dissociation channels one is due to the dissoCigght was introduced into the first acceleration region of the
tion of the dimer anion into the neutral monomer and itSToE spectrometer. Thus, the second dissociation channel is

Oior=0(€7 )+ O gigs.

anion suggested to be as follows:
C,S, +hv—CS, +CS,. (5) C,S, +hv—GC,S, +S,, (8)
We refer to(5) as the C$ channel whose partial cross sec-
tion is represented by (CS,). The other dissociation chan-
nel will be given later. 40 S
In Eq. (4), we may define the dissociation yield, as given a) (n_21)
by 304 - g CoS4~
Pa= 0 diss/ O ots (6) | (n=2)
while the yield of the electron detachment is given by ® 20+ |I|Il
Po=1—Py. 7) S 4ol CoSy~ |
P4 is obtained by measuring the intensity ratio of the frag- -9 J
ment ion signal versus the depletion signal of the parent ion, f 0- \\& B
assuming that the detection efficiencies of both ions are the >
same. Although the absolute valueff is hardly obtained, B 87 b CSy™ n CoS4™
it can be revealed how, depends relatively on the photon qc) ) (n=1) (n=2)
energy E€). Figure 5 shows relative values Bf; as a func- § 6 -
tion of E, in which we assum@y=1 atE=1.13 eV. Bowen c _
and co-worker® measured the photoelectron spectrum of £ 4 C282
the dimer anion, where the adiabatic electron affinity of the
neutral dimer was determined to be 1.670.032 eV. Thus, 24
o(e™) is considered to be negligibly small Bt=1.13 eV.
SinceP4 declines monotonically with an increase of the pho- 0N f\ r
ton energy, the yield of electron detachment increases con- T I r 7
versely. The total photodestruction cross section reaches the 15 20 25 30 35

bottom at a photon energy around 2.3 eV, so that the direct
electron detachment is considered to be the predominant
channel in the energy region above this. A similar behavioFIG. 6. (@ Time-of-flight mass spectrum where the OPO lighE (
has been found fO'fSOz)_ as reported by Dresoét a|_23 =1.88 eV) is introduced to the first acceleration region of the mass spec-

It is quite interestin 2£o investigate whether there are an)?rometer(solid curve. The generation of the= 3 clusters is restrained to be

.q " g g " . ess than 10% of the dimer anion. The broken curve is the reference spec-

other dissociation processes than the, @8annel. Figure 6  trum. (b) An expanded trace (8) of the upper panel. The peak correspond-
shows an example of TOF mass spectra obtained under i@y to GS, appears as a dissociation product.

Time of flight / us
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FIG. 7. The partial cross sections for theSg channel(open circley and
the total destruction cross sectioftdosed circleson a relative scale.

C2v

FIG. 8. The optimized geometry of the,&; anion.

which we call the GS, channel. The partial cross section of
this channel is given by

0(C.S;) =010t X 1(CS,)/AI(C,S,), 9
the unrestricted Hartree—FodkJHF) method for calcula-

where 1(C,S,) is the signal intensity of &S,, and :
Al(C,S,) is the depletion of the parent dimer ions. No othertlons of the absol_ute_ energies, although th_e ROHF resn_JIts
may provide qualitative insights such as highest occupied

dissociation channel was found in any energy region of our

measurements. Thug., is expected to be as follows: molecular orbital-lowest occupied molecular orbital
' diss ' (HOMO-LUMO) correlations. In this respect, we have cal-
Tgiss= 0(CS,) +0(C,S,). (10

culated at the UHF/6-31G* level for the negative ions and
- * - -
The photon energy dependenceodiC,S;) is shown in Fig. at the RHF/6 33#G level for cloged shell neutral mol _
_ ) ecules, respectively. The computations were performed with
7. The onset of the £5, generation occurs at 1.2 eV, al- .

. the GAUSSIAN92 program packadé on a workstation
though o at the same energy is almost half of the peak(Hewlett—Packard Apollo9000 735 More sophisticated
value. Therefore, the GSchannel should be predominant in P P
the photodestruction threshold at around 1 eV, since no elec:

methods, for example, the second-order/llgle-Plesset
tron detachment takes place in this region, as discusse

P2) perturbation theory, have never been feasible in our
above. Unfortunately, the branching ratios of each dissociaEZ:VpUt:::)Omn:I |§<2VI2(L)Jr|]fTrenEmtf?) rtcljir:(;;ttj(le%e;gisstfrm allwn(i?](cjimg
tion channel were not determined with our experiments, be- yﬁo ’ .
causd (C,S,)/A1(C,S;) in Eq. (9) must be multiplied by a J_orda (eported that the mo_st stable isomer of tthCO
2 24 ' . . dimer anion at the UHF level is altered by the other isomer
constant but unknown factor corresponding to the ion detec- )
tion efficiency. Despite this, it should be noted thdC,S; ) when they applied the MP2 level of theory. In the present
does not digé ea? even ,at 53 eV where the azt?éor tio%alculations, therefore, we did not employ the MP2 calcula-
disappear ' ’ orp tion, although the absolute value of the calculated energies
cross section is minimal. Hence, we presume that t5f8, C

: . . may not be very accurate.
channel is dominant over the €Shannel in the energy ) "
region higher than 2.0 eV. The most stable geometry otE, at the UHF/6-3%+G

level was found to be of £ symmetry as well as at the

, ) ) ROHF/6-31G level, as depicted in Fig. 8. Internuclear dis-
C. Hartree—Fock calculations for the dimer anion

Since the broad and structureless feature of the photode- o _

struction spectrum is not effective for determining the geo-TABLE I. Optimized parameters of &S, in the G, geometry.
metric structure of the cluster anioab initio calculations =" lengths ROHF/6- ROHF/6. UHE6-
provide valuqble clues to the r(_alatlon between the structure z,q angles 31G 314G 314G*
and the reaction mechanism. Hiraoka and co-wofkeatcu-
lated the geometry and the energy of the stable dimer anio

Rond lengthsA)

) . Cc1-Cc2 1.39 1.41 1.40
at the restrlcte(_j open-shell Hartree—F¢RIOHF) level with c1-s1 187 179 179
the 6-31G basis set. They showed that the most stable formci-s3 1.70 1.65 1.66
of C,S, is of G, symmetry where the symmetric axis is S1-S2 2.26 2.09 2.09
perpendicular to the C—C axis. However, the 6—31G basis B?fgggée;de@ L0534 1010 L0106
. . '] . L - - . . .
set is insufficient for negatively charged systems to be cal S s1.01.53 1234 ppmps 125 3

culated, since the diffuse wave function of the excess elec-
tron orbital must be involved. Besides, it is better to apply®The number given to each atom is identical with that in Fig. 8.
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TABLE II. Mulliken charge and spin densities for,§, in the optimized geometries.

ROHF/6-31G ROHF/6-31G* UHF/6-31+G*
Charge Spin Charge Spin Charge Spin
C1 —0.488 0.186 +0.081 0.190 +0.056 0.000
S1 0.102 0.015 —0.033 0.028 —0.042 0.001
S3 -0.114 0.298 —0.548 0.281 -0.514 0.496

tances and bond angles obtained at three different levels aneteraction potential between the neutral and the dimer anion
summarized in Table I. Close distances of C1-C2 and ofs a delicate matter depending on the electron density on
S1-S2 suggest the covalent bond formation for both, so thaiach atom.

the dimer anion may seem to be a so-called four-centered Qpviously, the calculated geometry of the dimer anion

reaction intermediate. Especially, the bond length betweegyggests that cleavages of the four-membered ring with re-
these carbon atoms is comparable to that of double bonds %Eect to they and to thez axes result in the GSand the

unsaturated hydrocarbons. Inclusion of diffuse functions i — : oo .
the basis set 3/vas found to be effective for the S1-S2 bor?&282 channels, respectively. The optimized geometries of

e neutral and the anionic fragments are shown in Fig. 9.

_formatlor_L The electronic ground state was fqund tBe The electronic ground states of £SCS,, and S are2A,,
irrespective of the level used for the calculation. However, _ e — .
, and“X , respectively. The bent form of GSs con-

the electron and the spin densities on each atom depend off9 )
the level, which are summarized in Table II. The result of theSISteNt with the photoelectron spectrum, where a long pro-
UHF/6-31+G* level reveals that the excess electron local-9réssion of bending vibrations appears. On the other hand,
izes on sulfur atoms on the open sites, namely, S3 and S&2S; was found to be linear. The C—C bond length is so
Hiraokaet al® showed the optimized geometry of the trimer small that it corresponds to a triple bond of acetylene. It was
anion at the ROHF/6-31G level, where a neutral monomefound that the Y-shaped isomer having a form like vi-
attaches weakly to the open side of the dimer anion by amylidene is unstable. It confirms that the departingn®l-
electrostatic interaction. However, it should be noted that thecule in the GS, channel is attributed to the form in which

©

1.544A
1.634A _‘ (1.554A)
(s —0o—(s

CSy (XA CS, (x 's)

144.3°

o o S, 1.879A
1.635A  1.234A  1.635A _| (1.889A)

1.
() ()
s —C©—0—s

C2So S» (X 3Zg_)

FIG. 9. The optimized geometries of the dissociation products,8§ CThe optimizations are performed for £and GS, at the UHF/6-3%G* level for
CS, at the RHF/6-31& and for S2 at the UHF/6-31'G Bond lengths of neutral moleculéim parenthesgsare the experimental values in Refs. 27 and 28.
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1374 Maeyama et al.: Carbon disulfide cluster anions

TABLE Ill. Harmonic vibrational modes of £, in the optimized geom-
etry at the UHF/6-31G* level.

Frequency Force constant
Mode Symmetry (cm™) (mdyne/A)
1 a, 126.6 0.30
2 a, 196.5 0.69
3 b, 298.4 0.70
4 b, 314.7 1.50
5 b, 390.8 2.67
6 a, 483.0 4.19
7 a, 562.9 5.94
8 a, 594.4 2.57
9 b, 752.0 4.78
10 a, 967.4 7.53
11 b, 1168.9 10.37
12 a, 1499.6 16.15

aNo scaling factors are multiplied.

S1 and S2 are in the four-membered ring. Although elec-
tronic symmetry of the stable linear shape could not be sim-
ply determined by the calculatioy; symmetry has been
obtained when it takes a trapezoidal,(shape. Electronic
correlations between the parent and the fragments will be
discussed in Sec. Il D.

We also calculated vibrational energies of the dimer an-
ion at the UHF/6—-32G* level. There are 12 vibrational
modes which are given in Table Ill. Force constants of to-
tally symmetric @,) modes provide useful information of
bond strengths in the four-membered ring. Fiyenodes are 1 2

schematically represented in Fig. 10. Mode 12
FIG. 10. Totally symmetric &;) vibrational modes of &S,. The nuclear

(1499.6 cm?) is assigned to the C—C stretching vibration, = =: A
. . . L - . motions, represented by arrows, are exaggerated by multiplying a constant
which is consistent with its bond length corresponding to &actor to the calculational results.

double bond. Mode 10 (967.4 ¢ is the stretching vibra-
tion of the four-membered ring with respect to thaxis. Its
force constant was found to be 7.53 mdyne/A, which is subin-plane axes, namely, andz. Note that we use the defini-
stantially lower than that of mode 12 (16.15 mdyne/A), tion for axes shown in Fig. 8, even though symmetries of the
showing that the C—S bonds in the four-membered ring ar&agments are concerned. The reflection symmetry of the
relatively loose. electronic wave function must be preserved through the dis-
sociation processes, if it proceeds without destroying the mo-
lecular plane.

The asymptotic state for the GShannel is CS(?A,)

Figure 11 shows a schematic diagram of potential energy+ CSZ(12;;). The electronic wave function of the whole sys-
surfaces(PES$ of the GS, system. Although there are tem is symmetric with respect to the reflectiotyz), where
some ambiguities for energy levels of the product states, Figeach atom of the fragments is located within yizeplane. If
11 contains the essence of competition between the destruttte dominant interaction to form the dimer anion is the CR
tion channels. When the dimer anion is photoexcited, the firstype, the ground state of the dimer anion must correlate with
step of the competition occurs between the direct electrothe ground asymptotic state of €$CS,. However, it is
detachment and a transition to an excited state of the aniomeadily found that the CSchannel does not correlate with
The neutral surface drawn with a broken curve may lie neathe ground®B; state of GS,, since the’B, state exhibits
the excited state at the equilibrium geometry of the groundantisymmetric behavior with respect éyz). Symmetries of
state anion. The second step is decay processes of the excitibé electronic excited states, which can be accessed through
state, i.e., the CSchannel, the €S, channel, and maybe the one-photon transition from the groufi;, state, ared,,
vibrational autodetachment. A,, andB;. Among them, onlyA, state can correlate with

Correlations between electronic states of the parent arthe CS channel, where the direction of the transition dipole
ion and the fragments provide us with significant informationmoment is parallel to the out-of-plane axisThus, we con-
about reaction mechanisms. As was discussed in Sec. Ill @luded that the observed absorption band with a peak of 1.6
the competitive dissociation channels are attributed to bondV is due to the2A;—2B; transition. Hiraoka and
cleavages of the four-membered ring with respect to twaco-worker§ have suggested that there is a barrier to the

D. Reaction mechanisms of the dimer anion
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FIG. 11. Schematic potential energy surfaces fg8,C Dissociation channels in theandz directions correspond to the right-hand side and the left-hand side
pathways, respectively. The broken curve represents the neutral surface where electron detachment occurs. The potential barrier suggested by Hiraoka and
co-workers(Ref. 8 may be attributed to the crossing point betweenhe and?A; states(marked with an asterigk

dimer anion formation from CSand CS. We presume that V. CONCLUDING REMARKS

it arises as a result of a crgsging between PESs of thg grqund We observed photodestruction spectra of §GS which

?B, and?A, states, which is indicated by an asterisk in Fig.show that the clusters are composed of the dimer core anion

11. C,S, and the surrounding neutral €Snolecules. Three
For the GS, channel, the asymptotic state is composedcompetitive destruction channels of the dimer anion were

of C,S, (*A, ina G, form) and S (329_). Direct product  found after the photoexcitation of the dimer anior,SE,

between them yields thB; symmetry in G,, so that the electron detachment and two dissociation processes. One of

C,S, channel is allowed to correlate with the ground state ofthe dissociation processes leads to thg5,Cgeneration,

the dimer anion, since the grouﬁd:g state of $ exhibits  which competes the ordinary dissociation into,C8d CS.

the antisymmetric character witHyz). Therefore, predisso- By usingab initio calculations, the most stable geometry of

ciation following internal conversion from th&A; state to  the dimer anion examined is of the form having a four-

the ground state is most likely for the channel. The C—gnembered ring involving a C-C bond formation. Such a

bonds in the four-membered ring Of the dimer anion are re'aC—C covalent bond has never been observed in reactions of

tively loose in the ground state as mentioned above. wéhe neutral and the cationic clusters of £SThus, we as-

therefore conclude that generation ofSg proceeds on the SUMe that re_act;\qty qf anions is important to I|ne_ar carbon

ground state PES. The appearance energy,8§ @ay cor- chain formatioR® in discharge-induced reactions involving

respond to a dissociation threshold of the ground state anior(r’,SZ'

unless the internal conversion rate depends significantly on
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