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Some properties of the lower electronic states for nonlinear He 3 clusters

F. A. Gianturco
Max-Planck-Institut fu Stromungsforschung, Bunsenstr. 10, 37073tiagen, Germany,
and Department of Chemist?);The University of Rome, Cittdniversitaria, 00185 Rome, Italy

M. P. de Lara-Castells )
Department of Chemistry, The University of Rome, Qittaversitaria, 00185 Rome, Italy, and Instituto de
Matemaicas y Fsica Fundamentd C.S.I.C., Serrano 123, 28026, Madrid, Spain

F. Schneider )
Department of Chemistry, The University of Rome, Qittaversitaria, 00185 Rome, Italy,
and Toblacherstr. 42 Berlin Pankow 13187, Germany

(Received 25 September 1996; accepted 23 April 1997

Accurate, highly correlated calculations have been carried out for the ground electronic state and for
a few of the lower excited electronic states, two of which are discussed in this work, of the trimer
ionic helium cluster. Both linear asymmetric and nonlinear, symmetric, and asymmetric,
configurations have been considered over a rather broad range of nuclear geometries. The results
confirm the experimentally fourldChem. Phys102 2773(1995] fragmentation patterns involving

He and Hé fragments only and further suggest a range of possible nuclear geometries from which
nonadiabatic couplings could also lead to,Heagments, albeit with a lower probability than the
former channels. ©1997 American Institute of PhysidsS0021-960607)00929-X]

I. INTRODUCTION other arrangements and to see the possible effects of bent
L . . structure formation during the ionic cluster breakup process.
The ionized clusters of helium atoms, especially forThe object of the present study is precisely that of presenting
small vaIues. of the numbe_1 of a monomer raré gas, are 5 fairly detailed analysis, from highly correlatedb initio
among the simplest of the increasing number of cluster 'ONRalculations, of the possible fragmentation pathways for vari-

that have_recently attrgcted a great deal of _attent|on Irom Bus types of distorted nuclear structures other than the linear
broad variety of experiments and of theoretical methiods. symmetric arrangement discussed eaflier

When one considers the energetically most favored struc-

tures of the smaller ionized helium clusters,;Heith n from

3 to 7, one finds for instance, that a linear trimer molecule

constitutes its ionic cofe® and is surrounded by an equato- ll. THE COMPUTATIONAL DETAILS

ri_al r_ing of neutra_l atomg. So_the qualitative_z picture _of the  The present set of calculations was carried out using
binding structure is one in which the core trimer carries théyighly correlated wave functions via the Multireference
positive charge and has its three atoms covalently bound t@ingje and Double Excitations with Configuration Interaction
each other, while the atoms further in the ring are mainly, MRD-CI) method described many times befd?e'® and
bound by the weaker polarization forces. We recently carrieq,gqq previously by us on similar probles thus, its de-

out further calculations using a Local Density Approxima- sijeq computational aspects will not be repeated here. The
tion (LDA) method to treat correlation effectand found a  p46is set chosen was the cc-p Vi@rrelation consistent
general confirmation of such a picture for the bindingp|arized valence triple zetauggested earlier by Dunniri§.
scheme of ionic clusters up o= 7. _ _ The atomic basis set employed in it was the2p1d con-

The dynamical behavior of such simple clusters is alsqracted to 32p1d, which leads to 45 contracted GTO func-
of interest in order to establish even more in detail theirjons for the H¢ system. The doublet, open-shell SCF oc-
general fragmentation patterns and the preferential pathwaY:%pation was given by (dg)z) (102) (’2 o?) in the C
for energy redistribution that lead to these pattériiée have arrangement and all 45 SCE-MOs were used in the CI pro-
recently analyzed the nature of the electronic excitation progeqre.
cess of the linear helium trimer, in a symmetric configuration |, 5 typical run, about 18—26 optimized main configura-
of its ion? and found that the behavior of the charge relocaions were used to, generate 20 000—30 000 singly and dou-
tion after electronic excitation can explain the appearance °5Iy excited configurations out of which 15000 were then
the various peaks observed in the time-of-flight experimentalj|acted by adopting a threshold of 0.02—Ofartree. The
spectr and can help us to understand the relative stability Ofensuing Cl extrapolation gave rise only to corrections of
the fragmentation species. about 0.001 a.u. to the lower roots.

Ina more general analysis of both the ground and the ¢ fina| Hamiltonian matrix in the selected configura-
excited electronic states, however, one needs to further prolg, , space was then diagonalized to yield five to seven roots,
and the final wave functions turned out to be represented by
dpresent address. the reference configurations with rather high accuracy since
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the relevant coefficient weightgthe c* Xc quantities  which asymptotically leads to a helium dimer ion equilib-
summed up to values of 0.98-0.99. rium geometry of 2.044, and a binding energy of 2.4-2.5
We considered a variety of geometric arrangements ireV, while the third helium atom dissociates with an extra
order to complement what had been already obtained in thenergy of 0.15-0.17 eV. Thus, the collinear calculations
symmetric linear breakup discussed earli@ihus, we gen- indicate the following.
erated the linear asymmetric breakup with the two bond dis- (i) That to excite the linear trimer into either of its lower
tancesR; andR,; different from each other; then the helium electronic states leads to a full fragmentation of it, indepen-
insertion process of th€,, arrangement. In the latter in- dently of the chosen initial geometry, i.e. both from its basin
stance the two considered distances were the ionic diatomf minimum energy and from any asymmetrically stretched
bond,r, and the third helium distance from the midpoint of configuration.
the latter, i.e., theR distance perpendicular to the diatomic (i) That the ground state electronic potential can lead to
system(see below. Finally, we also considered the coordi- adiabatic dissociation of the cluster either into three frag-
nates of an arbitrary bent structure, whereby tHe—He™* ments or into a dimer ion plus a neutral atom.
bond distancey;, and the distance of its midpoint to the third (ii ) That the symmetric stretch process is connected to a
atom,R, formed a fixed angle= 60°, and the relevant elec- first excited electronic state of 2%, symmetry, which is
tronic states then belong to th@ symmetry. Each of the reached by optically allowed transitions from the symmetric
radial distances, in all cases examined, were extended up tfround state of the trimer ioh.
6.0a, by intervals varying between 0.15 and &5rom the Our previous calculatioisalso showed that the ground
region of minimum energy of the linear trimer ion. In the electronic state of the trimer ions has a positive charge dis-
linear arrangements, a total of 120 actually computed pointgibuted over the three-center system when close to its equi-
was employed to generate the maps discussed below. In thigrium geometry at the center of the basin and that such a
C, arrangement a total of 270 points was generated, while igharge migrates out to the two wing atoms as symmetric
the C,, arrangement 120 points were also computed. Finallystretching deformation is undergone by the molecule. We
other orientations were also computed for the Jacobi angleould therefore confirm the qualitative reasoning given from
from 10° to 60° with intervals of 10°, for a total of 500 experiment$that the dramatic difference of excitation ener-

points. gies between the dimer ion+ 10 eV) and the trimer sym-
metric ion(5.34 eV is related to the existence of a different
lll. DISCUSSION OF RESULTS chromophore in the latter species. Thus, the simpler alterna-

tive structure consisting of a dimer ion core with a loosely
attached neutral atom should be ruled out for the trimeric
librium geometry withR=2.34a, in each bond, a result that cluster in its ground state .equilibrium geomgtry. On the other
compared well with the best-known theoretical value from2nd. the present extension of the calculations to the asym-
CEPA-SD calculatiorisof 2.35,. Furthermore, the sym- metric stretch Conflgurathns |nd_|cates clearly that th_e re-
metric dissociation energy into Fle-He+He was found to moval of only one Of_ t_he wing helium atoms from the trimer
be 2.59 eV, also in good accord with the earlier value of 2.5290eS lead to a stabilization of the charge on the remaining

In the previous calculations of the equilibrium structure
of the Hej specied we found an optimized symmetric equi-

dimer and therefore to possible, highly deformed linear

eV from Ref. 5. . L7
_ _ _ structures that correspond to a dimeric ionic core loosely
A. The linear configurations attached to a neutral He atom. However, the experimental

The more extensive calculations of the asymmetric dis€vidence indicates that the trimer formation after the initial
sociation process are now shown on the left side of Fig. 1SUP€rsonic expansion, followed by ionization via electron
where we report the lowest three rod®ttom to top for the ~ IMPact, is most likely to occur with the production of a vi-
collinear configurations. They correspond to fs" poten- ~ brationally “cold” symmetric trimer ions where the chro-
tial energy surfacePES associated to the ground electronic MoPhore acting during the ensuing laser excitation is then
state and the first two excited electronic states of thé ida  clearly represented by the new Hetructure and not by a
already discussed by dsOnly the ground-state symmetry, simpler dimeric ion core.to Whlch_the third He atom is at-
1 25* shows the existence of a basin where bound trimerached. Another, interesting experimental result showed that
clusters are located, while the next two electronic states arie Product time-of-flight spectra of Hecontain peaks re-
repulsive at all geometries within the relevant region of in-ated to one fast neutral He atom, to one fast ionic’ taad
teraction, and therefore possible electronic excitations of th&° @ third slow neutral He atoﬁf.l’hls. pattern was explained
bound trimer must lead to its full dissociation when suchPY our calculations when we examined the linear symmetric
states are reached in the excitation process, in complete an&liSsociative patﬁ,and where we showed that the relevant
ogy to what happens for the case of linear symmetricexc'ted electrlolnlc state+, which Ean .be reached.\_/la a dipole-
arrangement&® allowed transmc_m (122u —X 229) ylelds_ a modified elec-

Along either of the shown coordinateR; andR,, one tr'onlc density distribution Where the positive charge now re-
can also follow adiabatically the ground electronic PES onlySides on one of the two wing He atoms, even for cluster

and therefore reach the partial dissociative channel, geometries still within the Frank—ConddRC) region of the
o et e L Franck—Condon ground electronic configuration. Thus, it
He; (X “%4)—Hey (1“3 ;) +He("S), (1) can create a fast ionic and a fast neutral fragment, together

J. Chem. Phys., Vol. 107, No. 5, 1 August 1997
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FIG. 1. Computed MRD-CI potential energy surfaces for differenf lgeometries. Left column diagrams: The first three lower electronic staté®m to

top) for the linear arrangements. Right column diagrams: The first three lower electronic(bttem to top for the C,, nonlinear arrangements. The radial
coordinates are defined for the two arrangements on the right side of the figure.
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with a slow neutral signal from the central helium atom asmetric breakup path are confirmed by these additional calcu-
the system breaks up symmetrically along such a reactiolations. We will further show below, however, how the situ-
coordinate, as seen in the experiméhitstherefore becomes  ation could change when a more symmetric bent structure is
of interest to further find out if other nuclear regions of the considered for the cluster ion and when a third option is
relevant PES still support this explanation and what is theexamined as a possible, nuclear excited structure of the ini-
possible role played by bent structures of the trimer ions irtial, ionized trimer cluster.

case they happen to be formed during the ionic cluster prepa-

ration after supersonic expansion. C. The C,, configurations

So far the results of our correlated calculations indicate
B. The bent configurations that both linear, symmetric and asymmetric, and@yenon-
The investigation of the asymmetric stretch motion aSIinear structures of_ the t_rim_er ion, yield a similar _breakup
' attern on electronic excitation, one that agrees with the re-

T e e e s found expermertaly fom te e ofigh specha
P y 9 Let us now consider the triangulacC,,, structure

ion when the breakup occurs adiabatically on the lowest PES

: Y Whereby the coordinat® describes the “insertion” of a
(the bottom left of Fig. L However, when excitation occurs _, . . . . . .
T third He atom into the helium dimer taken at a given relative
to the next lowest-energy surface {2 "), then the frag-

distancer. The behavior of the three lowest electronic en-

mentation process is dissociative for all linear arrangementsergy surfaces is shown, bottom to top, on the right side of

and the ensuing charge migration produces the various frag#—ig_ 1. When we examine the lowest two electronic PES, the

ments, as indicated by experlrn'eﬁts. . 1 2A; and the 1?B;, we see immediately that these two
If we now consider a specific bent structure, i.e., the oné

: . . urfaces cross for a set of coordinate values shown by a solid
given by a value of 60° for the Jacobi angular coordinate of Y

the Hel system(see Fig. 2, we can further analyze the pos- straight line in both the lowest and the middle diagrams of
& sy '9. & W u vz pos Fig. 1. Furthermore, we see that the triangular structure is an

'Uxcited configuration with respect to the linear symmetric
structure and that it can reach the latter minimumRor 0

andr ~ 4.6&,, as expected. If one now adiabatically re-
mains on the A, potential surface, however, one sees that
‘the removal of the third helium atom from the ionic dimer
Seads to an excited state where the system breaks up into

process. Large values of thecoordinate thus correspond to
the third He atom being far away from the residual dimer,
which is now given by the Hgion, as one can see from the
diagram on the lower-left side of Fig. 2. Hence, bent struc
tures with a strongly asymmetric stretched configuration giv
rise, in their grouqd eIeptrgnic stafe)’, to a loosely bound He+He+He", while the crossing with the #B; state leads,
e e 2 e a smal b, L he fomaion f et s an o

Aernative final product from fragmentation, as shown by the

distance that tends to stretch, and we simply see the insertion. . . . ; T
of the third He atom to form Hgin its equilibrium configu- middle diagram on the right side of Fig. 1. This indicates that

. . . : . nonadiabatic coupling between the two electronic states
ration: the minimum in the same lower-left plot of Fig. 2 is, Ping

. could lead the system to evolve into either of the above
in fact, now located, foR~0, at a value of- 4.6&,, for the y

) rdinate. Thus. w N that th ible bent str channels after being formed in the most stable linear, sym-
coordinate. Thus, we can say that th€ possible bent SUUG e structure given by the basin of energy in the bottom
tures of the trimer ion, when considered in their ground elec-d

. _ iagram of Fig. 1(right-hand sidg When carrying out the
t_ronlc state_, beh?“’e very similarly to the ground st_ate O.f theelectronic excitation process experimentally, the initially lin-
linear configurations, in the sense that can adiabaticall

%ar symmetric lowest-energy structure of the trimer cluster is
. i +
R;egarﬁeungsmto Hg and He fragments or into HeHe+He first excited by a selected laser wavelength between

. . . = 310-300 nm and subsequently extracted into a second lin-
If we now consider the next two excited electronic q y

tates. th read id&ried th itati ear time-of-flight, mass-selection spectromét@he excita-
stales, the ones aready consi the excitallon process 4, then could bring the system into the Franck—Condon
of the linear configuration, we obtain the results shown o

. ) n(FC) region of the £ B, electronic state, which is seen from
the upper part of Fig. 2. We show. there, in fact,. the nextFig. 1 to be fully dissociative to HeHe+He*. However, if

tCS gxcnte? s?zf; ZA ’thon the Ieft_ Sr:?e_gmd ftr:ﬁ third elic- the system has enough time to move across the seam that
ronlcvs a el, | » on the tu;z)pt:rr] r'% tSI €o ¢ te Sami.b'.gt" exists with the lower 1 A, state(at a different geometry of
ure. We clearly see thal both eiectronic states exnibi e nuclej, then the possibility arises for it to dissociate into

marked repulsive behaviour for all geometries and for the , - . . .
. R el +He, -
whole grid of R,r) values examined in our work. The re- f}:ﬁd ::e 2? Ifigovim by the middle diagram and the right

sults therefore indicate that the excitation process carried ou
during the experimental analy8icould only produce a
breakup pattern of three particles, one ionic and two neutr
ones, if it were to occur from an initial Hecluster given by With the help of extensive, highly correlated initio

the above bent configuration. This is just what it did whencalculations, we have examined the lowest three roots and
the linear configuration of the cluster was considered beforehe overall shapes of the corresponding PES that could give
and therefore we can say that the results given by the synus information on the likely fragmentation patterns of helium

a'?' The overall view

J. Chem. Phys., Vol. 107, No. 5, 1 August 1997
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FIG. 2. NonlinealCg arrangement for the PES calculations of the lowest three electronic states. The states are defined, in increasing order of energy, from the
lower left to the upper right. The geometry is given in the lower-right side of the figure.

trimer ions after they undergo electronic excitation to theirproach are summarized pictorially in Fig. 3 in order to pro-
first, dipole allowed, electronically excited state. The scopeszide a more immediate representation of the fragmentation
of the present computations was to cast more light on th@aths.

possible role of nonlinear structures to provide breakup We report in that figure the behavior of a reaction coor-
channels that may differ from the ones experimentally obdinate ) for the two lowest electronic states involved in
served as dominant, i.e. the full dissociation channel inteeach of the three arrangements discussed in the previous sec-
He+He+He" fragment€ The results of the present ap- tion. The coordinate in question follows the minimum energy

J. Chem. Phys., Vol. 107, No. 5, 1 August 1997
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the perpendicular arrangement of tig, geometry also uses
Xe=4.68, and y,=0, while its radial Jacobi coordinates
{r,R} were used to represent th&,y} set required in Eq.

(2).

In the case of the linear arrangement shown in the lowest
diagram reported in Fig. 3, we have chosen as a reaction
coordinate the half-region of the PES of Fig. 1, which goes
from the minimum trimer configuration out to the asymptotic
region for the asymmetric stretching. Furthermore, the two
| By He curves reported in Fig. 3 for the linear arrangements also
. . . ‘ have their asymptotic fragments listed outside the diagram,
0 ! 2 8 4 5 as it occurs with all the three diagrams shown in that figure.
Thus, we see that the reaction coordinate for the asymmetric
et Hes He . stretching motion on the ground electronic PES produces, as
77000 TR — ] HewHe He mentioned before, HeHe, as the breakup asymptotic chan-

e nel if the process remains adiabatically on that electronic
gm0t |7 1 surface. On the other hand, when the laser excitation brings
the system up to its first excited state, th82" electronic
-7.8000 | 1 PES, the PES from our calculations shows that the system
becomes fully dissociative at all geometries and invariably
-7.8500 | 1 breaks up into He He+He" after excitation, as seen in the
/A . experiments.

{ HezHe If we now consider the nonlinear structure of an arbi-
. . . . trary Cs symmetry, as reported in the middle diagram of Fig.
0 1 2 8 4 s 3, we see that the description of the fragmentation process
Reactior coordinate (Arc-length) remains largely similar to the linear case: The ground state
. . . : reaction coordinate now goes from the regioriRef 0 (in the
He‘?ﬂn_l;emo_ o] HE+ Hes He PES of Fig. 2, where the “insertion” of a third He atom
’ 2E creates the minimum configuration of a linearjHeo the
larger S values whereR>r, with the latter being near the
equilibrium value of Hg and therefore producing the same
breakup pattern, as in the case of the asymmetric linear
stretch shown on the lower diagram of Fig. 3.

Here again we notice that the adiabatic process does not
produce the experimentally observed fragmentation, while
He, 75000 F— He,+ He the excitation into the next higher electronic stdtee

’ 2 2A’ state of the nonlinear trimer idshows once more the
0 . 2 3 4 5 breakup species observed by experiments and also surmised

Reaction coordinate (»cc-inayth) by the previous calculations on the linear trimeric cluster.
Thus, we can definitely say that possible deformations of the

FIG. 3. Behavior of the computed lower two electronic PES for the threemost stable geometry of the ﬁsystem reached after neutral
different arrangements discussed in this work. The energy profiles arg|uster ionization, i.e., the symmetric linear geometry, do not

shown along the reaction coordinate discussed in(Bqof the main text. han th tcom f the fragmentation ttern after | r
Lowest diagram: linear arrangement. Middle diagr&@parrangement. Top Change the outcomes 0 € Tragmentation pattern arter lase

diagram:C,, arrangement. The fragments listed outside the diagrams, lef€Xcitation of the ionic cluster.
and right, refer to the initial and to the asymptotic channel compositions. It is interesting to note at this point that the change in

energy when going from the linear to the bent structure is

considerably small, thus indicating that the Heluster is a
path in going from the one system configuration where oneather floppy system with respect to bending motion and that
of the two radial variables is the smaller to another arrangethe s orbitals involved in the bonding do not provide strong
ment where the other variable has now become smaller. lorientational forces. Furthermore, the internal angle used
particular, the three arrangements define their correspondingithin the C; geometry examined here is about 100°, which
coordinates as follows: corresponds to an excited bending mode and that could, un-

der fragmentation, increase the relative velocity of the neu-

S= VX H (Y= Ye)” @) tral central atom with respect to the center of mass. This

In the linear arrangement the valuesxQE=y.=2.348, are  means that, according to the present computational results,
used, withx andy corresponding to theR; ,R,} coordinates both the linear and the nonlinear structures could originate
of Fig. 1. In theCg arrangementx,=4.681,, while y,=0  from fragments with different velocities and therefore could
and the{x,y} set corresponds #r,R}, respectively. Finally, give rise to a broader velocity distribution of the neutral peak
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than that given by the other two peaks. It is reassuring to sepeaks. It is therefore fair to conclude from the present study
that such velocity broadening is indeed experimentally obthat the full fragmentation of the trimer into atomic frag-
served for the trimer ion fragmentatfoand appears to con- ments(neutral and ionigis the most likely occurrence in the
firm the reliability of the present calculations. experiments.

We can now turn to the special configuration given by = The present calculations on the trimer cluster therefore
the triangular structure of,, geometry, the one for which indicate that a great deal of information, which can explain
the computed PES are shown in Fig. 1 and have been alreadgveral features of the time-of-flight experiments, could be
discussed in the previous section. The behavior of the reaglleaned by a detailedb initio study of large regions of the
tion coordinate is shown by the top diagram of Fig. 3: bothinvolved PES of such highly quantum systems.
adiabatic paths are reported for the?’A; symmetry (the The actual values of the computed PES points are avail-
lower symmetry in the region of the linear trimeand the  able via the EPAPS FTP senvér.

1 2B, symmetry that provides the energetically lower sur-

face in the region where the third He atom is farther thar*CKNOWLEDGMENTS

3.0a; from the dimer ion center of mass. The crossing be-  The financial support of the Italian National Research
tween minimum-energy paths is also clearly visible and in-Council (CNR) and the Italian Ministry for Research and
dicates that after excitation in the FC region of the initial Technology (MURST) is acknowledged. M. P. de L.-C.
stable trimer, the system could evolve nonadiabatically tdhanks the EU for a COST visiting fellowship to the Univer-
yield fragmentation into the dimeric ion and the neutral Hesity of Rome under Project No. D3-0005/94. F.S. also thanks
atom. Such a transition, however, requires both a stronglyhe EU for the award of a FellowshiiCat. 30 under Con-
deformed nonlinear trimer ion and no coupling between thdract No. ERB-CHBG-CT 9 303 46. Finally F.A.G. thanks
two PES in the limited spatial region where the seam existsthe von Humboldt Stiftung for the award of a Senior Fellow-
Such features are obviously not greatly favored and may exship and Professor Peter Toennies for his warm hospitality in
plain why no experimental observation of this fragmentationhis laboratory in Gottingen, where this work was completed.
channel seems to exi$tHowever, it is still interesting to

observe that the calculations suggest such an option and tha 'usltgegs O‘;/Afo”:s agd”'\"o'e‘:“md“ed by H. HaberlandSpringer, Ber-
one may thus consider possible experimental arrangementslT’Bucﬁ },mc? 5.'_ Maenyer,'sljrf_ Scll56, 275 (1985.

where this much weaker fragmentation channel could be de3T. D. Mark, Int. J. Mass Spectrom. lon Phyz9, 1 (1987.
tected. 4J. Ackermann and H. Hogreve, Chem. Phy57, 75 (1992.
5V. Staemmler, Z. Phys. 06, 219(1990.
6vV. Staemmiler, Z. Phys. D2, 741(1992.
IV. CONCLUSIONS ’P. de Lara-Castells and F. A. Gianturco, Int. J. Quantum CIan593

; ; (1996.
. ,The rather extensive CaICUIatI(,)nS ,Of the presgnt WorkgH. Haberland, B. v. Issendorff, R. Fabtenicht, and J. P. Toennies, J.
|nd|caFe clear!y that the cha_rge n_ngrayon mechan_|sm after chem. Phys102 8773(1995.
laser light excitation of the initial trimer into a repulsive PES °E. Buonomo, F. A. Gianturco, F. Schneider, P. de Lara-Castels, G.
still provides the basic explanation for the experimental find- gﬂﬁgggam' S. Miret-Arre, and P. Villarreal, Chem. Phys. Le#59
ings. It has been verified by our present computatlons to b@R_ 3. Buenker and S. D. Peyerimhoff, Theor. Chim. ABSa 33 (1974).
valid not only for breakup processes from linear cluster ariir. j. Buenker and S. D. Peyerimhoff, Theor. Chim. A88a217 (1975.
rangements, both symmetric and asymmetric, but also fofR. J. Buenker, S. D. Peyerimhoff, and W. Butscher, Mol. PB{5.171
breakup channels originating from nonlinear arrangements qg(1978- _
. P. J. Bruna, S. D. Peyerimhoff, and R. J. Buenker, Chem. Phys.12:tt.
the cluster ion. Our present results also suggest that the POS774(1980).
sibility exists, if certain regions of phase space are reache#dr. A. Gianturco and F. Schneider, J. Phys2® 1175(1996.
by nuclear geometries, that the system is kept éBaelec-  '°F. A. Gianturco, S. Kumar, and F. Schneider, J. Chem. PP, 156
; ; ; ; ; (1996.
tronic PEfS, v;/]h|ch_ couldI prowde.a @fferent fragmentatlon_}eT. H. Dunning, J. Chem. Phy80, 479 (1989,
pattern after the primary laser excitation process. HOWeVer, if7y rosj and Ch. W. Bauschlicher, Chem. Phys. L&89, 479 (1989.
one considers the rather limited region of nuclear geometrie8see AlP Document No. E-PAPE:JCPSA-107-152%or 9 files of 54 KB
involved and the possibly low efficiency of the coupling be- total, which report the lowest three electronic states for each of the three
tween the two PES, it is still an open question if any experi- orientations discussed in the paper. E-PAPS document files may be re-
' . . trieved free of charge from our FTP servéttp://www.aip.org/epaps/
mental setup could detect the presence of this additional gpaps htmior from ftp.aip.org in the directory /epaps/. For further infor-

channel given the expected low intensity of the product mation: e-mail: paps@aip.org or fax: 516-576-2223.

J. Chem. Phys., Vol. 107, No. 5, 1 August 1997



