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The fluorene—Ay cluster has been shown to exhibit two distinct isomers when formed in a
molecular beam. Resonance enhanced multiphoton ionization and mass analyzed threshold
ionization experiments have been performed to investigate the structural properties, energetics and
dynamics of these clusters when excited to vibronic bands iSttedectronic state, with a specific
interest in measuring isomer interconversion. At 208 tnexcess energy in thé&; isomer
interconversion is not observed in the,&tuster. Dissociation of the Arcluster from the 722 cit

band is shown to produce both Aisomers. ©1998 American Institute of Physics.
[S0021-960628)00523-9

I. INTRODUCTION identification of structural isomers can be made by more so-
phisticated experimental measurements including spectral
Aromatic-rare gas clusters have been the focus of intensgole burning?®*ionization wavelength selective resonance
study in recent years:?® They provide particularly simple enhanced multiphoton ionizatiofREMPI) spectrd81215.17
model systems for studying gas phase cluster properties irand more recently zero electron kinetic enefg¥KE) and
cluding studies of cluster structure, mapping of intermolecumass analyzed threshold ionizatigMATI) photoelectron
lar potentials, and cluster dynamics. While clusters formedspectroscopy®?/-30:31
with molecular binding partners potentially have a richer  One of the major questions in the area of molecular clus-
chemistry, there are often complications in the spectroscopiers is the relative stability of different isomers and the role
which make interpretation more difficult. In the present studythey play in cluster dynamics. In answering these questions
the relatively simple systems fluorene—And fluorene—Ay  calculations have been most useful with experimental mea-
are studied to investigate, in detail, questions of cluster consurements providing only limited information. Molecular dy-
formation and dynamics. These detailed studies are a comamics and Monte Carlo calculations study the cluster prop-
tinuation from our more general work on fluoreneqAltus-  erties as a function of temperature and monitor phase
ters which were described in a recent publicafibn. changes, isomer interconversion, dissociation and other dy-
Aromatic—Ar complexes in particular have been well namical processés-*#?*2632These processes can be well
characterized over the years by a large number of experimemaonitored and characterized by the calculations but, of
tal and theoretical studies. In general the argon atoms areourse, within the limits of accuracy of the potentials and
observed to reside over the aromatic rings at a distance ohethods used. Detailed experimental information on cluster
approximately 3.5 A, with displacements of position beingdynamics is limited. Dissociation dynamics are the easiest to
determined by various ring substituents. The planar nature aheasure experimentally because the reactants and products
the aromatic systems often gives rise to equivalent bindingre different masses and thus mass spectrometry can be ap-
sites on opposite sides of the ring. For,And larger com-  plied to distinguish reactants from products. More subtle dy-
plexes one question is then, are the complexes one or tweamics such as isomer interconversion, surface crossing,
sided? Using the accepted nomencldtuteese are repre- 2D-3D transitions, melting, etc. are much more difficult to
sented a$2|0) and(1/1), respectively. The relative energetics measure because of the lack of sensitive probes. Dispersed
of these structures are determined by a balance between tHaorescence, for instance, is difficult to apply to larger clus-
stabilizing influence of the Ar—Ar interaction and the desta-ters due to the lack of mass resolution. Careful measurement
bilizing influence of a shift in Ar position on the aromatic of absorption spectra linewidths, coupled with calculations,
system required to accommodate the second Ar. In multican give some insight into the onset of dynamics, but usually
ring aromatic systems it would seem that accommodation othe dynamic processes responsible for the broadening cannot
“one-sided” structures would be more likely. be uniquely identified. It is our goal in this study, and future
A number of studies have identified different structuralwork, to apply probe techniques to cluster dynamics which
isomers in Aj clusters using a variety of experimental will allow direct measurement of specific dynamic processes.
techniques:14-182326.2f the majority of cases only REMPI Any experimental information gained on the specifics of
spectra or fluorescence excitation are available which idencluster dynamics should be useful in comparison to calcula-
tify multiple isomers by the appearance of distinct peakstions.
Spectral shift additivity rules and other spectral clues are In our previous study’ we have clearly identified two
used to determine the assignments but often the analysis distinct fluorene—Ay cluster isomers, assigned é2) and
not definitive. Calculations of various types are often applied3|1). A key element in unambiguously identifying the two
to support the isomer assignmefts:*~1"20-24Definitve  conformation was measuring distinct mass analyzed thresh-
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old ionization(MATI) spectra when pumping the respective
isomerS; origins. MATI has the advantage that it is a mass
resolved technique which simultaneously has the spectral n=4
discrimination of photoelectron spectroscopy. In this way -
different isomers, of the same mass, can still be distin- 208 cm1 (22) 208 cm1 3|1)
guished. As will be shown, this allows the dynamic evolution
between cluster isomers to be measured.

@I

Intensity

Il. EXPERIMENT

A detailed description of the experimental apparatus has
been given elsewhefé,so only a brief synopsis is given
here. Two color 1 REMPI spectroscopy with mass re-
solved detection is used to study the spectroscopy ofthe
electronic state of the jet cooled clusters. Mass analyzed
threshold ionization(MATI) spectroscopy: the mass re- s T P P "
solved equivalent of zero electron kinetic ener@EKE) Excitation Energy (cm™)
spectroscopy, is used for the photoelectron spectroscopy of
the ion ground state. References 27, 34, and 35 give a comlG. 1. Mass gated MPI spectra of tigg state of fluorene—Ay clusters

. s with n=4 and 5. The spectra were obtained using two colors where the
plete descnptlon of our appllcat|on of ZEKE and MATI to pump laser was scanned and the probe was fixed slightly above the IP so as

the study of molecular clusters. to limit the ion internal energy to prevent ion fragmentation. The assign-
The nanosecond laser system employed in these experients of isomer bands is shown, and discussed in the text.

ments consists of two dye laserdumonics HD-500

pumped by the second harmonics of a pulsed Nd:Y&Gn-

tinuum NY-61) operating at 20 Hz. The visible output of the —2 V/cm and an extraction pulse of 560 V/cm which was

each dye laser has a pulsewidth of 6 ns and a bandwidth ¢felayed=15us. The ions then traverse the TOF mass spec-

0.04 cmL. Both dye lasers are frequency doubled and ondrometer and are detected on dual stack microchannel plates

functions as the pump and the other as the probe. The puni§salileo Electro-Optic Corp.

and probe lasers were temporally overlapped by appropriate

optical delay and spatially overlapped in the vacuum chamt|l, RESULTS

ber under slightly focused conditions. Care was taken to
L . . A. S, spectra

minimize any signal from either laser alone.

A pulsed supersonic beam originates in the first of two ~ Mass resolved cluste3; spectra where obtained using a
differentially pumped chamber. The nozzle has a sampld+1 two color photoionization scheme. The probe laser was
container which contains the fluorene sam@édrich) and  tuned slightly above the cluster IP’s in order to minimize the
is heated to 100 °C. This gives a fluorene vapor pressure of fiotential for cluster fragmentation in the ion. The spectra for
Torr. For complexation of fluorene with Ar, a mixture of then=4 andn=5 clusters are shown in Fig. 1. The=4
10% Ar in He or Ar in Ne was used in the expansion. Thespectrum exhibits a rich structure which has been assigned to
backing pressure was varied from 1.4 to 2.5 bar in order tat least two isomers. The assignment of spectral features to
optimize the desired clusters. The pulsed beam is skimmedistinct isomers, rather than vibronic structure, was un-
and enters the second chamber where the spectroscopy talexmiivocally  determined by  MATI  photoelectron
place. spectroscopy’ The reddest peak at 33 652 ch(compared

The REMPI spectra were obtained by fixing the probeto the fluorene monomer origin of 33 779 chiis assigned
slightly higher than the ionization potential of the complex as the(2|2) conformation based on extrapolation of the shifts
and scanning the pump. Probe energy and intensity werieom the known(1|1) cluster for which the structure is de-
adjusted to avoid any dissociation from higher clusters. Thédinitively known from rotationally resolved spectta.The
MATI spectra were obtained by fixing the pump to tBe  peak 42 cm? to the blue of this is assigned as an intermo-
vibronic band of interest and scanning the probe through théecular vibration, again by analogy to tki#1) cluster and
IP. The MATI spectra were somewhat difficult to obtain duefrom photoelectron spectfd. The largest peak at
to the challenge of separating the prompt background ion83 739 cm?® has been assigned as the origin of 113)
from the Rydbergs of interest. The separation was particustructure. While this is less definite, the assignment is con-
larly difficult due to the heavy masses of these large speciesistent with the expected shifts from small clusters as well as
and the coincidental near overlap of fluorene,- @26 amy  the appearance of larger cluster shifts.
and the fluorene dimeB32 amy which was always present Then=4 spectrum also shows a small vibronic band at
as a background. To achieve clean separation of the prompigher energy which is assigned as the 208 tivand of the
and MATI signals we implemented a pulsed fluorene moiety. This band exhibits the same structure as the
Wiley—McClareri® extraction scheme in which the upper origin with multiple isomers present.
grid pulsewidth was varied to act as a mass filter. Inthisway = Then=5 spectrum exhibits a single isomer origin with
the contribution from the fluorene dimer could be eliminated.some intermolecular vibronic bands to the blue and an over-
The MATI scheme used a delayed discrimination field ofall broad background. The sharp feature is assigned to the
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: FIG. 3. Nanosecond time resolved ZEKE spectra of fluoreng-ebtained
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FIG. 2. MATI spectra of fluorene—Arclusters. Each spectrum was obtained

by pumping either th&, origin or an excited vibrational band and scanning L L . .
the probe in the region of the ionization potential. Spectii@mwas ob-  have indicated that excitation of vibronic bands aboveShe

tained by pumping the=5, 722 cmi* band and monitoring the=4 prod-  origin lead to rapid redistribution of the energy into the in-
uct. termolecular modes. This has been measured to occur in 10’s
to 100’s of picoseconds and is shown to increase in rate with
- . . . increased cluster siZé. This redistribution has been ob-
origin of the (3(2) structgre. This featurg |s_red sh!fted from served with a number of techniques. Figure 3 demonstrates
ther_1.=4 (31) structure in a manner which is consistent with the manifestation of this redistribution in the MATI spectrum
addition of an argon to a side which already has_ one. Th?or the fluorene—Ay cluster excited to 208 cit. This spec-
broad structure could be due to thermall populatlon n thetrum was obtained with nanosecond probing at early and late
(32) structure or perhaps due to other minor isomers. time. Early time denoting direct temporal overlap of the
pump and probe pulses and late time being a six nanosecond
B. MATI spectra optical delay of the probe. The MATI spectrum was mea-

MATI spectroscopy was performed by tuning the pumpsured in. the region of thav=0 tran_sitio_n with the sharp
laser to a particular resonance and then using the probe lasg#@k being assigned to the same vibration as the 208 cm
to further excite transitions to cation ground state vibrationsS1 band which shifts to 216 cnt in the cation. The broad,

Figures 2a) and 2b) show the MATI spectra in the region of red-shifted structure is assigned to the =0 transitions of
the cation origin obtained from pumping ti& origins of the intermolecular vibrational modes which have become

both the(31) and (2]2) isomers of then=4 cluster, respec- populated by redistribution. The red shift is consistent with
tively. These spectra are well defined and distinct such thdf® observation that many of the intermolecular modes de-
the two isomers can be easily distinguished by the appeaf'®ase in frequency in the cation. The behavior ofrikes,

i _ —1 _ : RS, |
ance of the spectra. In experiments below these will be use@08 ¢m ~ band is used as a model for interpreting similar

as fingerprints to identify each isomer. For comparison thétructure in then=4 cluster.
S, to cation origin transition of the fluorene monomer is at __ Figures 2c) and 2d) show the MATI spectrum of the

29962 cmiL. Reference 27 has a complete summary of thd3/1) and (2|2) bands excited to 208 cm, respectively.
transition energies. These spectra are probed at early time in the region of the

Then=5 cluster is not probed directly at higher energyAU:O transition. The signal to noise ratio is limited but the

but rather it is excited above the dissociation threshold fof€Sults are rigorously reproducible over a number of scans.

loss of one Ar, thus producing an=4 product which is then The spectrum of the22) complex is readily interpreted
probed using MATI spectroscopy. based on MATI spectra of smaller clusters and other cluster

systems. There is a broad band which is slightly red shifted
from the expected position of thév =0 of the 208 cm?
band. This is due to rapid redistribution of vibrational energy
Experiments at higher energy are reported for threén the S; state from the chromophore to the intermolecular
bands. The 208cmt band of the (2]2) complex at vdW modes. The red shift is due to the decrease in vdW
33850 cm?, the 208 cm? band of the(3|1) complex at frequencies in the cation. The MATI spectrum of t81)
33947 cm?! and the 722 cm! band of the(3|2) complex at  complex is more difficult to interpret. The structure appears
34 438 cm!. Previous experiments on fluoreneAr=2 broad indicating that redistribution has occurred but it is
and 3 clusteré! aniline—Ar,,*® and other similar clustets®®  shifted to the blue of where one might expect based on ar-

C. n=4 cluster dynamics
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TABLE |. Selected computational results.
(3|_11) (2|_21) Energy Energy Binding energy
208 cm™ ' band 208 cm™ ' band Cluster Isomer  (kcal/mo) (cm™ (cm™)
Benzene (0lo) 0.00 0
Benzene—Ar (Yo -1.13 -394 394
Fluorene (0lo) 0.00 0
I m Fluorene—Ar (Yo —-1.41 —493 493
> Fi"% «w.xi‘\eakﬂir‘* Fluorene—Ag (1 -2.84 -993 500
8 T Fluorene—Ag (21) —4.41 —1543 550
E Fluorene—Ay 3y -6.03 —2109 566
(2)2) —5.99 —2095 552
Fluorene—A¢ (32) —~7.62 — 2665 556-570
722 cm-! .
band E. Calculations
We performed a series of calculations using the
‘‘‘‘‘‘‘‘ R HyperCherﬁOmoIecuIar modeling program on the fluorene—
29500 20600 20700 20800 20500 30000 Ar, van der Waals complex. A simple Lennard-Jones 6-12
Probe Energy (cm) potential is implemented to describe the nonbonded pairwise

FIG. 4. Overlappedi—4, 208 cnt® MATI and n—5, 722 cnt* MATI. The interactions present in these clusters. The values ysed'for the
sum of the first two discrete spectra reproduce mhe4 product MATI ~ atom—atom potentials parametess; and€;;, are given in
suggesting the existence of bath=4 isomers upon dissociation from the Table | of Ref. 27.

n=5 complex. Selected single point energies of geometry optimized
structures are listed in Table I. Here we see, as expected, a
stabilization in the energy relative to the monomer as each
argon atom is added. In addition, one can determine the
eoinding energy for each cluster by taking the absolute differ-
ence in energy between thecluster of interest and the

guments above for thé?|2) isomer. Although the spectrum
is broad there is a well formed vibrational progression to th
blue with spacings of 43, 38, and 30 ¢ This agrees quite
well with the vibrational band in the MATI spectrum of the
- . —1 cluster.

(3]1) complex from theS; origin, which shows a band at . N .

1 . . To determine the reliability of these calculations, our
42 cm *. By analogy to other clusters this can be assigned as

an Ar—chromophore stretching motion. Thus, although thisresult for the binding energy of the benzene—Ar complex is

. ; . compared with previous results. The binding energy of this
is;n(r;:;:;urre s to the blue it can be assigned as due tq3ip complex is reported to be 340 cmi ! as determined by high

resolution UV spectroscop}. Leutwyler, Even, and Jortner
calculate the energy to be 393 thusing a similar 6-12
potential*? Additionally, Schlaget al. report a MP2 calcula-

As mentioned the=5 cluster has only a single confor- tion of 380 cnmX.® Our calculations(Table | predict the
mation. However, an interesting situation is presented in thground state binding energy of benzene—Ar to be 394'¢m
dissociation dynamics of this cluster since there are two isoin direct agreement with previous results. In addition, $he
mer products possible upon loss of one Ar. For this experibinding energy of fluorene—Ar has been bracketed experi-
ment the 722 cm® band of then=5 cluster is excited at mentally by our groufy to be 410—593 ct, and by others
34 438 cm'®. The reaction products are probed by scanningo be 47@-95 cmi . Again, our calculations predicting
the MATI spectrum of then=4 products. Experiments on at 493 cm* are in good agreement with these two ranges.
smaller clustersi{=2,3) have shown that dissociation from A specific quantity of interest in the fluorene—Aglus-
the 722 cm® band is prompt on the nanosecond time scaléers is the surface crossing energy. The two complexes of
and only products, not reactants, are expected to be olparticular interest here are the fluorene—Ar complex and the
served. By pumping the 722 crhband, which is above the fluorene—Aj; complex. The surface crossing energy of a
dissociation limit forn=5, one obtains information on the single argon can be determined from the first complex, and
excess energy in the=4 product. This will be important in  the second will provide information on activation energy of
analyzing the post dissociation product dynamics. multiple argon complexes. As a means of calculating this

Figure Ze) shows the MATI spectrum of the=4 prod-  transition state energy several steps were taken. The first
ucts when pumping the 722 ¢rhband of then=5 complex.  reasonable approach is to start with the single argon com-
The product band is quite broad indicating significant vibra-plex.
tional energy in the intermolecular modes of the product. = The fluorene molecule is aligned in a fixed axis frame
Most importantly the spectrum clearly shows structure due tavith the center of mass at the origin. The long axis is aligned
both the(2]2) and (3|1) isomers. In fact one can reproduce with the x axis, the short axis is aligned with tlyeaxis, and
the n=4 product MATI spectrum almost exactly by adding the axis perpendicular to the plane of the fluorene is aligned
together the spectra of th@2) and (3|1) isomers as shown with the z axis.
in Fig. 4. To search for the transition state minimum, a brute force

D. n=5 cluster dissociation
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FIG. 6. Calculated transition states for the fluorene—Ar and fluoreng—Ar
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FIG. 5. Fluorene—Ar surface crossing wells obtained by collecting single, he fi d | Table Il gi th it
point energies in a two dimensional grid search in the plane of the fluorené e tluoreneo, and oy planes. lable Il gives the position

moiety. and energy of the possible transition states. It is assumed that
the lowest energy transition state is the most likely path for
surface crossing. This predicts an activation energy of
260 cmi'! for the single argon complex. The side crossing

grid search technique is implemented. It is_ practical to ﬁrstenergy represents 53% of the Ar binding energy. Schmidt
study the single argon complex before moving on to the Casgy al,* using similar atom—atom potential calculations, de-

of four or more argons. The method employed here is affermined a side crossing energy of 196 in benzene—Ar.
follows: the argon is scanned through a three dimenSionahowever benzene—Ar is a more weakly bound system

box in the area of interest. At each point in this box the 352 cmi'%) where the surface crossing is 56% of the binding

single point energy of the argon is recorded as well as it nergy. Surface crossing thresholds have also been deter-
coordinates. This resulting structure is then geometry opti-

. ) _ . . mined in dynamical calculations on similar systems with re-
mized using a Polak—Ribiere approach. This conjugate gra[iorted value® of ~300 cni .
dient method will minimize the structure to one of its local §

. d di the start i tth A similar analysis can be performed on the fluorene~Ar
minima depending on the starting position of the argon'Complex. The only difference is that each time the argon is
Once minimized, the final energy and final coordinates of th

Yranslated to a new grid point, the remaining three argons

argon are recorde_d. . must be reoptimized to account for their effect on the fourth

The local minimum structures that are arrived at afterargon. Under this new restriction, the same procedure is fol-
Yowed as above. The energy of the fluorener#ansition
rene or on the top or pottqm. Thg well depths of the edge‘State is—248 cmi'L. In this case there is an added complica-
minimum can .be seen in Fig. 5. Given .t.he planar SYMMetYion due to the fact that the forward and reverse reactions are
Of. fl_uorene it is assumed that a t_r a_nsmon state betwegn flot identical since it is thé2|2) and (3|1) structures which
minimum on top(bottorm) and_ a minimum on the edge is are connected by the surface crossing. The activation energy
equivalent to a surface crossing transition state. to the transition state depends on whether one is approaching
. LS resultlng data fram each box is then analyzed, ke_epf'rom the (2|12) or (3|1) structure. The activation energy for
ing only the points that have a nearest neighbor that miniz, respective starting positions are calculated to be
mizes to a different local minimum. If this occurs between
grid points then the argon has stepped over the transition
barrier and a possible transition state point and energy have
been bracketed. This procedure will create a line of possibl&ABLE II. Transition state positions and energies for surface crossing.
transition states. By finding the minimum energy on this line TS Actvation
one can locate the transition state. Additionally, by knowing X v 7 energy  energy
the energy of the reactants and products one can determine (R)? (A2 A2 (ecmY (cm™}
the activation energy.

- - Fluorene—Ar 5.1 1.7 165 —23F 260

For the fluorene—Ar complex, the minimum transition 58  —025 0 _ 199 204
state energy is calculated to be approximatel@33 cm ! 3.4 6.15 0 —184 310
(—0.66 kcal/mol) relative to the fluorene monomer. This Fluorene-Ay 5.35 1.47 1.4  —248 315
transition state is located 5.1 A along the secondary axis, 1.7 5.13 165 -15  -25¢ 294

A along the primary a,XIS’ ,and 1.65 A above the plane of th(_*g‘The center-of-mass of the fluorene is at the origin.
molecule, as shown in Fig. 6. Due to the symmetry of thereative to monomer energy (0.00 ci).
parent, an identical transition state is located on both sides GRelative to the(2|1) calculated energy (1542 cty.
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294 cni ! from the(2]2) and 315 cm! from the(3|1). Thisis ~ We estimatéAppendix that the(2/2) product is more stable

seen in Fig. 6 and noted in Table II. by 25 cml. Given the barrierless dissociation expected, a
very loose transition state can be assumed and a phase space
IV. DISCUSSION approach used to calculate the densities of states in the prod-

uct clusters, and hence calculate the rates and branching
ratios*® To date we have not performed such calculations.
From the experimental data it is apparent that upon exParneixet al3? have done calculations for similar conforma-
citation to 208 cm? there is no(or very little) interconver-  tional questions in aniline—Ar They in fact observe that the
sion between th@=4 isomer structures. This is in spite of density of states in the product clusters depends on the clus-
the fact that the energy is redistributed in the Ar motion, ager structure as expected. Thus not only the energetics but the
evidenced by the broad and shifted MATI spectra. This lackdetails of the product structure need to be considered in
of surface crossing was initially somewhat surprising but isproduct formation. The possible role of tiid|1) reactant,
supported by the above calculations and previous work. Mogtroduced by redistribution of th@|2) isomer prior to disso-
previous studies have used molecular dynamics simulationsiation, may also need to be considered. We are planning
to probe surface crossing and other dynamic processes. Thisolecular dynamics simulations to probe these questions.
has been done by looking for evidence of surface crossing as
a function of simulation temperature or energy. The evidenc&. CONCLUSION
comes in the form of average de_V|at|ons of t_he Ar posmqn MATI spectroscopy has been shown to be a sensitive
and/or appearance of changes in the caloric curve which

. NS . . Isomer specific probe in studying the molecular dynami f
might be indicative of such behavior. These calculations on omer specific prob studying olec ynamics o

similar aromatic—Ar comolexa® support the value of the medium sized clusters. A detailed study of the fluoreng—Ar
. ) P PP and fluorene—Ay complex has shown the existence of two
barrier found in our own calculations.

isomers for Aj. In addition, the dissociation of the=5
complex has proven to produce both of these isomers. Our
calculations have shown that an excess energy of

As shown above, the dissociation of the=5 cluster at ~200 cmi'! (AppendiX is left in the Ar, complex. Experi-
722 cmi't clearly produced two isomer products, tt@2) ments verify this prediction giving an excess energy range of
and the(3|1). The primary question is whether the distinct 100—250 cm? in the n=4 product.
isomers where produced in the dissociation via separate re- Calculations have shown that the energy needed for sur-
action channels, or was a single=4 isomer produced face crossing in the=4 complex is 315 cm'. This activa-
which subsequently equilibrates to the two structures througtion energy is above the excess energy contained imthe
a surface crossing transition. The maximum excess energy 4 product, suggesting that no surface crossing occurs after
available in the product is determined, from calculations, tadissociation ofh=5 complex.
be~210 cni'?, orin the range of 108 Eqycess<250 cmi L as With these conclusions, one is lead to believe that dis-
inferred from experimental datésee Appendix The data sociation of then=5 complex has two reaction channels.
from then=4 cluster at 208 cm" clearly indicates that sur- One is dissociation of an argon from tie=3 side of the
face crossing is not taking place to any significant extent atluster, and the other is dissociation from the 2 side. This
that excess energy. In the final analysis surface crossing iobservation is supported by a calculated energy of dissocia-
the product cannot be completely ruled out though it seemsion difference of only 14 cm' between the two reaction
unlikely based on the evidence above. channels.

What are the dynamic considerations then for having
two reaction channels for dissociation of the5 clusters? ACKNOWLEDGMENT
D|s.som.at|on.of.such cluste.rs is cons_|dered to tgke place viaa We gratefully acknowledge the NSF for financial sup-
serial dissociation mechanism in which energy is randomized . .
in the intermolecular Ar vibrational modes prior to dissocia- port of this project under Grant No. CHE-9523575.
tion. Presumably dissociation to produce the=4 (22)
structure would occur from thé8|2) reactant structure. Pro-
duction of the(3|1) product could also come from th&|2) The following outlines the calculation of the maximum
reactant, or perhaps from(d|1) structure produced in a re- excess energy available in time=4 product after dissocia-
arrangement. Experimentally from Fig. 2 it is clear that bothtion of then=5 cluster. From calculations, the ground state
products are formed with similar propensity. The exact ratiobinding energy of the 5th Ar is 556 or 570 chdepending
of the two products is difficult to quantify but if we assume on whether the product i€3|1) or (2]2), respectively. The
equal cross sections for thiey =0 MATI transitions then the  excited state binding energy is different than the ground state
integrated area of the peaks shows that(8®) is the some- binding energy but not in an obvious way. For the=1
what more abundant product. The product state branchingomplex the—40 cm ! spectral shift gives directly the in-
ratios, in the statistical limit, depend on the relative size ofcrease in total cluster binding energy. However,rfer5 the
the product channel phase space which in turn depends ahift is ~—80 cmi ! but it is not clear how to apportion this
the energetics of each channel and the vibrational modeso the different argons. From analysis of smaller cluster spec-
Based on the ground state calculations tBi@) product is tral shifts it would appear that the side with two argons have
lower in energy by 15 cit. In the excited state however, a 40 cm? stabilization for each Ar whereas the side with

A. n=4 cluster dynamics

B. n=5 dissociation dynamics

APPENDIX
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three-argons contributes essentially no stabilization. Sinc&p. Parneix, F. G. Amar, and Ph. Brechignac, Z. Phy26Dp217 (1993.
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