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The guesthost dynamics of N@embedded in Hedroplets have been examined by recording depletion
spectra of mass spectrometer signalsnat values of 8 (Hg"), 30 (NO"), and 46 (NQ") throughout the
wavelength range 340402 nm. At energies above theéXAconical intersection, gas-phase Ni® known to

exhibit quantum chaos, and it is also known that deactivation of embeddgtyN@e helium host is efficient

in this regime. Above the gas-phase dissociation threstiadi{ is shown that there is nnetunimolecular
decomposition all the way up ©, + 4300 cn. At the upper end of this range, gas-phase,&composes

with rate coefficients whose values ar& x 10'? s71, which is expected to be larger than the deactivation
rates in liquid helium. The deactivation rate in the quantum-chaotic region 17178800 cnm! was found
previously to be~1.4 x 102 s™1, and it is expected that this will increase at yet higher energies, but not
exceed 5x 10?2 s71, To within the experimental uncertainty, it is found that reaction products do not leave
the droplets. This is attributed to efficient relaxation and (at the highest energies examined) recombination
within the droplets. On the basis of these results, it is concluded that small polyatomics embeddgd in He
droplets that havénCvalues of~10* or larger will not undergamet unimolecular reaction if the gas-phase
pathway is barrierless, with two possible exceptions: (i) if one or both of the products has a positive chemical
potential and (i) if the scattering cross section of the product(s) with helium is small.

Introduction a small effect. These studies were carried out in the energy range
17 700-18 300 cnt?, where it is known that strong nonadiabatic
interaction via conical intersection of theaxid Aadiabats yields
manifolds of A and B vibronic symmetries, each of which

The photophysics and photochemistry of molecules and clus-
ters embedded in/on superfluid helium nanodroplets continues

to receive a great deal of attention. These droplets, hereafterCan be said to be quantum chadtfcThough this spectrum was

denoted Hg wheren is the number of helium atoms in the . . ; ;
droplet, are said to provide ideal matrixes for isolating molecules reported earliefas .'t IS cgntral to the mte.rpretatlon of the results
! Presented below, it is given here as Figure 1.

and small aggregates and studying a broad range of fundamentaf™ ", e . 2 L
interactionst~® The interactions can be intramolecular within a th Itis not d|fff|cult tcf[ apprﬁmate thatbwbr?ft_pnal rzlaxa_ttl_or\t mt
single dopant molecule, intermolecular between dopant species .?. rleglmg_t_o quandutrr? chaos .c?nd ;. etticient. fen5| '\S yt 0
(e.g., molecule-molecule, moleculeatom), between one or Initial conditions and the assoclated divergence of hearby tra-

more dopant species and the helium host, or combinations ijectories—a sign_a_tu_re effect in ?haOtiC _classi(_:al systems
the above ' suggests a sensitivity to perturbation that is manifest as efficient

The He droplets act as benign matrixes in many respects relaxation of resolved levels of quantum-chaotic manifolds. This

They are composed of a 0.4 K superfluid quantum liquid that scenario differs qualitatively from that of low-lying vibrational

resides in essentially its ground state. For doped clusters in theirler\]'els’ such as one or hWO ﬂuant? Qf adntc:rma: (:_r Iolcal lmode_.
native states, the dopant-host interactions are among the Weakes-g ese cases are usually characlerized by relatively siow vi-
rational relaxation, as evidenced, for example, by narrow

in nature. Thus, for many purposes, there can be no better- . .
' y purp ’ spectral line widths.

characterized matrix host than erfluid helium droplets.
a rz > oS Stpertl om Crop = Referring to Figure 1, though the broad line widths indicate

Photoexcitation of the dopant can alter dramatically this " j
tranquil situation by introducing strong interactions. For ex- efficient relaxatlon, the average amounts of energy_lost by each
of the levels is unknown. We believe that there is no mode

ample, the electrophobic nature of helium wreaks havoc with ificity. In th . f i h the level b

excitations that transfer electron density toward the outer reaches>PECHICIly. In the TEGIME of quantum chaos, the Ievels can be

of the chromophore, in effect expanding its size and leading to des_crlbed as random mixtures of any vibrational ba.S'S that is

large blue shifts in ultraviolet absorption spectrisloreover, der.|ved from a separa.ble. Hamiltonian, and perturbatl_on by the

vigorous and complex intramolecular vibrational dynamics and he!lgm trapsfers excitation -among .SUCh levels W'th. good

their associated dopanhost interactions do not perceive of the efflc_:lency, in accord with the sensitivity to perturbation in the
regime of quantum chaos.

host as being merely a quiescent fluid. Rather, in this case, the . o -

helium responds as an ensemble of particles, akin to a dense !t IS not surprising that the spectrum shown in Figure 1 can
gas, and average line widths 6f7 cm ! fwhm have been be fit reasonably well by using awldth of 7 cﬁnfor eachof
recorded in absorption spectra of N@mbedded in Hef In the levels, as well as a shift to higher energies of_ 7 tfor

the quantum liquid, these line widths are homogeneous, so theyeaChOf the levels. Namely, the randomness mentioned above

correspond to subpicosecond deactivation times, which is hardly"€Sults in each of the widths having roughly the same value,
and likewise for the shifts. As the energy is increased from

tPart of the special issue “Tomas Baer Festschrift”. ~18 000 cn1* to the gas-phase photodissociation threshidid,
* Corresponding author. E-mail: wittig@usc.edu. = 25128.5 cm10 the density of states increases and the
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Figure 1. (a) Mass spectrometer depletion spectrum recordedzt 30. (b) Frequencies and intensitiesRiflines recorded by using LIF are
taken from Georges et alc) All of the lines in (b) have been assigned 7¢nwidths and blue-shifted by 7 cth The intensities are fitted to the
experimental spectrum. (d) Experimental and simulated spectra are overlapped.

T

intramolecular dynamics become more vigorous. Thus, spectralin the gas phase over a broad range of photon energies, namely,
congestion is inevitable. NO,. The NG molecule is an especially attractive candidate
The general scientific issue of photoinitiated unimolecular for such a study because it places at our disposal a wealth of
decomposition in Henanodroplets remains open. The physical knowledge about its gas-phase photochemistry, as well as its
content of this dissociation mechanism differs qualitatively from relaxation in Hgin the regime of vibronic chadsin addition,
that of direct photodissociation. With direct photodissocia- it provides access to the largest possible gas-phase reaction rate
tion, fragments are thrust apart forcefully on a short time scale coefficients that are consistent with a unimolecular decomposi-
(typically < 100 fs), and a high percentage of the available tion mechanism, i.ek,n values as high as’5 x 102 s1.13
energy appears as interfragment exit channel repulsion alongWith larger rate coefficients, it is unreasonable to assume that
the reaction coordinate. This has been examined recently forintramolecular vibrational redistribution (IVR) proceeds much
CHgl in He, by Drabbels! He reports that both CiHand more rapidly than reactienan assumption that is a basic tenet
I(?P3)0) enter the gas phase following the photodissociation of of the theory of unimolecular decomposition. With rate coef-
CHzl embedded in He with the iodine atom being caged more ficients as large as’5 x 102s™1, if unimolecular decomposition
effectively than the Chl Along similar lines, Kanaev et al. have  cannot win the competition against vibrational relaxation, it
excited HO in He, at short wavelengths (40140 nm)!2 They never will.
report fluorescence from several electronically excited dissocia- The Heg, droplets are sufficiently small (i.elpC~ 10 0004
tion products, and they note that ionization is suppressed relativethat we must consider the possibility that one (or even both) of
to dissociation, which is not surprising, given that the electron the fragments exits its droplet, because the momentum it receives
must be ejected through a sea of helium. via dissociation has not been fully dissipated when it reaches
In contrast to direct photodissociation, in the case of unimo- the surface. For this to happen with droplets that consist of
lecular decomposition, the molecule’s intramolecular vibrational several thousand helium atoms, the fragment must, on average,
dynamics ensue prior to dissociation, and this excitation can make its way past at least half a dozen helium atoms to get to
be coupled strongly to the host medium. This presents an the surface, and then pass from there into the gas phase. This
obvious question: given the competition between vibrational is not easy. After its formation, the fragment will knock about
relaxation and unimolecular decomposition, what are their in the helium, progressively losing memory of its original mo-
respective efficacies, and how does dissociation, if it occurs at mentum direction. If it fails to reach the surface with transla-
all, vary with energy? tional energy in excess of its solvation energy, it is trapped,
In the experiments described below, we have examined thenever to leave the droplet.
photoexcitation, in Hgdroplets, of an embedded molecule that ~ This leads us to the central issue addressed in the work
is known to undergo photoinitiated unimolecular decomposition reported here. Do fragments, in fact, leave their droplets, and if
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so, to what extent and retaining how much internal excitation  closedeycle nozzle  pickup cell mass spectrometer
and in which forms? Photoexcitation is carried out by using "™ / /

photon energies that range from the gas-phase dissociatior s

threshold Do, to approximatelyDg 4+ 4300 cntt (wherekyn is i

~5 x 102 s71 for gas-phase N§). Dg is chosen as a reference /|

energy, even though we know that dissociation will not occur
for photon energies at, or just abo@, when NQ is embedded |
in Hen. .
Photoinitiated unimolecular decomposition is, notwithstanding - .
a few details, a well-understood phenomenon for gas-phase .
molecules. When molecules embedded i, Hee considered,
however, it becomes complex. In contrast to direct photodis-
sociation, which occurs rapidly and with considerable inter-
fragment repulsion, the dissociation mechanism itself, even the
?Ssue OT what constitutes dissociation, .iS iptimatgly relatgd to Figure 2. Schematic drawing of the experimental arrangement. The
interactions of the molecular system with its helium environ- soyrce chamber is evacuated with a diffusion pump. The pickup and
ment. The most obvious example is the competition between detection chambers are evacuated with turbomolecular pumps. The laser
vibrational relaxation and unimolecular decomposition, and even beam (entering on the right) is collinear and counter-propagating with
here the matter is subtle. the molecular beam.
When there is no barrier along the reaction coordinate for )
the gas-phase counterpart, it is hard to define the point at whichCryogenics and Advanced Research Systems). The former
reaction has taken place in k& For example, with N@ if precools the helium _befpre it enters the nozzle assembly,
the O-NO distance reaches, e.g., 6 A, does that mean thatyvhereas the latter maintains the low temperature of the nozzle
reaction has occurred? In the gas phase, the answer is, exce;ﬁself- In the present experiments, the stagnation temperature
barely above threshold, where the interfragment de Broglie Was 14.5 Kand the pressure behind the nozzle was 50 bar. The
wavelength is huge, an unequivogads At 6 A, the system mean size of the clusters produced under these pondltlgns is
has evolved to the product side of the transition state. (M- 10 000:* Temperatures were measured by using a silican
In He,, however, the fragments may never get further apart diode sensor (Lakeshore) having an accuracy-0f5 K. The

. Jjme ) i i a
than 6 A, e.g., if the attractive interaction between them at 6 A Source chamber operating pressure is 20™* mbar.
exceeds the amount of translational energy that remains after | "€ detection region is separated from the pickup chamber
they have been slowed by their helium environment. In fact, if PY @ S mmdiameter aperture. The background pressure in the

the fragments do not exit their cluster, ififvitable that they ~ detection region is-10"% mbar, which is low enough to avoid
will recombine, forming ground-state N@r, conceivably, a problems that arise from contamination by impurities. A
metastable form that corresponds to a local minimum on the quadrupole mass spectrometer (Balzers) was used to monitor
potential surface. They have no alternative; their mutual th€ depletion of signals arising from droplets containing2NO
attraction, though small at large distances, overcomes their |N® Mass spectrometer was installed with its quadrupole axis
solvation energies in the liquid. Moreover, in many cases the perpendicular to the moleculqr beam axis in order that the laser
“fragments” will not even get sufficiently far apart before P&am could be overlapped with the molecular beam. The length
their momentum is dissipated to justify calling them frag- of this interaction region is 75 cm, corresponding to the duration

ments. In consideration of the above, we believe that there can®f the depletion signal of 2.5 ms. The electron multiplier output
be no well-defined reaction threshold for a system whose gas-©f the mass spectrometer was connected to a 12-bit ADC
phase counterpart is unimolecular decomposition via a loose COMPuter board (Gage Applied Sciences, CS8012) through a
transition state. x 10 preamplifier that is part of the mass spectrometer system.
On the other hand, a system having a significant exit channel Optical spectra were recorded over the energy range 24 9(.)0
barrier (in addition to tﬁ/e reaction gexoe?gicity) will behave 22 409 cnt (402_34(.) nm) by using th? mass spectrometric
differently. In this case, the transition state lies near the exit depletion method, which has been applied widely in studies of

barrier and it is relatively well-defined. Past this barrier, products doged Hde dropleltsz. It |shdescr|beo_l here b”efg"dd d lecul
are accelerated and they encounter the helium with momentum_ “Onsider a cluster that contains an embedded molecule.

gained past the barrier, which can be significant. This increasesElef:tron Impact excitation (i.e., which takes plaqe n the lonizer
the probability of products escaping from the cluster. Most region of the quadrupole mass spectrometer) ionizes clusters,

importantly, they cannot recombine except to form weakly which then decompose into a number of fragments, yielding

bound van der Waals species, so even if they fail to enter the numerous _Ifjhaughtelr |on§ tha;tdapp?]ar as pgaks n the rrass
gas phase, there can be a drop in the mass spectrometer depleti ectrum. The total number of daughter ions is proportional to

signal. Ultimately, it will be interesting to compare these two aoeo%rgsz sectional arﬁa of the cluhsteri &g mgf for n = I
kinds of unimolecular reaction. Here, we examine the, He - Any process that causes the cluster to become smaller

analogue of the barrierless gas-phase reaction. will decregse the numper of ions. In .the simplest cases, this
decrease is the “depletion” that constitutes the desired signal.
Photoexcitation that is followed by deactivation by the helium
host results in evaporation. This shrinks the cluster and therefore
The experimental arrangement shown schematically in Figure yields a depletion signal. A good exampleni& = 8, i.e., He™.
2 has been described elsewhere, though brfeflyere are three  This species derives from electron impact ionization of, He
separately pumped chambers. In the first,, ldeoplets are clusters, and therefore it can be used to record depletion spectra.
produced by expanding ultrapure helium (99.9999%, Spectra Daughter ions that contain all or part of an embedded molecule
Gases) through a Bm diameter hole (National Aperture) that (in the present case NiDcan also be used to record spectra,
is cooled by using two closed-cycle helium refrigerators (CTI though interpretation is subtler, as discussed in the next section.

Experimental Approach and Results



9844 J. Phys. Chem. A, Vol. 108, No. 45, 2004 Stolyarov et al.

In this case, the depletion strength is proportional to the amount D
of energy deposited into the helium degrees of freedom. The (a) :
situation is more complex if photodissociation occurs, and it is i
possible for fragments to leave the droplet, as discussed later.
The depletion spectrum presented in this work covers the
wavelength region from 340 to 402 nm. On the short-wavelength
side of this region, radiation was obtained by doubling the output
of a dye laser (Continuum ND6000) pumped by the second
harmonic of a Nd:YAG laser (Continuum Powerlite 9020). The
region 346-365 nm was covered by using the dyes DCM, LDS :
698, LDS 722, and LDS 750. Energies ranged from 5 to 19 30 25000 26000 27000 28000 29000
mJ, with a mean of 12.5 mJ.
Radiation from 365 to 402 nm was obtained by mixing the (b) {
dye laser output with the Nd:YAG fundamental. Injection- 20 . }r{i
seeding (LightWave Technologies) of the Nd:YAG laser nar- foFel h
10 ;

10 4

..i'...'..i.'."".'°noc'io. ...i {Q..! oo *

rows its line width, thereby increasing conversion efficiency.
The following dyes were used in this region: R590; a mixture
of R590 and R610; R610; a mixture of R610 and R640; R640;
and DCM. The 365402 nm energies varied from 8 to 22 mJ,
with an average of 17 mJ. Wavelength calibration was achieved 0
by recording opto-galvanic spectra prior the experiment, as 30+
described elsewheté Radiation was focused with a 50 cm focal
length lens to avoid damaging the nozzle. ()
After passing through a 4Qm diameter skimmer, the droplet
beam passes throlaiga 3 cmlong pickup cell containing N®
(Matheson, 99.5%, used without purification) that is 13 cm

Depletion, %

T T T T T
25000 26000 27000 28000 29000

) []
downstream from the skimmer. h Qn.hi{ t, -.{ “ﬁ"’{ﬁi{} } 8 44
The ratios of the numbers of droplets that contain 0, 1, 2, ¢ H
etc. molecules depend on pressure in the pickup cell and are
governed by Poisson statistitsThe pickup process can be 0 25000 26000 27000 28000 29000
monitored, albeit with some uncertainty, by observing intensities 1
of peaks in the mass spectra that correspond tgiN@O,),™, wavenumber / cm

etc. Despite the fact that J9, does not absorb in this Figure 3. Mass spectrometer depletion spectrarféz values of: (a)
wavelength region, we found that the depletion signal increases8 (He:"); (b) 46 (NG;); (c) 30 (NO'). When error bars are not visible,
with pickup cell pressure. This is consistent with the formation they are smaller than the points.

of metastable (i.e., van der Waals type) complexes that absorb

in this region, e.g., N&-NO; instead of NO,. In consideration energies are required to achieve efficient excitation. For ex-
of this, the pickup cell pressure was adjusted to achieve ample, the energies used here exceed those needed to saturate

“optimal” conditions. Namely, when the number of droplets that the corresponding gas-phase transitions by several orders of
contain a single N@molecule is about 70% of its maximum  Magnitude. The data correspondingrifz = 8 are also nor-
value, only a few percent of the droplets contain more than one malized W|th_ respect to plckup_ cell pressure. Dat_a were recorded
NO, molecule. The pressure in the pickup chamber was at 0.25 nm intervals and subjected to a six-point smooth.
monitored with a “micro” ion gauge (Granville-Phillips); its . ) .
reading under optimal conditions was 27107 Torr. Discussion and Conclusions

Care was taken to lessen experimental uncertainties over the The data presented in Figure 3a folz = 8 (i.e., monitoring
broad spectral region examined here. At each wavelength, timeHe,*) indicate that there is no significant change in the depletion
dependencies of the electron multiplier outputsrét values of them/z = 8 signal as the photon energy is varied throughout
of 8 (He;"), 30 (NO'), and 46 (N@") were recorded and results  its tuning range. The H& ion arises from electron impact
from 2000 laser firings were averaged. The laser energy wasionization of clusters, regardless of the nature of the embedded
measured with a power meter (SciTech Astral, AC2501 head) species they contain. For clusters that contain,Nihotoex-
located at the point where the laser beam enters the vacuuncitation of the embedded NOyields depletion signals, as
chamber, and the laser wavelength was set manually. To lessenliscussed in the previous section. The size of the depletion signal
effects that might arise from the data depending on uncontrolled (i.e., ~7% throughout the tuning range, see Figure 3a) is
parameters, and to check day-to-day repeatability, this wave- consistent with the degree of dopingZ6% of the Hg clusters
length was chosen randomly. Moreover, data in the same contain a single N@molecule) and efficient photoexcitation,
spectral region were recorded twice to check repeatability.  which is achieved by using high-energy laser pulses. A photon

The intensity of the depletion signal was found to depend energy of 25 000 cmt is sufficient to evaporate approximately
linearly on laser energy, and the data presented in Figure 3 are5000 helium atoms. Fdmw < Do, the photoexcited molecules
normalized with respect to laser energy and includeefror relax to the ground state, and therefore the full photon energy
bars. The data have not been corrected for the variation of theis available for the evaporation of helium atoms.
NO, absorption cross section in this region; this variation is  When a large fraction of the photon energy is needed to break
expected to be modest on the basis of measurements made a bond, there is relatively little energy left for the evaporation
higher temperatures. Because of the broad absorption line widthsof helium atoms. However, even if fragmerdse produced
(i.e., =7 cnml, corresponding to rapid relaxation), high laser within a droplet, if they recombine, there is met reaction.



Photoexcitation of N@in He, Droplets J. Phys. Chem. A, Vol. 108, No. 45, 2002845

Consequently, the full photon energy goes into heat, and the At these energies, values are<5 x 101 s7113190n the
amount of evaporation is large, i.e., it is essentially identical to basis of the broad line widths seen in Figure 1 (which were not
that which would occur without fragmentation. available at the time of the measurements of Lehmann and co-
The situation is quite different if one (or both) of the Workers), it is clear that reaction in this energy regime is
photofragments leaves the cluster. In this case, the depletionunlikely, askui is at least several times smaller than the
signal will be relatively small because most of the photon energy deactivation rates. Even if the average energy that is lost upon
is used to break the bond, whigemainsbroken. Thus, the  the deactivation of a given level is modesf,i drops from 4x
constancy of the percent depletion throughout the range 24 900 10** st at E — Do = 200 cn* to <10 s7* just aboveD,
29 400 cm?! indicates that there is little, if anyet reaction making reaction progressively less likely Bslecreases.
over this energy range. The photon energy goes into the Most importantly, at these small energies in exces®gf
evaporation of helium, and it brings about no chemical change. fragments cannot escape the immediate confines afforded by
Let us now consider the case mfz = 46 (i.e., monitoring the surrounding helium3 anuketreaction is out of the question.
NO,") shown in Figure 3b. The percent depletion is larger than The fact that the formation of a metastable NO species does
that obtained by monitoringvz = 8 (i.e., ~18% versus-7%, not occur to an appreciable extent is consistent with our
as shown in Figure 3b,a, respectively), in large part becauseunderstanding of N@intramolecular dynamics ne@, because
the mass spectrometer signalsnalz = 8 contain significant ~ the long-range potential supports NO rotation relative to the
contributions from clusters that contain no pGnd which ~ ©0xygen atom, as evidenced by the efficient production of low
therefore cannot contribute to the depletion signal. For cases inNO rotational levels just abovB, in accord with statistical
which dissociation results in one or both fragments leaving the theory*>
droplet, the N@" mass spectrometer signal vanishes, yielding  In the current study, the energy in excessufhas been
the largest possible depletion signal. If neither fragment leaves varied from zero to 4300 cn. At the upper end of this range,
the droplet, the N@ mass spectrometer signal diminishes kuniis ~5 x 10'2s7%, which is as large a rate coefficient as is
significantly—but it does not vanishbecause all of the photon ~ possible for a system that reacts via a unimolecular decomposi-
energy contributes to shrinkage of the droplet. For a cluster tion mechanism. Consequently, N@erves as a benchmark
containing 10 000 helium atoms, the number of helium atoms example of the photoexcitation of an embedded small poly-
that evaporate for photon energies in the range 24290400 atomic whose gas-phase counterpart undergoes a barrierless
is roughly 5008-6000, and the cross sectional area is reduced reaction. Its rate coefficient can be increased easily to the
to ~60% of its original value. Thus, the data shown in Figure maximum value possible, and relaxation in the regime of
3b—namely, the fact that there is no discernible change over quantum chaos has been measured for resolved levels, due to
the photon energy tuning rangéndicate that fragments do not ~ the modest density of vibronic levels.
leave their cluster to any significant degree. This is consistent  For the largesk,n values (5 x 10'2s™), it is likely that in

with the data shown in Figure 3a. He, the O—NO distance increases beyond the loose transition-
Figure 3c shows the variation of the mass spectrometer State region for the corresponding gas-phase reaction; i.e., the
depletion signal obtained a¥z = 30 (i.e., monitoring NO). molecule comes apart. This conjecture is based on the fact that

If dissociation causes an oxygen atom to leave the cluster, with kuni is at least as large as, and probably larger than, the rate of
NO remaining in the cluster, the depletion signal will diminish deactivation. The system then recombines, as it must as long
but only slightly. If, on the other hand, NO leaves the cluster, as it remains within the droplet, whose liquidity guarantees
either by itself or with a modest number of helium atoms recombination. Were the photoexcited moiety in a solid matrix,
attached, the amount of depletion will be significant. Because Products could be isolated.

the oxygen atom receives 65% of the center-of-mass transla- The fact that net reaction has not been observed in this system
tional energy, and because it is smaller than NO, it will have leads us to the conclusion that no photoexcited polyatomic
an easier time exiting the cluster than would NO. Consequently, molecule will undergo barrierless unimolecular decomposition
the m/z = 30 signal will increase because shrinkage of the in He, droplets of sizes similar to the ones used here, with two
cluster is modest, whereas N@s now a primary ion, rather ~ possible exceptions. First, a product with a positive chemical
than a daughter ion that derives from NOrhe constancy potential inside the droplet will be expelled, as with alkali atoms.
observed in Figure 3c therefore is consistent with there being Second, a small cross section for collision of a product with a
no net reaction, in accord with the other data. The signal/at helium atom, as with atomic hydrogen, enhances the escape
= 30 contains contributions from the wings of the strong peaks probability.

atm/z= 28 (N;*) andnvz = 32 (Q;*"); this is why depletion at Finally, we note that reaction is assured with small droplets.
m/z = 30 is less than that atVz = 46. For example, 4300 cni is sufficient to evaporate-10° atoms.

The data presented in the previous section show that, to within Thus, with 0~ 10% a significant fraction of the clustered
the experimental uncertainty, there is no net photoinitiated helium will evaporate completely, leaving gas-phase;M@h
reaction over the 4300 crh energy range that extends upward E > Do.
from Do. The experiments do not provide direct information
about the intracluster dynamics of photoexcitedNt@eracting Acknowledgment. We have benefited from numerous
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