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The fragmentation dynamics of AHCI following ultraviolet photoexcitation is studied both classically and

by an exact wave packet calculation. The focus of the analysis is on the partial fragmentation pathway Ar
HCI + hv — H + Ar—CI. The results suggest that there is a competition between two different and simultaneous
dissociation mechanisms of hydrogen, namely, direct dissociation and indirect dissociation involving a collision
between H and Ar. These two dissociation mechanisms populate different states of partial fragmentation and
total fragmentation (into H- Ar + CI), which interfere upon the H/Ar collision. A global interpretation of

the photolysis process based on the interference between the two types of dissociation and consistent with all
the quantum results found is proposed. Such an interpretation appears to be general for the UV photolysis of
a wide variety of hydrogen-bonded clusters. A means to control the interference mechanism in order to enhance
the yield of a specific fragmentation pathway is suggested.

I. Introduction out at 193 nm. The authors proposed a “gentle recoil” mech-
) ] ) anisni to explain their experimental results. This mechanism
In the last years an increasing attention has been devoted tqs pased on the fact that the recoiling H fragment carries most
the ultraviolet (UV) photodissociation of weakly bound hydrogen-  of the excitation energy initially deposited in the cluster, leaving
bonded clusters of the type RgHX, (HX)n, and Rg—HY only a small fraction of this energy to be accommodated in the
X= halogen, Rg=rare gas, =0, S), bpth experlmentﬁ}ﬂyg radical formed. By increasing the excitation energy, the fraction
and theoretically?"?” One of the main motivations is the  of energy available for the radical increases correspondingly,
possibility of investigating in these small systems, with one or |eading to a decrease of the percentage of surviving radicals.
a few solvent atoms, solvation effects typical of condensed | the above experimental information indicates that there
matter environments. An advantage of these systems is thejg variety of small hydrogen-bonded clusters from which
restri_cteql range of initial relative geometries of the weakly bound itterent radical complexes can be prepared upon UV photolysis.
species imposed by the cluster geométry? As a consequence,  £ormation of radical products has been studied theoretically in
the reaction dynamics started from the cluster samples a smallef,a case of UV photodissociation of the-AHCI precursoié19
v_olume of _pha§e_ space as compared with the full collision Upon UV photolysis A-HCI can follow two possible frag-
situation, simplifying the analysis of the problem. mentation pathways. One pathway implies total fragmentation
A few years ago a new and interesting possibility for the (TF) of the cluster, ArHCI + hv — H + Ar + CI, and it was
UV photodissociation of hydrogen-bonded clusters was sug- found to dominate the photodissociation process at most of the
gested by Wittig and co-workets the preparation of open-  excitation energies in the range of the absorption spectrum of
shell complexes as products of the cluster photolysis. These Ar—HCI. Total fragmentation typically involves (at least) one
authors studied the UV photolysis of the Al cluster by  collision of the departing hydrogen with Ar, through which
means of energy-resolved experimehfBhey measured the  energy is transferred to the ACI bond and breaks it. The other
time-of-flight (TOF) spectrum of the H fragment using a high-  pathway is partial fragmentation (PF) into H and-48 radicals.
Rydberg TOF (HRTOF) spectroscopic technique, and found a The mechanism involved in this case is a direct dissociation of
blue shift in the hydrogen kinetic-energy release distribution the hydrogen without interaction with Ar.
obtained from the TOF spectrum. Such an energy gain of some  Energy-resolved probabilities of formation of A€l were
hydrogen fragments was interpreted as an indirect evidence thakeported for several excitation energies of the parent cluster in
bound Ar-I radical complexes were produced in the photolysis. the region covered by the absorption spectifr.global yield
The HRTOF technique was also applied to investigate the UV of Ar—Cl production of 1.1% of the photodissociation process

photolysis of hydrogen-bonded clusters such as XHand was found in the whole range of energies studied. The most
(HCI)2* and evidence of formation of+HI and CHHCI interesting finding was a strong dependence on the excitation
radicals, respectively, was observed. energy of both the percentage of the pathway of-Gt

Recent experiments by Nesbitt and co-workers on the formation, and the final state distributions of the radical products.
photolysis of Ak—HS (n < 2) precursorg,carried out at two Production of Ar-Cl was found to be the dominant pathway at
different wavelengths, 248 nm and 193 nm, provided the first very low excitation energies, then decreasing sharply with
direct observation of ArSH and Ap—SH open-shell complexes  energy up to reaching a percentage of about 1%, which remains
from laser-induced fluorescence (LIF) spectra. A high efficiency rather stable for medium or even high excitation energies. For
of radical formation was found for excitation at 248 nm (15%), very high energies an unexpected increase in the percentage of
while it decreased to 10-fold lower when photolysis was carried Ar—Cl formation was found. Further calculations showed that
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such an increase was atrtificial, due to nonconverged results at

very high energies. Converged fragment distributions have been
reported in an Erratudf® The new results show that the
percentage of ArCl production decays monotonically with the
excitation energy, which agrees with the trend observed
experimentally for photolysis of Ar-H,S (n < 2) clusters at
two different wavelength$This is consistent with the gentle
recoil mechanism suggested by Nesbitt and co-workers. How-
ever, some of the previous results cannot be explained only in
terms of such a direct dissociation mechanism.

The converged fragment distributions present new features
which suggest the existence of effects of quantum interference

between the states populated by the two fragmentation pathways.

To confirm such a hypothesis new quantum mechanical frag-
ment distributions have been calculated and compared to
classical ones. A global interpretation of the photolysis process
consistent with the previous and present results and involving
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a mechanism of interference between states populated by therigure 1. Ratio between the probability of AICI formation Par_ci)

TF and PF pathways is suggested for the first time. Such an
interpretation could be applicable to the UV photolysis of a wide
variety of hydrogen-bonded clusters.

The paper is organized as follows. In Section Il the
methodology used is briefly outlined. The results are presented
and discussed in Section Ill. Some conclusions are drawn in
Section IV.

II. Methodology

The procedure applied to obtain the quantum mechanical
energy-resolved state distributions of the photofragments con-
sists of two steps. In a first step the UV photolysis of-AClI
is simulated with an exact 3D wave packet propagation method,
which was previously describé@°@The photolysis process
occurs upon optical excitation of the HCI chromophore from
its ground electronic stat&!=" to the repulsive excited state
AITI. This excitation is simulated by promoting vertically the
calculated vibrational ground state of the cluktéfin the X1=*
potential surface to the excited!I1 surface, assuming a
Franck-Condon transition. Such an ultrash@rpulse excitation
in time prepares an ArHCI wave packet in the upper surface
which contains a broad band of energies. Details on the ground
and excited potential surfaces have been given elsevhéte.
The wave packet is propagated for a titne 80 fs. The second

and the total probability of photodissociatioRa) Vs E, calculated
classically (solid line) and quantum mechanically (dashed line). The
limit E = 0 corresponds to three separated atoms.

that the classical fragment distributions calculated are energy-
resolved and comparable to the quantum mechanical ones. In
all calculations the energy dispersion of the initial conditions
wasAE = 410 cnTl. The demanding criterion of such a small
dispersion is required to obtain meaningful state distributions
of the Ar—Cl fragment, since their energy domain4s 200
cm~L. Calculations were carried out for different excitation
energies in the range of the absorption spectrum ofACI.
More specifically, for energieE = 1.55 eV, 1.82 eV, 2.34 eV,
2.87 eV, 3.39 eV, 3.92 eV, and 4.97 eV, the number of
trajectories integrated was 1183, 7519, 32229, 42867, 41264,
22674, and 6013, respectively. The number of initial conditions
corresponding with a specific excitation energy is related to the
probability given by the phase-space distribution for that energy.
As pointed out above, partial fragmentation of -A4Cl
occurs through direct dissociation of the H fragment. For the
cluster excitation energies studied this process is, in principle,
expected to be rather classical in nature, and a classical
description should be reasonably good. In this sense, significant
deviations of the classical results from the quantum mechanical
ones provide a probe of possible quantum effects, and in

step in our procedure consists of obtaining the energy-resolvedparticular interference effects. In addition, a comparison of the
fragment state distributions. To this purpose, the asymptotic quantum and classical predictions provides a test on the validity
wave packet is projected out onto the states of the products Hqf the classical description of the PF pathway of this type of

+ Ar—CI corresponding to different total energi€sof the
parent cluster in the excited potential surface. The projection
method has been already describgd.

Classical fragment distributions are obtained after propagating
classical trajectories for the same time as in the wave packet
calculation. Initial conditions for the trajectories are sampled
using the probability distribution associated with the initial wave
packet. A sampling method recently sugge&teldas been
applied where a quantum initial phase-space distribution is
defined as|®@®|?f. In this definition® and @ are the initial

clusters upon UV photolysis.

Ill. Results and Discussion

A. Ar—Cl Fragment Distributions. As mentioned in the
Introduction, some new features were found in the converged
distributions reported in ref 19b which are relevant for the
interpretation of the UV photolysis of ArHCI. In the following
we shall discuss such features in combination with the new
qguantum and classical results reported here.

state in coordinate and in momentum space, respectively, and The behavior of the percentage of-A€I formation,Pa,—cy/

f is the coordinate dependence of the volume element (in the
Jacobi coordinates uséeF sin 0, beingf the Jacobian angular
coordinate; see ref 33 for details). A phase-space grid is then
defined and initial conditions are sampled uniformly within that
grid following the above distribution.

The initial conditions sampled are required to correspond with
specific excitation energids of the parent cluster in the upper
potential surface, within an energy dispersidB. This ensures

Pwta, With the excitation energ¥ found in Figure 2b of ref
19b (shown in Figure 1) allows one to distinguish two main
energy regions. One region 5 < 2.0 eV, wherePa,—ci/Piotal

is nearly 1 at very low energies and decays sharply with
increasing energy. The other regiorEs 2.0 eV, wherePa,—c/
Pwtal keeps decaying but very slowly (in most of this region
Par—ci/Piotal & 0.01). The decreasing trend BE,—ci/Protal With
increasing excitation energy would indicate that the gentle recoil
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(or direct dissociation) mechanism of the hydrogen fragment
would also operate in the photolysis of AFCI, as expected. E=1.55 eV E=1.55 eV
However, there are two features in the distributions of Figure \

2 of ref 19b which are difficult to explain only in terms of the “‘i
gentle recoil mechanism. The first feature is related with the \ ‘
sharp decrease ®far—ci/Piota in the regionE < 2.0 eV. It was ‘ i‘ ;
discussed in ref 19a that for low excitation energies all the ‘ 1‘ I
energy available for the radical can be accommodated as internal 1oL
energy. Therefore, Par—ci/Protal iS governed only by the energy o
available for Ar-Cl after direct dissociation of H, it is surprising .
the sharp decrease found for this ratio for low energieghere
still all the available energy can be absorbed by the radical.
The second feature has to do with the population of bound
(P%_c) and quasiboundR{,_) states of ArCl shown in
Figure 2a of ref 19b. The quasibound states are supported by
the rotational barriej(j + 1)A%/2uc,,_o(rar—ci)?. As the energy
available for the radical increases with increasiggit is
expected a gradual shift of the ACI population toward the
energetically highest quasibound sltates, since these states can
accommodate the largest amount of available energy. This
implies that, except for very low energies, the population of
quasibound states is expected to be higher than that of bound
states. Indeed, for very low energi&s< 1.0 eV,PZr,C,(E) >
Pi_c(E), and for 1.0 eV< E < 23 eV, P} _(E) >
P2 _(E), so up toE ~ 2.3 eV the expected trend is found.
However, forE > 2.3 eV Figure 2a of ref 19b shows that the
trend is inverted anﬂ’gr,cl(E) > Pa._c(E). This result is hard
to interpret in terms of the effect of an increasing amount of
available energy. A decrease of the population of quasibound
states due to tunneling through the rotational barrier is unlikely.
The time scale of tunneling decay of the quasibound states was
analyzed by means of line-shape calculati#s* The decay
lifetimes obtained (ranging from a few picoseconds to several
tens of picoseconds) were much longer than the time scale of
dissociation of the H fragment (a few tens of femtoseconds).
Thus, the quasibound states can be considered as bound ones | E—
in practice. E,(cm-Y)
In Figure 1 the quantum and classical behavioPaf_ci/ e
Piotal With the excitation energy is shown. The classical curve Figure 2. Internal energy distributions of the AICI radical for four
shows the same trend as the quantum mechanical one, decrea§ifferent excitation energies calculated quantum mechanically (left
. o - o . . panels) and classically (right panels). Normalization of the quantum
ing with increasing excitation energy. Interestlngly, the classical ;4 classical distributions is different.
percentage of ArCl formation is substantially higher than the
quantum mechanical one for relatively low energies. The |twas found in Figure 3 of ref 19b that at very low excitation
classical result is consistent with the behavior expected if the energies E < 2.0 eV), as energy increases the population of
Ar—Cl formation is governed by the amount of energy available Ar—Cl ro-vibrational states shifts gradually toward the energeti-
for the radical, as discussed above. Actually, in the classical cally highest quasibound states. As already said, this is the
description the Ar-Cl formation is governed essentially only  expected behavior for a hydrogen direct fragmentation mech-
by this available energy, therefore reflecting the outcome of anism, where the probability of ArCl formation is governed
the gentle recoil mechanism. Thus, the difference between thepy the energy available for the radical (the gentle recoil
quantum and classical curves appears to be due to effects oimechanism). Consistent with the results of Figure 2a of ref 19b,
quantum nature additional to that of the energy available for aboutE = 2.3 eV the trend is inverted, and a gradual decrease
the radical. of the population of quasibound states relative to the population
The Ar—Cl ro-vibrational state distributions of Figure 3 of of bound states is observed flar> 2.3 eV. We note that in the
ref 19b show that the ArCl radical complexes are produced previous results of ref 19a this trend inversion was unclear, since
with a high rotational excitation. This rotational excitation is in the nonconverged high-energy region of the distributions most
explained in terms of the fragmentation mechanism which gives of the radical population was localized in the highest quasibound
rise to Ar—ClI products. The radicals are produced by direct statesE,; > 50 cnT?). In contrast, the converged distributions
recoiling of H from initial Ar—HCI geometries where the  show that forE > 2.3 eV the Ar-CI radicals are produced
hydrogen is not blocked by the Ar atom. These geometries imply dominantly in bound states.
large initial angles of the HCI bond with respect to the Ar Quantum and classical ACl ro-vibrational state distributions
Cl internuclear axis, far from the equilibrium collinear config- are shown in Figure 2 for different excitation energies. The
uration Ar--HCIl. When the hydrogen recoils from these above trend inversion is clearly observed in the quantum
geometries, it produces a large torque on the @ffragment, distributions, which also show that the population of quasibound
which excites the rotational mode. states which decreases is mainly that of the energetically highest
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ones. The decrease of the population of the highest quasibound
states at medium and high energies is unexpected from a
mechanism governed by an increasing amount of energy
available for the radical. AE increases the recoiling hydrogen
becomes more energetic, producing a larger torque onCAr

and therefore a higher rotational excitation. Thus, the population
of Ar—ClI should concentrate in the highest quasibound states,
which correspond to the highest rotational states, and in addition
can accommodate the largest amount of available energy,
enhancing the survival probability of the radicals. Actually this

is the behavior found in the classical distributions of Figure 2,
which again are consistent with the trend expected for a PF
pathway governed only by the energy available for the radical.
We note the good agreement between the quantum and classical
distributions for low excitation energie& (< 1.82 eV). This
would indicate that the influence of the gentle recoil mechanism
in the PF pathway is still large for low energies.

The results of Figures 1 and 2 seem to indicate that the energy
available for the radical, and therefore the gentle recoil
mechanism, is not the only factor governing the probability of
Ar—Cl formation for different excitation energies. There appears

E=2.61 eV E=3.92 eV

E=4.97 eV

intensity

to be some additional mechanism causing a decrease of 2340 B T 5‘0':' B
population of the highest quasibound state& ascreases. It is J J
significant that both the sharp decreasePaf-c/Proal at low Figure 3. Rotational distributions of ArCl associated withy = 0

energies, and the inversion of the expected trend of the (solid lines),» = 1 (dashed lines), and = 2 (dotted lines) for four
population in bound and quasibound states, coincide with the excitation energies.
increase of the probability of the TF pathway. In ref 19a it was
suggested that the AHCI photolysis is governed by a rotational distributions suggests two implications. One implica-
competition between the TF and PF pathways. It would be tion is that interference between the -ACI states is rather
mainly this competition (along with the effect of the available independent of the vibrational state of the radical. Interference
energy) what determines the probability of radical formation. occurs in a similar way for the different vibrational states,
The purpose of the present work is to get deeper into such anproducing a similar pattern in the rotational distributions
interpretation, and to propose a more specific mechanism of associated with each vibrational state. The other implication is
photodissociation. that interference takes place mainly betweenr-8t states with
Thej-state distributions of Figure 5 of ref 19b show a most differentj and the same. This is not surprising since the
interesting feature which is the gradual appearance of a structurecouplings between states with differgnare expected to be
as the excitation energy increases. For very low energies ( largest whenv is conserved, due to the similar shape and nodal
1.5 eV) the structure is still weak, albeit noticeable, while for Structure.
medium and high energies the structure is clearly apparent. The At very low energies £ < 1.5 eV) thej distributiong®®
spacing between adjacent peaks of the structure is essentiallydisplay a rather plain, continuous shape (except for the weak
constant within eachdistribution. This spacing increases slowly  structure superimposed). Such a continuous shape is consistent
(the number of peaks of the distribution decreases)Eas with a radical production governed mainly by the energy
increases. Actually the structure of theistributions looks very available for the radical. As already pointed out, at low energies
much like a pattern of interference between different rotational the Ar—Cl population shifts gradually toward the energetically
states. Again the existence of such a pattern was unclear in thehighest states, also consistently with the effect of an increasing
nonconverged distributions (see Figure 5 of ref 19a), due to available energy for the ArCl fragment. These results again
the erratic behavior of the high-energy region of the distributions seem to indicate that in the region of very low excitation
produced by the nonconvergence problems. Now the appearancenergies, the probability of ArCl formation and the specific
of this pattern can be correlated with the gradual decrease ofshape of the ro-vibrational distribution of the radical is es-
population in quasibound states, which provides new insight sentially determined by the amount of available energy.
on the interpretation of the photolysis process. An additional mechanism involving quantum interference
Each distribution of Figure 5 of ref 19b is the sum of the between different states of the dissociating wave packet appears
rotational distributions corresponding to all the vibrational states gradually with increasing excitation energy, and it competes
of Ar—Cl. Analysis of the rotational distributions associated with the effect of the available energy. The interference
with each vibrational state of ArCl provides interesting mechanism is already present at low energies, albeit weakly.
information on the origin of the structure shown by the In the region of medium and high excitation energies strong
distributions. In Figure 3 the rotational distributions of the three interference manifestations are found. As the intensity of the
most populated vibrational states of A€l (v =0, v = 1, and interference mechanism increases with increakirgproduces
v = 2) are shown for four different excitation energies where two main effects on the ArCl population. One is that the
the structure is clearly developed. For each energy the rotationalpopulation of the highest quasibound states of &t vanishes.
distributions ofv = 0, » = 1, andv = 2 present essentially the  The other effect is that the population distribution of surviving
same pattern of peaks (the peak positions coincide). This radicals develops a pronounced structure of peaks and nodes in
common pattern is the one reflected in thdistributions of the rotational quantum number. As a result, as energy increases
Figure 5 of ref 19b. The coherence in the structure of the three the final state distributions of ArCl become increasingly
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Figure 5. Classical angular distributions of the H fragment for four

excitation energies of ArHCI.

gradually disappears with increasing energy. To a lesser extent
the intensity in this angular region is also associated with
vanishing population in ArCl bound states. By contrast, the
intensity at large angles is associated with the surviving
population of Ar-Cl in bound (predominantly) and relatively

AR BT T Te0 O TED A A0B0 B0 T00 120 AU T60 T80 low quasibound states.
6 (deg) Interestingly, the vanishing of the population in quasibound

(and also bound) states occurs at low and intermediate angles,
which is the region where the first collision between H and Ar
takes place. This result suggests that the H/Ar collision is what
causes the interference between the different wave packet states.
different from those which would be produced only by the effect Snapshots of the wave packet time evolution are _shown_in Figure
of the available energy (the classical distributions). 2 of ref 16. Aboutt = 10 fs the wave packet collides with the

B. Angular Distributions of the H Fragment. The question A" obstacle and breaks into three pieces. A small portion of the

rises about what is the origin and the specific mechanism which Wave packet, composed only of TF states, remains in the
produces the manifestations of interference found in the quantumiNteraction region for a while, chattering between Ar and Cl.
state distributions of the ArCl radical. The angular distributions "€ main part of the wave packet breaks into two pieces which
of the hydrogen fragment produced by the PF pathway provide travel toward the asymptotic region. These two pieces contain
the answer to this question. The quantum and classical angularbOth TF and PF states which have interfered upon the collision.
distributions are shown in Figures 4 and 5, respectively for ~ Similarly as for the distributions of Figure 2, the classical
several excitation energies. The anglés that formed by the distributions of Figure 5 agree reasonably well with the quantum
vectors associated with the A€I separation and the separation mechanical ones for low energieB € 1.82 eV), but clearly
between H and the ArCl center-of-mass, respectively. In the deviate from the quantum behaviorscreases. The classical
definition adopted hered = 0 corresponds with the collinear ~ distributions for energieg > 2.0 eV still display two peaks at
configuration Ar-HCI, with the H position vector pointing  the same positions as in the quantum distributions, but with the
toward the Ar atom. opposite intensities. The distributions of Figure 5 are consistent
The most interesting result of the quantum angular distribu- With the classical result that ArCl is predominantly produced
tions is how their shape changes wherincreases. For very  in quasibound states, mainly in the highest ones, and reflect
low energiesE < 2.0 eV the distributions are dominated by a the effect only of the energy available for the radical. The
broad peak centered aroufid= 55°. A small “bump” around classical intensity remaining dominantly aroufié= 50° asE
6 = 155 is also displayed. With increasing excitation energy increases, in contrast with the quantum result, would be due to
the peak a¥ = 55° gradually disappears, reaching complete the absence of interference effects in the classical description.
vanishing in the regiofe > 3.4 eV. The peak at large angles C. The Fragmentation Mechanism.In principle there are
remains along the full energy range with a rather constant shapethree possibilities of interference between wave packet states,
and relative intensity, and concentrates practically all the angular namely interference between TF states themselves, interference
intensity forE > 2.3 eV. The vanishing intensity at relatively between PF and TF states, and interference between PF states
low and intermediate angles is mainly associated with the themselves. Here we shall focus on the interference between
population of the highest quasibound states of-&t which PF and TF states, and between PF states themselves, which is

Figure 4. Quantum mechanical angular distributions of the H fragment
for six excitation energies of ArHCI. The siné factor is included in
the distributions.
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the interference affecting the probability and state distributions excitation energies. Oylat the lowest energies the effect of
of the Ar—Cl radicals formed. the energy available for the radical would be practically the
Let us assume for a moment that the wave packet does notonly one present. The interference mechanism begins to operate
collide with the Ar obstacle. This would be the situation if the atlow energies, and causes a sharp decre&3g-afi(E)/Prora(E)
obstacle is small enough, such that the initial wave packet is Up to about 4% in the regioR < 2 eV, in contrast with the
not partially blocked. In this case the hydrogen would just recoil higher percentage found classically. Bor> 2 eV the further
freely, leaving an amount of energy available for-Azl which decrease oPar—ci(E)/Potal(E) is very slow, and the value of
would depend on the excitation energy. As long as the available the ratio remains around 1% for most energies in this region.
energy can be accommodated in the-&1 radicaL the products The angular distributions show that these radicals are produced
H + Ar—Cl would be dominant. For increasing available energy by H direct dissociation at very large angles, far from the H/Ar
the radical population would shift toward the energetically collision region, which explains the robustness of this-ai
highest states, and the A€l rotational distributions would be ~ population.
essentially unstructured. Actually this picture basically reflects  The H/Ar collision also induces interference between PF
what happens in the case of AHCI photolysis for very low states themselves, which is largely responsible of the specific
excitation energies. When the available energy would exceedshape of the ArCl state distributions. When the amount of
the amount which can be absorbed by the radical, TF statesenergy transferred to ArCl in the collision is small, only
(i.e., three-fragment or double-continuum states of-KACI) excitations between different PF states occur. This is the case
would be populated. Since the H fragment carries most of the of weak H/Ar collisions where the hydrogen recoils at rather
excitation energy, the energy available for the radical would large angles. Due to the large orientations, the collision between
be as much as a few hundreds of wavenumbers for the presenH and Ar produces a torque on the A€l fragment, and the
range of excitation energies. Therefore the states populated inenergy is mainly transferred to the rotation of the radical. Thus,
the Ar—Cl continuum spectrum would not lie very high in the collision-induced interference between different PF states
energy. The gradual increase of the energy available fer Ar involves essentially rotational rather than vibrational excitation
Cl would give rise to a gradual decrease of the yield of radical of such states. This is in agreement with the low vibrational
formation (initially dominant). and high rotational excitation found in the radical state distribu-
The picture described above is consistent with the gentle tions. It also explains the pattern of interference of the-&t
recoil mechanism of Nesbitt and co-workérghis picture can rotational distributions, and the result that this pattern is
be considered as qualitatively valid to describe the actual Ar  practically independent of the vibrational state of the radical
HCI photolysis for the first few femtoseconds, before the H/Ar (as seen in Figure 3). Actually, interference between PF states
collision (actually as long as the hydrogen wave packet is far €ssentially means interference between the rotational states of
enough from Ar and the HAr interaction is still weak). Upon ~ Ar—Cl. As the energy transferred to ACI by weak collisions
the H/Ar collision the situation changes drastically. Depending increases witle, the rotational transitions occur between states
on the initial orientation of the hydrogen, the collision with Ar more separated iy which explains the increase of the spacing
is harder or weaker, which determines the amount of energy between peaks in thedistributions of Figure 3.
transferred to the ArCl bond. Such an energy transfer has the  We note that collision-induced interference between PF states
global effect of producing excitation of some of the population involves excitation from bound to bound states, from bound to
generated in PF states by direct dissociation of H in the quasibound states, and from quasibound to quasibound states.
beginning of the photolysis process (before the collision). Therefore, while the interference between PF and TF states
Indeed, population initially in PF (or single-continuum) states causes vanishing of the population in some bound and quasi-
(with Ar—ClI either bound or quasibound) is excited and bound states (particularly in the highest ones), such states can
promoted to the double-continuum states of-ACl upon the ~ be populated again by the interference between PF states
H/Ar collision. The quasibound PF states, and particularly the themselves. The final shape of the-ACI state distributions is
highest ones, are the most ||ke|y candidates to become doub]e_thUS the result of the combined effect of the interference of the
continuum states, since they are already very excited and need®F states with themselves and with the TF states.
only a small amount of energy to overcome the centrifugal In all the cases of interference between different states of
barrier. This explains the vanishing of population in the highest the wave packet discussed above, it was assumed that in the
quasibound states of AICI. As the excitation energy increases collision the hot H fragment is the one which transfers energy
the energy transferred in the H/Ar collision increases as well, to Ar—CIl. We believe that this is the most likely mechanism.
enhancing the probability of excitation of the quasibound However, there also exists the possibility that-ABl transfers
population to the double-continuum states of-AtCl. Thus small amounts of energy to the hydrogen through weak
the population of quasibound states decreases with increasing:ollisions. Again such an energy transfer would involve mainly
E, consistently with the results found in the quantum mechanical rotational transitions in ArCl, but in this case going to a lower
Ar—Cl distributions. Population in bound PF states is also rotational state. Upon these rotational transitions only the
excited to TF states by the collision. However, excitation of quasibound PF states can interfere with the TF states associated
the bound states is less likely than that of quasibound states,with a lower rotational state. However, rotational deexcitation
since it requires some more energy. As a consequence, themay also involve interference and transitions between PF states
survival probability of Ar-Cl in bound states is higher than in  themselves, both bound and quasibound ones.

quasibound states & increases, which is reflected in the  The fragmentation mechanism described above involving

quantum results of Figure 2. interference between different states of the cluster wave packet
Interference between the PF and TF states of a glgen is consistent with all the quantum results found, and provides a

induced by the H/Ar collision, in combination with the effect global explanation of the ArHCI UV photolysis. Interference

of an increasing available energy for-A€I with increasingg, occurs between the states populated through two different

is what determines the global yield of radical formation, dissociation mechanisms which take place simultaneously at the

Par—ci(E), and the ratioPar—ci(E)/Piwta(E) for most of the different excitation energies. One mechanism is direct dissocia-
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tion of the hydrogen with no appreciable interaction with Ar. on the partial fragmentation pathway -AHCI + hv — H +
This mechanism populates both PF and TF states, dependingAr—CI. Energy-resolved distributions of the H and -ACI
on the energy available for the fragments. The other mechanismradical fragments are analyzed in the energy range of the Ar
is an “indirect” or collision-mediated dissociation of H, and it HCI absorption spectrum. The classical results for all excitation
populates mainly TF states (but also PF states if the collision is energies studied are consistent with a direct dissociation of the
weak enough). Interference between the states populated byH fragment where the yield of ArCl formation depends only
these two mechanisms depends on the couplings between thenpn the energy available for the radical. The good qualitative
but also on the initial population of such states, determined by agreement between the quantum and classical distributions for
the initial wave packet prepared by UV excitation of the cluster. low energies indicates that in this energy range the effect of
We shall return to this point short below. the available energy would be practically the only one governing
The mechanism of interference suggested to explain the Ar the formation of ArCIl. With increasing excitation energy
HCI photolysis appears to be general for a wide family of substantial differences appear between the quantum and classical
hydrogen-bonded clusters. Indeed, there is a variety of hydrogen-predictions. Already at low energies an additional mechanism
bonded clusters which can meet the conditions for interference of quantum nature begins to operate, which competes with the
between different fragment states described in the aboveeffect of the available energy. This mechanism produces clear
paragraph for ArHCI. In general these conditions imply interference manifestations in the radical state distributions, and
simultaneous occurrence, at a given excitation energy, of thein particular in the rotational distributions.
two hydrogen dissociation mechanisms, namely direct dissocia- Such a mechanism is identified as an indirect dissociation of
tion and collision-mediated dissociation, each of them producing the hydrogen fragment which, when recoiling, collides with the
different fragments (PF and TF states) which interfere. For Ar atom. Upon this H/Ar collision the states associated with
clusters larger than triatomic ones, and depending on clusterthe different photolysis fragments (H Ar—Cl and H+ Ar +
size, there is a richer variety of possible fragments (i.e., of PF Cl in our case) interfere. An interpretation of the -ACl
states), which will increase the possibilities of interference fragmentation mechanism based on this collision-induced
between fragment states. There is experimental evidence ofinterference is suggested. This interpretation is consistent with
radical formation upon UV photolysis (i.e., population of PF and explains the behavior of all the quantum distributions
states leading to H and radical fragments through the direct calculated, providing the first global picture of the photolysis
dissociation mechanism), for different clusters such ast? process. In this picture the AHCI photofragmentation would
(HI)2,2 (HCI)2,* and AR—H,S (0 < 2).” The other mechanism,  be governed by the simultaneous occurrence and interference
collision-mediated dissociation of hydrogen, will occur as long of two hydrogen dissociation mechanisms, direct dissociation
as there is an obstacle to hydrogen recoil. This is a typical and collision-mediated dissociation, each of them populating
situation in hydrogen-bonded clusters, at least to a certain extentdifferent states of the two fragmentation pathways. An implica-
due to the restricted range of initial intracluster geometries. Thus, tion is that the Ar atom, which acts as an obstacle to hydrogen
the UV photolysis mechanism described here could be found dissociation and is far from being an spectator in the process,

in clusters of the families Rg-HX, Rgn—H.Y, and (HX), with would be the origin of the interference mechanism. The present
n=1m=1, 2, and = 2, and probably witm > 1 andm, | interpretation of the UV photolysis could be applicable to a wide

> 2, at least for small cluster sizes. Upon substitution of Rg by variety of hydrogen-bonded clusters for which the above two

a molecular species (other than HX) like CO, £80;,, C,H, types of H dissociation may occur.

etc., the fragmentation mechanism is not expected to change. Finally, a possibility is suggested to control the mechanism
A most interesting issue is the possibility of controlling the of interference such that the yield of a specific pathway is
mechanism of interference in order to increase (or to decrease)enhanced. It is based on the dependence of the outcome of
the yield of a specific fragmentation pathway. As pointed out interference between fragment states on the distribution of
before, interference between fragment states depends on théntracluster orientations initially excited. Thus, the photolysis
initial population of such states prepared by UV excitation. process can be channeled toward the desired pathway by
Specifically, this initial population depends strongly on the selecting a cluster state with the proper angular geometry, prior
cluster angular geometry distribution initially excited, since it to the UV excitation.
determines the extent to which the hydrogen is blocked by the ]
obstacle, and therefore the probability of the H/obstacle collision. Acknowledgment.  This work was supported by
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