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Photodissociation Quantum Dynamics of the Ar-HF(z = 0) Cluster
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The ultraviolet photodissociation of AHF(v = 0) is studied by means of wave packet simulations. Photolysis

is simulated from two different cluster initial states, namely, the ground and an excited van der Waals (vdW)
state, associated with the AH—X and Ar—X—H isomers, respectively. The photolysis dynamics involves
mainly direct dissociation of the hydrogen atom, and at most a couple of subsequent collisions of the recoiling
H with Ar and F, for the two cluster initial states. The H/Ar collision has a relatively high probability in the
case of the initial ground vdW state, while it is much more unlikely for photolysis from the initial excited
vdW state. The probability of ArF radical products is calculated for several excitation energies along the
range of the Ar-HF(v = 0) absorption spectrum. A negligible probability of these products is found for the
two cluster initial states, for all the energies studied. The result is attributed to the large amount of energy
available for the Ar-F fragment, at the excitation energies contained in thet¥f(v = 0) absorption spectrum,
which diminishes dramatically the AiF survival probability. By comparison of the present results with
previous ones on ArHX (X = CI, Br) photolysis, some trends on the photodissociation behavior of this
family of clusters are discussed.

I. Introduction studies of the A+HBr(v = 0) photodissociatiof3*have shown

The ultraviolet (UV) photolysis of weakly bound hydrogen- dramatic differences in the product.yield as compared with the
bonded clusters such as ReHX, (HX)n, and Rg—H,Y (X = Ar—HC?I(u =0) photolys_|sz.6~27 Spec_|f|cally, the yield of Ar-
halogen, Rg= rare gas, Y= O, S) has been the subject of an Br radical complexes is much higher than that of-—AH _
increasing interest in the past years, both experimeftafly products, for the same excess energy of the parent cluster. This
and theoretically1121432 Upon photoexcitation of the chro- resglt was partially attributed to the different gmounts of energy
mophore (HX or HY) to a repulsive electronic state, a fast H available for the A+-Br and Ar—Cl products in the photodis-
fragment is ejected, causing cluster fragmentation through Sociation process, due to the different H/Br and H/Cl mass
different pathways. When hydrogen recoil is hindered by the ratios?830-31Sterical effects inherent to the initial states of Ar
surrounding atoms or molecules in the cluster, solvation effects HBr and Ar-HCI, which cause a lower probability of a collision
typical of condensed matter environments such as the cage effecPetween the recoiling hydrogen and the Ar obstacle in the Ar
can be investigateti?-1214-25270 When the cluster size is HBF case, were also suggested to explain the large differences
increased, the condensed matter limit is gradually approached.in the radical product yielg®
On the other side, direct, unhindered hydrogen dissociation may The differences found between AHCI and Ar—HBr
leave behind weakly bound radical complexés;?2.27a.2832 indicate that halogen substitution affects strongly the photolysis
which allow one to probe the open-shell interactions involved. behavior in A-HX clusters. In this light, the study of other

Theoretical simulations of photodissociation of tetraatomic members of the ArHX family different than A-HCI and Ar—
and larger clusters such aspyArHF 1825 Ar, —HCI,16:23.24Ar, HBr appears very interesting, to elucidate possible trends in the
—HBr,1%12 Xe, —HI,1* Ar—H,0,'° and (HCI»® were carried behavior of the photolysis dynamics upon halogen substitution.
out by means of classical and hybrid quantum/classical methods.The aim of the present work is to report on the wave packet
Quantum mechanical 3D calculations have been restricted tophotodissociation dynamics of the AHF(v = 0) precursor
triatomic Rg—-HX clusters, in particular ArHCI*7.18.2227gnd cluster. While the UV photolysis of this system has been
Ar—HBr.21.280,3031|n these small prototype RegHX clusters, investigated classicallig to the best of our knowledge the
it is possible to carry out a more detailed investigation of the current study is the first quantum mechanical one. Photolysis
photolysis mechanisms that govern the different fragmentation is simulated by starting from two different initial states of-Ar
pathways of the cluster. In addition, characterization of the HF(v = 0), associated with the AtH—F and A—F—H isomers
cluster state initially prepared in the excited electronic surface of the cluster, respectively. In the case of-AiBr(v = 1)
is more precise in RgHX complexes than in larger clusters. photolysis, a strong effect was found in the product yield as a
This allows one to investigate the effect of the cluster initial result of starting from one or the other isomeric form, due to
state (which determines the distribution of intracluster orienta- the different initial intracluster geometry distributio?¥sThus,
tions and impact parameters) on the yield of photolysis products, its possible effect in the AfHF(v = 0) photodissociation is
and thus how to exert control on that yiefd 2° investigated here.

Recent quasiclassic&t and wave packet” simulations of The paper is organized as follows. In section II, the system
the Ar=HBr(v = 1) photolysis dynamics, as well as wave packet anq the dynamical method used are described. In section I,

* To whom correspondence should be addressed. E-mail: garciavela@ the results are presented and discussed. Some conclusions are
imaff.cfmac.csic.es. given in section IV.
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Il. Theory 12

A. Potential-Energy Surfaces and Initial State.Upon UV
excitation of HF from its ground electronic staXé>* to the T
repulsive excited statd'I1, the Ar—HF cluster photodissociates.
A Franck—-Condon transition between the two electronic states
is assumed in our model. The system is represented irrthe (
R, ) Jacobian coordinates, wherés the H-F distanceR is
the separation between the Ar atom and the HF center-of-mass,g %6
and 6 is the angle between the vectarandR (with 6 = 0
corresponding to the collinear configuration-Af—F). 04l

The ground-state potential surface is modeled as a sum of
an atom-atom potential for the HF interaction plus a term
reproducing the van der Waals (vdW) interaction,
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TheV?__term is represented by a Morse functional form with Oldes)
H-F P y Figure 1. Angular distributions of the initial A#HF(v = 0) ground

— — — —1
parameterd = 6.11 eV,re o 0.919 A _ando. =225 A . (solid line) and excited (dashed line) vdW states. The distributions are
These parameters were obtained by fitting to a Morse function pormalized to unity.

the ab initio potential for NaHF® when Na and HF are
sufficiently separated. Thed6(4, 3, 2) intermolecular potential Figure 1. As seen from the figure, the ground and excited

of HUtSOﬁ‘_‘ was used to describe the vdW interaction term. gy state distributions are concentrated mainly at low and high
The excited electronic state potential is represented as a sunypgjles, that is, at the AMH—F and A—F—H geometries,

of pairwise interactions between the atoms of the system,  respectively, and in this sense we speak of two cluster isomers.
R o o The two initial distributions, however, extend over the whole
Ve=Viet+Via T Var 2) angular range, which means that we are dealing with large-

e ) ) ) . ) amplitude bending motions for both cluster inital states. Related
TheV},_g interaction term in thé\'II excited state is obtained  to this, we note that the distribution of the excited vdW state
by fitting the ab initio calculations of Dunnifgjto the functional still has a significant amount of population in the region

form®® associated with the ArH—F isomeric form. The distributions
of Figure 1 are qualitatively similar to the corresponding angular

VE () = Ae Pr 4+ % ©) distributions of A-HBr(v = 1),28 except that in this latter case
r the distribution of the excited vdW state is more concentrated

at high angles.

B. Dynamics Simulations.Upon excitation of the cluster
initial state to the upper electronic surface, the system dissociates
following partial fragmentation (PF) into H- Ar—F or total
fragmentation (TF) into H+ Ar + F. Cluster photolysis was
simulated by solving the time-dependent Sclinger equation
in the excited electronic surface, assuming zero total angular
momentum J = 0) for the system.

_ (=0) The initial cluster wave packeb,—onp(r, R, 6) was propa-
D, _onp(l R 6) = x,—o(NYrp (R 6) 4 gated up td; = 62 fs with a time step\t = 2 fs. At this final
) ) ) . time, practically all the wave packet intensity has reached the
where y,=o(r) is the ground vibrational eigenstate of the asymptotic region. The Chebychev polynomial expansion
V}_(r) potential, andn and b are the quantum numbers  method®was used to represent the time-evolution operator exp-
associated with the vdW stretching and bending vibrations, (—iHAt) in the propagation scheme. The wave packet was
respectively. The vdW wave functiap{’; (R, 6) is calculated  represented on a rectangular grid of 50800 equally spaced
variationally by diagonalizing the vibrationally averaged Hamil- points in ther and R coordinates, respectively, in the ranges
tonianH,,, = ,=o(r)[Hx.=o(r)(H being the full Hamiltonian 1.0 au< r < 47.7 au and 5.2 ag R < 14.2 au. The angular
of Ar—HF), once it is represented on a suitable basis set of coordinate was represented on a grid of 220 points correspond-
radial and angular functions. The vibrational diabatic ap- ing to a GaussLegendre quadrature in the range 8 6 <
proximation is fully justified here due to the large difference 18(°. The Hamiltonian operations of the kinetic-energy terms
between the frequencies of the HF and vdW vibrations, which involving radial coordinates were evaluated by means of fast
leads to a quite small vibrational mixing of the states. Fourier transform techniques. The action of the angular mo-

As pointed out in the Introduction, photolysis of AHF(v mentum operator onto the wave packet was computed using a
= 0) is simulated starting from two different initial states of combination of the above angular discrete variable representation
the cluster, namely, the ground vdW statelf) = (0, 0), and  (DVR) and a finite basis representation (FBR) consisting of 150
the first excited> bend stater(, b) = (0, 1) [this latter state | egendre polynomials. As we shall see below, ARE — X1=+
being the second excited vdW state of-AiF(v = 0)?%. The absorption spectrum of ArHF(v = 0) (and therefore the wave

with parametersA = 61.2 eV, = 2.38 A1, andC = 15.70
meV A 12 Empirical potentials have been used for the At36
and Ar—F®7 (in the X1/2 ground electronic state) interactions.

In the calculation of the initial state of AHF(v = 0) in the
X1zt surface, the HF stretching vibration is separated within
the vibrational diabatic approximatiéf,and the cluster wave
function is expressed as

energy levels associated with these two vdW states-afl.2 packet) contains excitation energies remarkably higher, and in
and—49.0 cnmi! (relative to the HR{ = 0) vibrational energy  a wider range, than in the cases of-AiCI(v = 0) and Ar
level), respectively. The angular distributiodeWS,f IR, HBr(v = 0, 1). This makes the present wave packet propagation

0)|2 sin O corresponding to each cluster initial state is displayed a computationally more demanding problem.
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Figure 2. Absorption cross section of AHF(v = 0) from the initial
ground (solid line) and excited (dashed line) vdW states of the cluster
vs the excess enerdy The limit E = 0 corresponds to three separated
atoms.

Once the time propagation was over, the fragmentation
pathway yielding H+ Ar—F(v, I) products was analyzed for
several excitation energies in the range of the cluster absorption
spectrum. For this purpose, the asymptotic wave packet was
projected out onto the product fragment states, which consist
of products of a rovibrational state describing the-#&(v, 1)
radical complex times a plane wave describing the recoiling H
fragment. The projection procedure has been shown in detalil
elsewheré® In brief, the product fragment states are defined
in the set of Jacobian coordinates associated with theFAr
distance and the separation between H and theFAcenter-
of-mass. By means of a Jacobi transformation, these states are
transformed to ther (R, 6) coordinates in which the wave packet
is represented. Then, for a given cluster excitation energy,
probability amplitudes of photolysis into H and AF(v, |)
products is obtained by projecting the asymptotic wave packet
onto the transformed product states corresponding to that energy.
The asymptotic region was considered torbe 20 au, which
at final time contains essentially all the wave packet.

The Ar—F radical complex supports 92,(l) rovibrational 9 (deg)
states, out of which 68 are bound states withx= 4 andl <
22, and 24 are quasibound states reacHijpg = 31. The Figure 3. Wave packet probability distributions in the R, 6) cluster
quasibound states, supported by centrifugal barriers, are Verycpordinat_es for photolysis f_rom the initial ground vdW state at three
long-lived ones compared to the time scale of hydrogen different imest= 20fs (solid line)t = 40 fs (long-dashed line), and
dissociation, and thus they were included in the wave packett = 62 fs (short-dashed line). Th_e angula_r dlstrlbut_lon contains the sin

e : . 6 factor of the volume element in Jacobian coordinates.
projection. The lowest bound and highest quasibound energy
levels of Ar—F are 54.83 cm! below and 44.92 cmit above
the dissociation limit of the ArF potential, respectively. Then,
for each cluster excitation energy the asymptotic wave packet
was projected out onto 92 degenerate states of the H ané Ar
products, for the two initial states of the parent cluster. About
20 excitation energies covering the range of the-AF(v =
0) absorption spectrum were analyzed.

probability

probability

different initial vdW states of the cluster only cause small
differences between the two cross sections due to the weakness
of the vdW interaction. Both cross sections peak about 5 eV
and cover the range between 2.5 and 8 eV. This makes a
difference with the absorption spectra of AdCl(v = 0)?2 and
Ar—HBr(v = 0),3%31which peak near 3 eV and spread from
about 1.5 up to 5.5 eV, and also with the spectrum of-Ar
HBr(v = 1) 28 that covers the range 1.3 eVE < 6 eV. The
fact that the Ar-HF(v = 0) absorption cross section is shifted
The absorption or photodissociation cross section of Ar  to higher energies as compared to those of KCl and Ar—
HF(v = 0) is obtained as the time to energy Fourier transform HBr affects greatly the fragmentation dynamics, and in particular
of the wave packet autocorrelation function. Figure 2 displays the photolysis product yield, as we shall discuss below.
the cross sections corresponding to the two initial states of the A. Wave Packet Dynamics.In the following, we shall
cluster. The two curves are very similar since HF is the analyze the ArHF(v = 0) photolysis dynamics by examining
chromophore absorbing the UV photon, and the initial vibra- the wave packet time evolution. Figure 3 shows wave packet
tional state of HF,y,—o(r), is the same in both cases. The probability distributions in the cluster coordinates at three

I1l. Results and Discussion
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6 = 120¢° would be indicative of a second collision of H with

20 the F atom, with a substantially smaller probability than the
H/Ar collision. In the absence of the H/F collision, one would
expect a monotonic variation of the angular intensity in the range
90° < 6 < 13C°. Good agreement is found between the present
angular distribution and that obtained classicédly.

The large intensity of the distribution tails indicates that the
H/Ar collision occurs with a remarkable probability. Actually,
the probability of this collision is higher in the AHF(v = 0)
photolysis than in the ArHCI(» = 0)?2 and Ar—HBr(v = 0)30:31
cases. This can be explained by invoking sterical effects related
to the geometry of the initial states of the different parent
113 0 75 k() clusters. In the ground vdW initial state of AHF(v = 0), the

k. (a.u.) angular distribution is shifted to slightly lower angles than
those of Ar-HCI(v = 0) and Ar-HBr(v = 0).2° In addition,
the initial separations between Ar and the HX center-of-mass
(and thus the initial HAr distances) are somewhat shorter in
Ar—HF(v = 0) than in A—HCI(v = 0) and Ar-HBr(v = 0).
These geometrical factors cause an increase of the probability
of the H/Ar collision in the A-HF(v = 0) photolysis.

The H/Ar and H/F collisions also manifest themselves in the
wave packet momentum distributions of Figure 4. Indeed, the
appreciable tail of thég distribution is indicative of energy
transfer from the mode, where the energy is initially deposited,
to theR one. Such an energy transfer is also manifested in the
less pronounced tail of thég distribution toward lower
U0 2 3 40 5060 momentum values.

kr (a.u.) Interestingly, the small tail toward low& momenta contrasts
with the much more extending tail found in the corresponding
distribution for Ar—HCI(v = 0) photolysis?? Similarly, the tail
of thekg distribution of Ar—HClI(v = 0) extended toward higher
momentum values than the present one. This extensive energy
transfer in the AF-HCI(v = 0) photodissociation was caused
by multiple collisions between the hydrogen and the heavier
Ar and Cl atomg227° Thus, the shorter tails of thie and kg
distributions of Figure 4 indicate that only a collision between
H and Ar and a subsequent, less likely H/F collision take place
with appreciable probability before hydrogen dissociation. This
is consistent with previous results from classical simulations
of the Ar—HF(v = 0) photolysis'®
W20 80 80 100 10010 The F atom has about half the mass of Cl. Besides, the excess
J energies deposited in the HF bond are higher (see Figure 2)

Figure 4. Wave packet probability distributions in the momenta than those deposited in the HCI bond of ACl(v = 0). As a

associated with the Jacobian coordinates used in the calculations, for€Sult, upon hydrogen departure the recoil velocity of F is
photolysis from the cluster initial ground vdW state at final titne substantially higher than that of Cl. Then, when H recoils after

62 fs. colliding with Ar it is likely to miss the F atom, since fluorine
has travelled enough distance to avoid the collision. Since F
different times, while Figure 4 displays probability distributions recoils along the HF axis, the above is particularly true for
in the corresponding momenta at final time, for the initial ground most of the initial angles, except those near the collinear
vdW state of AF-HF(v = 0). configuration. For small initial orientations, the F atom recoils
The main peaks of the wave packet distributions of Figure 3 essentially along th& axis, and the hydrogen has the chance
show that the most likely photodissociation event is direct to encounter F after colliding with Ar. However, the weight of
escaping of the hydrogen with orientatiofis- 40°, for which these initial configurations is small, which is consistent with
the recoiling H can overcome the Ar obstacle. In addition to the rather low probability of the H/F collision. This, along with
the main peaks, the distributions exhibit a tail spreading toward the smaller size of F as compared to Cl, can explain the absence
shorter and larger distances in the cases of ithand R of more than two hydrogen collisions in the AHF(v = 0)
coordinates, respectively, and in the rangé 800 < 13C in photolysis.
the case of the angular distribution. Such tails in the distributions ~ The angular momentum distribution of the initial ground vdw
are mainly the signature of a collision between the dissociating state of Ar-HF(v = 0) is very cold, with population if < 5.
H fragment and the Ar atom. In particular, the wave packet Herej is the rotational quantum number corresponding to the
intensity developed at angles 9& 6 < 13C° (as compared  angular momentum associated with the coordinatesd R
with the corresponding initial distribution of Figure 1) reveals (sinceJ = 0 the angular momenta associated with the two
the range of final orientations at which the hydrogen is deflected coordinates are equal). The final wave pagkdistribution of
after colliding with Ar. Furthermore, the small bump found near Figure 4 has the maximum at= 0, two additional peaks at
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Figure 5. Same as Figure 3 for photolysis from the initial excited
vdW state of AF-HF(v = 0).

low j, and a long tail extending up to very high angular
momentum values. This distribution is similar to that obtained
from Ar—HCI(v = 0) photodissociatiof? except that the tail
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Figure 6. Same as Figure 4 for photolysis from the initial excited
vdW state of A-HF(v = 0).

and H/F collisions is greatly reduced with respect to photodis-
sociation from the initial ground vdW state. Indeed, this is the
result shown by the much less intense tails of the distributions

at highj is more intense and reaches higher momenta in the of Figures 5 and 6.
present case. The high rotational excitation observed in the All the distributions, except the angular one, are qualitatively

distribution is caused mainly by the H/Ar collision. The larger
probability of this collision in Ar-HF(v = 0) is consistent with
the larger intensity of the distribution tail, as compared with
the Ar—HCI(v = 0) case. Due to the higher excess energies
initially deposited in A-HF, the hydrogen carries and therefore
transfers more energy in the H/Ar collision, which explains the

similar to those of the initial ground vdW state, only differing
in the intensity of their tails. The excited vdW state distributions
are consistent with a dominantly direct hydrogen dissociation
and a relatively small probability of H/Ar and H/F collisions.
The collision probability is originated from the initial angular
population corresponding to the AH—F isomer geometries

higherj values reached in the present distribution with respect (at 6 < 60°, see Figure 1), much smaller than in the initial

to the Ar—HCI one.

ground vdW state. This is illustrated by the wave packet angular

Figures 5 and 6 show the wave packet distributions associateddistribution of Figure 5, which consists of two peaks originated

with Ar—HF(v = 0) photolysis starting from the initial excited

from the two broad peaks of the initial distribution, upon

vdW state of the cluster. As seen from Figure 1, the distribution essentially direct fragmentation of the hydrogen. The “shoulder”
of initial hydrogen orientations in this state describes a situation superimposed on the main peak of the distribution in the region
where the hydrogen is mostly not hindered by the Ar obstacle. 90° < 6 < 130 is the signature of the hydrogen collision events.
Thus, one expects that in this case the probability of the H/Ar This shoulder is similar in shape but less intense than that found
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in the angular distributions of Figure 3. The angular momentum
distribution of Figure 6 does not show the structure at jow
values found in the corresponding distribution of Figure 4, and
it only displays a weak tail toward highemomenta. This final
angular momentum distribution is actually not very different
from the initial one, which is consistent with a mostly direct
photodissociation dynamics.

B. Probability of Ar —F Products. The probability of the
partial fragmentation pathway yielding H and-AF products

Prosmiti and Gara-Vela

As shown above, the main effect of the initial excited vdW
state in the photolysis process is to reduce the H/Ar collision
probability to a very low level. In this situation, the probability
of Ar—F products is governed practically only by the energetic
effects discussed above. For a given cluster excess elergy
the corresponding energy available for the—&r fragment
distributes among center-of-mass translational energy and
internal energy of ArF. The present result for the excited vdW
state means that for all the excitation energies in the AF(v

was calculated for different excitation energies along the range = 0) absorption spectrum, the energy available for-Aris

of the Ar—HF(v = 0) absorption spectrum, for the two initial

high enough such that the amount of energy going to internal

cluster states. In the case of the initial ground vdW state, the energy exceeds that which can be accommodated nFAr

probability of Ar—F radical complexes was found to be
negligible (of the order of 1® in the same scale of the

without breaking. As a consequence, formation of-Rradical
products is prevented. By extension, the same conclusion holds

absorption cross section of Figure 2), for all the energies studied.for photolysis from the initial ground vdW state of the cluster.

The present result contrasts with previous findings (for the initial
ground vdW cluster state) in the case of -ACl(v = 0)
photolysis?® where a small but appreciable probability of-Ar

Cl radicals was obtained, and in the case of-ABr(v = 0, 1)
photolysis?®30-3lwhere the yield of A+Br products was found

to be high.

As discussed elsewhet® there are essentially two factors
that affect the probability of formation of ArX radical products
upon Ar-HX photolysis. One of them is of energetic nature
and is related to the amount of energy available for theAr
fragment (which depends on the excess ené&gleposited in
the HX bond and on the H/X mass ratio) and with how much
of this energy can be accommodated as internal energy-ef Ar
X. The other factor is of dynamical nature and is related to the
probability of the collision between the recoiling hydrogen and
the Ar obstacle. The larger this probability, the lower the survival
probability of Ar—X fragment products after cluster photolysis.

In the case of ArHF(v = 0), the probability of the H/Ar
collision is larger than in ArHCI and Ar—HBr, as discussed

Comparison of the present findings on -AdF(v 0)
photolysis with previous ones on AHCI(v = 0) and Ar-
HBr(v = 0, 1) photodissociation allows one to extract some
general trends on the photolysis behavior within the-KHiX
family of clusters. As regards the probability of formation of
Ar—X radical products, upon halogen substitution following the
sequence F/CI/Br, the radical yield follows the sequence zero/
low/high. This sequence is governed, on one side, by the effect
of the energy available for ArX, in the sense of decreasing
the radical survival probability. This effect is extremely
determinant for A+-F and decreases substantially when going
to Ar—Cl and Ar—Br, in correspondence with the decrease of
the H/X mass ratio. Related to this point is the ability of the
Ar—X product to accommodate this available energy as internal
energy, and this ability increases from-Af to Ar—Br. On the
other hand, for cluster initial states mainly associated with the
Ar—H—X isomer geometries (e.g., the cluster ground vdwW
state), the radical yield is also governed by the extent to which
a collision between the recoiling hydrogen and the Ar obstacle

above, due to the geometry of the initial cluster state. Concerningtakes place. The probability of the collision depends on how
the energetic factor, the excitation energies contained in the much the hydrogen is initially blocked by the Ar atom. This

absorption spectrum of AtHF(v = 0) are typically higher than
in the cases of ArHCI(v = 0) and Ar-HBr(v = 0, 1), which
implies higher amounts of energy available for the—/Ar
fragment. Even for the same cluster excess engéyglye amount
of available energy for ArF is larger than for A+Cl and Ar—

blockage, and therefore the collision probability, decreases
gradually from Ar-HF to Ar—HBr, due to geometrical factors
of the cluster initial state, namely, an increase of the average
hydrogen orientation and distance with respect to Ar. As the
effect of the energy available for AiX decreases significantly

Br, due to the higher H/F mass ratio as compared to the H/CI (as in the case of ArHBr), the effect of the H/Ar collision

and H/Br ones. In addition, the maximum amount of energy

plays a more important role in determining the-At prob-

available which can be accommodated as internal energy ofability. This can be exploited to increase the-A¢ product

Ar—F (~100 cn1?, taken as the energy of the highest-/At
quasibound state minus the energy of the lowestRAbound
state) is smaller than that of AICI (~204 cnt!) and Ar—Br
(~225 cn11).28 The combined effect of all these energetic and
dynamical factors leads to a negligible -AF product yield
upon photolysis from the initial ground vdW state of-AdF(v
= 0).

Interestingly, the probability of ArF formation calculated
for photolysis from the initial excited vdW state of AHF(v
= 0) is similarly negligible as for the ground vdW state (of the
same order of magnitude, 1%), for all the energy range of the
cluster absorption spectrum. Actually, the-Af probability for
the excited vdW state is about a factor ef2higher (depending
on the cluster excess energy) than that for the AF(v = 0)
ground vdW state. This behavior is similar to that found for
Ar—HBr(v = 1) photolysig® and is the consequence of the lower
H/Ar collision probability in the case of the excited vdW state,
which causes a significant increase of the-#rproduct yield.

yield, since the collisional effect can be largely reduced by
starting the cluster photolysis from an excited vdW state
associated with ArX—H isomer geometries. Photolysis of the

Ar—HI precursor cluster (not studied theoretically so far) is
expected to follow the trends outlined above.

Experiments on UV photolysis of the (HlJand (HCI}
clusterd“ have found evidence of formation of HI and CH
HCI radical products, respectively. Photolysis of-4tX (or
in general Rg-HX) and (HX), clusters has some common
features as far as the formation of Rg or X—HX radical
products is concerned. Indeed, for both types of parent clusters
hydrogen dissociation must be direct, to avoid a collision with
the Rg or HX obstacle, and then the yield of formation of-Rg
or X—HX products is essentially governed by the energy
available for them. The main difference is that the-B{X
radicals are more strongly bound than their isoelectronie Rg
counterparts, which increases their ability to accommodate the
available energy as internal energy, and therefore their survival

Such an increase, however, is clearly insufficient in practice to probability. In this sense, the present results for AiF(v = 0)

raise the Ar-F yield to appreciable values.

photodissociation can be extrapolated in order to make a
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