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A study of energy relaxation processes ofQHdoped rare gas clusters excited with vacuum
ultraviolet synchrotron radiation is presented. An enhanced quenching of electronically excited
fragment OH (A) is observed in AfNey clusters (<10?, N~7.5x 10%). The doping of interior

of small argon clusters has been achieved by using a “sequential pick-up” techniqye- EN®
+mAr). Due to a low temperature of the Ne host cluster the Ar atoms are fixed around,@e H
molecule prohibiting structural rearrangements. A strong decrease of theAQHuorescence yield

has been observed fan>m;=12. This effect is attributed to a formation of the secoma, (
=54) and higher shells of Ar atoms around the water molecule. The principal contribution from a
noncomplete second shelinf =32) after a closure of 20 triangular windows in the first shell is
suggested. Due to a finite size of the cluster matrix and fast sample renewal, the cage exit and
reentry processes can be investigated. 2@2 American Institute of Physics.

[DOI: 10.1063/1.1514980

INTRODUCTION tronically excited fragments OHA) after VUV excitation

of rare-gas clusteréHe, Ne, and Ar doped with HO mol-

Investigations on the electronic properties and dynamicgcyles. We believe that these experiments can give useful

of single molecules isolated in solids are of fundamental injnformation about the cage formation, which can be com-
terest since they differ considerably from those in gaseSyared with that obtained in the studies of thQGﬂZ\)
Over the last decade a series of studies have been devoted 0o+ 4 photodissociation dynamics in rare-gas matrices.
the photodissociation of water molecules isolated in rare-gagpig point can be justified by the followingl) OH* (A) is
matrices of Ne, Ar, Kr, and Xe excited at the first water ¢ quenched in the light rare-gas matrixé®, photodisso-
absorption continuum at 7.5 eV} 3 A cage effect has been ciation reactions le(E)—>OH*(A)+ H and I-bO(TA)
observed depending on the kinetic energy of thE_’ OH( . oH+H proceed by repulsive potential curves in a gener-
+H frggments. It has been. found that matrix atoms mtrpduc%”y similar way (a sketch of the relevant potential curves of
a barrier ofE,~1.7 eV, which can prevent molecular disso- the water molecule is presented in Fig. 1: &8 the most

ciation. Unfortunately, the experimental uncertainties in, o4 nroduct of both reactions, H§lL atom, looses its ki-
these measurements were larger than the expected variatiofg;i. energy or escapes the cage on a very short time scale

of the barrier height for different rare gases. Moreover, Mixpich gliows disregarding the interaction dynamics between

croscopic reversibility and multiple barrier crossing are NON+pa Ar cage and the heavier ®HA) or OH(X) radicals.
negligible factors, which are difficult to consider explicitly in Initially in our experiments, the rare-gas cluster atoms
bulk matrix experiments. The use of doped cluster beams i§.o axcited. This is followed by an energy transfer to the
especially useful because this technique offers a fast samplg, padded KO molecule and its dissociation. Important in
renewal and the possibility of a detailed analysis of clustetpage studies is thati) the excitation energy e,
size effects on chemical reactivity and dynamics of embed= 17 70 ev in case of Ne induces an excess of kinetic energy
ded atoms, molecules, or radicafs. . _ in a light fragment H, which is well above the cage barrier
In recent experiments, we studied the caging of eleCg, earlier determined from bulk matrix experiments, and that
(i) the average cluster sizZd is controlled. We have ob-
dCorresponding author. Electronic mail: kanaev@limhp.univ-paris13.fr ~ served that the Hecluster environment influences only the
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160 ' ' formula®™ N=33.(I'*/1000¥%%, with T*=K{(p
OH" (X *) + H(S) -dgP)/T2%879, K(Ne)= 185, andp is in mbar,T in K, and
X8, ] din um are used. In a first pick-up processy\Ngusters are
doped with single water molecules, which are embedded in-
side the clusters. The cluster size distribution in the nozzle
> expansion experiments has a widtWWHM) of AN~N. In
1 a second step the @Ng, clusters interact with Ar atoms
OH (B*%") + H(’S) from an additional cross-jet. Because of the low temperature
- of Ne clusters~10 K) compared to Ar clusteré~37 K),*
1 OH (A’) + H('S) the Ar atoms “freeze” around the D molecule and build a
L ] shell-like structure inside the large host Ne clusters. The low
A'B - . .
cluster temperature and the rapid cooling mechanism due to
OH (X ’11) + H(S)- the evaporation of neutral Ne atoms prohibits any structural
X'A, rearrangement of the embeddedQf@Ar,, clusters. Typi-
] cally, Ney clusters with an average size Nf~7.5x 10° and
HO solute Ay, clusters(with a Poisson distributionof an aver-
: . , age sizem=10? were produced in these experiments.
0o 1 2 3 4 Monochromatized synchrotron radiatioaA\=0.05 nm)
Distance OH-H (A) in the spectral range of 100—140 r{&l grating) or 40—100
FIG. 1. A sketch of the relevant potential curves of the water molecule. nm (Pt grating was focused on the doped cluster bea_m _10
mm downstream from the nozzle. Fluorescence excitation
spectra in the VUV-UV (A<300 nnm and in the UV-
photoelectron yield:Ney clusters modify the relaxation pro- VisiPle-IR (200<1<900 nm were recorded by two photo-
cesses and strongly reduce the rotational temperature of tfgultipliers containing Csl and Ga#8s) photocathodes. Ad-
OH*(A) molecules. In pick-up experiments of free Ar ditionally, OH*(A—>).<) fluorescence excitation _spectra have
clusters prepared in a supersonic expansion ag@ khol- been measured using a UG-11 |arge-ban'd .fl(tmndpass
ecules from a cross-jet, the molecules preferentially take &~ 320=40 nm in front of the photomultiplier. Energy-
position in the surface layer, which results only in a partial™®SCIved fluorescence spectra in the UV and visible spectral
rotational cooling of the OK(A) fragment’ range were coIIect_ed over 600 s with a I_|qU|d nitrogen-cooled
Using a three-beam doping technique, which consists of CD camera (Princeton Instruments installed after a
a sequential pick-up of 4O molecules in a first step and Ar CZeéMy—Turner-type monochromatof X275mm, 150 or
atoms in a second step from two cross-jets by large Ne clust200 /mm gratings, 25@m slits). The background pressure
ters prepared in a supersonic expansion, we were able #§aS kept below 10”mbar during the experiments by con-
build a shell of up to approximately 100 Ar atoms around theinUoUs pumping of the interaction volume.
H,O moleculé®® Small cold HO@Ar,, clusters (h=<10?)
were stabilized inside large Neclusters N~7.5x10%). RESULTS AND DISCUSSION
Fluorescence of the OHA) fragments has been studied as a
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function of the number of deposited Ar atomsAs a result, Compared with studies on embedded impurities in solid
the cage effect has been observed for the first time in dope@re-gas matrices, doped cluster beams offer several advan-
rare-gas clusters with a shell-like structure. tages for investigating molecular dynamics. First, the fast
sample renewal and the control of the mean number of doped
EXPERIMENT atoms, molecules, or radicals create working conditions simi-

lar to those of gas-phase experiments, where photochemistry

The measurements were performed at the experiment& not affected by the presence of the reaction products. In a
station CLULU at the synchrotron radiation laboratory specific application to investigate the cage effect, the use of
HASYLAB in Hamburg® Our previous results indicate that doped cluster beams allows us to consider the so-called re-
by using a standard “pick-up” technique for doping free Ar entry processes in detail. The balance between exit and reen-
clusters prepared in a supersonic expansion wigld khol-  try processes is of importance i GB@Rg matrices, at least
ecules from a cross-jet, we were not able to embed moleculdsr light dissociation products, like H atom$:**Second, the
on the inside of the clustefsThis is apparently related to the study of size effects enables us to observe the building pro-
difference in Ar—Ar and Ar—HO interaction potentials. To cess of the cage.
surmount this limitation, we have employed a “sequential  Because of the low density of doped clusters in the
pick-up” technique® A conical nozzle D =200um, 26=4°) beam, the excitation energy was tuned to the first excitonic
is the source of large clusters made out of light atgfesin ~ band of the large host Neclusters at 70.05 nm. The energy
our cas¢ The nozzle is mounted on a liquid helium cryostatrapidly transfers onto the impurity center after the excitation.
and was operated at typical temperatures down to 30 K andhis is shown in Fig. 2, in which UV-visible-IR fluorescence
stagnation pressures up to 200 mbar, which assured the crexcitation spectra of the A@ Neg, and HO@AIr clusters
ation of large Ng clusters. The average cluster sidevas  are displayed. In this series of experiments the clusters are
determined using well-known scaling laws according to theexcited around 70.05 and 102.8 nm, respectively. The exci-
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FIG. 3. Fluorescence spectra of,GBi@dNg, and HO@Ar,Ney clusters

FIG. 2. UV-visible-IR fluorescence excitation spectra ofN@d Ar,@ Ne, (Nexe=70.05 nm). Fluorescence bands-a620 nm belong to the second-
clusters m<N=~7.5x10° atoms/cluster (a) and of Ar, and HO@Ar order grating reflection of the UV emission of OMES " — X 2IT).
clustersN~400 atoms/clustetb).

This effect has been recently observed in smal}, Blusters
. . _ _solvated in large Ngclusters® This process is similar to the
tonic absorption bands of the corresponding rare gas solidg, o induced desorption in pure rare gas solfds the
are |nd|cated._ Since pure R@lusters excited In the €Nergy so-called “cavity-ejection mechanism,” the interaction of the
range of the first absorption bands do not emit UV'V'S'ble'lRelectronically excited atomic A4p) centers with sur-
photons, the excitation spectra in Fig. 2 are a fingerprint forrounding neutral Ar atoméwhether it is repulsive or attrac-
a strong energy transfer to the embedded Ar clusters or elstﬁle) is correlated to the sign of thé, value (electron affin-
tho thg KO (;noleculeds.. N@— Alm— HZ% MoreOI:I/er, Ias this ity) of the respective solid. Detailed investigations show that
as Ieenl |sé)cusze. In-our recent p ple;rrgeo eTrc]:_usters the correlation not only holds for the undoped but also for
gomp etey absor Ilmpgrltyhcen;ers ,Aanf ;b ) f's can doped material’ A repulsive interaction between the ex-
be saegn,r:n particular, by the absence o J e ;‘_” azce eXClt0lted atom and the surrounding neutrals is expected for posi-
anT In t el exmt?]tlon ;pectrtén}lpresente n (@. q ftive V. These results show that the Ne cluster is a relatively
0 ana 3|/ze dt €o servfea L,J\(l)resce;ce 5” rxoﬁ eta'goft matrix and does not cage the electronically excited spe-
energy-resolved spectra of,B8@Ne; an _"b .@ e cies, even if their kinetic energy is loiw-0.04 eV in the case
clusters were recorded and are shown in Fig. 3. EmISSIOBf Ar*18)
. - . .
bands are assigned to A(r4p)_ atomic and OM(A) r_nolle(.:g— On the other hand, the deposition of Ar atoms in a shell
lar transitions. These experiments ensure that via initial Ne ., the HO molecule can prohibit the exit of the rapid
cluster excitation one can deposit energy in the water mo'hydrogen aton(in the ground electronic stateThis can re-

eculeh f ional in Fi is d " sult in the recombination of the dissociation products and the
f T etUV udoresggncti S|fgr:|a n Fig. 3 ;S u.e to Q) quenching of OM(A) fluorescence. This quenching tenta-
ragments produced in the foflowing reactions: tively occurs through the ground-staxepotential, which is
Ney+hv(17.7 eM—Ney, (1) the main predissociation channek90%) for water mol-
ecules excited in the VUV spectral region:
Ney, + Ar,+H,0— Ney_  + Arp, +kNe+ OH* (A)
(OH* +H)Ar,+ Ney— H,O* Ar,Ney_— , (6)
+H(Eyin), 2 . .
HoO* ArmNey 1 — H0f (X)ArNey i - (7)
OH*(A)—OH+hw»(3.9 eV). (3

H,O*(X) in (7) denotes the ground-state water molecule
Simultaneously, fluorescence of desorbed (#p) atoms in  with a high exess of kinetic energy above the dissociation
the visible and near-infrared spectral rangg,(=700nm)  Jimit, which behavior we do not consider in the following.
is also observed: Comparing the UV-visible-IR fluorescence spectrum of
N + Arpy— Ney + Arp_q + Ar* (4p), 4) H,O@Ng, clusters With thg spectrum of thg shell-like

H,O@Ar,Ney clusters in Fig. 3, the quenching of the
Ar* (4p)—Ar*(4s)+hv(IR). (5) OH*(A) fluorescence is clearly observable.

Downloaded 07 Jun 2012 to 131.169.95.130. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions



9426 J. Chem. Phys., Vol. 117, No. 20, 22 November 2002 Kanaev et al.

In our recent articlewe characterized the dissociation/
ionization products of the ¥0 molecule after the excitation
of neon clusters. This case appears to be similar to that of
H,O-doped helium clustefsin both cases the ionic exit
channel is found strongly suppressed. This is expected beg
cause of a negative electron affinity of helium, neon, and at
least small argon clustersee in Ref. 18 Therefore, we
disregard ionization processes in our discussion. The onlyg
observed excited fragment in,B-doped neon clusters is
OH* (A) with a very low rotational temperature ef10 K,
which is a characteristic temperature of neon clustéfsre-
over NgAr, cluster experiments show that the energy trans- —— N
fer from a large host neon cluster to a small embedded argor 96 98 100 102
cluster results principally in the A(4p) atom desorptiofi, Wavelength, nm
which emits in the IR spectral region. As a consequence, the
competitive channel in the energy relaxation process mlghx 10°) in present experiments corresponding to the Ar cross-beam pressure

be the AF(4p) atoms desorption. T_his is not th? case, be_'of 100 mbar. The mean siza of embedded Ay, clusters is estimated from
cause as one can see later from Fig. 5 the IR-line intensityhe calculations and measurements in pure rare-ga€@Me, clusters by

linearly increases witim and do not account for an almost Laarmanet al" (for an explanation see the text
stepwise decrease of the ®fA) fluorescence intensity.
Moreover, in our recent experimeritsyhere Ag host

clusters were doped by water molecules from the crossbeamjyster in a large Ne cluster changes with its sizeccord-
we did not succeed observing any fluorescence quenching @{q to a Frenkel exciton modé&t.A comparison of excitation
% H . . .
OH*(A). We showed that in such case a®imolecule does  gpectra of Af@Ne, clusters obtained in our experiments
not penetrate inside the Arcluster and takes the site on its (when a water cross-beam is switched affth the results of
surface. Thanks to a successive doping technique used in tiigef. 21 allows a cluster siza calibration. This is shown in
present experiments, we succeeded freezing argon atong$y. 4 for the Ar cross-beam pressure of 100 mbar, which
around the water molecule. Apparently, a confinement of theorresponds to a mean size mf=58+2 atoms/cluster. Be-
predissociation products OKA)+H(1s) in the cage cause the cluster siza of the embedded Ar cluster is pro-
formed by argon atoms is a reason of the observed fluoregortional to the cross-beam pressure, we obtain the calibra-
cence quenching. tion relation of m(atoms)~0.58 pa(mbar) in our
The dissociation excess energy can be efficiently transexperimental geometry.

mitted to the host Ne clusters. The doped clusters were ex- \We have measured the fluorescence excitation spectra of
cited in the first excitonic absorption band at 17.70 eV. Thethe A25 " — X 21 transition of the OH dissociation frag-
gas phase dissociation energy of@{X)—OH(X)+H is ments. Each scan has been carried out through the absorption
5.118 eV and the transition energy of OMGX) is T band of the large host neon clusteds.{~~70nm). At the
=4.053 eV. Therefore, the energy transfer to the water molsame time to avoid any contribution from another spectral
ecule releases 17.16-12+4.05=8.53 eV, which is distrib-  region, the fluorescence has been collected through a broad-
uted between vibrational, rotation@H*), and translational band spectral filte(\=320+40 nm). The UV band intensity
(mainly H) degrees of freedom. The binding energy of a Neat A ...~ 70 nm as a function of the mean numbernf em-
atom in the solid is 26.5 meV. Our estimations show that ifbedded Ar atoms is presented in Figvée estimate the error
caging takes place the Neluster N~7500) may lose only bars as anm=2 atom/cluster The experimental results
a small part of its atoms, approximatety= 320, during the  show that the OF(A) emission only slightly weakens up to
energy relaxation process. The desorption of neutral Ne am=12 (~10%) and it is strongly reduced in intensity for
oms leads to the stabilization of the solute water moleculepproximatelym=17 deposited Ar atoms. The analysis of
and the buildup of a small solute Ar cluster around it. experimental data in Fig. 5 shows that in this size domain
It was shown recently that with the “sequential pick-up” (m=17), the intensity follows an almost exponential de-
technique it is possible to prepare clusters with a well-crease withm: |4,,=14exp(~m/m*). The least mean square
defined multishell structure containing an Ar core, an innefit results inm* =19+ 3.
shell of Kr atoms, and an outer shell of Ne atohssing the It is well known that small rare gas clusters have a polyi-
same experimental setup, one @apriori expect in our case cosahedral structure with a five fold symmetry. The first shell
the formation of an atomic Ar shell around the solutgCH is built of m;=12 atoms around one atom in the center. In
molecule. In our experiments we attempted the fixingrof case of HO-doped Ar clusters, an extraordinary stability of
Ar atoms around the 0 molecule by varying the argon Ar;,H,O has been earlier reported in theoretical work by Liu
cross-jet pressure. The mean size of the solufgdduster in et al?? Surprisingly, the deposition of approximately 12 Ar
the cross-beam experiments at CLULU has been previouslgtoms around the water molecule does almost not lead to a
estimated by Laarmanet al® based on theoretical and ex- quenching of the OK(A) emission. On the other hand, fill-
perimental work by Lewerenet al?° It has been shown that ing of the second shell (¥2m<54) induces a strong reduc-
the absorption lineshape of the first exciton of the solutg Ar tion of the OH (A) fluorescence yield. The decrease bg 1/

P,=100mb: m=58+2

nsit

IG. 4. A size calibration of multishell 0@Ar,Ney clusters N~7.5
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~7 nm. On the other hand, we can estimate a free pathlength
of the hydrogen atom inside the cage before it undergoes a
quenching collision with OK(A), L,. Roughly, taking the
H-OH* interaction distance to be equal to the equilibrium
one in HO(C):r~0.10 nm, the quenching cross-section is
estimated agr;~0.03 nnf. We also estimate the accessible
cage volume asV yy¢~0.1 nnt. Finally, we obtain the
quenching pathlength frorrg- L~V age t0 bel g ~3 nm.
We see that the quenching pathlength is smaller than the
energy loss pathlength of the hydrogen atom inside the cage
of argon atomst <L . This means that in our experimental
conditions the quenching of OHA) by H atoms occurs
efficiently when it is still hot and possesses kinetic energy
above the cage barrier.
FIG. 5. Normalized integral intensity of the OBMES *— X 2II) emission We attribute the observed effe(gee Fig. 5 to the cag-
as a function of the mean size of the embedded argon clostealibrated  ing of the H,O photodissociation fragments by argon cluster
with error bars ofiz_ atom/cluster. 1,,_o=1. H,O@Ar,@Ng, clusters  gtoms: being confined in a small volume, O(A) and H
(N~7.5 10) are excited at 70.05 nm. have a high probability to be quenched through the left re-
pulsive branch of the FD(X) potential. We believe that the
first shell of argon atomsn} =12 is not sufficient for the
and 1£? correspond to the siz@ of ~32 and~54. Interest-  formation of the stable cage. The present experimental re-
ingly, the geometry of Ay,H,O is characterized by a non- sults indicate that the perfect cage is formed by the filling by
complete second shell after a closure of 20 triangular winAr atoms of the second icosahedral shell around th® H
dows in the first shell. AyH,O cluster has a completed two- molecule. In the process of the cage formation the cluster
shell polyicosahedral structure. structure Ag,H,O may play an important role, as it is trans-
Before discussing the nature of this effect, one has tgarent for thee ! of reaction fragments. It is formed by
make some remarks on the nature of the cage effect undargon atoms taking a top position above triangular windows
discussion. A caging reported in Refs. 1-3 is related to thef the first shell. This special geometry is due to the conden-
competition between the dissociation and the recombinatiosation process in cold Ne clusters. This structure becomes
of the ground state products. In contrast to this, the presemfficiently screening the exit reaction products with a high
experiments describe the cage effect in terms of the quenclamount of kinetic energy.
ing process of the excited fragment O(A). This is quite As we have seen, the cage is almost formed by 32 Ar
different, because the fluorescence efficiency is determineatoms(transparency of-30%). Moreover, 54 Ar atoms form
not only by a total exit probability from the cage but also by the cage with~10% transparency. We believe that at a low
an exit probability during the quenching lifetime. Therefore,neon host cluster temperature of 10 K, the melting of this
even in the case where the H atom loses kinetic energy naolute Ak, cage is negligible and the exit probability of the
very rapidly and possesses energy sufficient to exit the cagél atom is low, even at large excess kinetic energies. On the
trajectories of O and H can undergo multiple crossing and other hand, we see from Fig. 5 that if the first shell is closed
the efficient caging(cage-induced quenchipgnay be ob- (m=12), the cage is not formed, and the quenching of the
served. A numerical estimation is given below to clarify this OH* (A) fragment in collisions wh a H atom can be almost
point. neglected. In the intermediate size domain with the first shell
As we have already mentioned, the quenching event caolosed and the second shell forming &&<54), a non-
occur if the H atom stays inside the cage. We now considetrivial mechanism is responsible for the high probability of
the atom losing its kinetic energy in collisions with surround-the fragments exit. Indeed, a simple geometrical model based
ing Ar atoms. First, we estimate the energy loss pathlengtlon the cage coating by argon atoms failed, explaining the
before its energy decreases below the cage exit barrier akgime crossover, which occursrat=17: in that framework
E,=1.7eV. The energy transfer from the fNeluster and the UV intensity should decrease linearly monotonically with
the predissociation of the solvated water molecule results im, which is not the casésee Fig. 5.
dissociation fragments that carry out a high amount of the In the following we consider two possible mechanisms,
kinetic energyE~8.5 eV[reaction(3)]. We assume that the which are capable of explaining the experimental res(dis:
H atom takes roughly half of iEy~4.3eV (another half model of the cage melting, an@) model of the cage win-
belongs to the OH rotationWe make our estimations using dow closure, which favor correspondingly the delayed and
the continuum model proposed in Ref. 2. The energy dedirect cage exits by a rapid H atom.
crease of the H atom in the Ar cage can be described by (1) Recently, Tarasovat al? have shown using a con-
E('[)=(E51’2ﬂL yt/12my) "2, where y=2myma/(Mmy  tinuum approximation that because of the dissipation of en-
+my)%~0.05, I~d(Ar—-Ar)=0.375nm is the mean-free ergy by rapid H fragments, the local temperature of first shell
pathlength andEy=E is the initial energy of the H atom. atoms can reach a melting point, which enables cage exit.
The full pathlength of the atom inside the cage before itAlthough the initial cluster temperature is rather low in our
looses the energfEy—E, will be Lo=1y 1 -In(E4/Ey) experimentg10 K, respectively, to 30 K of the solid argon in

1st shell 2nd shell

-
o
1

Relative intensity

m, at./cluster
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Ref. 2, the heat exchange between the cage and the buff@age exit probability may decrease for the second and higher
(interaction Ap,—Ne) is slower and the total kinetic energy exit events: p{’<p;. In this case the number of the barrier
of the fragments is highe(4.3 e\). This can result in a crossings is smaller. Assuming thp’<p;, one obtains
thermal explosion of solute AJ(OH* +H) clusters. On the p,~0.10, and the number of the barrier crossings~sl.
other hand, the thermal stability and the thermal exchang&he real situation depends on the degree of the hydrogen
with the buffer increases for larger solute clusters. This coulchtom disalignment with respect to the window of the first
explain why the Ag(OH* +H) cluster is stable inside the cage. One has to note that if the proposed hypothesis is true,
Ne matrix. It would be interesting to compare our experi-the cage reentry processes involving the higher number
mental results with numerical calculation of the cage stabilshells can be disregarded because of that low probability.
ity as a function of cluster size.

(2 _Another explanatlon can pe proposed. According toCOMPARISON WITH EARLIER RESULTS
theoretical calculations of the minimum energy structures for
small Ar,H,O clusters m=1-14) by Liuet al.?? a small Our results suggest that the prompt exit of the H atom
angular anisotropy has been found. The cage induces tifeom the stable Ay, cage of is of low probability: 0.1
potential barriet .~ 20 cmi %, which may slightly hindera <p,;p,=<0.01. This is a new result since absolute values of
rotation of the centered water molecule. On the other handgxit probabilities are difficult to obtain experimentally from
the temperature of solute,®@Ar,, clusters in present ex- bulk matrix experiment$;® where (i) the dissociation frag-
periments is induced by large host neon clusters and it is aments appear in their ground state configuratidiis, the
low as ~10 K.* This corresponds to a thermal energy of homogeneous matrix is of an infinite size, afiit) cage re-
kT<U,, and the solute water molecule may not be considentry processes cannot be considered explicitly. As to the
ered as a free rotator in our experiments, but rather it izage reentry processes, they principally occur between the
aligned in the cage. It may be that in these conditions thdirst and the second cage layers formed correspondingly by
dissociation exit direction of the rapid hydrogen atom fits thel2 and 42 argon atoms. In the framework of the proposed
cage window, which prevents the caging. In this case thesmechanism, the number of the barrier crossindspends on
are the second shell argon atoms, which close the cage. Thiee reaction exit alignment with respect to the cage windows,
experimental data show that the closure of the 20 triangulaand can be £i<9. If the disalignment is strong €1), the
faces at surface of doped AH,O clusters has a significant prompt exit dominates; and if the disalignment is negligible
effect on the caging process. The coating with additionali=9), the cage exit by the H atom is delayed. The experi-
~20 Ar atoms (n=54) almost closes the cage. mental results on the OHA) fluorescence yield can be suc-

This second mechanism seems to be more realistic froroessfully treated within the framework of the model dis-
our viewpoint. It does not contradict the earlier conclusioncussed abovép,,(m) dependence, Fig.)5 Nevertheless,
about the dominant prompt exit from the first cage, and itthis model is oversimplified and the accurate quantitative
could explain the behavior of,,(m) in the range ofm balance between the direct and delayed exit channels must be
~m,=12. Moreover, our experimental findirigig. 5 sheds found in future experiments.
more light on balance between the prompt exit and the cage The absolute photodissociation quantum yield oiCH

reentry processes, whose importance has been discussed O%bH(X)'FH has been measured earlier for argon matrices

the last decade. In fact, we can conclude that the cage form%q a temperaturef® K by Schrieveret al?3 The excitation at

.by .the first shell of gtoms aligns the solute yvater molecul 60 nm corresponds to the excess kinetic energy of the hy-
inside the cage, but is not able to trap the exit fragment. Th%rogen atom of-2.8 eV. The cage exit probability~20%

prompt exit probability from this first layer of atoms i& estimated in Ref. 23 is higher than the valuepgt=10%
~b90%. c'jA‘S fihscuhsseéj abo.v.e, anf almost pomp:ete A(f:agmg Sbtained here. One of the factors, which can account for this
observed after the ep05|tlpn of approximately 5 atom‘c’discrepancy, is the difference of the cage geometries in solid
The prc_>bab|I|ty of prompt eX|_t from the cage fOFr_"ed by two argon and in Ay, clusters. Second, this difference may origi-
layers is roughlyp,,~10% (Fig. 5). The probability of the nate from the fact that the quenching rate of @A) by H

first shell reentry ;1) can be found from (used in this work as a measure of the cagiischigher than
pri=1-p, the recombination rate of the ground state GlH@nd H
inside the argon cagéearlier experimenjs This has been
and already discussed in the present paper. In other words, at the
i moment the quenching occurs the hydrogen atom still pos-
P12= P1P2 T P1P2- Pa(1=P2) T+ P1P2- [P2(1-P2)] sesses a high amount of the kinetic energy and is capable of
P1P> escaping the cage on a longer time scale. As we can see, this
o= m=0-1, difference may be related to the delayed exit processes and
be responsible for up to-1(pq,/7)~50% of the overall
wherep, is the prompt exit probability from the cage formed cage exit efficiency.
by the second layer atoms. We obtaiy=0.012 and that the We have already seen in recent experiments that the pre-
hydrogen atom may undergo multiple barrier crossings-  dissociation of water molecules inside \Nelusters is fol-
fore leaving the cage=~ — 1/In(p;(1—p,))~9. In the limit of  lowed by a thermalization of the OHA) product at the
the opposite extreme, if the hydrogen atom is disaligned witltluster temperature of 10 K.” Whereas a rapid thermaliza-
respect to the cage window after the first exit event, the firstion of the H atom can also be expected, no cage-induced
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quenching of the OK(A) fluorescence has been observed inis as low as 10%. Our first results confirm that the excited

that case. The neon cage appears to be highly transparent ®fate dissociation is dominated by a prompt exit of the H

rapid hydrogen atoms. The presence of the solutectuster ~ atom from the first-shell cagen(;=12), although the de-

changes the situation and only approximately two layers ofayed exit from the second-shell cagej(=54) may contrib-

argon atoms 1fi,=54) are sufficient to observe the effect. ute, too. The study of the cage effect of excited ‘QH)

This result seems to contradict to earlier publications wherdragments in doped }O0@Rg,@ Ne, clusters as a function

the cage effect has been observed in both neon and arg@ﬁ size can shed more light on the dissociation dynamics.

matrices with almost equal exit barrier heightd.This dif-  Because of the small cluster size and fast renewal, the disso-

ference in the influence of neon and argon cluster environciation fragments do not influence the process. Moreover,

ments on the predissociation of a solute water molecule renultiple barrier crossing by rapid hydrogen atoms and the

quires an explanation. In fact, the following solution may becage reentry can be explicitly considered in such experi-

proposed: the cage effect may be hindered and it concerrigents.

highly electronically excited fragments, which possess a low
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