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Spectroscopy and predissociation dynamics (bf,0), and Ar—HO are investigated with
vibrationally mediated dissociatidvMD ) techniques, whereingy=2 overtones of the complexes

are selectively prepared with direct infrared pumping, followed by 193 nm photolysis of the excited
H,O molecules. As a function of relative laser timing, the photolysis breaks idto OH and H
fragments eithe(i) directly inside the complex ofii) after the complex undergoes vibrational
predissociation, with the nascent quantum state distribution of the OH photofragment probed via
laser-induced fluorescence. This capability provides the first rotationally resolved spectroscopic
analysis of(H,0), in the first overtone region and vibrational predissociation dynamics of water
dimer and Ar—water clusters. The sensitivity of the VMD approach permits saxgjal2 overtone

bands to be observed, the spectroscopic assignment of which is discussed in the context of recent
anharmonic theoretical calculations. 2005 American Institute of Physics

[DOI: 10.1063/1.1899157

I. INTRODUCTION mers in the OH-overtone range have been reported only
recently’®?’ No gas-phase spectra ¢4,0), overtone bands
Water dimer,(H;0),, is arguably one of the most impor- are presently available.
tant binary complexes in nature. It has been intensively stud-  aqditional interest in the overtone spectroscopy of
ied ever since its first spectroscopic observation in a solquzo)2 stems from the potential atmospheric importance of
nitrogen matrix and in gas phase’ The most significant .- clusterd®2529 Atmospheric(H,0), influences the ra-

spectroscopic St.‘!d'e.s G(HZO.)Z mcludg a comprehenswe diation balance of the pIané%,homogeneous nucleation dy-
symm‘?try classification of its tunnel|ng—rot7at|onal eNnergy L mics of aerosol formatiod. and even rates and mecha-
levels? observation of low-resolution infrar€d’ and coher- . . ! . 31-34

nisms of certain chemical reactiofs3* Overtone

ent anti-Stokes Raman scatteﬁmpectra of jet-cooled water . . o
pSpectroscopy is a powerful potential tool for quantitative

complexes as well as observation of high-resolutio Bl )
characterization ofH,0), column abundances in the atmo-

infrared®™*? far-infrared**™*® cavity ring down'* and
microwavé®!’ spectra of water dimer. This, in turn, has led SPhere. Indeed, a weak band at 749.5 nm recently defécted

to determination of a reliable water pair poterillffé?o and in long-pass atmospheric spectra has been tentatively as-
elegant infrared spectra of size-selected water cluéters,  signed to the bound Okboy=4) third overtone transition of
solving many discrepancies in previous spectroscopic assigitH20), based on comparison with the existing theoretical
ment of (H,0), fundamental transitions. predictions’*?® Lower order overtones ofH,0),, such as

In spite of the impressive roster of spectroscopic studiesoy=2 bands described here, may be more convenient for
of (H,0), and larger water clusters, relatively little is known observational work on atmosphefe,0), because of their
about their OH stretching overtones. Overtone excitations ifess ambiguous spectroscopic assignments.
(H0), are especially interesting because of their potential ~ This manuscript examinesoy=2 vibrational states of
effect on the dynamics of donor-acceptor switching and othefH,0), using an approach of vibrationally mediated
hydrogen bond tunneling-interchange motions in the comyjssociatiort®*° wherein selectively prepared rovibrational
pleg..There have begn just a few theoretical studies of thgistes of HO complexes are photolyzed and the resulting
p03|t|or21_325 and transition strengths dH,0), overtone o photofragments are detected with full quantum state
bands’**Matrix isolation vibrational spectra of 40 poly- resolution(Fig. 1). This method provides detailed informa-
: tion not only about overtone spectroscopy, but also about
“Present address: Department of Chemistry, University of California, Irvinemglecular energy transfer dynamics in,® and its com-

R 20T, lexes. Specifically, thi ts the first observati

Y Author to whom correspondence should be addressed; Electronic maiP!€X€S. Specincally, this paper presgn S e_ Irst o _Serva 1on
din@jila.colorado.edu of the voy=2 overtones in(H,O), with partial rotational
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20-30 mJ/pulse, 0.2 crhresolution, 5 ns pulse widthA
counterpropagating ArF excimer photolysis laser pulse
(193 nm, 5 mJ/pulse, 7 ns pulse willfollows after a vari-
able time delay(0—1000 n$ with respect to the pump, dis-
sociating a fraction of vibrationally exited water molecules
(Fig. 1). Finally, a probe laser puls@0 uJ/pulse, 0.1 cit,
5ns excites the nascent OH on the off-diagonafs

«— X°I1 v=1+0 band some 20 ns after the photolysis pulse,
with the resulting OH fluorescence collected from the diag-
onal A%S — X?I1 v=10 band at 310 nm. Both excitation
and detection take place2 cm downstream from the expan-
sion slit. To discriminate between) vibrationally mediated

0,0\0 and (i) direct 193 nm photolysis of ¥ and its complexes,
the near-infrared pump laser is operated at half the repetition
FIG. 1. Experimental approach. Complexes are exciteghjj= 2 state fol-  rate, with the data from alternate laser shots subtracted to
lowed by photodissociation of #(voy=2) directly inside the complexes generate a background_free SignaL

with a UV laser puls€left). Alternatively, the excited complexes first pre- The resulting OH fluorescence signal is found to be lin-
dissociate on time scalgy generating HO molecules in a different vibra-

tional state(v’), which are then photodissociated by the photolysis laser€ar _in the 193 nm_phOt_Ol)_/SiS laser power, indicating that
(right). In either case, the resulting OH fragments are detected in specificnultiphoton photodissociation processes in the parent mol-

final quantum states by laser-induced fluorescence. ecule are not relevant. The OH transitions are then probed in
the weak saturation limit and calibrated against fluorescence

resolution and provides information about the dynamics ofexcitation spectra under fully thermalized conditions. On the

(H,0), predissociation at theoy=2 excitation energies other hand, the IR pump transitions can be saturated signifi-

(=7000 cm?). cantly, despite the decrease in absorption strength with suc-
By way of contrast, the much simpler complex betweencessive overtone excitation. Indeed, for the strongest over-

Ar and H,0 provides a useful juxtaposition witii,0),.*%*"  tone transitions, it proves necessary to attenuate the pump

Compared to the water dimer, Ar—8 has a substantially laser power by as much as two orders of magnitude to avoid

smaller potential energy well depfh40 cmiin Ar—H,O vs  power-broadening of spectral lines beyond the specified laser

1700 cm? in (H,0),] (Refs. 18 and 4Rand considerably resolution of 0.2 cmt. For optimal sensitivity, therefore,

weaker interactions between intermolecular and intramolecueverview scans are taken under full near-IR pump laser

lar modes. This makes Ar—@ a convenient system for power, with scans of individual overtone bands taken under

studying photodissociation dynamics of®lin the presence reduced power conditions.

of a weakly perturbing rare gas “solvent” as opposed to the

strongly hydrogen-bonded interactions presertHgO),. Vi- IIl. RESULTS AND DISCUSSION

brationally mediated dissociation studies of Ar,{Hin the . )

vonu=3 manifold have been reporf€cbut none in the first A SPECtroscopic notation

overtone region corresponding to the present study 9 H We use|mn)* local mode notatiol{ for labeling OH-
dimer. To establish a suitable experimental perspective f0§tretching vibrations of free 0, Ar—H,O, and the mono-
the more complicated spectra @1,0),, this study therefore  mer proton acceptor subunit i#,0),, wherem andn are
also briefly considers vibrationally mediated spectroscopyhe local mode-stretching quaritain this notation, one can
and dynamics out of selectaghy=2 vibrational states of approximately correlate,+v; and 2, normal mode states

Ar—H30. of H,O with [02)~ and|02)* local mode states, respectively.
For the proton-donor unit dH,0),, the states are labeled by
Il. EXPERIMENT specifying the number of local mode excitations in the

bound-OH and free-OH bond&.For example|0);|1), des-
Pertinent experimental information has been summaignates theoy=1 hydrogen-bonded OH stretch fundamental

rized in recent work dealing with the dynamics of vibra- vibration of (H,0),.

tionally mediated dissociation of J& monomer in theygy We use the notation of Ref. 10 for labeling rotational

=2 polyad? thus only the most relevant details are summa-states of(H,0),. Briefly, each rotational level ofH,0), is

rized here. Ar—HO and(H,0), complexes are produced in split into sextets by three internal motions: acceptor internal

a supersonic expansion of 1%®l in 30% Ar/70% He mix- rotation, acceptor-donor interchange, and donor proton inter-

ture through a pulsed slit valveéd cmx125um, 10 Hz, change(Fig. 2). Internal rotation of the proton acceptor sub-

0.5 mg. The best yields of Ar—kD and(H,0), complexes unit is extremely facile, splitting each K state into widely

are achieved at a total stagnation pressure of 300—500 Torsgparated “upper” and “loweiK manifolds(e.g.,~10 cni?

with the yield of dimer decreasing at higher pressures obetweenK|q,=0 andK,..~0), with acceptor-donor inter-

at larger Ar fractions presumably because of preferentiathange and donor switching resulting in more modest addi-

formation of larger clusters. The,y=2 overtone vibrations tional splittings of eacli level intoA, ,, E, andB, , sublev-

of jet-cooled molecules are excited with a tunableels (e.g., A, and B, are separated by=0.65 cm! in J=0,

near-infrared pump lasew=7100 cm*—7300 cm?, up to Kupper=0). Furthermore, alK #0 levels are split into dou-

Downloaded 26 May 2005 to 128.200.198.26. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp



194316-3 Overtone spectroscopy of H,O clusters J. Chem. Phys. 122, 194316 (2005)
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FIG. 2. Schematic diagram ¢H,0), energy levelgnot to scal¢ and prin-
cipal inertial axes forfH,0),. Only K levels appreciably populated at jet (0., 0o
temperatures are shown. EagHevel is split intoK qyer andKpper COMpO- o |02>'
nents by proton acceptor internal rotation. Further splitting arises because of ————————7 THTT———— HA———11T—-=———— P
donor-acceptor interchange. R¢e> 0, there is an additional doubling of all |00>
levels. The total symmetry including rotatiofin permutation-inversion (1,,) oy
group isomorphic td,,) and nuclear weights for each level are given for a ,
totally symmetric vibration ofH,0),. Z(149) /7
blets by conventional asymmetry considerations. Kpge, 0o
=1 andKp,e=0 manifolds are close in energy because of £(000)

the comparable_ tun_nellng and,=1 rotational pathways FIG. 3. Correlation between the Ar-8 and HO energy levels. The grid
around theA axis. Finally, (H,0), molecules under Super- of the Ar-H,0 levels is shifted with respect to that o5@l by the binding
sonic conditions cool down to the lowest levels within its energy of the complex. Fg02)~ vibrational state, thertho andpara labels
five nuclear spin symmetry subgrou@‘q, E, Blv AZa ande) are in_tercha}nged conjpared|+m)>+ or_1_the account of the asymm_etry of the
with a fairly Iar.ge spacing10 cntl) betwegn thedy, E, .Bl ' \:E:a__tf:er\:vglzzi\)%) «—|00)* transitions followinga-type selection rules:
andA,, B, manifolds. To the extent that all internal motion in
H,O dimer is maximally cooled, one would quite simply ) o
expect comparablé=~7:9) populations in theK,ye=0 Vs dependence on OH probe _state, band intensities in the spec-
Kupper=0/Kiower=1 manifolds. trum are also affected by time delay be'Fween the pump and
The energy levels of Ar—kD are much more simply photolysis laser pulseg, because V|brat|oqally 9x0|ted com-
represented in the framework of nearly freely rotatingdH P/€xes can undergo intermolecular predissociatimfore
in the slightly anisotropic potential resulting from the Ar H20 molecules inside them are photolyzgdg. 1). Indeed,
atom. Specificallyortho and para nuclear spin designations this will serve as a basis for direct measurement of vibra-
are still good, and the energy levels of the complex can b&onal predissociation lifetimes for Ar—® and(H;0),, as
conveniently labeled by quantum numbers of the fre©H described Iater. The spectra in Fig. 4 are obtglned W!'[h a
rotational states JKaKc) with which they correlate. Ar—5O pump-photolysis delay chosen tq be 500 ns; this eﬁectlvely
levels are additionally characterized by the projection of thefnsures that all complexes predissociate prior to photolysis
total angular momentum on the intermolecular axis and byPY the excimer laser pulse. _
the number of quanta in the intermolecular stretching mode AS the first stage in the spectral assignment, only three
v, as explained in Refs. 46 and 47. Figure 3 displays éowbratmnal tranS|t|on_s of Jet-cc_)oled_zED appear in this
schematic diagram of the lowest energy levels of ApOH spectral range and with appreciable intensity; these corre-
adopted from far-infrared and near-infrared stutfié&*"48  Spond 10 Jc x =lo10go (para) and Qo<—1o; and 2,
along with allowed transitions fd62)~ band. «—1y; (ortho) transitions in the|0_2?‘ V|b_rat|0nal overtone
band. A few HO monomer transitions int{02)* state also
occur in this spectral range but are considerably weaker and
indeed undetectable at the curr&N in Fig. 4. The remain-
Figure 4 shows an overview spectrum recorded undeing bands in the spectrum cannot be attributed to fre® H
conditions optimized for the maximal yield of Ar—B com-  lines and, therefore, must belong to complexes containing
plexes. The spectrum is obtained by tuning the UV probed,O. Note that these bands are of comparable intensity to
laser on theQ,;(8) line of the A%S, — X2I1 v=1+0 band that  vibrationally mediated water monomer lines. This is not a
probes the2H§,2N28) rotational state of OHv=0) and then reflection of water clustering efficiency but rather that detec-
continuously scanning the near-infrared pump laser fretion on high OHN) states provides an enormous discrimina-
guency over the characteristic first OH-stretching overtondion against water monomer, obviously present in much
region. As will be elucidated below, the choice of a relatively higher concentrations.
high-N state of OH for detectiofe.g.,N=8 vsN=1) is used Many bands in the action spectrum are strongly corre-
to maximize action spectral intensities from complexes relatated with fractional Ar content in the expansion mixture,
tive to those from HO monomer. In addition to a strong suggesting complexes betweepGHand Ar(Table | and Fig.

B. Overview spectrum
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H,0 102> H,0 102> * ';20 102>
O <o | Ar-H,0 0257 1y, < Ogg | Ar-H,0 [02>° 02 ¢ Toy
2(0go J¢-Z(101) T1(14,)<2(04 )
ArH,0 02 i Ar-H,0 02>°
2(0go )< T1(14) TI(1,,)<Z(0g; ) Ar-H,0 |02>
(H,0). (H,0), 2o 2(000)
1 2 (H,0), l *
7180 7200 7220 7240 7260 7280 7300

Pump Laser Frequency [cm'1]

FIG. 4. Survey action spectrum. The probe laser is tuned térﬂgg (8) rotational state of OK)=0), while the pump laser is scanned in frequency. The time
delay between the IR pump and UV photolysis laser is sufficiently long to allow all vibrationally exited complexes to predissociate. Apart fronsity few ea
identifiable HO monomer lines, all the structure in the spectrum is due to AG-Bind(H,0),. The bands labeled with asterisks almost certainly belong to
Ar—H,0 but require further studies for definitive assignment.

4). Indeed, some of these bands display partially resolvedr less definitively understood from recent cluster size-
rotational structure consistent with the Ar-®l binary com-  selective spectroscopic work of Huiskeat al?! Table I
plex. A significant number of bands in the spectrum remainrsummarizes the presently accepted assignments aidhe
even if Ar is completely replaced by He in the carrier gas=1 level. With two quanta of OH-stretching excitation, the
mixture. However, their signal intensities are reduced beovertone spectral region is certain to be significantly more
cause of much smaller clustering efficiency in pure He jetscomplex; for example, there are as many as ten different
Since He—HO clustering is expected to be negligible under possibilities to distribute them among the four OH bonds in
room temperature stagnation conditions, these can be agH,0),.
signed to overtone spectra @1,0), complexegTable |). To Fortunately, theory predicts only a few of these combi-
the best of our knowledge, this represents the first such ovenation states to be efficiently produced from the ground state
tone spectra for neutral @ clusters, specifically made pos- of (H,0), via direct overtone pumping. Harmonically
sible by the enhanced sensitivity of vibrationally mediatedcoupled anharmonic oscillatofHCAO) calculations by
photodissociation methods. Indeed, at least one of thesgjaergaard and co-work&%zspredict that the strongest OH
bands(at 7193 cm') even exhibits partially resolvemta- overtone transitions in(H,0), should be|02), |2);|0),
tional structure characteristic of # dimer, to which we [02)7, and|1)|1), (listed in the order of decreasing transition
next direct our attention. strengthy wherea, f, andb refer to proton acceptor, free
proton donor, and bound proton donor OH stretches, respec-
tively. Calculations by Chaban and Gerber done at CC-VSCF
levefP? predict a somewhat different order of intensities:
Vibrational assignment of the OH-stretching bands of|02) |1)|1)y, |2)|0), [02)%, but both studies agree that these
(H20), has historically proven to be a challenging task, everfoyr transitions should dominate the,,=2 spectrum of
at thefundamentalevel. Indeed, the four OH-stretching fun- (H,0),. The strongestop=2 bands in the cyclic water tri-
damentals have been reassigned several times and only mgygy spectrum are predicted to be of the typ)g0), by cal-
culation of Ref. 24. Chaban and Gerber predict that transi-
TABLE |. Positions and assignments of the observed overtone bands dfions of |1>f|l>b and |O>f|2>b types should be just as strong.

Ar—H,0 and (H,0),. Positions are accurate to within 0.2 @nWhereas Figure 5 shows simulated low-resolution SpGCtI’&(HEO)Z
Ar—H,O assignments are relatively certaiil,0), assignments should be

considered speculative and a source of stimulation for further theoretical
efforts.

C. First overtone (vpoy=2) spectra of H ,O dimer

TABLE II. Currently accepted gas-phase positiongt$5O), stretching fun-

~ ] ] damentals. The positions are taken from Ref. 10 i, reassigned to
Positions(cm™) Carrier Band shape Assignment |0)|1), based on the results of Ref. 21. Tjgd)! transition has only been
observed in Ar matricesRef. 26, where it is quite weak. Calculations

7193 (H20)2 I 102); or [1)¢[1), suggest that it should occur at around 3650%tin gas phase.
7218.48 Ar—H,0 1 |02)~ 3(0g0) —TT(14y)

7230.05 Ar—H,0 I [02)~ =(0g0) < 2(1o1) Mode K’ K" Position(cnl)
7240 (H,0), 19 Most likely |2)¢0),

7249.8 (H,0), 19 Most likely |2);|0), |o1); Oower— Liower 3738.4
7263.7 Ar—H,O I |02>_ 3(19) 2 (0go) Lupper— Oupperand Jower= Otower 3753
7275.6 Ar—H,O 1 |02>_ (14 <—2(000) 2upperH Liower 3777
7282 (H,0), I

= - |1>f‘0>b Oupper‘_ Liower aNd Joper— Oupper 3731.7
bApproxmate pgnd center. [o1)} Not observed 3633
°§:;1tr)1rcjarc1)$igizo1‘?glr~?1nl‘.itting. |O>f‘1>b Oupper‘* 1I0wer and 1ower<* Oupper 3601
dPoorly defined band shape. SAr matrix.
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(a) Chaban & Gerber  |1>{1>, 102>, tor, |02);, since this transition moment would be predomi-
02> A\ 02>+ . 120>, nantly along theb axis of (H,0),. In support of this, Huang
T ~ e | and Miller'® only observeb-type transitions for the corre-
(b) Schofield & Kijaergaard (02> sponding|01); fundamental in HO dimer (see Table .
0525, |02>a*j\|2>r4°>b 141>, Indeed, HO dimer exhibits considerable perpendicular
5500 - e 7;'(:0 - -~ structure in the|01); fundamental region due tdi) K
Pump Laser Frequency [cm™] =Oower Liowen (ii) K::I-upper<_(:)uppe|/ K=1iower Oiower and

(i)  K=2ypper—Liower Subbands, which are observed
FIG. 5. Predicted band positions and intensities §f=2 bands ofH,0),.

— 1 _ -1 _ =1 -
(@) CC-VSCEF calculation by Chaban and Geriggef. 22. (b) HCAO cal- ]f8. e, -3 C.m , and —22 cm" away from tthl}a band
culation by Schofield and KjaergaatRef. 25. For better representation of orlg!q, respectively. By Wa}’ of ?OntraSt’ we dQ not observe
integrated band intensities, the transitions are convoluted over a Gaussi@dditional (H,O), features in this spectral region out to at

with half-width at half-maximum(HWHM)=7 cn™. least +40 crit away from the 7193 ci band. In summary,
both the 7193 cnt band shape as well as lack @,0),
based on the prediction of Refs. 22, 24, and 25. Despite transitions in the vicinity make assignment|@2); unlikely.
promising concurrence in general theoretical predictions for  In light of thea-type rotational contour, a more plausible
the overtone intensities, these studies fail to agree on thassignment for the 7193 cthband is the|1)|1), vibration
more detailed relative frequency ordering of thid,0), centered on the proton donor unit@f,0),. This vibrational
bands, making spectroscopic assignment of the observadotion promotes a dipole transition moment alongdtexis
(H,0),, overtones quite difficult. The most significant dis- of (H,0),, which is more consistent with the observed band
agreement appears to exist for the relative frequencies of tharofile. In addition, there is a strong similarity between the
|1)¢/1), and |2);/0), overtone bands in both the dimer and band observed here and tletype transition profile from
trimer species. Huang and Millet® which has been assigned [©)|1),,%*
The analysis of théH,0),, band centered at 7193 ¢ i.e., one quantum of the bound OH stretch. Furthermore, the
may help shed some light on this issue. At higher sensitivity|1)|1), vibration is predicted to be the second strongest OH-
and lower IR pump powers to avoid saturation, this bandstretching overtone iiH,0), by Chaban and Gerlférand
clearly reveals a partially resolved rotational struct(ee executes a motion that correlates with the str{i)~ over-
Fig. 6), with a characteristic spacing between adjacent linesone in H,O monomer. Also, thél)1), vibrational predic-
of roughly =~0.4 cnil. Though not fully resolved, this is tion of 7110 cmi’ by Chaban and Gerbésee Fig. 5 is in
nevertheless consistent with amtype band for(H,0),,  relatively good agreement with experiment. We note that the
which is known to have a near-prolate symmetric top struc{02); acceptor overtone is yet another possibility for achiev-
ture with B=0.2 cni1,>*%*3'® and is clearly inconsistent ing such a strong-type transition moment, with predicted
with any cluster larger than dimer. Simulations of this bandband origing 7170 cmi* (Ref. 22 and 7200 cimt (Ref. 25]
profile using the fundamental spectroscopic constants foifh even closer agreement with experiment; however, the pre-
(H0), quickly reveals it to be composed of at least two dicted overtone intensities are relatively weak in both sets of
overlappinga-type transitions. Most relevantly to the above theoretical calculation®?® In this regard, however, it is
discussion, the profile cannot be satisfactorily modeled withworth remembering the “action” nature of these spectra, in-
overlappingb- or c-type transitions, since such bands would tensities of which rely on vibrationally mediated UV pho-
be dominated by prominei@-branch features not observed tolysis of the resulting predissociated complex. For example,
in the experimental spectrum. excitation of the symmetri¢02); could well predissociate
This lack of strongQ-branch transitions rules out assign- preferentially into HO in voy=1, which, in turn, photodis-
ment to the overtone vibration of the hydrogen bond accepsociates efficiently at 193 nm to yield OH. We will return to
this point later in the discussion but stress the importance of
vibrational overtonedynamicsin interpreting the spectra.
Clearly a predictive understanding of overtone frequencies,
Experiment intensities, and dynamics in hydrogen-bonded systems re-
mains a challenging area for future progress, which the
present work hopes to further stimulate.
With a suggested assignment of the 7193 %trband
Simulation structure to eithefl)|1), or |02);, we next address whether
one can reproduce the observed rotational profile with
713 7188 7190 7192 7194 7196 7198 7200 known spectroscopic constants #f,0),. Any a-type tran-
Pump Laser Frequency [om™] sition in (H,0), can, in principle, exhibit complicated fine
FIG. 6. A slow scan over théH,0), band at 7193 cit. This band has a Str.UCture because Of. the pres_gnce of five uncoolable nuclear
partially resolved rotational structure characteristic of a parallel transition inSPIN symmetry species, specifically thriée 1 — 1iq,e; SUD-
(H,0), complex. The band is simulated as a superposition of three@  bands(A,,E,B3); threeK=00,,,¢,SUbbandsA;,E™, B;);
0 subbands with origins at 7192.5 tin(B; subband; oddJ: evenJ and threeK =0+ 0,qyer subbandg{A’l',EﬂBD_ (Note that the

=3:6), 7191.3 cmi! (E subband; no alternation7193.3 cm’ (A, subband; e - . . )
oddJ: evenJ=6:23) with a linewidth of 0.25 cm. The band origins are not specified subband symmetries do not include rotational sym

uniquely determined by the simulation, thoughBa=0.2 cni® rotational ~ Metries unlike the labels shown ir_‘ Fig) Eor ex_ample, all
constant for water dimer is clearly consistent with the observed structure. Of thesea-type subbands appear in close proximity to each
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other in far-infrared spectra of acceptor-wag vibration instudies, most likely correspond [2);|0),, transitions in water
(H,0), and(D,0),.***°In practice, theA} andB? subbands dimer(Table ). Specifically, Perchard reported a strong band
from K=0,,er are weak because of low statistical weightsat 7236 cm? in argon matrix® and a corresponding band at
(Fig. 2. The E subbands fromK=1ye; and K=0ypperare 7220 cntt in nitrogen matrix;’ which he assigned t@);|0),
also weak because these levels can relax all the way down tavertone of the proton donor unit as well. His assignments
K=0,wer Under supersonic jet conditions. Finally, based onwere recently corroborated by HCAO calculatiGRsCC-
von=1 fundamental transitions iIfIHZO)z,lO the K=1—1  VSCF calculations of Chaban and Gerber place this band
bands are likely to be significantly broadened by predissociahigher in frequency but also predict a large transition
tion. Therefore, the dominamttype contributions to the ro- strength forl2);|0),.%* The present gas-phase studies provide
tational structure should come frof) K=0«0,,,A; and ~ some additional information; in particular, the 7240 and
B, and (i) K=0+ 0y, E* subbands. 7250 cm1* bands appear perpendicular which is consistent
The K =0y, States in the vibrationleg#i,0), are well  with [2);]0), vibrational motion predominantly along the
understood: the donor-acceptor interchange splitting betweeaxis. The subband spacings and rotational contours are con-
K=0ypper A; and B; states is~0.65 cm13180 Although  sistent with a|2)0), overtone band assignment, but based
this splitting is known to increase for some intermolecularon theoretical predictions, it could, in principle, arise from
modes of (H,0), that encourage the donor-acceptorthe accept0|102>; band. Further theoretical efforts in this
interchangé? excitation of the OH-stretching states is ex- overtone region would be extremely useful to settle these
pected to reduce it significantly. For example, the inter-issues.
changeA;/B; splitting is just 0.061 ciit in the [01); K There has been a lot of interest in the spectroscopic
=Oouer State’” Since(H,0), retains its plane of symmetry in  quantification of(H;0); in the atmosphere via its overtone
both |1);|1), and |02)} states, the origin difference of the tr.ansitions. _In view c_)f .the difficulties associated with pre-
=0+ Oypper A; @ndB; subbands should equal tsemof the ~ Cise _theore_:t_lcal _pr_edlcuons 0§H20)2 overtone frequencies
K=0 A,/B; interchange splittings between lower and upperand intensities, it is challenging to assign features observed
vibrational states, i.e., on the order of 0.7-0.8 tnindeed, N atmospheric _transmission ~ spectra  164,0), with
at our modest resolutiors=0.8 cni! separation of the\, certainty’ Present_ observation of a rotationally resolyed
andB; subband origins would nicely, albeit fortuitously, ex- overtone of(H,0), is an important step towards resolving
plain the lack of intensity alternation in the spectrgespe-  this problem. Although the proximity of thi)¢|1), band of
cially evident in theR-branch regioh because of cancella- (H20); to free HO transitions reduces its potential useful-
tion at low J of the predictedB; Jever/Joai=6/3 VS A, ~ N€SS for observational vyork dit,0), in the atmosphere,. i.t
Jover/ Jodq=3/6 nuclear spin statistical ratios. is the only kngwn rotationally rgsolved overtone transition
In the interest of simplicity, therefore, we have modeled'igorously assigned tdH,0),. High-resolution spectra of
the observed transition profile as a combination(ipftwo ~ (H20)2 overtones, such agy=3, should be even more use-
K=0+0ypper A; and B; subbands, separated by0.8 cni ful for the observatlongl stud|es., and this is where fgture
and(ii) oneK =0 0y, E* subband, with the relative loca- €fforts of spectroscopists studyingi;0), should be di-
tion of the K=0« 0j5er and K =0+ 0,5per Subbands treated rected.
as an adjustable parameter. Ed&h0), subband is calcu-
lated as a near prolate symmetric top with rotational param- B
eters taken from Ref. 10, with the result shown in Fig. 6. TheD' Overtone (vo=2) spectra of Ar-H ;0
simulation is consistent with a 7+3 K rotational temperature  The vibrationally mediated IR spectra in Fig. 4 are
(same as for Ar—KO bands discussed belpwand readily  clearly dominated by transitions of Ar—B van der Waals
reproduces several salient features of the observed bandusters, to which we now turn our attention. Indeed, a ques-
namely,(i) parallel structure(ii) absence of a band gap, and tion worth raising is why the spectra of such weakly bound
(i) no obvious intensity alternation. However, with the van der Waals complexes can begominentover the much
present instrumental resolution, the simulation is not verymore strongly boundH,0), species, even though the latter
sensitive to the transition band origins, which thus remairare likely present in much higher concentrations. The answer
poorly determined. Nevertheless, the rotational structur@lmost certainly has to do with the vibrationally mediated
clearly confirms the carrier of the observed band to benature of the action spectroscopy that requires the IR photon
(H,0), that we can tentatively assign to either tiig|1), or  to enhance the subsequent 193 nm photodissociatiop®f H
|02); overtone vibration. either in the complex or its predissociated fragments. This
Inspection of the spectrum in Fig. 4 indicates the potenenhancement, in turn, depends very sensitively on the num-
tial presence of several oth@r,0),, bands, the assignment ber of quanta in OH stretch excitation in the® subunit, as
of which requires identification or suppression of the muchbeautifully elucidated by Crim co-worker&**°! For an
stronger Ar—HO transitions. Since the water complexes pre-atom-polyatom species such as Ar»4 predissociation at
dissociate much faster than the laser pulse durdgee be- the first overtone level occurs on a relatively slow time scale
low), the Ar—H,0 bands can be largely suppressed by re{=10-100 ns, depending on the specific internal rotor quan-
cording the spectrum using very small IR pump-UV tum state excited that, with 7 ns laser time resolution, readily
photolysis delays. This procedure reveals that the bands germits efficient photolysis of 4O in thevgy=2 manifold.
7240, 7250, and 7282 cihcan be ascribed ttH,0),, com-  FurthermoreAvo,=—1 predissociation of the weakly bound
plexes that, based on both theoretical predictions and matrigar—H,O complex (Dy=~140 cm?) (Ref. 42 most likely
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yields H,O in a near resonant vibrational state witg,=1, Experiment
and thus still exhibiting the necessary photolysis enhance-
ment. HO dimer, on the other hand, is more strongly bound
(Do~ 1700 cmY),'® predissociates rapidlyide infra), and

has more channels with which to deposit the excess overtone
energy. The net effect is a decreased efficiency for detecting
H,O dimer by first overtone vibrationally mediated photoly-

Simulation

. . . . o 7K
sis; this effect explains preferential sensitivity to weakly 7K
bound species such as Ar-®, H,—H,0, etc. Furthermore, 7228 7229 7230 7231 7232
it also rationalizes the absence in our spectra of clusters be- Pump Laser Frequency [cm”’]

yond (H,0),, since predissociation is statistically less likely FIG. 7. Sample scan over the Ar-@l (02" $(0p) |00 3(1o) band.

to deposit SUfﬁCient_ OH-stretching internal energy in theThe profile is best described by a rotational temperature of 7 K, with a
H,0 fragments required for subsequent photofragmentationotational line numbering certain to #1Simulation linewidth is 0.15 c,

Interestingly, this also bodes well for vibrationally mediatedwhich is the laser resolution limit.
action spectroscopy of #0 dimer and larger clusters in the
secondregion overtone region for which a significant gain in constants of Ar— HO (Refs. 11 and 4Band a typical rota-
detection sensitivity would be predicted. tional temperature of 7 K. From the observed splitting be-
High-resolution rovibrational spectroscopy of Arz®  tween |02~ 2(0gp) < I1(1y) and |02~ 3(0p0) — =(1gy)
has been well studied at the ground statg;,=0) and first  pands, we can derive the energy separation of 11.6+0:3 cm
excited statévou=1) levels of HO,"**?4"*3%evealinga  betweend=1 I1(1yy) andJ=13(1y,) in [00)* state, in good
weakly anisotropic potential and states best described bygreement with the value of 11.333 tmobtained from
H,O quantum numbers in the free rotor limit. Under jet- high-resolution study of Ar—kD fundamentals by Lascola
cooled conditions, one therefore expects to observe onlgnd Nesbitt® From the [02)~ 3(1)«3(0p) and
transitions originating from the loweptira>(0q0) andortho  [02)~ I1(1y;) < =(0go) band positions, one can also infer the
2(1y,) states of the complex, with weaker transitions alsocorresponding splitting in the uppej02)~ state to be
possible from the incompletely cooleattho I1(1,,) state 11.3+0.3 cm?, i.e., consistent with only minor changes in
[which lies 11.4 cmit aboveX(1y,)]. Transitions built upon the anisotropy of the Ar—kO intermolecular potential upon
the strongef02)~ band of HO monomer should dominate OH stretch excitation.
those derived from the weakg02)* and |[11)* overtone The effect of the HO vibration on the Ar—HO potential
bands. Based on these expectations and on analogy witkell depth is similarly small as evidenced by a redshift of
spectra of Ar—HO in the voy=1 (Refs. 11 and 47and only 2.9+0.3 cm! between the |02~ 2(0yg,J=0)
von=3 spectral range@, it is relatively straightforward to < |00)* 2(0y,J=0) band origins in free KD and in
assign many of the bands to Ar-@ (Table . Ar—H,0. The sign of the frequency shift is consistent with a
As predicted, the most prominent Ar—8 bands corre- slightly stronger van der Waals bond in t{@®)~ state. The
late with the|02)~ Oy« 1o; and|02)~ 1y, 0gyg lines of H,O  magnitude of the frequency shift is intermediate between that
monomer, just as seen in previous studies of fundamentdbr the [01)" transition(Av=1.32 cm?) (Ref. 11 and |03)”
|01)~ (Refs. 11 and 47and second overtori®3)~ (Ref. 40  transition(A»=3.06 cm?) (Ref. 40 indicating a systematic
(Fig. 4). Due to weak potential anisotropy contributions from increase in the Ar—kD intermolecular bond strength with
the Ar atom, the threefold spatial degeneracy of theid-  voy. This behavior is qualitatively consistent with observa-
ternal rotor state of kD splits intoIl and 3 components, tions on other atom-polyatom van der Waals complexes such
yielding (00 I1(15)(7218.45 cmY) and 3(0y)  as Ar—HF®
«3(107)(7230.05 cm') subbands “flanking” th€02)~ Ogy The strong set of baris) near 7293 cm' can also be
—1,; monomer transition. As this lifting of spatial degen- assigned to Ar—kD that, by proximity to the|02)~ 2,,
eracy by Ar also occurs in thi@2)~ 15, upper state, one <« 1,, monomer transition at 7294.14 ch probably arises
similarly predicts two Ar—HO bands surrounding the from one or more projection components, II, A of the
|02~ 1y, 0gp monomer line, as is indeed observed atinternal H,O rotor subunit along the intermolecular axis. De-
7263.7 cm! [3(1p) (0] and 7275.0 et [II(1)  tailed assignment of the much weaker band structiiies
«—3(0go)]. Further confirmation of these assignments can be&xample, near 7234, 7254, and 7258 &nis less certain.
obtained from the presencer absenceof sharp centraQ  However, proximity to the|02)* 1,,< 0y and |02)* 2;,
branches in these bands, respectively, in agreement with the 1,, lines of water monomer clearly suggests that they are
predicted perpendicular and parallel nature of¥he IT and  built on these transitions. What would make this dynamically
3«2 transition momentg¢see Table)l interesting is that th¢02)* overtone band in the monomer is
Similar to what was previously demonstrated fosOH  extremely weak, i.e., th®2)* 1,,+ 0go and|02)~ 1g;« Ogg
dimer, the rotational constants of this van der Waals complekine intensities differ by more than two orders of magnitude,
are sufficiently large to permit rotational analysis of favor-yet the corresponding Ar—® bands built on|02)* and
able bands, providing unambiguous additional confirmatiorj02)~ vibrations have much more comparable intensities in
of the species as Ar—®. For example, a higher resolution action spectrum. In fact, this effect appears to be so strong
scan of theX(0yg) + 2(1y;) band at 7230.05 cih is shown  for [02)* 1,,+ 0y that we see in Fig. 4 vibrationally medi-
in Fig. 7, which can be well modeled using known rotationalated photodissociation of the Ar-8 cluster but not of bare
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H,O monomer. One can attribute this unusual intensity pat- @) 7, = 1743 ns
tern to the difference in predissociation dynamics of
Ar—H,0 from |[02* and |02)~ states. Indeed, if the action
spectrum is recorded usirfdl;, (N=2) rotational state of

OH instead ofN=8, the intensity of Ar—HO |02)* bands
relative to that ofl02)~ bands is substantially reduced, sug-
gesting that predissociation of Ar-8 |02)* states produces
more rotational and bending excitation in the water
monomer*® Experimental efforts to further elucidate these
weaker band assignments are currently being pursued, based
on product state distributions and predissociation lifetimes
and will be presented elsewhéfe.

OH(N =8)
Ar-H,0 02>

_§ B0z,

(b) Tgeeqy = 2043 ns

Ar-H,0 |02>
Z(0,)<Z(1,)

OH LIF signal [arb. units]

©) T <7ms
E. Vibrational predissociation dynamics

Vibrationally mediated spectroscopy also permits one to
directly measure predissociation lifetimes of complexes by
monitoring the final photofragme®H) as a function of the N
time delay between the near-infrared pump and UV photoly- 20 0 20 40 60 80 100120
sis lasers. The UV photodissociation of®itakes place on a 1 [ns]
femtosecond time scale, so the rise time for OH formation
following the UV pulse can be completely neglected on theFIG. 8. Predissociation lifetimes of Ar—© and(H,0),. The observed OH
nanosecond time scale of our experiment. For typical lasef\) signal comes from two independent channels: vibrationally mediated

. . " photodissociation and predissociation followed by photodissocigsee
pU|Se duratlor?s' molecular Jet velqcmes ﬁ_ﬂ'ols cm/s, and Fig. 1). (a) Only predissociation/photodissociation channel contributes to the
laser beam sizes of 1-3 mm, this technique can thereforgse of highn states of OH in the Ar—bD case(b) Vibrationally mediated
straightforwardly access the time window betwestr7 photodissociation is responsible for the rapid rise and the predissociation/
and 1000 ns. The lower limit is determined by the finite photodissociation for the slower decay of the signal for Idwstates of OH

Ise duratiof5—7 h th limit d in the Ar—H,0 case(c) Rapid predissociation dH,0), followed by direct
pulse dura ior{ a ns), w greas € upper imi qorrespon S photolysis of the vibrationally excited @ predissociation fragments results
to the “flyout” time for excited molecules to exit the probe in appearance of OH on a time scale<o? ns.
volume. The Ar—HO overtone states observed here conve-

niently result in predissociation within this time window. o )
By way of illustration, we consider thé02)~ 3(0,,) (O @nexponential rise or decay, clearly demonstrating that the

(1, transition in Ar—HO (see Fig. 8 If the initially ~ complexes qnt_ﬂergo pre_dissqciatign on a 18+5 ns time scgle.
prepared Ar—HO complex [02)~ (0, photodissociates Note that this is essentially identical to t5he 16+5 ns predis-
into differentOH states than photolysis of the predissociategsociation  lifetime for [03)” %(0Ogo) state8> observed in a
H,O monomer distribution, the OH distributions will depend similar real time measurement. Also relevant in this regard
on the pump-photolysis delay. If photolysis occurs beforeare high-resolution measurements on 10" 3(0qo) state
predissociation, the OH distribution reflects the break up oPf Ar—H,O from which a lower limit of 16 ns is extracted
the Ar—H,0 cluster. At the other extreme, if photolysis oc- from linewidth studies? At first this seems dynamically sur-
curs long after predissociation, the OH distributions reflectrising; from Fermi's golden rule, one might anticipate rap-
dynamics of the HO(v') predissociation product. Signals idly increasing predissociation rates with increasing internal
probed on a single quantum state of OH reflect the superp&nergy. However, the vibrational density of states at these
sition of both intracluster and predissociated cluster photolyenergies is still extremely sparse, and thus the predissocia-
sis dynamics as function of time delay. Since Ar,(Hpre-  tion dynamics in Ar—HO are likely to be highly nonstatis-
dissociation tends to produce bend-excitegDHsee beloy, tical, resulting in long lifetimes sensitive to local resonances
which then photofragments to form rotationally hotter OH between the initial cluster and final,8® distributions. In
distributions, one expects OH LIF signalitwreasefor high ~ support of this picture, a more complete study currently un-
N anddecreaseor low N with pump-photolysis delay. derway(Ref. 43 of the other Ar—HO bands in the)poy=2
These trends are nicely verified in Fig. 8, which showsregion exhibit lifetimes that vary more or less erratically with
OH Z°IT;,(N=8) and %;,(N=2) populations after the Vibration and internal rotor quantum state.
|02~ 3(0pp) < 2(1o1) Overtone excitation of Ar—kD. The By way of comparison, Fig. (@) shows the correspond-
N=2 signal rises quickly at=0, as this state is produced in ing time-delay dependence for the 7193¢nmband of
direct vibrationally mediated dissociation of Ar@, but  (H,0),. In contrast to Ar—HO, the vou=2 excitation of
then decays to a constant level characteristic of the photolyH,0), results in an instrumentally limited appearance of
sis of the HO predissociation product. Tié=8 signal starts OH for all N. Indeed, this dynamical difference was ex-
out at zero because direct dissociation of ArEHin  ploited in the preceding section to selectively discriminate in
|02~ 2(0,o) state does not produce such hot OH states, but ithe action spectra between long lived Ar,M excitations
then rises to a steady level also determined by th® Hre-  from shorter livedH,0), ones and is consistent with a rapid
dissociation product. Both sets of data can be least squares fitedissociation of the complex on a time scal@ ns. The

(H,0),
7193 cm™' band

photolysis ~ “pump
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FIG. 9. Quantum-state distribution of all spin-orbit, lambda-doublet, and 0.2
rotational OH states resulting from vibrationally mediated dissociation of
Ar—H,0O following excitation in the|02)~ 3(0g) + (1) band (filled 0.1
squares Compared to the results f¢02)~ Oy« 1y, excitation in free HO
(open circley dissociation inside the complex produces slightly hotter and 0.0 . ; :
more statistical OH. 0 2 4 6 8 10

; ; ; IG. 10. Rotational distribution dfiT;,,(N) states of OH resulting from UV
observations could also be explained by postulating a ver hotolysis of HO(v") produced in predissociation of Ar—B [[02) (0

long (>1 us) predissociation lifetime, but this scenario is sate; large circldsand (H,0), (7193 cm® band; large trianglés Also
highly unlikely in view of the rapid predissociation rates of shown are the corresponding OH state distributions resulting from direct
(H,0), in thevoy=1 manifold®® photolysis of indivjdual quantum states of free®(J=0,1,2 in [02)~ state

For pump-photolyss time delays much shorter than thd% P21e 7¢I 2) salebotr pand (Ref 43 Bl conparon
predissociation lifetime, these vibrationally mediated pho-giation of Ar—H,0 and(H,0),.
tolysis methods permit one to investigate intramolecular col-
lision dynamics in a single size-selected and quantum-state-
selected cluster. For example, dissociation of fre@Hn  completely different picture of the OH quantum state distri-
|02)~ states is known to result in rotationally cold Qisee  butions emergetsee Fig. 10 By this time, all initially ex-
Fig. 9) with the distribution peaked &l=1—3% Indeed, the ~ cited Ar—H,O complexe$|02)~ 3(0yo)] have predissociated,
action spectrun(Fig. 4) would be dominated by free 4@  and the OH products are generated by UV photolysis from
lines if a rotationally cold state of Ok.g.,N=2) was used nascent HO(v') molecules. As clearly evident in Fig. 10
in the probing step instead &f=8. With vibrationally me-  (shown for the?lT,, manifold), the OH distribution is now
diated photolysis, one can measure the distribution of OHlramatically hotter, peaking at arouft=6. Interestingly, a
produced via dissociation of Ar—@® complexes via the qualitatively similar distribution is also seen for vibrationally
|02~ 3(0pp) < 2(1gy) transition and directly compare with mediated photolysis on the,@ dimer bands, again showing
photolysis of the “bare” internal rotol02)~ 2(0y,) excited a strong preference for highly rotationally excited OH and
H,O monomer in theabsenceof the Ar atom. This data is suggesting a qualitatively similar predissociation pathway.
summarized in Fig. 9 for each of the spin-orbit and lambda-Although our experiment does not probe thes®©t’) dis-
doublet states and reveals two interesting features. First dfibution directly, we can nevertheless glean some insight
all, there are considerably higher populations in each elednto the nature of the states formed from the predissociation
tronic sublevel at highN, consistent with intraclustelota-  event by comparison with systematic vibrationally mediated
tional excitation of the recoiling OH prior to exiting the clus- photolysis studies of 5O rotational and vibrational quantum
ter. Second, the strong oscillations M for the various states. Specifically, Fig. 18 displays 193 nm photolysis
electronic sublevel§most apparent in théll;,,,,, mani- OH product state distribution€IT;,,) from Ik k.= 000 Loa,
folds) have much lower contrast ratios for the cluster vs freeand 2, rotational states of yO, each excited to thg2)~
monomer photodissociation processes. This implies lesavertone level. Consistent with similar results by Crim and
specificity in branching ratio into a given electronic manifold co-workers for|04)~ excited HO,>! these results indicate a
that is consistent with partial scrambling of the nascent elecslight, but systematic, warming of the OH distributions with
tronic state distributions, but this time reflectimpnadia- initial H,O rotation. However, the shape of these distribu-
batic collisional dynamics inside the cluster. These resultgions is qualitatively much colder than observed experimen-
confirm those obtained on Ar— clusters in the second tally.
overtone regio‘H) and which has been nicely modeled by In marked contrast, Fig. 16) exhibits OH distributions
inelastic(rotational and electronic state changimgllisions  from vibrationally mediated photolysis of J for the same
between the recoiling OH and Ar atom within the series of rotational levels, but now |@17(2)), i.e., a nearly
complex?4t isoenergetic combination state corresponding (ifo OH

For pump-photolysis delay®00—-500 ns much longer stretch fundamental pluéi) two quanta of HOH bending
than the vibrational predissociation lifetim@8+5 ng, a  excitation. These OH distributions are now substantially hot-
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ter, peaking aN=5-6, and qualitatively much more consis- dimer overtone in the gas phase that reveals both agreement
tent with the Ar—HO dimer results. Although further experi- and disagreement with currently available theoretical mod-
ments will be necessary to establish this definitively, theels.
results plausibly suggest that vibrational predissociation of The use of time delayed IR pump and photolysis lasers
Ar—H,0 from [02)~ 2(0y0) has strong contributions from the allows direct observation of predissociation dynamics of
near resonant V-V pathway: H,O complexes on the 10 ns /s time scale, as demon-
_ strated orvoy=2 of Ar—H,O clusters. For sufficiently lon
Ar —H,0[]02)” 2(009 ] — H;0(von = 1ipeny= 2:J) lived vibrational states, this method provides a noveBI/ schgme
+Ar,  AEgicased for initiating photochemical events inside size-selected and
~ 240 cnit @) quar)tum—state-sglected clusters. In conjunction with parallel
' studies of the isolated monomer, solvent effects on the
which would then photofragment into the hihOH distri-  photofragmentation dynamics of,8 can be directly probed
butions observed in Fig. 10. The smoothness of the resultingy comparison with vibrationally mediated photodissociation
OH state distribution would also be consistent with severapf the same free rotor state,@ state in the absence of the
different J states produced in Ed4), since photolysis of perturbing Ar atom. Specifically, vibrationally mediated dis-
single J states of HO generally result in much more struc- sociation of HO within Ar—H,O complex clearly produces
tured OH quantum state distributioffer example, see Figs. hotterrotational OH distributions as well as promoting par-
9 and 10. As a final comment, it is worth noting that the OH tial nonadiabatic energy transfer betweedls; 1, and
state distributions resulting from the photolysis of overtonelambda-doublet electronic levels. A simple physical model
excited(H,0), (i.e., 7193 cm' band are remarkably similar for this would be intracluster collisions between the recoiling
to the above results for Ar—®. This might again suggest OH photofragment and Ar atofff:*' At a more challenging
substantial bending excitation in one or more of the HOHIlevel, however, these data reflect the detailed photofragmen-
products. Because of the higher binding energytt§0), vs  tation dynamics of KO in the presence of a single solvent
Ar—H,0 (Dy=1700 cm® vs 140 cm?), however, predisso- atom, yet with the considerable spectroscopic simplification
ciation into same ED(von=1;vpens=2;J) States is now not Of aligned, fully quantum-state-selected reagents as well as
energetically possible. Nevertheless, several bend-excitdée special intracluster advantage of well-determined impact
channels remain energetically open such as formation dparameter and total angular momentum.
H,0(won=0;vpene=3) and HO(von=1;vpens=1). Based
on the requirement of vibrationally enhanced photodissocia-
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