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This study presents photodissociation data on the mass-selected clus{@id;®&H), and St(CH;OD),, n

= 1-4, in the wavelength range from 310 to 1500 nm. The parent ion clusters exhibit loss of hydrogen

atoms by C-H bond cleavage in their ground electronic states, a channel that increases in magnitude with
increasing cluster size. Electronic states of clusters based on excitation of metal-centered thamsitions

are observed. The cluster spectra exhibit a size-dependent red shift that is consistent with increased metal
ligand repulsion with increasing size. The clusters decay by solvent evaporation, methyl radical loss to form
the metal hydroxide cation, and loss of oxygen-bound hydrogen atoms to form the metal methoxide cation,
SrOCH*.

Introduction This phenomenon has become known as a “product switching”.
A similar effect has been observed in alkali metal clusters
M*(CHzOH), (M™ = Na, Cs) as probed by vibrational predis-
sociation spectroscopy by Selegue and 2&¥he clusters are
shown to eliminate dimethyl ether to form™CHz;OH),—»(H-O),

a reaction channel that gains intensity with increasing cluster

Spectroscopic studies of stepwise-solvated alkaline earth
cation clusters provide detailed microscopic insight into the
solvation process by probing the local electronic environment
of the metal ion valence electron as a function of cluster size.
Metal-centered clusters are especially interesting as models for
spontaneous ionization and electron solvation in condensedS'#€-
phases and for ion solvation in bulk solutions. A number of  Absorption spectroscopy is only one method that can probe
studies of alkaline earth cations have appeared in the literature the solvation process. Experiments in which more than one
some with the objective of providing a high-resolution view of decay channel is induced by photon absorption and for which

the electrostatic binding in iensolvent complexe;,3 while product branching ratios are determined as a function of
others have focused on the size dependences of the electroni€xcitation wavelength are especially useful in assessing reaction
states in such systems and the reactivities in those $t2tés. pathways and probing key features of excited and ground-state
favorable cases, vibrationalyy14 and rotationally® resolved potential energy surfaces. Recent work from the Kleiber

electronic spectra provide a high-resolution view of the solvation groug®>2¢demonstrates that point in studies of 8 and C-O
process. Theoretical calculations are invaluable in assigning thebond activation in clusters of Mgbound to acetaldehyde, GH
observed electronic band$’ and vibrational and rotational ~CHO.

frequencied®19Theoretical calculations also reveal complexities  Often, thermochemical data provide clear explanations for

induced by electronic state mixing in systems with low-lying d - why one product channel is favored over another. Experiments
orbitals. The ligand electric field perturbs the electronic structure in high-pressur@282%and high-temperatuf®3! mass spectrom-

of the metal atom and mixes d character into the s and p orbitals,etry in conjunction with theoretical binding energy calcula-
allowing electronic transitions with nominake s charactet®” tions2-3¢ are indispensable in estimating reaction threshold
Several previous studies have shown that chemical reaCtlonenergies_ D|St|ngu|sh|ng between processes that occur on the

can occur in the ground electronic states of clusters comprisedground state or excited electronic state surfaces provides incisive
of singly charged alkaline earth ions solvated by polar jnformation on the solvation process.

solvents>20-26 Fyke and co-workers have shown a number of
examples in their work with M(H,0), (M = Ca or Mg)220.21

in which solvated hydroxide (MOHRH,0 cluster ions formed

by chemical reaction on the ground electronic surface dominate
over the solvated metal ions in certain cluster-size regimes.

In this paper, we present a study of the ground-state and
excited-state reaction channels that occur in clusters of the
alkaline earth cation Srsolvated by CHOH and CHOD. In
the parent mass spectra, we observe a ground electronic state
reaction in both systems that eliminates at least one H atom by
T Part of the special issue “Jack Beauchamp Festschrift”. _C_H bond cleavage, causing a “product SW_'tChm_g haF 4
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Experimental Section a o Ao CHO

. . Sr*(CH30Hn
The experimental apparatus for these experiments has been |

described in detail previousBf; only the most salient points
are mentioned here. Helium atl.5 atm is bubbled through
CH3OH (Aldrich spectrophotometric grade, 99.9%) or {CHD
(Cambridge Isotopes, 99% D) that is heated to produce3@%o
mixture of methanol vapor in He. This seeded vapor is "
adiabatically expanded through a solenoid-driven pulsed valve
(General Valve, series 9) into a laser vaporization ion source.
Strontium metal (Aldrich, 99%) is ablated and ionized by
focused second harmonic radiation from a3NYAG laser = _JLJ wj
(Continuum, NY-61). The seeded vapor is forced through the P
Srt plasma, creating a distribution of cluster sizes,;-Sr
(methanol). Typically, the pressure in the cluster source
chamber is~107% Torr. The clusters are collisionally cooled
as they travel in a supersonic expansion down a channel into
the source chamber. They then enter the extraction region of a = n=1
Wiley—McLaren-type time-of-flight mass spectrometer. The
clusters reach a mass-independent spatial focus 1.5 m down- n=4
stream from this region. The clusters are photolyzed by radiation
that transversely intersects the cluster beam at the spatial focus. | Ju m JML\
This radiation is provided by a narrow bandwidthQ.2 cnT?) 0
singly resonant optical parametric oscillator (OPO) (Spectra ————————————————————————
Physics, MOPO-730). The OPO signal wave tuning range is 40 45 50 55 60 65
from 440 to 690 nm, and its idler wave tuning range is from

doubing opton (FDO) allowing the ORO o produce ulravioler FSUrS . Parent mass specta of a) GHOH) and (5) I (CH _

- . OD). Both the deuterated and undeuterated mass spectra are consistent
radiation. The FDO tunes from 220 to 345 nm by doubling yjth loss of H from the methyl moiety. This reaction is favored with
signal frequencies and from 366 to 450 nm by doubling idler solvation as is demonstrated by the increase in the H loss peaks, gaining
frequencies. The OPO is pumped by the third harmonic of an intensity with increasing cluster size.

injection-seeded Nd:YAG laser (Spectra Physics, GCR-190)

running at 10 Hz. Photodissociation creates a distribution of that a combination of H and D atoms is eliminated to create
product and unphotolyzed reactant ions, which are separatedthe mass peaks that we observe on the lighter mass side of the
using a reflectron-type mass spectrometer. A set of off-axis 87 isotopomer peak. Further studies using different isotopomers
microchannel plates detects and amplifies the signal. The dataof methanol are required to prove which bonds are cleaved to
are typically averaged over 100 laser shots (DSP, 4101) and acreate these products, but the consistent 1 amu spacing in both
transient recorder (DSP, 2100AS) sends the data from aSrt(CHs;OH), and SIF(CHs3OD), strongly suggests the €H
CAMAC crate to a PC. Photodissociation laser power was bond is broken successively. Hereafter, when referring to a
monitored throughout the experiment and kept at a constantparticular cluster, we will always mean one composed of the

]
$+*(CH30D)n
b Sr*(CHpOD)(CH30D)n. 1

ntensity (arbitrary units)

lon Flight Time (us)

value of 1 mJ/pulse. most abundani®Sr* isotope.
The clusters are created by a*@nethanol). parent that
Results has been cooled by evaporatimgolvent molecules. The larger

Mass and Photodissociation SpectroscopyParent mass clusters retain significant internal enerfy#°making cleavage
spectra of St(methanol) are shown in Figure 1. The loss of a  Of the C-H bond more facile in these clusters. Wher 4 in
H atom from8Srt(CHsOH), creates &Sr*CH,OH(CH;OH),_1 the SF(CH;OD), system, the loss of H has become the
product that is isobaric with th&Srt(CHsOH), isotopomer of dominant ground-state reaction pathway, and the most intense
the parent. When €H bonds are cleaved in two methanol SPecies observed i8°Sr*(CH;OD);CH,OD. This “product
molecules, the resultant product overlaps with #gr(CHs- switching” phenomenon has been observed independently by
OH), isotopomer mass peak. The apparent intensities of clustersFuke and co-workef8in the Ca (Hz0)n system, in which the
based on thé’Sr and®Sr isotopes are therefore larger than (CaOH")(H20), species dominates the mass spectrum beginning
predicted on the basis of natural isotopic abundances, anatn =5, and in our work on the SH,O/D;O), systems;' in
observation easily seen in Figure 1 as the cluster size increaseshich we observe product switching to the metal hydroxide
Examining the Sr(CHsOD), parent mass spectra shows the aroundn = 5—6.
same effect, proving that a hydrogen atom is lost from théiC Preliminary data on the photodissociation spectra oG-
rather than the ©H (D) bond. If deuterium atoms were lost OH)!X in the visible region and of S{CH;OH),—4¢ in the
exclusively, there shouldeba 2 amu spacing between those region from 550 to 920 nm have been published previously.
products. One would expect to break thel€bond rather than  The addition of frequency doubling capabilities to our OPO
the O-H (D) bond given the bond strengths involved; in system allows us to probe electronic transitions that occur in
methanol, the ©@H bond requires 10 kcal/mol more energy to the ultraviolet region. Figure 2 shows the complete spectra
cleave than the €H bond?®” These results contrast with those acquired for St(CH3OH), and SI(CH;OD), with n = 1—4.
reported by Lu and Yang, who have published parent ion massTo the best of our knowledge, calculations on the vertical
spectra on the S(CH3OH), systen?? reporting essentially the  transition energies of S(methanol) do not yet exist. Therefore,
same mass spectra shown here, but ascribing the H loss towve have used ab initio calculations on the $t+,0), system
cleavage of the ©H rather than the €H bond. One may argue by Bauschlicher et @° as a guide for assignment of the
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" based on excitation of 5p-based molecular orbitaBelow the
d Sr'(CH,OH)

. 5po band, we find two well-resolved electronic bands, which
N . we attribute to transitions to Gplike states. The bands that
01—+ ——— } appear in the low-energy portion of the monomer spectrum

< A Sr'(CH;0H), correspond to transitions to states with 4d atomic character. The
;v/\/ \J\—»— partially resolved vibrational structure in thedddnd 4cdr bands
04 4+ 4+ + 44 4y TP e has been discussed previouihy©
Sr*(CH,OH), In the dimer, Sr(CH3;OH),, we find spectral features that
we treat as originating from a broadened and red-shifted
o4+ 4+ | -':/\:”T"::i: gy monomer spectrum. We tentatively assign a-fige band near
g Sr*(CH,0H), 23500 cnt and two 5p-like bands near 17 000 and 19 000
5 cm™L. The spectral breadths of the triply and quadruply solvated
I‘§ 0 .m-—-. L species, that is, the trimer and the tetramer, preclude any
a T N S definitive band assignment in these clusters.
3 M\j\ Photochemical Channelsldentification of the dissociation
go4 PNV channels in the monomer, §CH;0D), provides a baseline for
s U A A interpreting the decay channels in the larger clusters. The
= ’\J SrCr,0D), dissociation channels that can occur by single-photon absorption
d 4 \
od . . /W LN are listed here:
T

I I 1 I 1 1
Sr*(CH,0D),

P S Srf(CH,0D)— Sf" + CH,OD (L)
4

0 | 1 } 1 T [ | | |

L R L — SrOD" 4+ CH; (—Me)

Sr'(CH,0D),|

ST~ —SrOCH'+D  (-D)
T T T T T T T T T T T T

6 8 10 12 1416 18 20 22 24 26 28 30 32 The notation for the decay channetsl(( —Me, —D) is that

_ o _Wave"“mbe's (x1000) introduced in our work on the related MECHsOD), systems.
Figure 2. Photodissociation spectra of‘§€H;OH), and Sr(CHs- Solvent evaporation is denoted a4, methyl loss via G-O
OD),. Srt(CHsOD), was not interrogated with UV wavelengths. bond cleavage asMe, and deuterium atom loss by-@ bond

Monomer and dimer spectral maxima are labeled with lettefswahich .
are assigned to transitions from the ground electronic state to the F:Ieavage as-D. The first two of these channels were reported

following states: (a) (6A’ (5p0); (b) (3PA” (0-p 5pa); () (5FA’ (i-p in our earlier paper on $(CH;OD) dissociatior? but the loss
5pr); (d) (4RA’ (4do); () (2FA™ (o-p 4dr); () (3)?A’ (i-p 4dr). Table of hydrogen atoms from oxygen was not reported. The proper
1 compares these assignments to ab initio calculations dHgD) observation of this last channel requires isotopic labeling and
(ref 16). very careful mass spectrometry. Because of the importance of
evaluating the D-loss channel quantitatively in the interpretation
electronic transitions. Table 1 summarizes the positions of of the dissociation dynamics, we restrict our discussion to
calculated and observed electronic transitions, labels their clusters based on GAD.
symmetries, and indicates whether the excited orbitals involved  Figure 3 shows photodissociation mass spectra of the unre-
are in the plane (i-p) of the metaligand bond or out of this acted “parent” ions S(CH;OD),, n = 1—4, and all photo-
plane (o-p) for St(CHsOH),» The details of these band chemical products or “daughter” ions that were detected at
assignments are left to the discussion and will be only generally selected photolysis wavelengths. In the mononrer=( 1),
described here. signals from all three channels are observed. In the dimer (

In Srf(CHs0OH), which we refer to as the “monomer”, there 2), all three channels are observed, but in addition, the data
are six resolved bands, ranging in energy from approximately show these three channels in concert with ligand loss, denoted
15 000 to 27 000 cmt. In analogy with ab initio calculations as—(L + D), —(L + Me), and—2L. In the trimer, 6 = 3),
on the ST(H,0) system' we assign the highest energy band with photolysis occurring at 594 nm, we observe the baseline
in Sr(CH;OH) as a transition to a Bplike state. The channels corresponding teL, —D, and—Me. In addition, we
observation of this band completes the assignment of transitionssee those same channels accompanied by loss of one or more

TABLE 1: Comparison of Experimental Sr*(CH30H); , and Calculated Sr"(H,0); » Spectral Maxima

exptl Sr(CH;OH) calcd Sr(H,0)6 exptl Srt(CH3;OH), calcd Sr(H,0),1¢
staté energy (cn?) state energy (cn) state energy (cm) state energy (cri)°

(12A" (4d5) unobsd (A1 (405) 14 700

(22A" (4do) unobsd (13A; (4d9) 14 800

(3RA’ (i-p 4d) (f) ~15 800 (13B, (4d) 16 000 (23E (4d) 20 400 (S)

(2A" (0-p 4d) (e) ~16 400 (13B; (4dr) 17 000

(4)A" (4do) (d) ~17 500 (33A1 (4do) 18 038 (43A" (4do) (d) ~14 300

(5RA’ (i-p 5pr) (c) ~20 200 (23B, (5p7) 21 400 (53A" (i-p 5pn) (C) ~16 600 (13Bsu (5pr) 18 800 (E)
(17E (5p7) 18 800 (S)

(3)A" (0-p 5p7) (b) ~22 000 (23B1 (5p7) 22 900 (33A" (o-p 5p7) (b) ~19 000 (13Bo (5pr) 20 900 (E)

(6)2A" (5po)° (a) ~27 000 (43A1 (5p0) <26 000 (63A' (5p0)° (a) ~23 500 (13B1,(5ps) 23300 (E)

(2¢B, (5p0) 23700 (S)

2 Electronic state designations-fiare also shown in Figure 2.(E) refers to a calculation on the eclipsed conformation 6{I$0),, (S) to the
staggered conformatiofiThe state labeled (3}’ in our previous publication (ref 10) should read%s)
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5 5pr
n=1;1=561nm 4do pr

. Sr'(CH,0D)

n=2;\A=588 nm

Total dissociation signal
D
o
3

100 |
2L

80
@ -D
0
S | n=3;1=594nm g 60
o
5 ° & 40
oy -(2L+D) <(L+D) ES
2 2L -(L+Me) L |
2 ~(2L+Me) -
£ . 20

n=3;A=780nm

{L+D) Wavenumbers (cm'1 x 1000)

2L (L+Me) Figure 4. Photodissociation spectrum (top panel) for@&H;0D) and
(bottom panel) branching fractions for ligand lossL{, methyl loss

(—Me), and deuterium atom loss-D).

n=4;\=656nm

Discussion
-2L, -(2L+D) -L, «(L+D)
-3L -(2L+Me) -(L+Me)

Photodissociation SpectroscopyThe electronic transitions
of the singly solvated cluster, the monomer, in the visible region
Time of Flight have already been published in our previous léftdn this
Figure 3. Dissociation of a mass-selected “parent” ion peak to create publication, we report observation of a band in the ultraviolet
“daughter” mass spectra at a single photolysis wavelength. We use theat 27 000 cm*. Bauschlicher’s calculations predict that a?f4)
following shorthand 'notation to refer to the photolysis product peaks: (1)2/_\1 transition will occur in St(H,0) at 26 000 cmt, and
—D = loss of deuterium atom; Me = loss of a methy| fragment; L the onset of the ultraviolet band that we observe occurs near

= loss of an entire ligand. Combinations of these loss channels are 111 Thi L .
denoted by the symbols listed combined witka&sign. In the case of 22 000 cnT=.=This transition in theCz, symmetry point group

multiple ligand loss, a coefficient equal to the number of ligands lost Of Sr*(H20) corresponds to a (8)' < (1)?A" transition in the
precedes the L symbol. Cs symmetry of St(CH3zOH), and because the energetics of

the transitions also correspond, we are confident in assigning
solvent molecules at shorter flight times. When the mass the (6fA’ — (1)’A’ transition to the observed band at about
spectrum for the trimer is taken with a longer photolysis 27 000 cnl.
wavelength of 780 nm, much less extensive photofragmentation  Calculations on Si(H,0),!® have shown that the ligand
is observed. With the decrease in larger fragments comes anconfigurations corresponding to eclipsed and staggered con-
increase in the signal arising from loss of a single ligand. In formers are minima on the potential energy surface. The eclipsed

the tetramerr{ = 4), the amounts of single ligand loss L) arrangement holds the ligands in the same plane as#&-€0
and D-loss are substantially reduced relative to the smaller bond, while in the staggered conformer the ligands are mutually
clusters. perpendicular. The calculations also show that the potential

A detailed analysis of the fragmentation data suggests thatenergy barrier to interconversion is low and flat. If the clusters
the clusters may absorb more than one photon before decayingare sufficiently warm, the spectra may represent a conforma-
The primary single-photon decay channels are-the—D, and tional averages. It is very likely that the @wdcybridization
—Me pathways. In a separate publicatfdnye analyze frag- leading to a linear ©Sr—0O geometry® will also occur in
mentation data for this sequential photon absorption mechanism.Sr*(CHsOH),. Given this geometry, one would expect the
In the present paper, we focus attention on the primary channelsbarriers to rotation for S(CH;OH), and SF(H:O), to be
arising from single-photon absorption in the monomer. Branch- similar, with barrier for the former system slightly larger in
ing ratio data for these channels in the monomer are shown inmagnitude. We therefore assume that our dimer photodissocia-

Figure 4 and illustrate that at low photolysis energies-i2 tion spectrum is probably an average of the eclipsed and
channel is the dominant species, accounting for 80% of the staggered conformers.
fragments. With increasing photolysis energy, tide channel The dimer photodissociation spectrum of Figure 2 displays

becomes increasingly important and dominates the spectrum infour distinct electronic bands, labeled a through d and listed in
the bands belonging to 5p-based excitations. This result is Table 1. Those transitions appear to be related to the corre-
consistent with our earlier repdit.The data also confirm the  sponding four transitions in the monomer, for which Bausch-
interesting anticorrelation of reactive channels with absorption licher has reported assignments, also summarized in TalSle 1.
resonances in the 4d-based electronic states, suggestive of a bonthe lowest-energy transition in the dimer is similar in appear-
insertion mechanism. A full discussion of the fragmentation ance to the monomer band assigned to excitation of a state with
channels in clusters larger than the monomer requires explicit significant 4d character. Based on the correspondence between
consideration of sequential photon absorptibn. monomer and dimer transitions, this assignment is more
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plausible than one based on distinctions between staggered andor the monomer ligand binding energy of'$iH,0) found by
eclipsed conformations in the dimer, which intg4,0), are Bauschlicher and co-worket§.
separated by at most 500 cfn We use a simple thermodynamic cycle to estimate the

The dissociation spectra summed over all product channelsendothermicities of the bond cleavage channels, corresponding
for all cluster sizes are plotted in Figure 2. The most obvious to —D and—Me. Summing the enthalpies of the ligand binding
general trend in the spectra is the broadening and red shifts thaenergy, the €0 bond strength in methan$l,and the S+-O
occur with increasing cluster size. The broadening occurs in bond strength in SrOH3! yields an estimate of 10 kcal/mol
large part because of inefficient cooling of the larger clusters. for the methyl loss channel. The cycle is of less use in the case
These clusters are probably created by larger precursors thapf —D, because a value for the 'SfOCHs bond strength is
have undergone solvent evaporation. Clusters created this wayunknown. We can obtain the minimum endoergicity for this
retain significant internal energy, as previously discussed. The channel by simply substituting the 'SrOH bond enthalpy
density of accessible states increases with increasing cluster sizeneasured by Murdd for the Sr—OCH; bond enthalpy; this
so spectral congestion also contributes to the broadening. ThePlaces the—D channel at least 22 kcal/mol above™82Hs-
existence of conformational isomers may also cause inhomo-©OD). Both the—Me and—D reaction pathways involve bond
geneous broadening in the spectra. The spectral red shifts werdormation as well as bond scission. Therefore, we expect both
also observed in the $H,0), system42 and verified by of these channels to proceed over activation energy barriers.
theoretical calculations by Bauschlicher, Sodupe, and Par- In the Sr(CHs;OD) experimental data, we find trends that
tridgel6 The calculations reveal that increased metigand provide insight into the potential energy barriers for thisle
repulsion occurs with increasing cluster size and raises the 5sand —D channels. At the longest photolysis wavelengths, the
orbital in energy, decreasing the energy difference between the—D channel is in strong competition with theL channel,
ground and excited electronic states. Similar interactions are consistent with the comparable endoergicities for each channel.
likely responsible for the same red shifts that we observe in the However, the least endoergic channeMe, is nearly absent
Srt(methanol) system. at the very red end of the spectrum. Furthermer®le does

As Sperry et al. suggest in their discussion on th(i$s0/ not become a dominant channel until the much higher energy
D,0)n systems the sharp rise at the longest wavelengths may 5pr bands are gccessed. The data suggest that the barrier for
occur as a result of a change in electronic state ordering. Themethyl loss is higher than that for D loss.
same arguments are likely to be valid in the corresponding Crossed molecular beam work by Davis et®n the related
methanol-based clusters. *8H,0); is “T"-shaped® which Ba + CH3;OH system provides insight into this issue. In their
places two of the p orbitals in the plane of the heavy atoms in €Xperiments, Davis and co-workers found that both grot@j (
ano-type interaction, while the third p orbital is perpendicular and excited'D) electronic state Ba produced the BaOZHH)
to this plane. The d orbitals are each involved drlike product almost exclusively, although the BaOH\e) channel
interactions as welll The o-type interaction is destabilized S less endoergic. Thls_remarkaple selectivity is explained in
though metatligand repulsion and raises valence states sig- terms of expected relative potential energy barriers. The most

nificantly in energy. This phenomenon is demonstrated by the lIk€ly pathway for elimination of H is through a migration
relative energy separation between the pnd pr-like states mechan_lsm. The spherical symmetry of the 1s orbital of H
in Sr*(water), and S¥(methanol). In both systems, thepstate allows simultaneous overlap with both the metal and the oxygen

is accessed at energies thousands of wavenumbers higher thafjiom on C".!OH’ thereby facﬂrgatmg a migration. In contrast,
the pr-states. the elimination of a methyl radical is expected to proceed only

. . . . when the G-CHz bond is nearly broken, suggesting a substantial
Thus, in accordance with calculations on the level ordering N y gd g

by B hlich 16 h . . potential energy barrier to this reaction. These conclusions are
y Bauschlicher et af; we suggest that amptype Interaction g ,h4r1ed by ab initio calculations on transition metal catalyst

occurs for clusters of size> 2 in Sr"(water), which is respon- 5 tivation of H-H and H-CHs bonds, which found the HH
sible for the rapid intensity increase in the red end of the spectra.pynq was facile to activate. whereas insertion to allow an

Given the similarity of state ordering between the monomers H—M—CH; intermediate encountered a substantial potential
of both systems and the similarity of the spectra for the clusters energy barrief445 The work of Sulzbach et 4F on hydrogen
sizedn > 2, we suggest thesptype interaction discussed in  at0m and methyl radical migration in dialkyl carbenes also
the Sr'(water), systems also occurs in ‘§methanol). supports the claim the methyl barrier is considerably higher than
Photochemical Product ChannelsSolvation energies of Sr that for H migration.
by methanol are not reported in the literature, to the best of our  The notion that the barrier for theD channel is lower than
knowledge. Comparison with the literature values for the-Sr  that for the—Me channel is consistent with our experimental
(H20), system allows us to obtain reasonable estimates of the gpservations. All channels are energetically accessible through-
binding energies. On the basis of the dipole moments and out the photon energy range of these experiments, but at lower
polarizibilities of the water and methanol, we expect the ligand photon energies, the less restricted transition states for e
binding energies to be similar in both systems, perhaps slightly and —L channels dominate the dissociation kinetics. The data
weaker in St(CH;OD),. The ligand binding energies of St support the idea that the-D channel proceeds through a
(H20)n reported by Bauschlicher et al. represent reasonable migration process over a lower barrier than that of the insertion
upper limits for the corresponding bond energies if(SHs- process leading to methyl loss. Therefore, at low photolysis
OD),. The calculated energies are approximately 7 kcal/mol energies, the-D channel and the solvent evaporation channel,
smaller than high-pressure mass spectrometry results reportedvhich we expect to occur without a barrier in excess of the
by Tang et a8 for the ligand binding energy of $(H,0). Our endoergicity, dominate overMe. However, well above the
recent papét on Sr"(HO)/Sr"(D-O), suggests that the threshold for the-Me channel, the constraints of the higher
experimental value of Tang et#is too high. As a result, we  barrier are much less restrictive, and that product becomes
have decreased our estimate of the monomer ligand loss channedtrongly favored, as is shown in the branching ratio data for
endothermicity by 7 kcal/mol to reflect the 23 kcal/mol value the 5pr bands.



9998 J. Phys. Chem. A, Vol. 106, No. 42, 2002

We also note the-D loss channel is only accessed in the

lowest energy portion of the spectrum and that it competes very

effectively with the ligand loss channel in this wavelength

Lee et al.

(7) Shen, M. H.; Farrar, J. Ml. Chem. Phys1991 94, 3322-3331.
(8) Donnelly, S. G.; Farrar, J. Ml. Chem. Phys1993 98, 5450~

(é) Lee, J. I.; Sperry, D. C.; Farrar, J. M. Chem. Phys2001, 114

regime. We expect the simple evaporation of ligand to occur 6180-6189.

directly, without overcoming a potential energy barrier, and
therefore, one might expect theD channel to be a minor
process in this portion of the spectrum. ThB channel remains

of intensity comparable to ligand loss. The transitions to low-
lying d orbitals of St are excited in this region of the spectra.
As Sanekata et al. proposed in their work on the (E0),
system, the proximity of théD-derived states to the ground
electronic state may facilitate IC and allow more facile elimina-
tion of a deuterium atom relative to the higher-lying states of
2P characte?? We believe this issue may be an important factor
in Sr*(CH3;0D), as well and leads to the effective competition
of the —D channel with—L throughout the electronic bands
based on Sr4d orbitals in the low photolysis energy regions
of the spectra. This situation contrasts with the NgHsOD)
system? in which —Me is the exclusive product over the entire
wavelength range, indicative of facile selective overlap of the
metal p-orbital with the €0 ¢* antibonding orbital. Thus, the
differences in reactivity between the M@nd Sr species are
direct manifestations of differences in electronic structure of
the metal ions.
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show a ground-state intracluster reaction channel occurs that4sgo.

cleaves the €H bond in both isotopomers. This observation
is most clearly shown in the ${CHsOD), system, which
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