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Photoelectron-photofragment coincidence spectroscopy (@Q;), 17 (NHs), 17(H.0), 17(CsHsNHy), and
I~(CeHsOH) clusters was used to study the dissociative photodetachment (DPD) dynamics at 257 nm.
Photodetachment from all five clusters was observed to yield bound neutral clusters as well as the DPD
products of the iodine atom and the molecular solvent. Photoelectron images and kinetic energy spectra were
recorded in coincidence with both the translational energy released between dissociating neutral products and
stable neutral clusters. The variation of the photoelectron angular distributions in the clusters was measured,
revealing significant perturbations relative tofbr 1-(H,O) and I'(CsHsNH,). Product branching ratios for

stable versus dissociative photodetachment and photodetachment t@4Rediid 1#Py/,) states are reported.

The measurements reveal a dependence of the DPD dynamics on the firabrfjiirstate of iodine in the

cases of 1(C¢HsNH,) and I'(CO;) and a threshold detachment process ifCsHsNH,).

Introduction for a series of solvated iodine anioHsThe excess charge was

) . ) found to be localized on the halogen atom, and the atomic
Studies of solvation phenomena have been an active area Ofjectronic transitions are replaced by bands of transitions
research rich with fundamental insights. The motivation of these resulting from internal excitation in the neutral clusters after

studies is to obtain a better understanding of the microscopic photodetachment. Results from such experiments provide
interactions that govern the aggregation of matter to form bulk j,¢ormation about the structures of the anions and the corre-
materialst-? Probing the electronic structure of halogen atoms sponding neutrals, the vibrational modes, and the heats of
and ions clustered with small molecules yields insights into weak ¢5-mation of the clljster anions. This inforrr;ation has allowed

interactions such as van der Waal forces, hydrogen bonding, ganeration of empirical potential energy functions describing

charge-dipole or quadrupole, and charge-induced-dipole interac-,q nteractions of the cluster constitueta? None of those

tions. The focus of the experiments reported here is t0 study gy,gjes have directly monitored the dynamics of neutral clusters
the half-collision dynamics of the small halogen-molecule -+ qissociate upon anion photodetachment.

dimers, 1(CQ), I(NH), 1(H20), I(CeHsNHz), and 1(GHsOH) The predissociation dynamics of neutral clusters has also been

when these constituents are initially configured in the equilib- the f f ber of ; tal and th tical studi
rium geometries of the corresponding anions. Photoelectron- € focus of a number of €xperimental and theoretical Studies.
This body of work, too extensive to review in detail here, has

hotofragment coincidence (PPC) measurements probing the, . . .
gissociat?ve photodetachmen(t (DP)D) dynamics of thgse an?onic'ndUded laser-induced fluorescence studies of the excited states
clusters are presented. These DPD measurements provid fneutral lclll:sr:erstf)ormefd in jutﬁe;st%mcl.fmflecula; tt)he%ﬁhii.t d
complementary observations to previously measured photoelec-n general, It has been found that the fiietimes ot the excite
tron spectra, reviewed below, on(€0y), I-(H,0), and I (NHs) states in clusters are shorter than the corresponding states of
and represént the first ph’otodetac’hment r;weasurements orfhe isolated molecules, and evidence for mode-specific lifetimes
I-(CsHsNH,) and I (CsHsOH). These measurements constitute 18 also been reportét.26 The dissociation dynamics of neutral
the first study of the dissociation dynamics of the neutral clusters ClUSters have also been studied by translational spectro3tdpy.
formed by photodetachment of these anions, significantly Recently, ion-imaging techniques have allowed simultaneous

extending previous studies of solvation phenomena in hategen ©Pservation of the recoil energy and angular distributions of
and halide-solvent clusters. dissociating neutral dimef8:3* These studies indicate that the

A number of experimental measurements on stepwise- translational energyEy) distribution of the recoiling fragments
T exp . pwiS typically peaks near zero and monotonically decreases with
solvated negative-ion clusters have been carried out using

conventional and threshold photoelectron spectroscdpiés. increasingEr, consiste_nt with unimolecular decomposition in

. . ; ; . the absence of a barrier.
The relative ease of generating halide anion clusters with a
variable number of solvent molecules makes them convenient A number of photodetachment measurements have been
starting systems to study mass-selected molecular aggrétjfes.  carried out on the (CO;) and I'(H,0) clusters:1618:19:35
Recently, photoelectron imaging has been used to characterizd’notoelectron spectra and high-pressure mass spectrometry

the angular distributions and electronic state branching ratios (HPMS) measurements have been reported for ti{dit;)
cluster®:37 and negative ion chemical ionization (NICI) and

13,17
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the I"(CO,) cluster is governed by electrostatic charge  CPA 2000). The laser beam was focused onto the ion packet
quadrupole and charge-induced-dipole interactions, yielding a yielding typical peak power densities of 120 MW/&m
distorted T-shaped structure wi@, symmetry!® In contrast, After interaction with the laser, residual anions were elec-
the I"(NHs) and I"(H20) clusters are bound by chargéipole trostatically deflected out of the molecular beam and the
interactions coupled with hydrogen bondifg® The strengths  yemaining neutral species impinged on a time- and position-
of these interactions are influenced by the dipole moments of sensitive detector. The neutral particle detector consists of a
the solvent moleculeg(= 1.471 D for NH and 1.854 D for  gtack of three 40 mm diameter microchannel plates in front of
H20),% as well as the acidity of the solvent. These interactions g fast-crossed-delay-line anode. If a stable cluster was produced
are reflected in the stability of the anionic clusters(Q0y) is by photodetachment, a single particle struck the detector at the
more stable than atomic by 0.19 eVi®17(NHs) is more stable  time- and position-of-arrival of the parent beam. However, if
by 0.29 eV3537and I"(H,0) is more stable by 0.39 e¥.The DPD occurred, two momentum-matched fragments were re-
HPMS and NICI measurements or{CeHsNH,) and I'(CeHsOH) corded and the photofragment masses and center-of-mass
indicate that these two systems are more stable thé#y D.56  yransiational energy releasgqd was calculated. In this inves-
and 0.75 eV, respectively:!” Since aniline (GHsNH;) and tigation, we used a new crossed-delay-line anode that requires
phenol (GHsOH) both have smaller dipole moments thandNH 5 piockef© and thus has no significant detector acceptance
or HyO (4 = 1.13 D for GHsNH; and 1.224 D for GHsOH),% limitations other thar~10 ns dead time between particles, but
hydrogen bonding and higher order effects such as charge-pecayse of this the translational energy distributions reported
molluced-dlpole.|nteract|on§ with the polanngle aromatic rng pere will represenN(Er), the number of events with a given
evidently contribute to their enhanced stability. Er. TheseN(Ex) will underestimate the truB(Ex) atEr = 0 as

In the present study, PPC spectra recorded for both stableg result of the dead time in two-particle detection. The effect
and dissociative photodetachment ofCO,), I"(NHa), I"(H20), of the dead time is a function of the dissociation kinematics,
I”(CeHsNHo), and I"(CeHsOH) anions at 257 nm are presented. E. and the experimental configuration, all of which are
This technique allows discrimination between stable photode- yeasonably similar in these measurements. Comparison of one-
taqhn_went and_ DPD by measuring the photofragments in 5ng two-particle TOF spectra for the(CO,) and I(CeHsNH>)
coincidence with the photodetached electron. The energy spectra indicate that on the order of 18% of two-particle
available for dissociation is determined by the photon energy coincidence events will be lost due to the dead time in the
and the photoelectron kinetic energy (eKE). The photon energy nresent experiments. Calibration of the neutral particle detector
used here (4.82 eV) allowed production of both the ground, \yas done through DPD measurements an; @e Er resolution
2P, and first excited2Py, electronic states of the iodine atom was found to be~9% AE-/Er for a peakEr = 0.78 eV.
as neutral products. Due to the rapid photodetachment process

these measurements probe the half-collision dynamics of the Photodetached electrons were extracted perpendicular to the

neutral cluster constituents when they are configured in the

equilibrium geometries of the anions. Following a discussion

of the experimental approach, PPC measurements are presente
that probe the DPD dynamics, energetics, and product branching

ratios for these solvated iodide anions.

Experiment

laser and ion beams in a single-field space-focusing electron
collection assembly and projected onto a time- and position-

nsitive microchannel-plate-based detettdf. The space
ocusing conditions were kept the same in all the measurements
reported here with an extraction field of14 V/cm. The
measurement of both position and TOF for each electron allows
the determination of the three-dimensional velocity distribution
of the photoelectrons over the fuliidteradian solid angle. Since

Photoelectron-photofragment coincidence spectroscopy ofthe electron velocity vector is measured, both the center-of-
solvated T clusters was performed using a fast-ion-beam PPC mass electron kinetic energy (eKE) and the laboratory-frame
spectrometer. This spectrometer allows the measurement of botiphotoelectron angular distributions were simultaneously re-
photoelectron and photofragment kinetic energies and angularcorded. Defining the face of the electron detector asxthg

distributions in coincidence. The details of the experimental
apparatus have been described previoéksi{? therefore only
a review is now presented.

The cluster anions were generated gsinl keV electron-
impact ion sourcema 1 kHz pulsed supersonic expansion of
<5% CRl/Ar mixed with the solvent of interest. This source
forms I~ through dissociative attachment of low-energy second-
ary electrons to C#. Production of (CO,) and I(NH3)
clusters involved mixing the GHAr carrier gas with CQ or
NHj3 (6:1 for (CRsl/Ar):COz and 1:1.75 for (CH/Ar):NH3). The
I~(H20) and I (CsHsNH,) anions were generated by bubbling
the CRI/Ar mixture through HO or GHsNH; at room
temperature.1(CsHsOH) anions were formed by passing the
CRsl/Ar mix over solid GHsOH at room temperature. Following

plane, thex- andy-velocity components of the photoelectrons
were determined from the detected positenmd TOF. Thez
velocity component is determinezhly from the TOF and is
the limiting factor in the eKE resolution. Higher resolution
N(eKE) spectra are found by selecting only electrons with
minimal velocity components perpendicular to the face of the
electron detector f-sliced N(eKE) spectrum). The slicing
parameter is typically chosen to allow not more that0% of

an individual velocity vector to be along tizexis. The intensity
distribution in av-sliced spectrum is influenced by the width
of the velocity slice. The original intensity distribution can be
recovered in a sliced spectrum by taking into account the
effective detector acceptance function (DAF) if the laser
polarization is in thex—y plane? A resulting DAF-corrected,

anion generation, the expansion was skimmed, accelerated to 5/-sliced photoelectron spectrum represents the probability

keV, and then re-referenced to ground potential using a high-

voltage switcH? The anions were mass-selected by time-of-
flight (TOF) and transported into the laser interaction and
detection chamber. The/z anion of interest was then perpen-
dicularly intersected with & 1.8 ps full width at half-maximum
(fwhm) linearly polarized third harmonic pulse (257 nm, 4.82
eV) from a regeneratively amplified Ti:Sapphire laser (Clark

distribution for measuring a photodetached electron with a
particular kinetic energyR(eKE). A series of calibratioR(eKE)
spectra of T and O were recorded using photon energies
ranging from 1.71 to 4.82 eV in order to determine the
instrumental resolution function over a broad range of photo-
electron energies. The photoelectron energy resolution is
observed to vary linearly in eKE with a fwhm of 0.023 eV at
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eKE = 0 and 0.28 eV at eKE= 2.0 eV. Recording only Er(eV)
photoelectrons that were detected in coincidence with one or (a) soroKE) 000z 04 08 03 19
F(CO,) + hv —= 1+CO, +¢- {Max

more neutral particles arriving at the photofragment detector
enhanced discrimination against laser-correlated background.
A PPC measurement allows discrimination between a pho-
todetached electron correlated with a stable neutral cluster from
one correlated with dissociated products. Separation of DPD
events (1 electront 2 momentum-matched fragments) from
stable photodetachment events (1 electtoh neutral particle)
is accomplished by counting the measured events. Due to the
neutral particle detection efficiencyb0%) and detector dead
time, false coincidences contaminate the discrimination. Dis-
crimination is improved by performing a “spherical gating”
procedure on the measured single particle events, selecting as
stable events only those that arrive at the center-of-mass of the
parent ion beam. Photodetachment measurements on atomic |
indicate that the optimal size for discrimination is a sphere of
1 mm radius, representing the projection of the interaction
volume onto the photofragment detector face, as determined
by the size of the interaction region, and the ion beam velocity
and angular distributions. This procedure effectively removes
those events correlated with a single neutral fragment resulting
from a DPD event in which the second fragment was not
detected. Inevitably a&r approaches zero or the dissociation
lifetime approaches the ion flight time from the interaction
region to the detectora{20 us for the conditions of this
experiment), discrimination between stable and dissociative
events becomes impossible. In addition, as the mass difference =
between the products becomes large, the heavy fragment will st
recoil less and contribute more to the spherically gated spectrum. x
The neutral fragment detection efficiency is also a function of
the beam velocity and therefore the mass of a product fragment; 05f ot
this does not affect the shape of thger) spectra in the different :
systems but can influence the calculated branching ratios by
reduced detection of coincident photofragments. The branching

Min

F(CgHgNH) + hv —>
I+ CgHhH, + - 4

(CgH,OH) +hy —=
I+ CgHsOH +e-

ratios reported here thus represent upper limits for the stable %2-0
fraction. W 15f
x
® 10F
Results
0.5f

In these experiments, DPD from all anionic clusters was 0.0 s " =R
observed, yielding neutral iodine atoms and the associated P(ekE) 00 02 °'Er[e{'j]° ol
solvent molecule. In addition to DPD, photodetachment yielding

. Figure 1. Photoelectron-photofragment coincidence spedti(&r,-
stable neutral clusters was observed. First, the photoelectron eKE), from 257 nm DPD of (a) (COy), (b) I"(NHsa), (c) I"(H20), (d)

photofragment correlation spectra acquired from 257 nm DPD |~(ciHNH,), and (e) T(CsHsOH). The photoelectroR(eKE) spectra
of the solvated iodide clusters are presented. Photoelectron(solid lines) and the~slicedN(eKE) spectra (dashed lines) are shown
images and spectra follow, and are then resolved into distribu- along the vertical axes. The measuredu4k limits determined for
tions for either stable or dissociated neutral clusters. The | atomthe coincidence data using both the fB(eKE) spectrum and a,
electronic-state-dependence of the DPD half-collision dynamics Slicéd N(eKE) spectrum are shown as the solid and dashed lines,
is examined using thel(Er) spectra corresponding to the ground  "€SPectively.
and excited spirrorbit states of iodine. Finally, the energetics N(eKE) spectra are shown as the projections along the vertical
of stable and dissociative photodetachment in these clusteraxes as the solid and dashed lines, respectively. DPD events
anions is discussed. are constrained by conservation of energy to lie within a triangle
Photoelectron-Photofragment Coincidence Spectra: DPD  formed by the horizontal and vertical axes and the maximum
Dynamics.The results of these experiments can be conveniently available kinetic energy, Kimx. KEuwax is determined from
presented in a PPC spectrum of the photoelectron kinetic energythe 5% level on the PPC spectra representing the nominal false
and the translational energy released into the DPD products,coincidence contour.
N(Er,eKE). This spectrum reveals the partitioning of the The PPC spectra acquired from DPD ofCO,), 17 (NHj3),
available energy between photoelectrons and photofragmentl—(H20), I (CsHsNH>), and IF(CgHsOH) are presented in Figure
translational energy directly. Using the new imaging detector, la—e, respectively. The two-dimensional coincidence spectra
the PPC spectrum has tiReKE) distribution parallel to the  themselves are generated using the REKE) spectrum in
vertical axis and theEr distribution, N(Er), parallel to the concidence with theN(Ey) spectra shown in Figure 5. The
horizontal axis. The corresponding one-dimensional spectra aremeasured Kfgax limits determined using both the fuH(eKE)
obtained by integrating the two-dimensional coincidence spec- spectrum and a-slicedN(eKE) spectrum at higher resolution
trum over the complementary variable; tA@KE) andvsliced are shown as the solid and dashed lines, respectively. Performing
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TABLE 1: Maximum Kinetic Energies, KE yax, for the
Products of DP?

DPD products Kax DPD products Klgax
I+CO,+e  1.90+£0.04 I+ CgHsNH,+e 1.55+0.04
| +NH;+e  1.70£0.04 |+ CHsOH+e  1.20+0.03
I+HO+e  1.60+0.04

aThe values for Klmax (eV) are empirically determined from,-
sliced correlation spectra and are shown as the dashed diagonal limits
in Figure 1. The quoted errors are dominated by the eKE resolution.

correlation spectra, are reported in Table 1. In fact, due to the
poor eKE resolution and the relative low binding energies of
these cluster anions, these values fonk yield values for

Figure 2. Schematic energy level diagram illustrating the relationship the cluster dissociation energies 623 eV too low. The

between the photon enerdlyy, and the eKE andEr distributions in

dissociation energies are discussed further in the section on DPD

the DPD of an anionic cluster. Quantities shown include the electron energetics below.

affinity of iodine, EA(I), the vertical detachment energy of the anionic
cluster, VDE(I(X)), the adiabatic electron affinity of the neutral cluster,

EA(I(X)), the kinetic energy released into the dissociating fragments

Er, and the bond dissociation energies of the neutral cluBtgi(X)),
and the anionic clusteBq(l~(X)).

the vslicing procedure, as described above, enhances the
resolution of the photoelectron kinetic energy spectrum, provid-

ing a more accurate value for Kfsx. The v-sliced N(eKE)
spectra also accentuate any signal near eK&, as seen most
clearly in the (CgHsNHy) spectrum in Figure 1d that now

shows a clear threshold photodetachment feature. The spectr
show that the majority of the excess photon energy appears a

eKE, with only a small fraction partitioned to tHer release

between the neutral fragments. Note that the two regions

correlating 18Ps/2) and 1@Py;) DPD with the neutral fragments

are not equivalent within each of these spectra. The region

associated with DPD fronT[CQ) yielding 1(3Py) (large eKE
feature) extends to slightly larg&tr values than the region
associated with DPD yielding3®,/,) (small eKE feature). An
opposite, larger effect is observed with DPD o{TCsHsNH)
in Figure 1d. In this system a significantly larger is seen for

the 1Py, + CgHsNH, products. These results show that the
half-collision dynamics of these systems depend on the final

spin—orbit state of the iodine atom. In contrast, théer,eKE)
spectra generated from DPD of (NH3), I7(H2.0O), and

I7(CeHsOH) in Figure 1b,c,e, respectively, show equal partition-
ing of Er for the two states, consistent with state-independent

half-collision dynamics for the resulting neutral clusters.
The measurement d&r and eKE in coincidence provides a

direct measure of the bond dissociation energy of the anionic

cluster, Do(I7(X)). A schematic energy level diagram of a

general DPD process to a single electronic state of a neutra

I(X) cluster is illustrated in Figure 2. The bond dissociation
energy for the anionic cluster is given by

Do(17(X)) = hv — EA(1) — KEyyax (1)

In this equation,hv is the photon energy and EA(l) is the

Photoelectron Images and Spectra.The photoelectron
images and associat&®{eKE) spectra for photodetachment of

' the solvated iodide clusters are shown in Figure 3. The laser

polarization was set parallel to tlyeaxis of the images. These
images and spectra are ajtsliced and the spectra are DAF-
corrected. These data include photodetached electrons correlated
with both stable and dissociating neutral clusters. In nearly all
of the photoelectron images it is evident that the photodetached
electron density is maximum perpendicular to the laser electric
vector. This indicates a si® photoelectron angular distribution,

é:onsistent with photodetachment from atomic p, or p-like,

rbitals on the iodide chromophore. Quantitative differences in
the energy-dependent photoelectron angular distributions will
be further discussed below.

In general, the photoelectron images and spectra consist of
two features. The electron binding energies (eBEy,, — eKE)
observed in all of the cluster spectra are greater than the electron
affinity of atomic iodine, so the spectra are all shifted to higher
eBE (lower eKE) relative to the Ispectrum in Figure 3a. The
features in the images and the peaks in B{eKE) spectra
originate from photodetachment of the solvatedtiromophore
producing the neutral in either the’,,) ground state (larger
radii features) or the #Py,) spin—orbit excited state (smaller
radii features). In addition to these two features, tH{€4HsNH,)
image shown in Figure 3e exhibits a high-intensity component
in the center of the photoelectron distribution, corresponding
to a peak near eKE 0. This shows that, in addition to the two
direct photodetachment processes observed in the other systems,
another electron ejection process occurs in this cluster. This
feature is not readily apparent in tRéeKE) spectrum; however,
it is clearly seen as a resolved peak in thesliced N(eKE)

|spectrum shown as theaxis projection in Figure 1d.

The vertical detachment energies (VDE’s) for the anionic
clusters for each resolved product electronic state are given by
the eBE of the peaks in the(eKE) spectra. The VDE((X))
is the energy needed to remove an electron from the anionic
cluster with no change in geometry between the anion and
resulting neutral, and thus represents an upper limit to the EA
of the neutral cluster, assuming no internal excitation in the

electron affinity of the iodine atom. If the potential energy parent anions. The VDEs and electronic state separation
surface of the neutral cluster has a minimum energy (bound) energies?Py, < 2Pz, resulting from photoelectrons correlated
configuration similar in geometry to the bound anionic cluster, with both stable and dissociative neutral clusters are compiled
as illustrated in Figure 2, the neutral fragments produced in a in Table 2.

DPD event are generated from the region of the Fratt@éndon The anisotropic photoelectron angular distributions seen in
projection higher in energy than the asymptotically separated the photoelectron images are quantitatively characterized in the
products. In this formula, no account has been taken for any electric dipole approximation by the energy-dependent anisot-
internal energy remaining in the molecular fragments. The ropy parametef3(eKE). The anisotropy parameter is determined
empirically determined Kfgax for each of the clusters studied from the measured photoelectron energy and angular distribu-
in this investigation, using the higher resolutieg-sliced tions by fitting to the functional form for electric dipole
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TABLE 2: Summary of Results from Photoelectron Spectra
(Including Both Stable and Dissociative Products) for 1(X)
Clusters at 257 nm?

anion VDE  2P1p—2P3,  B(Pan) B(P1y2)

I~ 3.06+ 0.04 0.94 —0.54+0.10 —0.73+0.10
3.05% 0.943 —0.58 —0.80"

I7(COy) 3.24+ 0.04 0.96 —0.65+0.14 —0.73+0.09
3.224 0.955% —-0.69 —-0.72

I~(NHs3) 3.33+0.04 0.94 —0.69+0.10 —0.63+0.10
3.319 0.94 —-0.71h —0.63

I7(H20) 3.50+ 0.04 0.97 —0.79+0.08 —0.26+ 0.08
3.44% 0.963 —-0.771 —0.48

I7(CeHsN Hy) 3.57+ 0.04 0.94 —0.57+0.07 —0.09+ 0.07
3.62 —-0.79 —0.42

I7(CeHsO H) 3.81+ 0.04 0.98 —0.71+0.14 —0.06+ 0.08
3.819 —0.80" —0.02

aVDE is the vertical detachment enerdf,, < 2Pz, is the spin-
orbit state separation energ§(®Ps;;) and 3(3P1,) are the anisotropy
parameters for ground- and excited-state photodetachment. Literature
results for atomic 1 are included as well as previous measurements
on the clusters studied here where available.AB&E) values iritalics
are values associated with photodetachment of atomat the same
eKE as that observed from photodetachment of the cluster. All energies
stated are in eV, and the energy uncertainty derives from the eKE
resolution.” Reference 69 Reference 15¢ Reference 36° Reference
35. f Calculated from heats of formation reported in ref 4Zalculated
from heats of formation reported in ref 1'SReference 18.

transitions with linearly polarized ligb:46

P(eKE ) = P(eKE)(1+ [(eKE)P,(cosh)) (2)

In this equationd is the electron recoil angle relative to the
laser electric field vectolE, andPy(cosf) = Y,(3 cog 6 — 1),

is the second-order Legendre polynomial in 608(eKE0) is

the normalized doubly differential cross-section in eKE &nd
and B(eKE) is the energy-dependent anisotropy parameter
determined in the fit. In single-photon electric dipole transitions,
B(eKE) is restricted to the range froml to +2, and for
photodetachment from an atomic p orbital, as is the case for |
in the energy domain studied hef#eKE) will be less than or
equal to 0.

Variations in3(eKE) for these clusters relative to atomic |
result from both distortions of the filled 5p orbital of In the
different anionic clusters and the interaction of the continuum
electron with the noncentral potential of the neutral complex.
As a result of the energy dependencefg§éKE) above the
detachment threshof§;{*¢a direct comparison of these distribu-
tions with atomic 1 at the same wavelength is not appropriate.
Instead, they are compared with values foat the same eKE
above the detachment threshold obtained by Sanov and co-
workers!® The results found by fitting eq 2 fg#(eKE) in the
present experiments are compared witlin Table 2. It is seen
that in general the clusters have negative valueg(eKE)
similar to atomic T, with the notable exceptions of the',,)
distributions for I'(H,O) and I(CeHsNHy). In the case of
I~(CeHsNHy), the 1@Py, ) distribution is nearly isotropic, with
B(eKE) > —0.10, significantly different from.

In addition to the energetic shifts and peak broadening
observed in each of the(eKE) spectra, variations in the peak
intensities show that the spitorbit state branching ratios vary
for the different cluster spectra shown in Figure 3. Quantification

both stable and dissociating neutral fragments are included in both of these differences is achieved by calculating the integrated

images and spectra. The laser polarization ve&prs parallel to the
y-axis in the images. In thB(eKE) spectra, experimental data points
are represented by open circles, the solid fits correspond to%Pg)I(

and I@Pyz) channels and the broad dotted curves represent the

electronic state channel branching rati®e€pPy,,)/P(?Pz,). Since
the spectra for the different systems are broadened by internal
excitation of the neutral clusters and an underlying laser-

background signal. The energy scales (eV) are eKE along the lower Correlated background signal, each spectrum in Figure 3 was
x-axes and eBE along the upperaxes of each spectrum.

fit with a sum of five or six Gaussian curves, with the exception
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TABLE 3: Spin-Orbit-State Branching Ratios, P(?P1,5)/P(?Ps/»), and Product Branching Ratios for Stable versus DPD and the
Energetics Associated with Stable Photodetachment of (X) Clusters?

anion P(P12)/P(Psp2))toTaL (P(P12)/P(?P312))sTaBLE (P(3P112)/P(?Ps12))orD PstasLe/(PstasLe + Porp) VDEstasLe
I~ 0.40 0.39) 3.064+ 0.04
I7(COy) 0.41 0.42 0.41 0.18 3.220.04
I~(NH3) 0.42 0.37 0.53 0.67 3.34 0.04
I~(H0) 0.56(0.63) 0.56 0.60 0.63 3.48 0.04
|~ (CeHsNH>) 0.85 0.32 0.88 0.05 3.5k 0.04
|~ (CsHsOH) 0.73 0.24 0.82 0.09 3.7 0.04

2 The total branching ratio is calculated from data consisting of photoelectrons resulting from both stable and DPD events. The stable branching
ratio is calculated from photoelectrons detected in coincidence with a single stable product, and the DPD ratio is calculated from photoelectrons
detected in coincidence with two neutral, momentum-matched fragmentssTéEis the vertical detachment energy determined from the spherically
gatedP(eKE) corresponding to stable clustetfReference 18.

of I~. In the case of1, P(eKE) was fit with three Gaussians; (a) eBE (eV) (b) eBE (eV)

one for each of the peak features and a third to account for the = —f—A42—28 3825 20 A48 35 30 2 20
background signal. This determined the shape of the backgrounc [ 1 F(GHNH,) + hv > 1 I(C,H,0H) + hv - 1
contribution used in the remaining fits. The broadeKE) ; 14 GHNH, + - rGhonye” |
spectra observed in the more strongly boundHLO), 22
I~ (CsHsNHy), and I(CsHsOH) clusters required six Gaussians ":;: #

for a better fit as seen in Figure 3. The branching ratios are &
determined from the fits for the two | product channels. The
results obtained from this procedure applied to the total
photoelectron spectra (photoelectrons correlated bath stable
and dissociative neutral clustersR({P12)/P(?Ps))totaL, are RIS 2 i .
listed in Table 3. - ¢ MCHNH,) +hv> { | ] I(C,H,OH) + hy - -
The P(eKE) spectra for DPD events only (excluding stable | HGHNH,) + - NGH,OH) +o- |
neutral complexes) compared to those for stable photodetach- A
ment events only, exhibit the same general features as those ir"z-;“',l ;
Figure 3. Quantitative differences exist, however, as illustrated a :
in the P(eKE) spectra resulting from either stable or dissociative [ 1 i
photodetachment of (C¢HsNH,) and (CgHsOH), each pre- ; 4
sented separately in Figure 4. The column of spectra in Figure
4a result from photodetachment of CsHsNH2) and the column T IS e
in Figure 4b are from1(CsHsOH). The spectra in the top panels - e | T R T
of each column are correlated with DPD, and the spectra in the h
middle panels are correlated with stable photodetachment only, __
generated by performing the spherical gating procedure on eache
I7(X) data set. The fitting procedure outlined above was used i
to quantify the spir-orbit branching ratios in the photoelectron
spectra and to quantify the dissociative versus stable photode-
tachment yield for each system. The fraction of stable products
reportec_i in Table 3 _is calculated from the measured number of T u )
events in the spherically gategl photqelgctron spectra of stable eKE (V) eKE (eV)
products compared to the triple coincidence events from a

number of single data files for each system. The number of distributions correlated with DPD (top frames) with those correlated

triple coincidence events is scaled by a factor of 2.4 to account i, stable photodetachment (middie frames) as discussed in the text.
for an assumed 50% detection efficiency for the second fragmentThe spectra and fits in column a are fo(@CsHsNH,), and those in

and the~18% detector dead time loss for two-particle events column b are for 1(CsHsOH).
in these experiments. It is likely that 50% represents an upper
limit to the particle detection efficiency, as previously discussed, in the 1@Ps;;) channel in the dissociative spectrum relative to
so these ratios should be interpreted as upper limits to thethe stable spectrum, consistent with production of stable clusters
fraction of stable products, amplifying a point made at the end at the highest eKE’s. A similar difference was observed upon
of Experiment concerning dissociation lifetime and fragment comparing the spectra from(CQ,), |~ (NH3) and I"(CgHsNHy),
velocity effects. The comparisons of these fits for the two with a shift of 0.03 eV to lower eKE for #Ps) DPD compared
systems are shown in the bottom frames of Figure 4. The relativeto 1(2P5;) photodetachment, yielding stable neutral clusters. The
intensities of 18Ps;) and 1@Py,) vary in both spectra, showing  vertical detachment energies found in tR@KE) spectra for
that production of excited-state2Ry;) is associated with stable neutral clusters, VRREagLg, and VDEppp for dissociative
significantly fewer stable products, particularly i (CsHsNH>). products are given in Tables 3 and 4, respectively. It is expected
This same behavior was observed in théNH3) spectra when that higher resolution photoelectron measurements would reveal
resolved for stable versus dissociative products; however thisa more striking variation in these spectra.
spectrum is not presented here. The quantitative differences between #@KE) spectra for
Energetic shifts are also observed in the spectra resolved forstable clusters compared to DPD events are seen in the spin
stable and dissociative products. In th€dsHsOH) and I"(H,0) orbit-state branching ratios. The DPD branching ratios are
spectra, shifts of 0.06 and 0.05 eV, respectively, are observedcompiled in Table 3 asR(?P1/2)/P(?Ps12))ppp, and the stable

Figure 4. PhotoelectroriP(eKE) spectra comparing the photoelectron
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TABLE 4: Summary of the DPD Energetics for |~(X) Clusters?

J. Phys. Chem. A, Vol. 109, No. 51, 20061787

neutral prodUCtS DET(|(2P3/2)+X)D [ET(|(2P1/2)+X)|:| VDEpprp Do(lf(x))

I +CO, 0.028+ 0.003 0.025+ 0.003 3.25+ 0.04 0.16
l1l<eKE=x22 0.0seKE=< 1.0

I + NH3 0.017+ 0.002 0.02G+ 0.002 3.37£0.04 0.29
0.95<eKE= 2.0 0.0= eKE= 0.95

| + H,O 0.028+ 0.003 0.026+ 0.003 3.53£ 0.04 0.44
0.85<eKE=< 2.0 0.0= eKE=0.85

| + CeHsNH2 0.032+ 0.003 0.05G+ 0.005 3.58t 0.04 0.50
0.65<eKE=<1.9 0.0=< eKE = 0.65

| + CeHsOH 0.040+ 0.004 0.044+ 0.004 3.83£ 0.03 0.73

0.45<eKE= 1.6

0.0=< eKE = 0.45

a [E1(1(?Ps2,19)+X) Care the state-dependent aver&g®ver the eKE ranges indicated. VBip are determined from thie(eKE) spectra resulting
from electrons correlated with dissociating neutral clusters only. The anionic bond dissociation em(i€X)), are calculated using eq 3 and
have the same errors as the ViB2E All energies are in eV.

photodetachment branching ratios given a®(3Ryy)/ mass difference between the two neutral fragments. For frag-
P(%P312)stasLe. The values found for DPD of (CO;) and ments with a large mass difference, such asNH;z and | +
I~(H20) are, to within the error of the fitting procedure, the H,O in Figure 5c,d, the iodine atom primarily remains localized
same as those ratios calculated when considering photoelectronalong the parent beam and the lighter solvent molecule is ejected
correlated with only stable events. Differences are seen in thefurther out of the beam axis. Product masses that are nearly
spin—orbit branching ratios for 1(NHsz), 17(CsHsNHy), and equal, such as + CgHsNH, and 1+ CgHsOH in Figure 5e,f,
I7(CeHsOH), however. The largest effects are seen for lead to ejection of both the atomic and molecular fragments
I~ (CsHsNHy) and I (CsHsOH), where the ratio varies from 0.32  significantly out of the parent beam axis. The-ICO, system
and 0.24 for the stable channel to 0.88 and 0.82 for DPD, in Figure 5b is kinematically between these two limits.
respectively. The photofragment images aNgEr) spectra shown in Figure

In addition to spir-orbit branching ratios, the fraction of 5 reveal that the fragments associated with IgNéissociation
stable products can be measured. Using the same fitting routinereceive les€r than any of the other clusters studied here. The
outlined above on spherically gated photoelectron spectra, thepeak in theN(Et) spectrum is very close to zero; however, the
percentage of neutral clusters that remain bound over the 16 spectrum extends to significantly highBf (~0.10 eV) than
22 us flight time from the interaction region to the photofrag- the false coincidence background spectrum recorded inthe |
ment detector was determined for each system. The upper limitsexperiment. This shows that I(NHis produced with low
for these branching ratios are given in Table 3R$asLe/ internal energies and is consistent with the branching ratio,
(PstasLe + Popp) and indicate that there is a large difference indicating that 67% of the I(Nk} complexes remain bound after
in the percentage of clusters that remain bound in the systemsphotodetachment of the anionic cluster. In contrast, the photof-
studied here, ranging from 5% for(CgHsNHy) to 67% for ragment images acquired from the DPD ofCsHsOH) and
I7(NH3). I~(CeHsNHy) are considerably broader, and tNéEt) spectra

Photofragment Images andEr Spectra. The results ob- extend aboveEr =~ 0.20 eV. No significant photofragment
tained from monitoring the neutral clusters that dissociate upon anisotropy was observed in the images and angular distributions,
photodetachment are now presented. Figure 5 shows the neutratonsistent with sequential DPD, in which photodetachment is
photofragment images and associald{@Er) spectra acquired  followed by unimolecular decomposition of the nascent neutral.
from photodetachment of (a) atomic land DPD of (b) T(CO,), As discussed for th&l(Er,eKE) spectra, subtle differences
(c) I7(NH3), (d) I7(H20), (e) IM(CeHsNHy), and (f) IF(CeHsOH). are observed between théRy§;,) and 1@Py) product channels
The N(Et) spectra for the clusters in frames-bare obtained for the DPD of (COy), with the 1@Ps2) N(Er) exhibiting a
from the coincidence data by integrating over eKE ranges slightly largerEr distribution. TheN(Er) spectra for the two
correlated with the production of ground and spanbit excited spin—orbit states of the | atom product have been normalized
I, as determined from the fits to the DFP§eKE) spectra. The  to unity to facilitate comparison between the two potential
solid N(Er) spectra are correlated with?Rg,) fragments and energy surfaces that the neutral clusters are formed on. This is
the dashed spectra with?ly;) fragments; the ranges of eKE  shown quantitatively as the difference between avetg®r
for each of the spirrorbit states correlated with the spectra are each product electronic stater(I(2Ps)-+X) Cand Er(I(3Py2)+X) O
listed in Table 4, along with the averagé&r[for each tabulated in Table 4. Error bars have been included in the |
distribution. The neutral image correlated with atomic iodine CO, N(Ey) spectra at théEr[values for each of the electronic
consists of a sharp spot produced by the stable | atom, providingstate distributions to indicate that the difference observed in
a measure of the size of the beam when projected onto thethe two spectra is outside of statistical fluctuations and results
detector. ThidN(Et) spectrum peaks at 0.002 eV, with a fwhm  from state-dependent dissociation dynamics. A larger effect, but
of 0.003 eV when a product mass distribution of 63 and 64 in the opposite electronic state of the | atom, is observed for
amu is considered. This choice of masses gives the highest fals¢he 1@Ps,) and I€Py;) product channels for the DPD of
[Er[] Additional product masses were considered to explore the |7 (CsHsNHy). In this case[Er(I(2Py2)+X) s 0.050 eV, while
effects; the resultindN(Er) spectra converged to zero as the [Er(I(?Ps2)+X)0is only 0.032 eV. TheN(Er) spectra resulting
chosen masses approached the known values of 127 and 0 amdrom DPD of I"(NH3), 17(H20), and I(C¢HsOH) show no
This shows that false coincidences with stable or long-lived product-state dependence.
neutral complexes in the cluster spectra do not significantly  Dissociative Photodetachment Energetic#s discussed in
perturb the results. the section on thé&l(Er,eKE) spectra, the cluster anion bond

The neutral images acquired for the clusters exhibit broader dissociation energies calculated using eq 1 are significant
distributions due to th&r release in DPD. The relative sizes underestimates of the stability of these anions as a result of the
of the images are affected by both the energy release and theelatively low eKE resolution in this experiment. An alternative
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Figure 5. Neutral photofragment images and associated electronic-
state-dependem(Er) spectra for DPD of (a) atomic’) (b) I7(COy,),

(c) I"(NHg), (d) I7(H20), (e) I'(CeHsNH,), and (f) ' (CeHsOH). Each
N(Er) distribution is normalized to unity at the peak. TINEr)
spectrum associated with photodetachment of atomics lused to
quantify the upper limit for two-body dissociation background signal
and includes a magnified inset in a. The sdliiEr) spectra correspond
to neutral fragments for DPD leading to théR{,) + X product
channel, and the dashed spectra represent the,)(+ X product
channel. Statistical (Poisson) error bars are shown in ti(€Qdy)
spectrum in frame b at tH&[values for this system reported in Table

4.
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approach to quantifying thBo(I~(X)) from the measurement

is to use the VDE for ground-state DPD in conjunction with
(Er0J The shift in the VDE relative tolis expected to primarily
arise from stabilization of the cluster anion owing to the stronger
attractive forces in the anion. Inclusion @ Cin the energy
balance accounts for the fact that many of the neutrals are
produced above the neutral cluster dissociation asymptote. This
gives the approximate equation for the cluster anion bond
dissociation energies:

Do(I (X)) ~ VDEppp(I(X)) — EA(l) — (E;0 (3)

Using [ErJto estimate the repulsion between the neutrals is
clearly an approximation and assumes that all neutrals are
produced with no internal excitation. In the present case where
the repulsion on the neutral surface is not expected to be large
this should be a reasonable assumption. The anionic bond
dissociation energies determined using eq 3 are given in Table
4. These results are consistent with the previously reported
values for the stability of the cluster anions reported in the
Introduction, as a result of the loir for DPD in these systems.

In the cases of 1(CgHsNH3) and IF(CgHsOH), the results
reported here are the first microscopic measurements of the
stability of these anions, complementing the earlier bulk mass
spectrometric measurements.

Discussion

The experiments presented here probe the interactions
between T and several simple solvent molecules, and the even
weaker interactions between the neutral constituents. These
clusters all exhibit photoelectron spectra characteristic of
photodetachment from a core inoiety, a result of the greater
electron affinity of the iodine atom relative to any possible
anionic states in the solvent molecules. This discussion initially
addresses the state-dependent half-collision dynamics observed
in the N(Er) spectra of T(CO,) and I'(CeHsNHy). Then, the
photodetachment dynamics are discussed, with particular em-
phasis on the variations observed in the spectra(@sHsNH>).
Finally, potential complications arising from the chromophores
CeHsNH; and GHsOH are addressed.

State-Dependent Half-Collision Dynamics.When direct
DPD occurs on a repulsive surface, thgEr) spectrum is
proportional to the projection of the vibrational wave function
of the anion onto the multidimensional reaction coordinate along
which dissociation proceeds. When there is Frari€kndon
overlap with a repulsive region along the reaction coordinate,
the topography of the potential surface dictates the width of
the measuredN(Er) spectrum, while the magnitude & is
proportional to the repulsive energy of the fragments in the
equilibrium geometry of the anion. The situation becomes more
complicated when the initial anion and the final neutral cluster
have similar structures. In this case, DPD only occurs if the
total energy on the neutral surface exceeds the binding interac-
tion between the neutral constituents. This will lead to DPD
occurring by a sequential mechanism, where the neutral
undergoes unimolecular decomposition long after the electron
has departed and a significant fraction of stable complexes are
produced. TheN(Er) distribution is expected to peak neaf
= 0, as seen in the present results shown in Figure 5. This is
consistent with previous observations of structured ZEKE
spectra for 1(COy) that are lifetime broadened into a continuum
for large internal excitation.

Variations in the N(E) spectra for the RPs) and I@Py)

DPD channels are observed for(CO,) and I (CgHsNH,).
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While the interactions between the neutral products are multi- tionally excited neutral clusters have been reported for many
dimensional, to a first approximation, a one-dimensional reaction weakly bound systen?§:27.56-53 The range of lifetimes for
coordinate can be considered as in Figure 2. The observedvibrationally excited states prior to dissociation span time scales
variations inEr arise in this approximation from different slopes from picoseconds when large internal excitations are present
in the Franck-Condon region for the #Ps2) + X and 1@Pyy) to tens of nanoseconds for clusters with small internal excita-
+ X surfaces. These interactions, and thus the slopes of thetions, although the predissociation lifetime of the (HgMWs
potential energy surfaces, are dependent on the orientation offound to be 1.74s5* Future studies at a number of different
the atomic orbitals on iodine relative to the solvent moleétile. beam energies could provide further insights into lifetime effects
In a diatomic approximation, the solvent molecule can be on these branching ratios; however, at the present time we will
assumed to be a spherical particle interacting with thel5p  just take the fraction of stable products observed as an upper
atom. The atomic p-orbital aligned along the internuclear axis limit.
experiences a different interaction with the solvent molecule  photodetachment Dynamics.n I~ photodetachment, the
than either of the other two p-orbitai.In I(?Ps2)—rare-gas  electronic state branching rati®(2Py.)/P(?Psz) has been
interactions, this results in splitting the ground electronic state ghserved to deviate from the statistical value of 8.Fhis
of the open-shell neutral cluster into two states denot@ale) results from variations in the energy-dependent photodetachment
andI(3ITzp) 315 cross-sections for the two final electronic states. Given that
In the case of the neutral (G cluster, high-resolution photodetachment from an atomic p-orbital yields outgoing s-
photoelectron spectra showed that the 0.028 eV splitting of the and d-waves, the s-wave partial cross-section is expected to
I(2P5/2) ground state of iodine into the X{y/5) and1(3[13,) states decrease less rapidly as the eKE approaches zero at thresh-
was observable, as in halogerare-gas atomic interactioA%4° old 5556 Since the present measurements are all at 257 nm, and
The empirically determined structures of 1(@&howed that the clusters have different electron affinities, variations in the
the I-C bond length differs by 0.157 A between the?X{},) spin—orbit state branching ratios as a function of the available
and I(*I1z) states, with the Xg,,,) state having the shorter  energy are not a surprise. This effect is in addition to solvent-
bond lengtH?® The photoelectron energy resolution of the present dependent changes in the electronic structure of these anion
experiments was not able to resolve these low-lying states; clusters. The most important effect seen in the product branching
however, if they were resolved, & dependence would be ratios is the significant change in tiR§2Py,,)/P(3Ps,) ratio for
expected. Beyond the diatomic approximation, the shapes ofstable and dissociative product channels for(NH3),
the solvent molecules studied here lead to different interactions|~(Ce¢HsNHy2), and F(CgHsOH) clusters. It is found in these
of all three atomic p-orbitals on the | atom with the solvent. systems that the stable channel favors ground-st&®e)(+
Depending on which orbital the electron is removed from in X products significantly. This implies that the ground-state
the closed shell anion, different repulsive interactions may result, 1(2Ps;2)—X clusters that remain stable have better Franck

leading to final-state dependences as observed inN(ig) Condon overlap with the parent anions, as mentioned above in
spectra of I+ CO, and 1+ CgHsNH,. the case of 1(CgHsNHy).

As noted above, the state dependence inNfter) for | + The photoelectron energy and angular distributions indicate
CeHsNH; is larger and in the opposite direction from-ICO,— that photodetachment from these clusters involves ejection of

the I@Py) channel has a largeEr in this system. The an electron from an atomic p-like orbital on the iodide
I7(CsHsNHy) anion is significantly more strongly bound, by chromophore. The angular distributions are the most sensitive
both ion—dipole, hydrogen-bonding, and ion-induced-dipole probe of the high-lying orbitals of the anion cluster, and in fact
interactions, due to the presence of the polarizable aromatic ringwe find that the5(eKE) values measured for(CO;), |~ (NHs),
in aniline. In addition to affecting theN(Er) spectra, the the 1@Psp) state of I(H,0), and both states of (CsHsOH)
photoelectron spectrum for this system exhibits considerably are not appreciably different from those observed in the
broader peaks resulting from distortion of the aniline in the photodetachment of 1'® However, as shown by thg(eKE)
cluster yielding greater internal excitation in the nascent neutral. values in Table 2, substantial variations in the photoelectron
Also, as noted in the product branching ratios in Table 3, angular distributions were observed in both detachment channels
photodetachment of (CsHsNH,) yields few stable [(GHsNH,), of 7 (CgHsNHy), and in the IfPy2) channel of T(H2O). In these
particularly in the excited state, consistent with Fran€london systems and for these electronic states the photoelectron angular
overlap with a more repulsive region in the excited state of the distribution is significantly more isotropic than irm.I This
neutral cluster. indicates suppression of the d-wave<(2) angular momentum
Stable/Dissociative Product Branching RatiosThe fraction ~ component in the photodetached electron, the presence of
of stable products observed in these experiments ranges fron‘ﬁnother electron detachment mechanism, or both. The common
nearly 0.7 for I(NH) and I(H;0) down to less than 0.1 for  feature in the systems that show significant differences is the
I(CeHsOH) and I(GHsNH2). As discussed previously, these Permanent dipole in the solvent molecule and the potentially
represent upper limits to the fraction of stable complexes as aenhanced dipole of the neutral cluster when configured in the
result of the flight time relative to the predissociation lifetime, equilibrium geometry of the anionic cluster, although phenol
N(Ey) distributions, kinematics, and detection efficiency as- does not exhibit a significant perturbation.
sumptions. It would be interesting to compare these results to  To explore the effect of the dipole field of the nascent neutral
theoretical predictions taking into account the Fran€london clusters on the photodetached electrons, density functional theory
projection of the anionic wave function onto the neutral surface, calculations were performed using the Gaussian 03 program
followed by unimolecular decomposition of the energized neutral suite to predict the dipole moments of the neutral clusters
complex. This is beyond the scope of the present study. Given configured in the optimized geometries of the anionic clusters.
that the ion flight times from the interaction region to the Geometry optimizations of each of the anionic clusters were
detector only vary from 17.2s (I(NHs)) to 21.4us (1(CsHs- performed at the B3LYP level with the aug-cc-pvdz basis set
OH)), it is unlikely that lifetime effects bias the comparison of for the solvent molecules and the DGDZVP basis set for the
the different systems. The predissociation lifetimes of vibra- iodide atom. Subsequently, the dipole moment of each neutral
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cluster was calculated with the cluster constituents frozen in  The decreased anisotropy in the angular distributions observed
the geometrical configurations of the optimized anionic clusters. in both channels for the photodetachment @fsHsNH,) was
These calculations give = 0.38 D for FCO,, 1.46 D for F also observed in studies of the 267 nm photodetachment of
NHs, 2.35 D for FH,0, 5.30 D for FCgHsNH,, and 4.43 D for I~(CH3sCN).18 Of the clusters investigated in the present study,
I:CeHsOH. The largest dipole moments are found for those 17(CHsCN) most closely resembles (ICeHsNH2) with the
solvent molecules containing polarizable aromatic rings, with inclusion of a G-N bond. However, the bonding in acetonitrile
that of the tCsHsNH. cluster significantly greater than any of  is significantly different, with an electron-rich-€N triple bond

the other systems. A significant interaction between the transientinstead of the more diffuse lone pairs on the N atom in aniline.
dipole of the neutral cluster configured in the anion geometry In addition, the large permanent dipole in €3N (u = 3.924

and the continuum photoelectron is therefore expected for this D)*® supports a long-lived dipole-bound state, facilitating

system that could result in the observed relatively isotropic Photodissociation to yield t# CH;CN™ below and possibly
angular distribution and be responsible for the threshold a@bove the photodetachment threshBiéf Photodestruction of

detachment feature observed in Figures 1d and 3e. |7(CH3CN) above threshold could lead to Competition between
direct DPD, photodissociation to H CH3;CN, and photodis-
sociation to 1+ internally excited CHCN™ that could subse-
guently autodetach to yield low-energy electrons. However, no
autodetachment signal was observed fqCH3;CN) in ref 18,

diffuse dipole-bound electron would not bind the neutral 25 th€ dipole momentof the GBIN fragment is evidently strong
enough to retain any captured electrons. In the case of

constituents, so in the subsequent dissociation a low-energy freq ~(CeHsNH?), the calculations presented here indicate that while
electron could be liberated. There must be a charge-transfer- . . .
the dipole moment of the ¢ElsNH, fragment is enhanced in

to-solvent aspect to this process; however, as an eXCitedthe geometry of the anionic cluster, the dipole moment of

. . . X . ) ,
I(I,cfl_g’\'l_'Hﬁl)H alnlfr2:m|_||glr\1]t|_|dFsgﬁ?tlejLal(J:O\Ae&rgeTcgid tﬁg'eld isolated GHsNH, cannot support a stable, dipole-bound
eris T2 e eI 2 : CsHsNH,~ after cluster dissociation. Thus, relaxation of a

exldteréﬁ for: pro?uc;tcinbofldurlng tjhe rl]zi ps laser pr|Se bi;_ transient GHsNH,~ after dissociation will yield a low-energy
photodetachment of I by a second photon was observed; oo 202

however, this does not fully rule out occurrence of this channel, .
y In the state-dependeni(Er) spectra in the DPD of

due to the short laser pulse. Since the electron is initially S . .
. o . : I7(CeHsNH,), it is interesting to note that the channel with the
localized on 1, it is expected that absorption of a photon yields .
P P P y larger Er is the 1@Py) + CgHsNH, product channel and that

a state with the electron transferred to the solvent. The secondthis channel also has a nearly isotronic photoelectron anaular
product channel in this mechanism involves the anilide anion; y pIC P 9

. o L . " distribution, indicating either s-wavé £ 0) photodetachment
however, this species is not stable in either valéhoedipole- o o .
. L IO or an indirect electron emission mechanism at threshold. At the
bound states. The dipole moment in isolated aniline is only . . .
— 113 D38 considerably less than needed to bind an larger eKEs in this channel, photodetachment is undoubtedly
HCeHeNH, = = ’ y S direct, and given that the angular momentum carried away by
electron. Any charge-transfer-to-solvent in this system, then,

b red t hibit a | threshold detach i the photoelectron and the electronic angular momenta of the
will be expec_ edto e_x Ibit a low-energy re_s 0 . etachmen products are less in this channel, it is possible that the half-
feature consistent with a two-step process involving photoex-

itati f ited state of the clust ion foll db collision dynamics in this case lead to higleras a result of
ctation ot an excited state ot the ciuster anion foflowed by angular momentum conservation. The clusters under study here
dissociation and autodetachment from anilide.

are produced in a jet-cooled environment, with rotational
Previous studies have shown that the interaction between thetemperatures expected to be on the order of 3% tus the
incipient continuum electron and the dipole of the resulting parent rotational angular momentum is limited. The half-
neutral cluster or the solvent itself may have a significant impact collisions probed in these experiments have impact parameters
on the photodetachment dynamics. In th€H;0) system the  constrained by the initial geometry of the anion. The relative
interaction between the permanent dipole and the excess electroRpatial orientation of the atomic and molecular orbitals of the
is sufficient to support a transient charge-transfer-to-solvent cluster constituents will also govern the electronic interactions
dipole-bound anionic excited statélsolated HO has a large  in the anion and neutral. It is interesting to speculate that a
dipole moment 41,0 = 1.854 D) that is enhanced in the stereo-electronic coupling of the cluster anion structure to the
geometry of the 1(HO) anionic cluster as shown by the photodetachment continuum leads to the different product
calculations carried out in this study and in ref 18. However, channels, with different angular momentum constraints leading
no autodetachment signal is observed in th@H,O) cluster. to the differences observed in th€Et) spectra for the FPy),)
Autodetachment has been previously observed in (C&8)d + CgHsNH, and 1@Psj;) + CgHsNH; dissociation channels.
attributed to excited states of covalently bound isomers of this  Finally, we note that the interaction of with both aniline
homomolecular dimer anidif:°* Bonding in the T(CsHsNH>) and phenol is considerably stronger than their nonaromatic
cluster is noncovalent so a different mechanism for threshold homologues. The alcoholic H atom in phenol is relatively acidic,
detachment in this system must be operative, such as thatand thus the potential for proton-transfer reactions yielding Hl
proposed in the previous paragraph. Given the similarities of — CsHsO~ complexes must be considered. It has been shown
the interactions in 1(H20) and I'(CsHsNHy), however, the  that when the chloride anion interacts with phenol, proton
question is why no threshold detachment is observed(iD). transfer occur§® The electron affinity (EA) of the phenoxyl
The fundamental difference between the two is that aniline is a radical is 2.25 e\f® and we have found the VDE EA for the
large, polarizable object, so even though the permanent dipolel(CsHsOH) cluster to be 3.81 eV. If the proton-transfer reaction
is smaller, it has a greater tendency to capture the incipientwere to occur, the phenoxide anion would be stabilized
continuum electrons. In addition, aniline has significantly more compared to the free anion, but not by 1.4 eV. In addition, the
low-lying electronic states than water that can be involved in similarity of the I"(CsHsOH) photoelectron spectra to perturbed
the formation of temporary anionic stafs. |~ strongly argues against the occurrence of proton transfer in

A potential mechanism for production of the threshold
detachment feature in aniline involves capture of a fraction of
the incipient continuum electrons by the large dipole field of
the neutral cluster configured in the anionic geomé¥ryhe
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the complex. Aniline is less acidic than phenol, so the likelihood (7) Loh, Z. M.; Wilson, R. L.; Wild, D. A.; Bieske, E. J.; Zehnacker,
of proton transfer is even less in that case. The similarity of the A- J- Chem. Phys2003 119, 9559.

observed photoelectron spectra in these iog@®matic com- Phy(sf?)zo?)zti%alg??{'?é'; Nee, M. J.; Zhou, J.; Neumark, D. MChem.
plexes also argues against any significant absorption by either (9) Mabbs, R.: Pichugin, K.: Surber, E.: Sanov,JAChem. Phys2004
phenol or aniline playing a role in the photodetachment process. 121, 265.

It is important to keep in mind, however, that both of these  (10) Markovich, G.; Pollack, S.; Giniger, R.; Cheshnovsky,JOChem.
molecules readily absorb ultraviolet radiafiéffand have the ~ Phys.1994 101, 9344.

potential to act as a chromophore in the cluster. At this photon  (11) Dang, L. X.; Garrett, B. CJ. Chem. Phys1993 99, 2972.
energy, it is possible that excitation of the aromatic molecules ~ (12) Kebarle, PAnnu. Re. Phys. Chem1977, 28, 445.

in the I"(CsHsNH,) and I (CsHsOH) clusters to their Sstates (13) Paul, G. J. C.; Kebarle, RBan. J. of Chem199Q 68, 2070.
occurs, but there is no evidence this is affecting the photode- (14) Paul, G. J. C.; Kebarle, B. Am. Chem. S0d991, 113 1148.
tachment process under study here. Studies of the wavelength., (15 Amold, D. W.; Bradforth, S. E.; Kim, E. H.; Neumark, D. M.

d d fth h d h d X fth | hem. Phys1992 97, 9468.
ependence of the photodetachment dynamics of these clusters (16) Bassmann, C.; Boesl, U.; Yang, D.; Drechsler, G.; Schlag, E. W.

will provide further insights into this question. Int. J. Mass Spectrom. lon Processk396 159, 153.
(17) Caldwell, G. W.; Masucci, J. A.; lkonomou, M. @rg. Mass
Summary Spectrom1989 24, 8.

. . L (18) Mabbs, R.; Surber, E.; Sanov, A. Chem. Phys2005 122
An experimental study of the stable and dissociative photo- 0543081.

detachment of the solvated iodide cluster§dO,), 17 (NHs), (19) zhao, Y.; Arnold, C. C.; Neumark, D. M. Chem. Soc., Faraday
I=(H20), I7(CsHsNH2), and F(CeHsOH) at 257 nm has been  Trans.1993 89, 1449.

presented. Photoelectron-photofragment coincidence spectros- (20) Brumbaugh, D. V.; Kenny, J. E.; Levy, D. Bl. Chem. Phys1983
copy was used to investigate the half-collision dynamics of the ’(21) Stephenson, T. A Rice, S. A. Chem. Phys1984 81, 1083
nascent neutral clusters produced in the equilibrium geometries (22) Jacobson B’ A‘_ I.-;umph’re); s ) Rice. S.JAChem Physlgéa
of the anionic precursors. The photoelectron angular distributions gg 5624 T T T '

for the 1@Ps/2) and 18Py,) product channels were measured and (23) Nimlos, M. R.; Young, M. A.; Bernstein, E. R.; Kelley, D. B.
compared to 1, revealing the effect of clustering on the Chem. Phys1989 91, 5268.

photodetachment dynamics. The largest effects were seen in_ (24) Becucci, M.; Lakin, N. M.; Pietraperzia, G.; Castelluci, E;
the ion-dipole systems 1(C¢HsNH;) and F(H.O). These Brechignac, P.;. Coutapt, B.; ngmlne,J?.Chem..PhySlQQQ .11Q 9961.
coincidence measurements allowed investigation of the-spin ph(yzf)LSt?.%%i’ ?':gapz'gt.raperz'a' G.; Castellucci, E.; Brechignacftem.
orbit-state dependence of the DPD dynamics. Spibit (26) Satink, R. G.; Bakker, J. M.; Meijer, G.; Helden, GGhem. Phys.
branching ratiosP(2Py/,)/P(2Ps/5), were measured for stable and | ett. 2002 359 163. ' ' '

dissociative neutral products, and the fraction of stable products (27) Oudejans, L.; Miller, R. EAnnu. Re. Phys. Chen2001, 52, 607.
are also reported. The translational energy distributions were (28) Yoder, L. M.; Barker, J. RPhys. Chem. Chem. Phy200Q 2,
found to peak neaEr = 0, with small average energy releases 813.

that were cluster-dependent. A dependence of the dissociation (29) Yoder, L. M.; Barker, J. RJ. Phys. Chem. 200Q 104, 10184.

dynamics on the I spinorbit state was found in both the 1(GD (30) Vernon, M. F.; Lisy, J. M.; Kwok, H. S.; Krajnovich, D. J.; Tramer,
. . A.; Shen, Y. R.; Lee, Y. TJ. Phys. Chem1981, 85, 3327.

and 1(GHsNHz) _clust_ers, .Sh‘.""’".‘g that the potential energy (31) Johnson, R. D.; Burdenski, S.; Hoffbauer, M. A.; Giese, C. F.;

surfaces governing dissociation intéR{,;) + X and 1@Ps) + Gentry, W. R.J. Chem. Phys1986 84, 2624.

X products are not equivalent for these clusters when produced (32) Bomse, D. S.; Cross, J. B.; Valentini, J.JJ.Chem. Phys1983
in the equilibrium structure of the anion by photodetachment. 78, 7175.
In addition to the spirrorbit-state-dependent dissociation (33) Yoder, L. M.; Barker, J. R.; Lorenz, K. T.; Chandler, D. @hem.
dynamics in the DPD of1(C¢HsNH,), a threshold photode- Phy;' Lett.1999 302 ?0025 dor . WLPhve. Chem. 8003 107 10
tachment process was observed for this system. These observa- (32) ':Aarslfns_’ 5 : g i erl’?D,'L P R 3k1 jot:: 4.
tions indicate that additional studies on(CsHsNH,) at other Ph§/s.199frggvg:4i6.” iniger, K., Levin, M., ©heshnovsky, L&hem.
wavelengths would be fruitful for understanding the photode- (36) Frischkorn, C.; zanni, M. T.; Davis, A. V.; Neumark, D. M.
tachment dynamics of this cluster. Faraday Discuss200Q 115 49.
(37) Evans, D. H.; Keesee, R. G.; Castleman, A. Wl. Chem. Phys.
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