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Photoelectron anisotropy and channel branching ratios in the detachment
of solvated iodide cluster anions
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Photoelectron spectra and angular distributions in 267 nm detachment of thAe, I~ -H,0,
I”-CHgl, and I -CH;CN cluster anions are examined in comparison with bareuking
velocity-map photoelectron imaging. In all cases, features are observed that correlate to two
channels producing either 2R5,) or I(?Py). In the photodetachment of land I -Ar, the
branching ratios of théP,,, and?P,, channels are observed to b®.4, in both cases falling short

of the statistical ratio of 0.5. For | H,O and I - CHsl, the ?P,, to ?P5, branching ratios are
greater by a factor of 1.6 compared to the bare iodide case. The relative enhancemertPgf,the
channel is attributed to dipole effects on the final-state continuum wave function in the presence of
polar solvents. For1-CH;CN the?P,, to 2P, ratio falls again, most likely due to the proximity

of the detachment threshold in the excited spin-orbit channel. The photoelectron angular
distributions in the photodetachment of, 11 - Ar, I~ -H,O, and I' - CH3CN are understood within

the framework of direct detachment from.IHence, the corresponding anisotropy parameters are
modeled using variants of the Cooper-Zare central-potential model for atomic-anion
photodetachment. In contrast,-ICH;l yields nearly isotropic photoelectron angular distributions in
both detachment channels. The implications of this anomalous behavior are discussed with reference
to alternative mechanisms, affording the solvent molecule an active role in the electron ejection
process. ©2005 American Institute of Physic§DOI: 10.1063/1.1839861

I. INTRODUCTION our continuing studies of the effect of solvent interactions on
i ) the electronic structure of anions, with a particular emphasis
‘Due to the elegant convenience of simultaneously megs, the PADSs arising from the photodetachment processes.
suring both the speed and angular distributions, the imaging e have recently carried out a series of photodetach-
techniqué has become a widely accepted tool in the studie§nent imaging experiments on cluster anions involving mo-
of neutral and charged species in gas-phase experir"n%nts.Iecular core-anion and solvent specid&41718These stud-
The imaging appm"?‘c*.‘ to negat|ve-|on. photoelectroqes shed light on the electrostatic and covalent interactions
spectroscopl allows distinct advantages. First, phomelec'implicated in homogenous and heterogeneous solvation of
tron spectra can be measured with uniform sensitivity for a"molecular anions. In the present work, we turn to solvent-

electron kinetic energiegekE), up to the maximum-eKE induced effects in the photodetachment of an atomic anion.

limit of the detection range. This f.eature of imaging prOV'?dThe reduced number of degrees of freedom and the availabil-
to be extremely beneficial in probing near-threshold and in-

direct detachment processes that yield low-eKE elecffohs, ity of tested theoretical models pertaining to atomic-anion

Second, the energy-resolved photoelectron angular distrib@hOthetaChment’ coupled V\_”th the advantqges afforde(_:i by
Imaging, allow for more detailed understanding of solvation

tions (PAD) are also determined in a straightforward manner, >
providing direct and often highly visual insights into the €ffécts on the photodetachment dynamics.

electronic structure of the parent aniéhd® In recent years, The core anion chgsen_lzr; this study is. lits spectros-
these facets of imaging have been applied to atomic, molec®OPY is well characterizetf,”® but the channel branching
lar, and cluster anions, yielding a wealth of information ratios in the photodetachment experiments warrant additional

about the species from which the detachment take§iscussiort® Four solvent speciesAr, H,O, Chyl, and
place>®8-18The technique also shows promise as a tool toCHsCN) are chosen to examine the effects of solvation on
study the evolution of the electronic structure as a chemicalhe electronic structure and detachment dynamics. The
reaction unfolds, serving as a powerful extension of femto£hoice of the solvation partners is dictated by the different
second photoelectron spectroscopy’ interactions implicated in the corresponding cluster anions.
In using photoelectron images to elucidate the electronidhe I -Ar anion is a relatively weakly bound cluster, in
structure of parent anions, the effect of surrounding molWhich the dominant interaction is due to the polarizability of
ecules needs to be understood. Intermolecular interactioribe closed-shell, spherically symmetric Ar atom. The mo-
are the focus of the studies of clustéré®and collision pro-  lecular solvents are bound to the anion by stronger electro-
cesses. They also play an important role in time-resolvedtatic interactions involving significant dipole moments,
dissociation experiments, since the fragments necessarilyhich can potentially affect not only the energetics but also
start out in close proximity. These considerations motivatehe dynamics of the detachment. While this is the case for all
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three molecular solvents studied, only £EN is capable of
forming a dipole-bound anion in isolatidf>! Methyl iodide
is also of special interest, because the structure o€CHjsl
cluster anion is representative of the entrance channel of the
S\2 reaction T + CHgl—ICHg+17.%2

The five anions in this work had been extensively stud-
ied through photoelectron and ZEKE spectroscofigs 43 (@)
and thus the cluster structures are fairly well known. The
spectra all appear to reflect the detachment fropwith the
transition energies reflecting the solvent-induced stabiliza-
tion of the bound orbitals of the anion relative to the lowest
unoccupied orbital of the neutral. However, in the previous
studies of T-Ar, I7-H,0, I”-CHgl, and I - CH3CN, little (b)
attention was paid to the solvent-induced variations in the
PADs or relative photodetachment cross sections. In the cur-
rent work, advantage is taken of the photoelectron imaging
technique to redress this omission, yielding in some cases
surprising results.

(©

II. EXPERIMENTAL APPARATUS

The experimental apparatus is described in detail else-
where? In brief, it employs the ion generation and mass
analysis techniques of Lineberger and co-workéfS,com-
bined with a velocity mappetf,imaging scheme for detec- @
tion of the photoelectrons.

The anions are formed in an electron impact ionized
pulsed supersonic expansion of a precursor gas mixture,
which includes undried carrier g&8r) and the desired sol-
vent vapor, seeded with the ambient pressure, ofThe re-
sulting gas, at a total stagnation pressure of 4qgeige, is
expanded through a pulsed 70 Hz nozZBeneral Valve Se-
ries 9 into a region with a base pressure of £0rorr, rising
to 2x 10 ° Torr when the valve is operated. For the prepa-
ration of I"- CHsl, a 5% concentration of methyl iodide is FIG. 1. Photoelectron images and the corresponding spectra obtained in 267

. _nhm detachment ofa) |, (b) I -Ar, (c) I"-CHjsl, (d) I"-H,O, and(e)
used. For T CH;CN, the ambient vapor pressure of aceto I”-CH3CN. The images and spectra are displayed on arbitrary intensity

nitrile is mixed with that of iodine prior to expansion. In the scales; however, the electron focusing conditions are the same in each image
experiments on1-H,0, residual vapor within the gas deliv- allowing a direct visual comparison of the eKEs. The detachment laser is
ery lines serves as a source Oj(])'l polarized vertically in the image plane, as indicated by the double arrow.

The Supersonic expansion is crossecvatl. key elec. o0 S0 nes moug e ot reresentLoranaar s o e e
tron beam and the resulting anions are pulse extracted into gectrum with arrows indicating the partially resolved vibrational structure
Wiley-McLaren time-of-flight mass spectromeférToward  in the (asymptoti¢ 2P, channel.

the end of the flight tube, the ions enter the detection region

with a typical base pressure of>x@0 °-5x10 °Torr,
where mass spectra are recorded using a dual microchan
plate (MCP) detector(Burle, Inc). Prior to impacting the
detector, the ion beam is crossed with the frequency triple
Piysics, Inc. 1 md, 100 1o pulses at 600/ 267 nm USNG 2 charge-coupled devid€CD) camera(CooiSnap.
light is generated by mixing the fundamental and the secon?zOper Scientific, Ing. and are typically averaged for

harmonic in the super tripler harmonics generdgaper Op- 1-3)x 10" experimental cycles. To discriminate against ex-
tronics, Inc), giving 20 uJ/pulse with a 4.4 nm bandwidth perimental noise, the potential difference across the two im-

The linearly polarized beam is mildly focused ugia 1 m aging MCPs, maintained at 1.0-1.2 kV total, is pulsed up to

focal length lens positioneet0.5 m before the crossing of :_he r:jotrmal _op_edratlo_r:r?ltlhevel (.)f 1|.8fkt\r/1 forha ,[20? nts window

the laser and ion beams. imed to coincide wi e arrival of the photoelectrons.
Photoelectrons are detected in the direction perpendicy-

lar to the plane containing the ion and laser beams. A 40 mml' RESULTS AND ANALYSIS

diameter MCP detector with a P47 phosphor scrégurle, Figure 1 shows the raw photoelectron images obtained

Inc.) is mounted at the end of an internajlymetal shielded in 267 nm detachment of | and I -M (M=Ar,CHsl,

(e)

n(—\éF:ctron flight tube. The direction of the laser polarization is

maintained parallel to the imaging detector plane, as required
(fjor data analysis based on the inverse Abel transformation
technique$:*®Images are recorded from the phosphor screen
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TABLE |. Spectral and angular distribution parameters and channel branching ratios determined from the
photoelectron images in Fig. 1.

Peak eKE Spectral shift
e eV

Anionic il V) A Branching ratio

species %pgn Py Py Py Py P 2P %Pyp
1~ 1.57 0.63 —0.67 —-0.73 0.38(+0.01)
I~ Ar 1.53 0.58 0.04 0.05 -0.70 —0.69 0.40(+0.01
17 - CHal 1.21 0.26 0.36 0.37 —0.26 0.02 0.60+0.01)
I7-H,0 1.11 0.16 0.46 0.47 -0.77 -0.13 0.63(+0.01
17 -CH3CN 1.10 0.14 0.47 0.49 —-0.70 -0.10 0.35(+0.03

H,0,CH;CN). Also shown are the corresponding photoelec-tions are shifted to lower eKE compared to. IThe data in
tron energy spectra. Each image displays two concentric cifFigs. Ib)—1(e) are presented in order of increasing solvation
cular bands corresponding to the(tS,) —1(?Pg,)+e~ and  energy. The spectra were analyzed through Lorentzian line
I~ (1Sy) —1(?Py») + € detachment channels in the core io- fitting and thus determined positions of the transition
dide anion, hereafter referred to as #ti®y, and?P,, tran-  maxima, along with the magnitudes of the solvent-induced
sitions, respectively. The outer bands, corresponding to fastepectral shifts, are summarized in Table I.
photoelectrons, are ascribed to the energetically lofy, Of the advantages of imaging discussed in the Introduc-
detachment channel, while the inner bands correspond to th#n, particularly important for this work is the uniform de-
excited?P,, spin-orbit state of the neutral | atom formed in tection sensitivity for all photoelectrons up to the maximum-
the photodetachment. eKE limit. This experimental feature provides for an accurate
All images in Fig. 1 were recorded under the same elecdetermination of the channel branching ratios, which can be
tron imaging len® conditions and are presented on the samebtained from the integrated spectral peak intensities de-
velocity scale. Thus, the radii of the bands, which vary withduced from the Lorentzian fits. THP,,, to 2P, channel
M, reflect the solvent-dependent energetics of the electrobranching ratios obtained in this work are summarized in
detachment. In addition, the following two effects are appar-Table I. Consistent with the qualitative features of the images
ent upon inspection of the images. First, a significant enin Fig. 1, the branching ratios show a dramatic increase for
hancement of the excited spin-orbit channel is observed ih™ - CHzl and I” - H,O compared to bare land I" - Ar. How-
the detachment of 1-H,O and I - CH;l, compared to T, ever, the ratio decreases again for detachment from |
I~ -Ar, and I - CHzCN. The increased relative intensities of - CH3;CN.
the inner rings in Figs. (&) and 1d), compared to Figs.(d), In the I” - CH3l case, additional structure, discussed pre-
1(b), and 1e), are easily seen by eye. Second, there is aiously by Johnson and co-workets?® can be discerned in
striking loss of anisotropy in the angular distributiontmfth ~ the photoelectron spectrum in Fig(cL Although too weak
transitions in T -CHsl, as seen in Fig. (t). The (nearly  to have a significant effect on the Lorentzian peak fitting
isotropic PAD contrasts this cluster anion with all other sys-procedure, this structure is superimposed on the lower-eKE
tems studied in this work. wings of both spin-orbit channels. While hardly seen in the
The images in Fig. 1 represent the projections on théP, channel, it is partially resolved in th&;,, band, as
detector plane of the probability density distributiofi€.,  shown in the inset in Fig.(t). Its emergence in the excited
|4]?) of the final state of the photodetached electron in thespin-orbit channel is due to the improved absolute energy
three-dimensional linear-momentu(uelocity) space, aver- resolution for slower photoelectrons. The approximate spac-
aged over random orientations of the parent anions in théng of 560 cm ! between the features on thR;,, band wing
laboratory frame. To determine the corresponding energy anig consistent with excitation of the C—I stretch in neutral
angular distributions, the original three-dimensional distribu-CHgl. 324°
tions must be reconstructed. This task is accomplished by the The PADs resulting from one-photon detachment using
inverse Abel transformatiohyvhich makes use of the cylin- linearly polarized light can be, in general, characterized by
drical symmetry imposed on the photoelectrons by the lineathe anisotropy parametgs,>°~>2 determined by fitting the
polarization of light used in photodetachment. In this work,function
the analysis is carried out using the Reisler group’s basis set

expansion prograniBASEX),*® which yields both the en- 1(8)=(a/4m)[1+ BP,(cosb)] )
ergy spectra and PADs corresponding to the experimental
images. to the angular distributions derived from the images. In Eq.

The photoelectron spectrum of lin Fig. 1(a) exhibits (1), o is the total detachment cross section, used here as an
two transitions corresponding to the two spin-orbit channelsarbitrary fitting parameterd is the angle between the laser
separated by 0.94 eV. The widths of the peaks reflect thpolarization axis, and the photoelectron velocity vector, and
convolution of the laser bandwidth with other experimentalP,(cosé) is the second-order Legendre polynomial. Tge
broadening factors. The stabilizing effect of the solvent isvalues obtained from the images in Fig. 1 are summarized in
clearly seen in the cluster-anion spectra, where the transiFable I.
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IV. DISCUSSION tive treatments of 1 photodetachment. Several one-electron

In many cluster anions, the excess electron is largelynodels have been used to predict detachment cross

: 8,56-63 H H
localized on a well-defined core moiety. In the cluster anionsseCt',Onsz' " These semiempirical treatments have been
studied in this work, this moiety is the iodine atom, its elec-2PPlied with some success to detachment leading to a

tron affinity being much greater than that of any of the sol-9round-state neutral atom. However, ignoring many-body in-

vating species used When considering the detachment pro- teractions and the effect of the remaining neutral core on the
cesses in these clusters, a logical starting point is thgdetachment process, inherent in the one-electron models,

photodetachment from bare | By itself, I is a closed shell limits their success in applications to highly polarizable at-

species, for which the lowest detachment transition, undePMs: as well as atoms with large electron affinities and de-
the one-electron approximation, involves removal of an elecfachment channels leading to excited neutral states.

tron from a % atomic orbital. Spin-orbit interaction in the More accurate treatments taking into account many-body
residual open-shell atom gives rise to two distinct final€ffects are outlined in a review by lvanBtMethods based
states, the lowe?Ps, state and the uppéP,, state, sepa- ON the rel_atlwstlc random phasg- apprpxmat?éﬁ‘?7 have
rated by 0.94 e All photoelectron images in this work been applied to the study of halide-anion detachment cross

bear signatures of | photodetachment with narrow spectral Sections. For detachment from the 6rbital, the branching
features. ratio is predicted to favor théP, neutral state with a

We will discuss two types of solvent effects. The first greater than statistical weight for photon energies up-%
concerns théP,,:2P,, transition branching ratio, which €V. The experimentally observed nonstatistié®l,:*Pg,
varies significantly throughout the series of the cluster anion§ranching ratio of 0.38 is in good agreement with the predic-
studied. The second concerns the photoelectron anisotropjon by Kutzneret al®” Thus, although 267 nm is sufficiently
particu|ar|y the anoma|0us|y near]y isotropic nature of | far from both detachment thresholds for cross sections to
- CH;l photodetachment. The starting point for these discusdeviate from the Wigner law, the partial cross sections are
sions is the detachment of | which is used as a reference still increasing with photoelectron energy in this energy

system for interpreting the results for the solvated species.ange. Hence, the energy difference between the two neutral
states causes the observed deviation from statistical behavior.

The 2P,,:?Pgy, branching ratio shows significant
In I~ photodetachment, the statistica®,,,:>P5, chan-  changes caused by interaction with different solvation part-
nel branching ratio is 0.5, as determined by thé{2)-fold  ners(see Table)l The I - Ar data yield a branching ratio
degeneracy of the correspondif@; neutral states. The similar to that for I', suggesting that Ar has little effect on
branching ratio of 0.38 observed in the photodetachment athe cross section for either detachment channel. This is not
bare I deviates from this expectation, indicating that thethe case forT-CHzl and I” - H,O, for which the branching
final-state populations are determined not only by the chanratios indicate a relative enhancement of #f,, channel
nel statistics, but also by the relative cross sections, whiclcompared to bare’l. In interpreting these data, it is helpful
are in turn affected by the dynamics of photodetachment. to examine the effects of solvation on photodetachment cross
In 17, the initial state of the electron is characterized bysections observed elsewhere.
the orbital angular momentum quantum numberl. Under Johnson and co-workers measured the total detachment
the electric-dipole selection ruls,and d partial waves are cross section as a function of wavelength for the series of
formed in the one-photon process. Unlike photoionization ohydrated iodide clusters [H,0),, n=0-63* Their experi-
a neutral atom, in negative-ion photodetachment the departnents showed that hydration changes the detachment trends.
ing electron interacts with a neutral residue, with no Cou-For bare T, the total cross section rises gradually with en-
lomb attraction. The shorter-range higher-order interactionsgrgy above théPs, threshold and shows another sharp in-
for which the magnitude of the long-range potential decaysrease at théP,,, channel opening. In the presence of water
faster than ¥#, are not sufficient to suppress the centrifugalmolecules, it exhibits a well-defined maximum above the
barrier for waves with¢>0. Therefore, the corresponding 2P, threshold followed by a decrease all the way to the
partial cross-sections scale differently with eKE, generally’P,,, channel opening, which marks another sharp rise and a
conforming to the Wigner law near the detachmentsubsequent decrease. Another striking example of near-
threshold®* threshold enhancement of the detachment cross section is
The photon energy employed in the current work is somedound in the Johnson’s group work on ICH;CN,?° where
way from threshold and the purely Wigner regidnhow-  the cross section is dominated by a sharp near-threshold peak
ever, the overall qualitative trend in channel cross sections iattributed to a dipole-bound state.
this energy regime is to increase with eKE. Owing to this  The existence of cross-section maxima indicates compe-
trend, one expects larger cross sections grchannel in tition of two different trends. The first is the overall increase
the detachment leading to tR®,, neutral state, compared in detachment cross sections with increasing energy, as dis-
to 2P,/,. (M, denotes the quantum number for the projectioncussed above for the baré kase. The second, hydration-
of the total electronic angular momenturihe greater cross induced mechanism works in the opposite direction, increas-
sections for T—1(?Pg,)+ e~ detachment, compared t0 | ing the cross sections in the near-threshold regions of small
—I1(®°Pyp+e”, result in a smaller than statistical eKE. Johnson’s explanation for the enhanced near-threshold
2p,,:2Pg, branching ratio, as observed in the experiment. cross sections invokes the long-range attractive potential due
This analysis is further supported by available quantitato the polar water molecules, which partially localizes the

A. Branching ratios



054308-5 Solvated iodide cluster anions J. Chem. Phys. 122, 054308 (2005)

final-state continuum wave function in the vicinity of the we will again begin with a discussion of its detachment as an
core3* As the energy increases, the cross section for a giveatomic process and then examine the effects of the solvent.
channel drops, as the continuum wave function becomes In the atomic picture, the observed PAD arises from in-
more delocalized, reducing its overlap with the initial boundterference between theandd partial waves formed in the
state. detachment from a5 orbital. Cooper and Zare developed a
With regard to the present measurements, we are neararodel for photoelectron angular distributions, in which the
threshold in theé’P,,, channel, and hence its cross section isdetached electron moves in the central potential due to the
relatively enhanced in a similar way in the presence of polaatomic residué!®?The parameters in this model are the ini-
solvents. Thus, the localization of the continuum wave funcdial orbital angular momentum quantum numidethe phase
tion near the core, suggested by Johnson and co-wotkersangles and dipole radial matrix elemeiis corresponding
can explain the increased yield of the upper spin-orbit chanto the emitted wavegdescribed by¢’'=¢*+1). Hanstorp
nel in I"-H,O and I - CHl photodetachment observed in et al®® simplified this formalism by further assuming that the

this work. wavelength of the free electron is large compared to the size
However, the branching ratio for tCH;CN, when of the initial state and that there is no interaction between the
compared to T, I”-H,O and I - CH3l (see Table), does departing electron and the neutral-atom residue. Under these

not appear to follow this trend. Several tentative explanationassumptions, the ratio of the final-state radial matrix ele-
may be advanced for this behavior. It is unlikely that thements varies linearly with eKER,, ;/R,_1=AE, whereE
difference between the } CH;CN branching ratio and those =eKE andA is the proportionality coefficient. This simpli-
exhibited by I'-H,O and I - CH;l reflects competition be- fication allows the calculation g8 according to the follow-
tween direct photodetachment and autodetachment. The evirg equation:

dence against this is seen in the highly anisotropic nature of

the PADs arising from both™I- H,O and I" - CH;CN, which p C(£—1)+(£+1)(£+2)A’E?—6£({+1)AEcos¢

is characteristic of a direct process. One must also keep =

mind that unlike the work of Johnson and co-work&rsye (20+1)[E+(E+1)ATE?]
measure the branching ratio at a single energy only. The

2p,,, channel threshold in"I- CH;CN is quite close to the
267 nm photon energy, giving ekED.14 eV. In this regime,
the continuum wave function is dominated bywvave de-
tachment, whose cross section diminishes rapidly with de
creasing eKE(as «eKEY? in a pure Wigner cage Being
closer to the detachment threshold than any other systeq},,

studied, the cross section for this channel may be correy crossescorrespond to the experimentsl values ob-
spondingly reduced by near-threshold effects. It must bginqq for hare T at various wavelength§??and the cluster

pointed out, however, the difference between the elemro%nions studied in this work. The solid line represents 2j.

k'gﬁt'g,\?r:jer?'eﬁ n tth.épl’z ?Ihannels for T-H,O and I for =1, optimized for agreement with the experimental data
s etachment 1S small. for I~ by varyingA and cosp with a nonlinear fitting proce-

The second, less likely possibility arises from thed re using the Levenbera-Marquardt metf®dhe param-
CH3CN dipole moment that is sufficient to support a dipole- ure using v 9 au e p

. . . "eters used arA=0.4932 eV ! and cosp=0.8617. The 95%
bound anion state. This state could conceivably act as a S'rﬁ%nfidence and prediction limits are also shown by the
for the lowest-eKE electrons. Dipole-bound anions h"’Wedashed and dotted lines, respectively. These limits also en-
been prepared by Johnson and co-workers dissociating |

A . compass the experimental points for bbtained by the
-CH3CN at 3.496 eV, i.e., just below the vertical detachment P b P Y

a2y h lied in th roups of Linebergét and Neumark' (open squares and
energy. owever_,t € energy suppliedin t_ Epr‘?se”‘ cas riangle, respectively giving further confidence in the
is 4.6 eV, exceeding even the upper spin-orbit channe

. resent results. Comparing the model predictions to the
threshpld by 14(.) “_“eV- Varym_g the detachment_ ENergy May, ;ster-anion data, we conclude that the M PADs are de-
shed light on this issue. An important caveat is that if the cribed well in terms of direct atomic-anion photodetach-
detachment energy is increased by more than a few hundreﬁﬁent with the notable exception of {CHl

of meV, Fhe e.KE. of théP5, channel moves into the region Ir; the above analysis, it was assumed that the solvent
where_ d|§SOC|at|ve ele,Ctgg n attachme nt to3CH may 0C~ — acts as a mere spectator in the process of photodetachment of
cur, yielding CH+CN™.°° The opening of this additional

h Lwill h the effect of reducing the obserd atomic iodide. However, for cluster anions it may be unreal-
channel witl have the efiect of reducing the obser e, istic to assume that the neutral residue does not interact with
photodetachment cross section.

the departing electron, especially in the case of polar sol-
vents. The dipole moment of the neutraAf complex is
indeed small~0.01 D, estimated by an HF/3-21G calcula-
Photoelectron anisotropy is known to be, in general, eKEion usingGAUSSIAN9S (Ref. 72 at the experimentally deter-
dependent. Thus, it is no surprise that fd@alues summa- mined cluster-anion geomefr. However, IH,O, I-CHgl
rized in Table | vary from image to image and, in most casesand I CH;CN are predicted to have appreciable dipole mo-
between the transitions in a given image. Since the photodenents. For example, HF/3-21G calculations at the corre-
tached electron initially resides mainly on the iodine atom sponding anion equilibrium geometrié<® give ©=2.03 D

2

where ¢ is the relative phase of th& =¢=*1 partial waves.
Hanstorpet al. applied this model to detachment frompa
orbital in the O cas€’® where, similar to T, AE is also the
ratio of thed to s radial matrix elements.

The application of this model to the present data is
wn in Fig. 2a). Different symbolgwith the exception of

B. Photoelectron angular distributions
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for 1.CHgl, 2.38 D for I-CH;CN, and 2.77 D for iH,0. residue(in atomic unitg. For largeu, the partial-wave cross
Hence one can expect considerable electron-dipole interagection is given bff

tions in these systems. o ~CyAp=Cypsint(mv'12)
The effect of these interactions on the free-electron wave ) .
cross sections can be modeled following the work of +coS[(v' Ink)+ 81} 71, 4

O’Malley.”* In the limit of a small dipole moment of the wherev'=[u— (€' +1/2)?]¥? and § is a phase factor. The
neutral residue in near-threshold photodetachment, the crossnsition between the small and large dipole-moment re-
section of a partial wave characterized by an angular mogimes occurs ap= (£’ + 1/2).
mentum quantum numbér scales as The ratio ofo,, 1 ando,_4 calculated using either Eq.

o1 ~Cor A= Cor K2V 3) (3) or Eq.(4) can be used to determine the ratio of the dipole

e TR matrix elements in Eq2). Assuming that only the radial part

wherev=[(€'+1/2)>— 1]*?, k is the linear momentum of varies with eKE, we obtairR,, /R,_1=(0¢,1/0¢_1)*?
the free electron ang is the dipole moment of the neutral and Eq.(2) takes the form,

. CU—D)+(L+1)(€+2)(0pi1]op_1)—6L(L+1)(0¢s1/0¢—1)?cOSP

20T DL+ (C+ D) (0gaalor ] ' ®)

where the linear momentum and hence eKE are accounted. Nature of | ~-CHzl detachment
for in the calculation of the cross sections. This approach is
tested in Fig. Pa) for ©=0, when Eq.(5) should become
identical to Eq(2). The series of crosses representing 4.

Most features of the reported cluster-anion photoelectron
images allow a straightforward interpretation that the detach-
e ! ment takes place from atomic iodide solvated by a neutral
fall exactly on the solid line generated by E@) using the 4151 or molecule. However; | CHl yields a surprising re-

same relative phase angle. sult, which contrasts it to all other cluster anions studied. The

Equation (5) can now be used to account for the pap in the I - CH,l case is much more isotropic than ex-
electron-dipole interactions. The dotted, dashed and das*ﬂ)‘ected from simple arguments, either treating the;lGHoI-
dotted lines in Fig. ) were generated using E() for the  gcyle purely as a spectator or taking the dipole moment of
detachment of 1-H,0, I”-CHsl, and I"- CH;CN, respec-  the neutral cluster into account. In addition, in higher-
tively. Thesandd wave cross sections were calculated usingresolution energy-domain worR, the 2P, transition in I
the O'Malley approach described abdVeBased on the . c, photodetachment seems to be uncharacteristically nar-
I-H,O, I-CHsl, and I-CH;CN dipole moment valuessee o
above, s wave emission occurs in the largeregime, de- In considering the anomalous lack of photodetachment
scribed by Eq(4), while for d waves the smallt description anisotropy in the T-CH;l case, one may look for clues in
[Ea. (3)] is appropriate. Varying’ in Eq. (4) was found to  the photochemical properties of the solvent molecule. An
have only a very minor effect on the values and hencé  jmportant difference in this regard between,® and
was arbitrarily set to zero. CH5CN, on the one hand side, and giHon the other, is that

In the end, the experimentdl values for I'- CHal still  neijther water nor acetonitrile absorb 267 nm light® while
fall nowhere near the corresponding calculated curve. Thﬁhethyl iodide doeé’ Regardless of the exact mechanism,
disagreement persists even if the model parameters are vafre availability of accessible excited electronic states inICH
ied within reasonable margins. Thus, it appears unlikely thaghyst be key to interpreting the experimental results.
the anomalously isotropic PAD in thé {CH;l case can be The I -CH;l anion has been studied quite
due to the electron-dipole interactions. extensively’03237-40.73.78he gyerall behavior of the photo-

In summary, the adaptatihof the Cooper-Zare central- absorption cross section reflects competition between photof-
potential modet->?by Hanstorpet al.yields good agreement ragmentation and photodetachment. Near the detachment
with experiment for the species studied, with the notablethreshold the T- CH;l photoexcitation spectrunfimeasured
exception of - CHzl. Admittedly, this model neglects long- by detecting T fragments displays two narrow bands sepa-
range electron-dipole interactions and hence its applicatiopated by the spin-orbit splitting of iodirf@ These correspond
to the cluster species with polar solvents should be takero electron transfer and subsequent dissociation of thgl CH
with caution. However, significant electron-dipole interac-molecule. The yield of T photofragments from1- CH,l de-
tions are expected in the detachment of H,0, I"-CHzl,  creases rapidly above the detachment threshold, with no
and I - CH;CN, yet only one of them,1- CH;l, shows an ionic products seen at the wavelength of the present
anomalous PAD. We conclude that the dipole considerationexperiment?
alone cannot account for the observed effect and hence the On the other hand, the 267 nm photon energy is well
very nature of electron detachment in-ICHjl is likely to be  above the dissociation limit for Ci (2.4 eV) and therefore
different compared to the other species. one may question whether direct absorption by the solvent
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0.2 isotropic PAD, compared to a direct photodetachment pro-
cess, consistent with the experiment. Energetically, the de-
tachment would still occur from the same electronic state as
the direct process, resulting in a photoelectron energy spec-
trum with the two I@Pllzyg/g) product channels. Nonetheless,
while this reactive mechanism is qualitatively consistent with
the overall features of the } CH;l photoelectron image, it
can be effectively ruled out, because the cross section for
CHsl photodissociation at 267 nm is 30—40 times smaller
than that for direct photodetachment of. 3”82

A more plausible explanation for the anomalous PAD in
the I - CH;l case is the existence of a scattering resonance.
02 Experimental studies of electron-methyl iodide scattering
have been carried out over a wide range of et(E100
eV).83-9A resonance observed to peak-a2 eV in electron
scattering from methyl halides has been attributed to electron
capture into the CX ¢* lowest unoccupied molecular
orbital 884939697 his resonance is of interest for the current
data, because it falls very close to the,, channel. In ad-
dition, the scattering cross section increases as the energy
decreases below 0.5 eV, into the,,, channel domain. Thus,
it does not seem unreasonable that the detached electron

-1.0 . . " could be scattered from the neutral solvent molecule.
(b) 00 05 CKE(/)CV 1.3 20 The presence of a scattering resonance is expected to

affect the relative phase angle in E§), causing a change in

FIG. 2. Variation in anisotropy parametgras a function of eKE. Irfa) and the,B value. Prediction using any value of cpghat is inde-
(b) symbols represent experimental data, while lines show the results of 93

theoretical modeling. Open symbols are data points for photodetachmer‘?endent of eKE is inadequate in this case. Benéea

from unsolvated T, while solid symbols represent monosolvated species.used correlation between electron transmission spectra and
The same experimental data are shown in Kattand(b), but the error bars inner-shell excitation spectra to deduce the presence of a
are indicated in(a) only. Experimental data from the current study are . .

shown as(open circles for I, triangles for T -Ar, diamonds for T shape resonance In QHSIIghtIy below 1 eV. Bound and
-H,0, squares for1-CH;CN, and(filled) circles for I" - CHyl. Data for I continuum multiple scattering« calculations predict a low-
z)btained by ougé';roup at wavelengths other than 267 nm are also includeénergy resonance”® state in CHI™ at 1.44 and 1.22 eV,
as open circles Additional data points for 1 from the groups of . .
Linebgrger(Ref. 71 and NeumarI(RelF‘). 21 are shown as opengsqugres and reSpeCtlvely' The_se resonances were not observed ex_pe”'
triangles, respectively. The solid line (&) represents a nonlinear regression mentally, but lie in the correct energy range to be possible

fit of Eq. (2) to the experimental data points for.IThe crosse¢+), which  explanations for the current results. Further experiments at

fall exactly on the solid curve, represeBivalues calculated using the modi- . . . .
fied approach of Eq’5) with zero dipole moment. Also shown are the 95% different detachment Wavelengths will be useful in ongoing

confidence limits(dashed linesand 95% prediction limitgdotted lines, study of this problem.
determined as described in the text. The grapltbinshows the effect of The behavior of the™ + CHjl scattering cross section at

!ncludmg the dipole momgnt of the neutral reS|dge on the detachm?nt arTOW energies is characteristic of polar molecti®g here-
isotropy, as modeled using E@5). The dotted line corresponds to |

-H,O, dash-dotted toI-CH,l, and dashed tol-CH,CN. The I curve  fOre, if scattering is responsible for the anomalous lack of
(zero dipole momentis reproduced for reference as a solid line. anisotropy in T - CHsl photodetachment, it is valid to ques-

tion why the I -H,O and I' - CH;CN images do not show

o o ) similar effects. Electron scattering measurements @ ta

molecule followed by its dissociation plays a role in the ob-g |inear transmission method in the 0.5-10 eV rdhghow
se;velc;gynamlcs. In(ljsola:jed g;%llgsomatlo_nh bzg[h F_(IZDP?)/?) that the cross section is several times smaller than that for
and I(Py;) are pro i at 266 nm, With @y/:*Pgp CHgsl. This can be seen as a reflection of the solvent mol-
branching ratio of 70:36°°In | ~- CH,l, the dissociation of . . .

ecule size. Electron scattering experiments oyOHave

the methyl iodide group would produce a methyl radical re-_ - . . 9
coiling in the direction of the 1 with roughly 1-2 eV of failed to find evidence for resonance between 0 and 8%V:

kinetic energy depending on the final state of the iodine frag:[he IOWfSt, reported resolrégnce, correspond.mg t6Aﬁ§tate
ment. The CH+1~ collision would occur on a repulsive of H,O™, lies at~7.9 eV:-" Electron scattering experiments

* .
potential energy surface, which crosses the neutraylCH ON CHCN reveal am™ shape resonance at 2.9 ®Vagain
potential®* The neutral surface has a minimum located 0.esignificantly higher in energy than the eKEs in the present
eV above the Ckt+ 1~ asymptote. Thus, the energy releasework®® Therefore, of all cluster anions studied here,
from the solvent dissociation is sufficient to reach the auto€lectron-solvent scattering resonances can play a role only in
detachment continuum in the transigr€H;l]~ collision |~ - CHgzl, possibly contributing to the anomalously isotropic
complex. Subsequent autodetachment would yield a morBAD observed in this case.

(a) 0.0 0.5 1.0 1.5 20

0.0 1

-0.2 1

-0.6 1

-0.8 1
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