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Xe* formation following photolysis of Au—Xe: A velocity map imaging study
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The photodissociation dynamics of Au—Xe leading to Xet formation via the E;,—-X>%% (v/, 0) band
system (41 500-41 800 cm™') have been investigated by velocity map imaging. Five product channels
have been indentified, which can be assigned to photoinduced charge transfer followed by photodis-
sociation in either the neutral or the [Au—Xe]™ species. For the neutral species, charge transfer occurs
via a superexcited Rydberg state prior to dissociative ionization, while single-photon excitation of
the gold atom in Aut—Xe accesses an (Aut)*—Xe excited state that couples to a dissociative contin-
uum in Au—Xe*t. Mechanisms by which charge transfer occurs are proposed, and branching ratios
for Xet formation via the superexcited Rydberg state are reported. The bond dissociation energy for
the first excited state of Au*—Xe is determined to be ~9720 + 110 cm™'. © 2011 American Institute

of Physics. [doi:10.1063/1.3556944]

I. INTRODUCTION

As a result of the use of rare gas (RG) atoms in the in-
ert messenger technique,' much recent experimental®>”’ and
theoretical*"'3 work has concentrated on elucidating the elec-
tronic structure of coinage transition metal (TM) and RG-TM
molecules, particularly in the vicinity of the strongly allowed
2P, « 2§ atomic transitions. Recent resonance-enhanced
multiphoton ionization (REMPI) studies of the Au—-RG series
[RG = Ne,®> Ar,* Kr,” and Xe (Ref. 6)] have shown that the
spectroscopy of these species in the region of the Au 62P;
< 6°S atomic transitions is surprisingly complicated, and
these complexities are borne out in the observed photodis-
sociation dynamics.” Of specific interest to the present arti-
cle are the spectroscopy and dynamics associated with the
Au-Xe E;;» (mixed character) state at 41 50041800 cm™!,
which was tentatively assigned as originating from the in-
teraction between the B> T state associated with the Au
(*P3p) + Xe ('Sy) asymptote and a *IT;, state correlating
with the higher Au (*Ps;) + Xe (1Sy) asymptote.® Interest-
ingly, attempts to identify an analogous electronic state in the
lighter members of the Au—-RG series have thus far proven
unsuccessful.”

In a recent study, we investigated the photofragmenta-
tion dynamics of Au—-RG complexes in the spectral region
of the Au (®P3) + RG ('Sy) dissociation threshold. It was
found that exciting the E1p—X*Tt (9-13, 0) bands resulted
in significant predissociation to the Au (*Py) + Xe (1Sp)
threshold.> Excitation to the Au-Xe Ei»(V' = 14) level, by
contrast, resulted in complicated Fano spectral lineshapes and
production of excited state gold atoms via the Au Pyp)
+ Xe (18p) and Au (P3pn) + Xe (1Sp) product channels.
Intriguingly, Xe™ production was observed concomitant with
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[Au—Xe]' (which we use when the location of the charge
is not specified, and Aut—Xe or Au—Xe™ when it is speci-
fied) and Au™ production for all of the observed Z;,-X>X+
(v, 0) vibronic transitions, despite the significant mismatch
in the atomic ionization energies of gold and xenon (74 409
and 97834 cm™!, respectively).'* This is an unusual obser-
vation though not unique: REMPI studies for the rare gas—
nitric oxide (RG-NO) clusters report similar observations of
Xe™ and Kr* formation along with the parent and cofragment
ions (RG-NO* and NO*, respectively).">! Several mecha-
nisms have been postulated for RG™ production in these ex-
periments, including multiphoton dissociation to form RG*
followed by ionization,'® and photoinduced charge transfer
dissociative ionization.'?

Here, we report the results of velocity map imaging
(VMI)?? studies of Xe* produced following excitation of the
E1p=X*X*t (v, 0) transitions of Au—Xe.

Il. EXPERIMENTAL

The experimental apparatus employed for studying the
photodissociation dynamics of Au—Xe is a purpose-built VMI
time-of-flight (TOF) mass spectrometer equipped with a laser
ablation cluster source, which has been described in detail
previously?® and is identical to that used in our previous
Au-RG study.’ Briefly, Au—Xe is produced by ablating a
gold target (Goodfellow, 99.95%) in the presence of an ar-
gon carrier gas (BOC, >99.9%) seeded with 5% Xe. The
carrier gas is admitted via a pulsed solenoid valve (Parker
Hannifin, series 9) with the backing pressure (typically 6—8
bar) optimized for the efficient generation of small clusters.
After traveling down an 18 mm cluster channel (2 mm diame-
ter), the gas expands into vacuum. At 60 mm downstream, it is
skimmed to form a molecular beam before entering the differ-
entially pumped VMI-TOF mass spectrometer region. Here it
is crossed orthogonally by the probe laser midway between

© 2011 American Institute of Physics

Downloaded 07 Mar 2011 to 129.67.106.145. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions


http://dx.doi.org/10.1063/1.3556944
http://dx.doi.org/10.1063/1.3556944
mailto: stuart.mackenzie@chem.ox.ac.uk
mailto: Tim.Wright@nottingham.ac.uk

094311-2 Hopkins et al.

the VMI repeller and extractor electrodes. The probe laser
system consists of a linearly polarized, frequency-doubled,
pulsed dye laser (PDL; Sirah Cobra Stretch, ~300 wJ per 8 ns
pulse, Ab &~ 0.30 cm™') operating with Coumarin 480 laser
dye and pumped by the third harmonic of a Nd:YAG laser
(Continuum, Surelite II, 10 Hz). The electric field vector of
the laser is oriented so as to be parallel to the plane of the
microchannel plate (MCP)/phosphor screen detector.

The instrument can operate in both in-line linear time-of-
flight and velocity map imaging modes. In the former case,
the mass-resolving power is sufficient to observe the different
isotopologues of Au—Xe. In the VMI mode, photodissociation
of Au—Xe leads to spheres of atomic fragments in the centre-
of-mass frame whose expansion rate is determined by the
kinetic energy release in the fragmentation process. Pulsing
the rear MCP from +1200 to 41600 V during the arrival
time of a given time-of-flight peak permits acquisition of sig-
nals arising from the ion of interest, while rejecting other
masses. The images are recorded using a 586 x 776 pixel
CCD camera, and are subsequently analyzed using a pur-
pose built LABVIEW routine employing the Onion Peeling
algorithm.?*

lll. RESULTS AND DISCUSSION
A. General comments

The Au—Xe E1,-X>%7T (8-14, 0) REMPI spectrum as
observed in the [Au—Xe] ™, the Xe™, and the Au™ mass chan-
nels is shown in Fig. 1. No hot band features are observed,
which given the spectrum signal-to-noise level, are consistent
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FIG. 1. The Au-Xe E;»,-X2Zt (8-14, 0) progression as observed via
(1 + 1) REMPI in (a) the [Au—Xe]" parent ion mass channel, (b) the Xe*
mass channel, and (c) the Au™ mass channel (data from Ref. 2). The spec-
trum observed in the Xet mass channel has been multiplied by a factor of 2
relative to the [Au-Xe]™ channel for clarity.
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with a vibrational temperature of <10 K. Operating in linear
time-of-flight mode, the resolving power of the VMI spec-
trometer is such that the spectra for each Au—Xe isotopologue
may be acquired individually.” Intriguingly, all of the spectral
features observed in the [Au—Xe]™ mass channel are present
in both the Xe™ and Au' mass channels with qualitatively
similar spectral profiles. The one exception is the marked en-
hancement of the v/ = 14 level observed in the Au* channel
which was the focus of Ref. 2. The focus of the present article,
however, is the observation of Xe™ whose intensity, under the
conditions employed in these studies, is a factor of 2 weaker
than that of the molecular ion [Au—Xe]™.

Naively, if an excited state of a diatomic molecule is sub-
ject to dissociation, it should not be surprising to observe
the evidence in both fragment channels (provided both can
be detected). We have previously shown that subsequent one-
photon excitation is sufficient to ionize the excited 2Py, state
of Au generated in the photolysis.” The ionization energy of
Xe, however, is ~3 eV higher than that of gold and it has
many fewer low-lying excited states. Clearly, very different
mechanisms must be present in the production of Aut and
Xe™ fragments. The E;,—X transition is essentially a 5d'°6p
< 5d'%6s transition localized on the gold atom and charge
transfer is therefore required to generate Xet.

Confirmatory evidence that the dissociation processes
leading to Xe™ and Au* are very different comes from the
VMI images in Fig. 2, which shows '3?Xe* and Au™ images
acquired following excitation of the E;,—-X>X* (10, 0) transi-
tion of the Au—'3?Xe isotopologue at 41 581.8 cm™!. Several
concentric rings are visible in the Xe™ image, but only one is
found in the Au™ channel. The corresponding total kinetic en-
ergy release (TKER) spectra extracted from these images are
shown in Fig. 3 from which the poor correlation between the
TKER spectra observed for the two product species is obvi-
ous. The TKER peak widths observed are broader than might
be expected for a diatomic dissociation. One contribution to
this width is the trivial effect of the many isotopes of xenon
convoluted with the kinetic energy resolution of the instru-
ment. Other effects include the kinetic energy of the departing
electron in dissociative ionization processes (see below).

Multiphoton dissociation to yield excited state Xe* or
Xe™ is unexpected. Absorption of the first photon must ex-
cite the E;, state, which is of mixed character and corre-
lates with both the Au (*P3p) + Xe (!Sp) and Au (*Psp)
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FIG. 2. VMI images recorded gating on (a) the Xe™ ions and (b) the Au*
following excitation of the same Z,—X>% T (10, 0) transition in Au—Xe at
41581.8 cm~!. Observed central spots associated with nonresonant ioniza-
tion of noncomplexed Au and Xe in the molecular beam have been removed
for clarity.
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FIG. 3. The total kinetic energy release spectra extracted from the images in
Fig. 2. The upper spectrum shows the TKER spectrum recorded in the Xe™t
channel, while that recorded in the Au™ channel is shown by the below spec-
trum. Clearly, very different dissociation mechanisms are present in the two
cases. Product channels 1-5 [blue online in (a)] show the predicted TKERs
of the five accessible Xe™ product channels at the three-photon level. Only
product channel 1 is not observed. Product channel 6 (red online) is assigned
to single-photon dissociation of the molecular ion (see text).

+ Xe ('Sy) asymptotes (and potentially has ion pair char-
acter), since the structure in the spectrum is the same as
that recorded in the [Au—Xe]™ mass channel. Given that
this excitation is localized on the gold atom and that ab-
sorption of the second photon by gold excites Au—Xe
above its first ionization energy (IE) at ~64563 cm™!
(and likely also above the second and the third IEs),>
one might expect production of the molecular ion either
in the '+ ground electronic state [correlating with Au*t
(!So) + Xe (1Sp) products] or in an electronic state cor-
relating with the low-lying Au+[5d9(2D5/2)6s](5/2, 1/2)2)3
+ Xe[5p°1(1Sp) asymptotes. Given that the observed
[Au-Xe]* signals are approximately twice as intense as those
of Xe™, it is apparent that simple photoionization out of the
By state is, in fact, the dominant process under the condi-
tions employed, assuming similar photoionization cross sec-
tions and detection efficiencies for both species. Nevertheless,
Xe™ is observed at all wavenumbers resonant with Au-Xe
E1p—-X>21 transitions.

To investigate the photon wavenumber dependence of the
peaks in the TKER spectrum, images were acquired follow-
ing excitation of each of the E1p-X>ZT (8-13, 0) transi-
tions. For example, Fig. 4(a) shows the images obtained via v/
= 9-13. Linear regression of the TKER peaks as a function
of excitation wavenumber yields a slope that is equivalent to
the number of photons required to induce dissociation [see
Fig. 4(b)]. The slope of close to unity for product channel 6
[0.71 £0.25, shown in red in Fig. 4(b)] indicates a single-
photon dissociation event. The larger slope in the case of
product channels 2-5 implies dissociation at the multipho-
ton level [for illustration, the blue lines in Fig. 4(b) corre-
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FIG. 4. (a) The TKER spectra extracted from the Xe™ images recorded
following Au—Xe photolysis via the E1p-X2Tt (9-13, 0) transitions. (b)
TKER peaks as a function of the excitation photon energy. Channels 2-5
have a slope of 3 (blue online) representing the expected dependence for
dissociation at the three-photon level, while channel 6 has a slope of unity
(red online), corresponding to single-photon dissociation. The dashed line
(blue online) shows a slope of 3 for comparison purposes. (c) The frac-
tional contributions of three-photon dissociation signal in each of the product
channels 2-5.

spond to a slope of 3]. In these cases, the comparatively large
uncertainties in the high TKER peaks and the narrow range
of photon energies accessible, preclude unambiguous assign-
ment, by linear regression alone, of the dissociation channels
or the exact number of photons involved. However, simple
energy balance calculations clearly identify product channels
2-5 as arising from dissociation at the three-photon level into
four of the five available Au + Xe* channels (see notation in
Fig. 3, channel 1 is not observed). In each case, the Au cofrag-
ment is produced in a quantum state that cannot be ionized
with a single photon of the dissociating/ionizing laser (i.e.,
Au ’Dsp [IE = 52973.7 cm™!], 2Ds), [IE = 65247.7 cm™'],
or 28y, [IE = 74408.9 cm™~']), which is consistent with the
nonobservation of these product channels in the Au images
acquired at the same wavelengths. Interestingly, as shown in
Fig. 4(c), the relative branching ratios for dissociation into
channels 2-5 changes notably with photolysis wavenumber,
with dissociation into channels 4 and 5 increasing at the ex-
pense of channels 2 and 3 as higher vibrational levels of the
&1, state are excited.
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TABLE 1. Observed Xe* product channels following the photolysis of Au—Xe via the E1; v/ = 10 state at 41 581.8 cm~!. Electron kinetic
energy releases are predicted by energy balance calculations and reflect the Xe™ TKER peak widths at half maximum height. Uncertainties
represent & half width at the TKER peaks at half maximum.

Product Observed TKER Predicted TKER Predicted electron KER
channel Assignment (cm™1) (cm™1) (cm™1)

1 Au (3S12) + Xet CP°3p) Not observed 26079

2 Au (®Dsp) + Xet (2P°3p) 16761 =+ 248 16918 225 cm™!

3 Au (3S1p2) + Xet CP°1p) 15410 + 194 15542 (Fixed)

4 Au (Dsp) + Xet CP°yp) 6573 &+ 157 6381

5 Au (?D3p) + Xet (2P°3p) 4757 + 200 4644

6 Au (?D3p) + Xet (2P°3p) 2059 + 167 2810 cm™!

All dissociation channels observed are identified in
Table I and the respective mechanisms responsible are dis-
cussed in more detail in Secs. III B and III C below.

B. Product channels 2-5: Dissociative ionization
at the three-photon level

The three-photon excitation to yield Xet products from
Au-Xe must, by necessity, proceed via a superexcited state.?
In principle, such a process could occur via a two-photon
xenon-centered excitation to a molecular orbital correlat-
ing with one of the Xe [5p°5d] Rydberg states. However,
given that Xe™ formation is observed only following (gold-
localized) excitation of the Au—Xe E;, intermediate state,
a Xe-localized two-photon excitation can be ruled out. A
more probable mechanism involves a process similar to the
photoinduced charge transfer mechanism proposed by Bush
et al. for RG-NO systems. '

Single-photon absorption in the 41 500-41 800 cm ™' re-
gion excites Au-Xe to the E;, state. The E;, state is
a mixed-character state that, in part, correlates with the
Au Cly, 0)°5n + Xe (1Sp) asymptote and thus has a Au
[54° (2D5/2)6s6p(3P0")] contribution to its electronic configu-
ration. The Au configuration term symbol arises from cou-
pling between the 2Ds;, and 3Py° orbital angular momenta
in (ji, j2)jior nomenclature. Absorption of the second pho-
ton can excite Au—Xe to Rydberg levels converging to the
second (and/or third) ionization thresholds. Vertical excita-
tion occurs to a Au**-Xe Rydberg state with a bond length
of ~3.3 A sufficiently short that the Rydberg orbital en-
compasses both Au and Xe, thus essentially preparing a
Aut—Xe ion core. Photoinduced charge transfer occurs at
similar distances®’" and we propose that the [Au—Xe]**
state switches from Au**-Xe to Au—Xe*, with the core
switching from Aut—Xe to Au-Xe™.

A plausible mechanism for the ion core charge trans-
fer involves coupling of molecular states correlating with the
Aut[548°(CDsp)6s] Cla,l ), + Xe [5p°] (1Sp) (accessed by
the second photon) and the Au[5d4'°6s] (S}5) + Xe*t [5p°]
(2P°3p) asymptotes. Excitation of the Au [5d°CDsj,)656p]
center to a Rydberg state with a Au* [5d°(*Ds))6s] ion
core must generate a Rydberg s- or d-orbital to conserve
angular momentum. Should the Au 6p electron be excited
to a Rydberg d-orbital, then subsequent ion core switch-

ing would yield a molecular state correlating with the
Xe*[5p° (2P°32)5d] configuration, as the Rydberg electron is
expected to be a spectator during this process. Several such
Au (3S1p) + Xe* asymptotes are known to lie in this en-
ergy region, the most likely for the proposed process being
that associated with the Xe*[Sp>(2P°3)5d] 2[3/,]°1 state at
84497 cm~!, just 1300 cm~! above the two-photon level.'*
The extent to which the coupling between these states is
driven via mixing with the ion-pair (i.e., Au"—Xe™) states
predicted to occur throughout this region is unclear.® Upon
absorption of the third photon by the Au—Xe* species, the Ry-
dberg electron is lost and at least some of the cationic species
dissociate. It should be noted that Au™—Xe and Au-Xe™ are
indistinguishable in our experiment. Given that the excitation
energy, the AuXe dissociation energy and the photofragment
internal energies are known, and the atomic/ionic TKER is
measured via the Xe™ product, total energy accounting can be
used to determine the kinetic energy that the electron carries
away. These calculations indicate that very little energy is lost
(~225 cm™") as electron kinetic energy during the ionization
process (see Table I).

The proposed three-photon charge transfer process is
consistent with the observed image anisotropies. Figures 5(a)
and 5(b) show the images recorded following excitation of
the E1p (V. = 9) and B, (vV/ = 13) levels, which exhibit
marked differences in the anisotropies of different product
channels. The interpretation of anisotropies observed fol-
lowing multiple-photon dissociation events has been treated
theoretically by Dixon and requires some care.’! Neverthe-
less, for product channels 2-5 the angular distributions are
nearly isotropic, reflecting the dissociative ionization process
in which the departing electron can itself carry away angular
momentum as the resulting molecular state of the ion predis-
sociates. There is a noticeable wavenumber dependence to the
observed anisotropy, which increases with excitation energy.
We have fit the observed angular distributions to 8,, B4, and
Be reflecting the likely three-photon nature, and the observed
B> variation is shown in Fig. 5(c). At low energies (i.e., V'
= 9) the slightly negative B, values are indicative of dis-
sociation via a ¥ — Il — A — II/® mechanism, con-
sistent with the proposed Au-centered s — p — d* exci-
tation. In contrast, the extracted 84 and B¢ parameters are
approximately zero within experimental uncertainty. The ori-
gin of the variation in anisotropies with increasing photolysis
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FIG. 5. (a and b) The reconstructed Xe™ images observed following photol-
ysis via the E1, v = 9 and 13 transitions, respectively, and (c) the extracted
B2 parameters. Channels 2-5 initially exhibit low or even negative B, param-
eters for v/ =9, evolving to larger (more positive) values with increasing pho-
tolysis wavenumber. This effect is clear in the very outer rings in the images
in (a) and (b). Product channel 6 consistently shows an angular distribution
of B2 = 2, consistent with a strongly parallel single-photon dissociation. Ob-
served central spots associated with nonresonant ionization of noncomplexed
Xe in the molecular beam have been removed for clarity.

energy is unclear, but may be associated with the chang-
ing nature of the E,, state, which evolves from a mixed
41,7207 state to a predominantly X% state closer to
threshold.®

The left hand side of Fig. 6 summarizes Xe™ production
via this mechanism.

C. Product channel 6: One-photon photodissociation
of [Au-Xe]*

The excitation wavenumber dependence of the channel
6 TKER peak suggests that it arises from a single-photon
dissociation process [see 4(b)]. The most obvious candi-
date for such a process is dissociation of the E, state.
This would yield Xe ('Sy) products, which cannot be de-
tected, and is consistent with the fact that no correspond-
ing peaks are observed in the experimental Xe* TKER spec-
trum. Given that [Au-Xe]* is readily formed by (1 + 1)
REMPI of Au—Xe, photodissociation of the molecular ion is
also plausible. Little, unfortunately, is known of the electronic
structure of [Au—Xe]". One would expect, however, that the
(1 + 1) REMPI process would yield Aut—Xe (i.e., gold-
localized charge), and thus the formation of Xe® from
the molecular ion must also occur via a photoinduced
charge transfer mechanism as invoked previously to ac-

J. Chem. Phys. 134, 094311 (2011)

count for the observations in the spectra of Kr—O," and
Kr—H20+.29’30

The well depth of the Au*—Xe !X+ ground electronic
state is calculated to be Dy = 10529 cm™!.?3 Single-photon
excitation from Aut-Xe !XTt (v = 0) could access ex-
cited states correlating with the Aut[5d°(2D3/,)6s] (*/2,'/2)2
+ Xe [5p6] (!So) asymptote. However, charge transfer fol-
lowed by dissociation to the Au[5d"°6s] (S1) + Xet [5p°]
(®P°5)) threshold would generate the TKER of ~6 200 cm™ !,
~4200 cm~! larger than that observed for the product
channel 6. For this mechanism to be correct, either (i)
the predicted Do('=%) value, obtained from very high-
level ab initio calculations, must be in error by 40%, or
(ii) single-photon absorption from the ground electronic
state must result in a (forbidden) two-electron transition
to higher lying molecular states followed by dissociation
to another Xe% threshold. Neither possibility seems very
likely.

The most probable explanation for the observation of
channel 6 involves single-photon dissociation from low-lying
ionic states correlating with the Au™ [5d°(®Ds2)6s] (°/2,'/2)23
+ Xe [5p°] (So) asymptotes. Such states could be prepared
via autoionization of the Au—Xe** superexcited state gen-
erated by the mechanism described in Sec. III B, or by re-
moval of the 6p electron from the Au [5d°(?Ds;,)6s6p] CP%)
contribution to the E;, state. Assuming a potential energy
well depth similar to that of the ionic ground state, an excited
ionic state correlating with the Au™[5d°(>Ds;)6s] (C/2,'12),
+ Xe [5p6] (*S0) asymptote would lie at ~80 000 cm~! (ie.,
~3000 cm~! below the two-photon energy level). Such an as-
sumption is reasonable given that both the Au 54'° ground
state and 5d°6s excited state are spherically symmetric and
are thus expected to exhibit similar potential well depths when
bound to Xe. Importantly, this excited state is metastable with
respect to the ground state, and (gold-localized) single-photon
absorption can access molecular ion states correlating with
the Aut[54%65%] + Xe[5p®] or Aut[54°6p] + Xe[5p®] con-
figurations, the most likely candidate for which being gold-
localized excitation to an ionic state correlating with the Au™
5d°(CDs;)6p (312,'15),° + Xe 5p° (1Sy) threshold (analogous
to the Aut 5d&°(®Dspp)6s (2, 12)2 — 5d°(CDsp)6p (Cla,'2):°
transition at 48 013.746 cm™").!* This excitation would also
serve to promote Aut—Xe above the first five thresholds lead-
ing to Xe™ formation, and, in particular, to the region of the
bound states associated with the Au (3D35) + Xet (P°)
asymptote and dissociative continuum associated with the
Au (®Ds3p) + Xet (®P°3,) asymptote (see the right hand
side of Fig. 6). Coupling between the Au*(J = 2)-Xe('Sp)
and Au(’D3;)-Xe* (2P°35.12) potential energy curves could
then induce charge transfer and dissociation to the AuCDsp)
+ Xe*(?P°3,) threshold. The predicted TKER for this pro-
cess is in very good agreement with that observed for product
channel 6 which would imply that the electron emitted during
the autoionization carries away 2800 cm~'. Figure 6 (right)
provides a schematic diagram summarizing this mechanism.

Further support for such a mechanism is provided by the
observed product angular distributions. Photoinduced charge
transfer to a dissociative state is expected to be very fast and
the observed product angular distributions should, therefore,

Downloaded 07 Mar 2011 to 129.67.106.145. Redistribution subject to AIP license or copyright; see http://jcp.aip.org/about/rights_and_permissions



094311-6 Hopkins et al.

J. Chem. Phys. 134, 094311 (2011)

¥ T +
dissociation channels Au + Xe

hv

2 2
D3.'2 + P11‘2

_ _cIErg_e tran_sfﬂ'

2 2
2D3.’2 +2P3:’2
D51‘2 + P3f2

hv
2 2
S1.’2 + P‘IIZ

Au-Xe I 2D5/2 +2P312
dissociative 1 one-photon
ionization 4 2 +2 [AU'Xe]+
at the three- Stz ¥y cation
photon level dissociation
Au-Xe** Au-Xe**
5d"°6s +d* +5p° c:\jge 5d°6s +d* +5p° ionization [Au-Xe]"
9 6
transfer 5d 6s +5p
hv 54" +5p6

Au-Xe* =,

hv
I AuXe X5

FIG. 6. Summary of Au—Xe dissociation channels observed in the Xe™ channel. (Right) Excitation out of the Ej, state leads to direct ionization in a
(1 4+ 1) REMPI process. Subsequent one-photon dissociation of the molecular cation [Au-Xe]™, generates Xe™ in channel 6. (Left) Excitation out of the
E1 state generates a superexcited Au-Xe** state which undergoes charge transfer, switching the ion core configuration to Au(5d'%6s)-Xe™ (5p°) with the
charge localized on the Xe. Absorption of a further photon leads to dissociative ionization at the three-photon level into Au + Xe™ product channels 2-5 as

indicated.

reflect the parallel or perpendicular nature of the electronic
transition. As can be seen in Fig. 5, product channel 6 con-
sistently (within error) displays extreme angular distributions
of B, = 2, implying that photodissociation follows a parallel
transition, which is consistent with a gold-localized excitation
via the Aut (°/5,'/5), — 2 transition.

Finally, given the above mechanism, we can extract more
information from the observed TKER peak associated with
product channel 6. Closer examination of the channel 6 TKER
peak [Fig. 4(a)] shows that it is asymmetric and degraded to
high TKER, consistent with the formation of the molecular
ion in several vibrational states. If we identify the sharp onset
of the TKER peak at 2040 cm™! with the v = 0 state of the
ion, with a Franck—Condon envelope of decreasing probabil-
ities extending to higher TKER, we can extract a (Au™)*—Xe
dissociation energy, Dy = 9720 & 110 cm™', a value which
is consistent with that calculated for the ground electronic
state.?

IV. CONCLUSIONS

Xe™ photofragments generated following resonant exci-
tation via the E;,-X*E1 (v/, 0) band system in Au—Xe have
been investigated using velocity map imaging. Energy bal-
ance calculations facilitate the assignment of the five observed
product channels, four of which arise via photoinduced charge
transfer in a superexcited Rydberg state at the two-photon
level prior to dissociative ionization at the three-photon level.
The fifth product channel may be assigned to single-photon
dissociation of an excited state of the molecular ion formed
via (1+1) REMPI of Au—Xe. Photodissociation of Aut—Xe
to form Xe* also occurs via a photoinduced charge transfer
mechanism. Asymmetry of the TKER peak associated with
product channel 6 indicates that photolysis occurs via exci-
tation from several vibrational levels associated with the ex-
cited AuT—Xe electronic state, with the most intense TKER
feature likely being associated with the v = 0 level. The bond
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dissociation energy for this excited ionic state is derived as
~9720 £+ 110 cm™!.
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