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Photofragment imaging is used to study the fragmentation and ionization dynamics of Kr; and ArKr upon
absorption of two or more photons (4 = 211—220 nm). For Kr, two-photon-excited electronic states are
studied that are in energy near Kr (5p) states. All studied Kr, two-photon-excited electronic states show
competition between ionization and predissociation. The photofragment images also reveal higher order
absorption processes in which three-photon absorption of the dimer is followed by dissociation into ground
state and excited state Kr fragments. Dissociation after three-photon absorption leads to Kr photofragments,
whose recoil can be described by a cos® @ distribution with respect to the polarization vector of the laser.
For ArKr two, two-photon-excited, electronic bands are observed near Kr (5p) and Ar (4s) transitions. The
two-photon-excited ArKr molecules dissociate exclusively into excited state Ar (4s) atoms concomitant with
ground state Kr atoms. Therefore, both electronic bands are assigned to Ar*Kr states, i.e. excited states that
correlate to Ar (4s) and Kr 'Sy atomic asymptotes. The Ar photofragment ion images and the multiphoton
ionization spectra show competition between ionization and predissociation of these two-photon-excited ArKr
states. As with the Kr» dimer, the ion images also reveal higher order absorption processes in which three-
photon absorption of ArKr is followed by dissociation into neutral Kr ground and Ar excited state fragments.
The angular distributions of the fragments formed after predissociation at the two-photon resonant levels and
after three-photon absorption are both anisotropic. The recoil of the Ar photofragments after three-photon
absorption can be described by a cos® 6 distribution with respect to the polarization vector of the laser.
Markedly different contributions of three-photon absorption and predissociation processes are observed in
the ion images of the two electronic bands of ArKr, i.e. three-photon absorption processes are more important
than predissociation processes for the electronic band starting at 93 699 cm™', whereas predissociation processes
are more important than three-photon absorption for the electronic band starting at 94 180 cm™'.

Introduction

Rare-gas dimers have been the subject of considerable
experimental study over the past decade, because of their use
in vacuum ultraviolet (VUV) lasers.!™* Since the initial work
by Mulliken.” the rare-gas dimers have also been the subject of
continued theoretical interest.®~? Excited states of rare-gas
dimers are all Rydberg-like states and typically have energies
near corresponding atomic states. The lower excited states of
several rare-gas molecules have been characterized spectro-
scopically using VUV absorption,'” emission,'’ and laser-
induced fluorescence (LIF)'*~!° techniques. More recently.
resonantly enhanced multiphoton ionization (REMPI)!'®~=* and
two-photon LIF?* have been used extensively to study the low-
lying excited states of both homonuclear dimers such as Ar,
Krs, and Xe> and heteronuclear dimers such as ArXe, KrXe,
and ArKr. Excited states of Kr» and ArKr have also been
examined by Eden and co-workers** 2% using inter-Rydberg
transient absorption spectroscopy from metastable triplet states.

Potential energy surfaces of Kr.® and ArKr’ have been
calculated using ab initio methods. In the ground state of a
rare-gas van der Waals molecule the two atoms typically repel
each other, but van der Waals attractions can lead to weak
binding. The ground states of Kry and ArKr are similar. The
Kr; ground state is bound by 0.0157 eV (r. = 4,017 A).81012
and the ArKr ground state is bound by 0.016 eV (r. = 3.9 A).!"
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Since the ionic core of the Rydberg states typically determines
their behavior, it is worthwhile to examine the bonding
properties within Kr>™ and ArKr™ ions. lonization of the Kr»
and ArKr van der Waals molecules removes an electron from
an antibonding orbital and thus leads to bound ionic ground
states. The dissociation energy of the ground state of Kry™ is
1.15 eV, whereas that of ArKr" is only 0.5 eV (for
comparison, Dy is 1.25 eV for Ar;"2%%%), In general, ground
state homonuclear rare-gas ions are much more strongly bound
than ground state heteronuclear rare-gas ions. These different
bonding characteristics stem from the much stronger interaction
between the degenerate atomic orbitals in the homonuclear dimer
than between the energetically separated orbitals in the hetero-
nuclear dimer. Because the excited electronic states of these
neutral dimers are Rydberg states, they may be described as
ionic cores with an additional Rydberg electron. Therefore, the
strong binding in some of the lower excited states of the
homonuclear dimers is not surprising.

Excited electronic states of heavier rare-gas dimers are most
often described using Hund's case ¢. More recently, however,
Eden and co-workers®® proposed that the electronic states are
better described using Hund's case a. For easier comparison
with the majority of previous studies we use Hund's case ¢ to
describe the electronic terms of the rare-gas dimers. In Hund’s
case ¢ the molecular states are labeled by Q. which is the
projection of the total angular momentum J on the internuclear
axis. For homonuclear dimers the states are labeled (u) and
(g) depending on the inversion svmmetry of the electronic wave
function. This symmetry classification does not apply to
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TABLE 1: Kr (5p) and Ar (4s) Atomic Transition Energies
from the Ground State of Kr and Ar

experimental

Racah LS coupling two-photon

notation notation energy (cm™')  wavelength (nm)
Kr 5p[1/2], 5p S, 91 169 219.37
5p [5/2]2 5p °Ds 92 295 216.70
5p [5/2): 5p °D; 92 308 216.67
5p (3/2], 5p Dy 92 965 215.13
Sp [3/2): 5p 'D- 93 124 214.77
5p’ [1/2]a 5p P 94 093 212.56
5p’ [3/2]), 5p 'Ry 97 596 204.92
Ar  4s[3/2]°, 45 P, 93 144 214.72
4s [31‘2]"; 45 3P, 93 751 213.33
45" [172]°, 4s Py 94 554 211.52
45" [1/2]°, 45 'Py 95 400 209.64

heteronuclear dimers. Additionally, the Q = 0 states are labeled
0™ or 0~ depending on whether or not the electronic wave
function changes sign upon reflection through the plane contain-
ing the nuclei. The electric dipole two-photon selection rules
are |A Q| <2,|[AJ| =2, g=gu=uy 0T=0"and 0~ =
07, while g = u and 0™ = 0~ are forbidden. In Kr; the only
allowed two-photon transitions from the 0; ground state are to
the 0; , 1g, and 2, states, and in ArKr from the 0™ ground state
to the 07, 1, and 2 states. For comparison the one-photon
selection rules are [A Q| < 1, |AJ| = 1,g=u, 0" =07, and
0~ = 07, while g = g, u = u, and 0% = 0~ are forbidden.
Therefore, the dipole allowed one-photon transitions are in ArKr
from the 0™ ground state to the 0™ and 1 states.

Despite substantial spectroscopic data available on the
electronic excited states of Kr» and ArKr, the assignment of
observed transitions is far from complete. Several electronic
bands, some of which display vibronic structure, have been
observed near transitions to atomic Kr 4p°5p states and Ar
3p’4s states. Table 1 lists atomic Kr (5p) and Ar (4s) transition
energies relevant to this study, Two-photon transitions in Kr;
have been observed near the following atomic states: Kr
(5p)[3/2]2 (93 124 cm™"),'%23 Kr (5p)[1/2]p (94 093 cm™'),!92?
Kr (5p)[5/2]2 (92308 cm™!),202% and Kr (5p)[5/2]; (92 295
em™').2023 Some of the transitions to these atomic states (for
example, the transition to the Kr (5p)[5/2]; state) are two-photon
forbidden. Combination of a ground state 'Sy Kr atom with an
excited state atom leads to (J + 1) molecular states, Even
excited atomic levels to which two-photon transitions are dipole
forbidden can lead to several two-photon-allowed molecular
states. Although the two-photon selection rules exclude some
states, assignment of the observed transitions is complicated
and has been, so far, only partly successful. In a two-photon
REMPI study of the ArKr molecule Dehmer and Pratt!®
observed two electronic bands with different vibrational structure
near the Kr (5p)[3/2], atomic transition. Interestingly, these two
bands are also very close to several Ar 3p*4s states. Tanaka et
al.'” observed less resolved transitions in a one-photon VUV
absorption study. Both groups attribute these electronic transi-
tions to excitations of the Kr atom within the molecule.

In this paper, we describe our investigations of the dissocia-
tion and ionization dynamics of two-photon-excited states of
Kr; and ArKr near Kr (5p) and Ar (4s) atomic levels. More
particularly, we reexamine, using the photofragment ion imaging
technique,?*35 the two-photon transitions observed by Echt et
al.,”” Dehmer and Pratt,'” and Lipson et al.>* for the Kr; dimer,
and the two-photon transitions observed by Dehmer and Pratt'?
for the ArKr molecule. The ion-imaging technique®*3* allows
measurement of the three-dimensional velocity distribution of
the photofragments. Determination of the speed and angular
distributions of photofragments provides new insight into the
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dissociation and ionization dynamics of the studied two-photon-
excited states of Kry and ArKr.

Experimental Section

The photofragment ion imaging spectrometer has been
described elsewhere in detail.’>~*" In brief, krypton or a mixture
of krypton and argon (backing pressure 20 psig (375 kPa)) is
expanded supersonically into a source vacuum chamber through
a solenoid valve (General Valve series 9). Approximately 1
cm from the nozzle orifice, the beam is skimmed (Beam
Dynamics, orifice 0.8 mm) and collimated by a hole (diameter
| mm) in the repeller plate. The background pressure in the
detection chamber is typically 10~® Pa and increases to 1073
Pa when the pulsed molecular beam is on. In the expansion,
dimers and possibly higher order clusters are formed. The
relative abundance of the dimers and higher clusters is unknown.
Linearly polarized, tunable UV laser pulses are used to excite
the dimers resonantly to two-photon-allowed excited states. The
direction of the polarization vector is chosen to be parallel to
the face of the position-sensitive ion detector. The UV light is
generated by frequency doubling (Inrad) an injection-seeded Nd:
YAG-pumped dye laser (Spectra Physics GCRS, PDL 2) using
KD*P crystals. The frequency-doubled dye output is sum-
frequency mixed (Inrad) with the residual dye laser output using
appropriate BBO crystals. DCM dye dissolved in methanol is
used. The bandwidth of the dye laser pulses is approximately
0.2 cm™'. UV output powers are kept constant at 500 + 30 uJ
per pulse. The UV light is focused (f = 15 cm) into the
molecular beam. After ionization, ions are accelerated along a
20-cm-long flight tube and impinge on a two-dimensional,
position-sensitive detector. The detector consists of a pair of
chevron microchannel plates (Galileo, 7.62 c¢m diameter)
coupled to a fast phosphor screen (P47 Phosphor, 50-ns decay
time). The laser, molecular beam, and detection system are all
pulsed at 30 Hz. Timing is synchronized by digital delay
generators (Stanford Research Systems). Research grade argon
(99.9995%) and krypton (99.997%) were purchased from
Spectra Gases (Newark, NJ). The argon—krypton mixture was
prepared at an approximately 10:1 ratio.

To record REMPI spectra, mass selective detection of the
ions is accomplished by setting boxcar gates on the appropriate
mass peaks in the time-of-flight spectrum. The integrated
phosphorescence on the detector is recorded using a photomul-
tiplier tube. To record ion images, the laser is tuned to be
resonant with a two-photon transition, and the front of the
detector is pulsed to detect only one mass peak. The resulting
images are recorded using a Peltier-cooled charge-coupled-
device (CCD) camera (Photometrics, 576 x 384 pixels)
equipped with a standard 50-mm lens (Pentax). Signal averag-
ing is performed by opening the CCD camera shutter, for
approximately 12 000 laser shots, to record a single image. The
integrated charge on the CCD is read by the associated camera
electronics and transferred for storage and processing to a MIPS
RS3000 computer. Background subtraction is achieved using
an image recorded with the laser firing well after the molecular
beam gas pulse (typically 1-ms delay).

Results

Kr;. Previously reported'*?%%} two-photon resonances of Kr;
in the 210—220-nm wavelength region were reproduced in our
work. In Figure 1 part of the measured (2+1) REMPI spectrum
of Kr; is shown. All observed transitions lead to Kr>* and Kr™*
ions in the REMPI spectrum. Kr photofragment ion images
were taken with the laser tuned to different vibrational bands
of the observed electronic bands. In general, Kr photofragment
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Figure 1. Two-photon resonant ionization spectra of Kr; and Kr, in
the energy region near the Kr (5p) [1/2]p atomic transition.

ion images taken at different Kr, two-photon resonances are
qualitatively similar. A typical Kr photofragment ion image is
shown in Figure 2A. A significant contribution to the image
comes from Kr atoms recoiling with low velocities, appearing
at the center of the image. A second contribution comes from
fast recoiling Kr photofragments. The speed distribution of the
latter Kr photofragments is narrow, and their angular distribution
can approximately be described by a cos? 6 distribution with
respect to the laser polarization vector.

In Figure 1 the (2+1) REMPI spectrum of Kr; in the region
of the Kr 'Sy + Kr (5p)[1/2], dissociation limit is shown. This
spectrum displays the same features observed by Dehmer and
Pratt'® and Lipson et al.?? for the Kr, ionization spectrum. An
intense vibrational progression is observed. Lipson et al.2?
assigned the lowest observed vibrational level, at 93841 cm™!,
to ¢’ = 0.23 Table 2 lists the observed Kr," transitions of this
electronic band. Kr™ ions are formed in addition to Kr,* ions
at the two-photon resonances (see Figure 1). These Kr™ signals
are nearly as intense as the signals from the Kr,™ ions. The
spectra in Figure 1 also display the strong two-photon-allowed
Kr 'Sy — Kr (5p)[1/2]o atomic transition.

In Figure 2A a photofragment ion image of Kr™ ions is shown
which was collected with the laser frequency tuned to a two-
photon resonance of the dimer at 93 890 cm™!, which corre-
sponds to ©* = 1 (see Table 2). An ion image is a two-
dimensional projection of the three-dimensional velocity
distribution of the photofragments. The three-dimensional speed
distribution and angular distribution of the Kr photofragments
are obtained from the inverse Abel transformed image.® In
Figure 2B and Figure 2C, contour diagrams of the two-
dimensional distributions are shown. The contour diagram in
Figure 2C is identical to the one in Figure 2B, with the intensity
multiplied by a factor of 15. The ion image shows an intense
signal at the center that corresponds to Kr" ions with relatively
low velocities. Additionally, the image shows a less intense
outer ring with an anisotropic angular distribution that corre-
sponds to Kr" ions with much higher velocities. Because the
two channels do not overlap on the detector, the relative
intensities can be obtained directly from the images. Although
the outer ring seems weak, it covers a larger area than the inner
ring, and the relative contributions to the image of the outer
channel and the inner channel are 25% and 75%, respectively.

In Figure 3A an intensity plot along a single column of the
CCD, parallel to the laser polarization vector and through the
center of the image, is shown. By using the measured arrival
time of the Kr™ ions on the detector, we can convert the

Heck et al.

Figure 2. (a) Photofragment ion image of Kr, taken with the laser
frequency at a two-photon resonance of the Kr, dimer at 93 890 cm™',
which corresponds to the v” = 1 level in Table 2. (b) Velocity contour
diagrams of Kr photofragments after resonant two-photon excitation
at 93 890 em™!. (c) Velocity contour diagrams of Kr photofragments
similar to the one in Figure 2B, with the intensity multiplied by a factor
of 15.
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TABLE 2: Kr; Transitions near the Kr 'S; + Kr (5p)[(1/2],
Dissociation Limit

two-photon Dehmer and
i v energy (cm™') AG (em™) Pratt, ref 19
0 0 93 841 48.8 93 838.4
0 1 93 890 46.2 93 890.6
0 2 93 936 422 93937.6
0 3 93979 41.8 93 984.1
0 4 94 020 38.0 94 024.1
0 5 94 058 not obsd

displacement of the ions from the center of the image to the
speed of these fragments. Because both concomitant fragment
masses are known (assuming, for simplicity, a mass of 84 amu
for Kr), the measured speed can be converted to total fragment
kinetic energy (the total kinetic energy is just mg.vx,%). In Figure
3B the Kr photofragment intensities are plotted versus the total
fragment kinetic energy. The kinetic energy release for the inner
channel peaks at 0 eV and is approximately 0.2 eV broad,
whereas the kinetic energy release for the outer channel peaks
at approximately 4.9 & 0.1 eV. The angular distribution of the
Kr” ions in the outer ring is shown in Figure 3C and reveals
that the fragments in the outer channel recoil primarily parallel
to the laser polarization vector. The solid line in Figure 3C is
the calculated angular distribution for a dissociation described
by a single anisotropy parameter, 3> = 2. Kr photofragment
ion images obtained for the other vibrational bands of this
electronic band are approximately identical.

Also Kr photofragment ion images obtained at transitions
from other electronic bands are essentially identical to the image
shown in Figure 2A. Branching ratios between the inner and
outer channels of all measured images are given in Table 3.
Additionally, the assignments of these transitions as given by
Lipson et al.? are shown in Table 3.

ArKr. ArKr molecules were prepared in a 10:1 mixture of
argon and krypton. Even in such a mixture the resonant ion
signals for Kr. dimers are a factor of 5 higher than those
observed for the ArKr molecules. Transitions attributed to these
two different molecules can be separated easily via mass
selective detection of the ions. No transitions producing Ar>*
ions are observed. This absence was expected because no
gerade states of Ar, are energetically accessible in the studied
energy region (the lowest lying excited gerade state of Ar; is
above 96 000 cm™' ®). In Figure 4 part of the (2+1) REMPI
spectrum of ArKr in the region of the Ar 'Sy + Kr (5p) [1/2]p
and Kr 'Sp + Ar (ds) [3/2]°, dissociation limits is shown;
REMPI spectra of ArKr™, Ar™, and Kr™ are displayed. Note
that ArKr* signals are accompanied by Ar™ signals but not by
Kr™ signals. Kr™ signals observed in this energy region coincide

Slice through Kr photofragment image

intensity (arb. units)
T
intensity (arb. units)

pixel

Total Fragment Kinetic Energy (eV)

3
kinetic energy (eV}
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with Kr," signals and belong to Kr; resonances listed in Table
2. Two electronic bands of ArKr are observed; the vibronic
transitions are listed in Table 4. Our transitions are the same
as those reported by Dehmer and Pratt.'® The electronic band
starting at 93 699 cm™! consists of three vibrational transitions,
separated by approximately 70 cm™'. The electronic band
starting at 94 180 cm™' consists of two vibrational transitions,
separated by approximately 43 cm™'. All five observed ArKr
transitions lead to the production of ArKr" and Ar™ signals but
not to Kr™ signals.

The Band Starting at 93699 cm™'. The electronic band
starting at 93 699 cm™! consists of three two-photon transitions.
In Figure 5A an ion image of the Ar photofragments is shown
taken with the laser wavelength tuned to the 93 844 cm™! ArKr
resonance. Ar photofragment ion images taken at the other two
transitions of this electronic band are qualitatively identical. In
Figure 5B the velocity contour plot obtained from this image
is shown. The image and velocity contour plots show two
channels that are both anisotropic. The contributions of the
outer and inner channels to the image are 92% and 8%,
respectively. In Figure 6A a plot is shown of the intensity
distribution along a single column of the CCD, through the
center of the image. In Figure 6B the Ar photofragment
distribution is plotted versus the total fragment kinetic energy.
Figure 6B shows that the kinetic energy release for the inner
channel peaks at 90 &= 50 meV, whereas the outer channel peaks
at 3.8 = 0.1 eV. In Figure 6C the angular distribution of the
Ar fragments in the outer ring is shown. The angular distribu-
tion of the fragments in the outer channel can be described by
a distribution that is nearly cos? # with respect to the laser
polarization vector. The solid line in Figure 6C is the angular
distribution for a dissociation described by a single anisotropy
parameter, S, = 2. Branching ratios for the inner and outer
channels in the Ar photofragment ion images measured at the
vibrational transitions of this electronic band are given in
Table 5.

The Band Starting at 94 180 cm™', The electronic band
starting at 94 180 cm™' consists of a pair of two-photon tran-
sitions. Ar photofragment ion images at both these transitions
are qualitatively identical. An image and the velocity contour
plot of the Ar™ photofragments at the 94 180.0 cm™' resonance
are shown in Figure 5, C and D, respectively. The image and
velocity contour plot show two channels that are both aniso-
tropic. The contribution of the two channels to the image is
19% and 81% for the outer and inner channel, respectively. In
Figure 7A a plot is shown of the intensity distribution along a
single column of the CCD, through the center of the image,
and in Figure 7B the Ar photofragment distribution is plotted

Angular distribution outer ring

intensity (arb. anits)

T r rrJr1rJr1rJ1717J1rrrrrir-r
4 s 6 7 0 20 40 60 80 100 120 140 160 180
angle (degrees)

Figure 3. (A) Intensity profile along a single pixel column through the center of the image shown in Figure 2. (B) Total fragment kinetic energy
release distribution for the image shown in Figure 2A. (C) Angular distribution of Kr photofragments in the outer ring of the image shown in Figure
2A. The solid line represents an angular distribution corresponding to a 8, = 2 anisotropy parameter.
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TABLE 3: Contributions of the Inner and Outer Channel in
the Kr Photofragment Ion Images

two-photon inner outer
energy fcm~') channel (%) channel (%) assignment® "=

Kr 'Sy + Kr (5p)[1/2]s Dissociation Limit

93 841 77 23 0, —0; 0—0
93 890 75 25 0. -0- 0—1
93 936 85 15 0 — 0;' 0—2
93979 78 22 0,—0, 0—3
94 020 72 28 0, —0, 0—4
Kr 'Sy + Kr (5p)[3/2]: Dissociation Limit
93 142 61 39 0=, 0—0
93 153 60 40 o, —0; 0=
Kr 'Sy + Kr (5p)[5/2]> or (5p)[5/2]: Dissociation Limit
92215 61 39 0;—2 0—0
92122 60 40 0. —~1, 0—4

versus the total fragment kinetic energy. The plot in Figure
7B shows that the kinetic energy release for the inner channel
peaks at 120 £ 50 meV, the outer channel peaks at 3.9 + 0.1
eV. In Figure 7C the angular distribution of the Ar™ ions in
the outer ring is shown. The solid line in Figure 7C is the
angular distribution for a dissociation described by a single
anisotropy parameter, 8> = 2. It can be seen that the angular
distribution of the fragments in the outer channel has a
distribution that is nearly cos® # with respect to the laser
polarization vector. Branching ratios for the inner and outer
channels in the Ar photofragment ion images measured at the
vibrational transitions of this electronic band are given in
Table 5.

Discussion

Using the photofragment ion imaging technique, we have
studied several two-photon-excited states of Kr: and ArKr.
whose transition frequencies were reported previously.'*?%** Qur
photofragment ion imaging studies of Kr> and ArKr reveal in
detail the dissociation and ionization dynamics of the two-photon
resonantly excited states. Additionally, our study enables us
to reassign ftransitions observed for the ArKr molecule to
transitions in which the Ar moiety is excited.

Kr;. For Krs, we examined the dissociation and ionization
dynamics of electronic states spectroscopically characterized
previously by Echt et al.,”” Dehmer and Pratt,'® and Lipson et
al.>* Additional spectroscopic information on Kr; gerade states
in this spectral region is available from the transient absorption
studies of Eden and co-workers.”>262* However, the intermedi-
ate metastable triplet state used by Eden and co-workers has an
equilibrium bond length of only 2.21 A'2 (compared with 4.02
A for the ground state'?), and the parts of the excited state
potential energy surfaces they probe are at different geometries
than those probed in our study. Therefore, transitions observed
in our (2+1) REMPI study are not easily correlated to transitions
observed in their transient absorption studies.

On the basis of theoretical calculations® the transitions we
observe in the region of the Kr 'Sy + Kr (5p)[1/2], dissociation
limit (see Table 2) are attributed to excitation to the 0;
(5p)[1/2]p molecular state, which is predicted to have two
minima.® This state is also the only molecular state that
correlates to the Kr 'Sy + Kr (5p)[1/2]y atomic asymptotes. The
outer minimum has a calculated r. of 3.6 A, a dissociation
energy of 152 cm™', and a w, of 63 cm™' (close to the observed
vibrational spacing). The inner minimum of this state has a r.
of 2.8 A and is too high in energy to be accessed. The Kr
transitions we observe in the region of the Kr 'Sy + Kr (5p)-
[3/2]; dissociation limit are attributed to excitations to the 0
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Figure 4. Two-photon resonant ionization spectrum of ArKr, Ar, and
Kr in the energy region near the Kr* (5p) [1/2], state. lonization signals
of ArKr and Ar are observed at the same two-photon energies, whereas
ionization signals of Kr are observed only at Kr: two-photon resonances.

TABLE 4: ArKr Transitions near the Ar 'S, + Kr (5p)
[1/2], and Kr 'Sy + Ar (4s) [3/2]; Dissociation Limits

two-photon Dehmer and Pratt.  Tanaka et al..
energy ref 19 ref 10
o g {em™') AG’ (two-photon) {one-photon)
0 m+0 93 699 75.8 93 696.3 not observed
0 m+1 93775 68.5 93 772.3
0 m+2 93 844 93 841.1
1 0 04 158.4
0 0 94 180 43.4 94 177.9 94 180.5
I} i 94 201.8
0 1 94 223 94 221.2

(5p)[3/2]; state, which is only weakly bound, but has a minimum
at approximately the same r. value as the ground state.®
Unambiguous assignment of the other bands is more compli-
cated because the asymptotic atomic states give rise to several
molecular states found in the same energy region.® A discussion
of possible assignments has appeared elsewhere.%'%-20.23

Our data reveal that, at the laser fluences used, two-photon
absorption to the above mentioned gerade intermediate states
is followed by several processes. Some of the following
processes can be expected:

dimer ionization
hy :
Ke,*=Kr," +e” (1)
dissociative ionization
hy ¥ _
Kr,* = Kr" +Kr+e (2)
predissociation, followed by excited fragment ionization
hv x _
Kr,*—=Kr* + Kr=Kr +Kr+e (3)
three-photon absorption, followed by dimer
dissociation and excited fragment ionization

hy hv

Kr* = Kr,** = Kr* + Kr=Kr" +Kr+e~ (4

in which = indicates a photon absorption and — a dissociation.
The contribution of process 1 is evident from the observation
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Figure 5. (A) Photofragment ion image of Ar, taken with the laser frequency tuned to a two-photon resonance of the ArKr molecule at 93 844
cm™'. (B) Velocity contour diagram of the Ar photofragments after resonant two-photon excitation at 93 844 cm™'. (C) Photofragment ion image
of Ar, taken with the laser frequency tuned to a two-photon resonance of the ArKr molecule at 94 180 cm™!. (D) Velocity contour diagram of the

Ar photofragments after resonant two-photon excitation at 94 180 cm™'.

of the dimer ion signal in the REMPI scans. The one-photon
energy is approximately 5.6 eV; therefore, a subsequent photon
is sufficient to bring the two-photon-excited intermediate states
above the dimer ionization limit, which is 12.87 eV.?® Because
the dissociation energy of the Krot ion is 1.15 eV, dissociative
ionization (process 2) is also energetically allowed after absorp-
tion of three photons. The intermediate state at the two-photon
level may predissociate (process 3), a process that has been
observed previously for two-photon-excited KrXe!” and Xe;*
using REMPI-PES. This predissociation leads to a ground state
and an excited state Kr fragment. The lowest excited state of
Kr (the 5s[3/2],, *P; state) is situated 9.9 eV above the ground
state. A third UV photon is, therefore, sufficient to ionize
excited state Kr fragments. In contrast to the first three

processes, process 4 is a four-photon process. In this process,
the intermediate state at the two-photon level absorbs a third
photon to a dissociative state (or continuum) above the ionization
limit of the Kr; molecule. Dissociation of this three-photon-
excited state results in a ground state and an excited state Kr
fragment. As in process 3, a subsequent photon may ionize
the excited state fragments.

The image of the Kr photofragments, shown in Figure 2A,
was taken with the laser frequency at a two-photon resonance
of the dimer at 93 890 cm™!'. Two velocity sets of Kr fragments
are formed. The angular distribution of the slower photofrag-
ments at the center of the image appears isotropic; 82 = 0. These
Kr photofragments are excited state fragments formed via
predissociation of the two-photon intermediate (process 3). The
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Figure 6. (A) Intensity profile along a single pixel column through the center of the image shown in Figure 5A. (B) Total fragment kinetic energy
release distribution for the image shown in Figure 5A. (C) Angular distribution of Ar photofragments in the outer ring of the image shown in Figure
5A. The solid line represents an angular distribution corresponding to a f3-

TABLE 5: Contributions of the Inner and Outer Channel in
the Ar Photofragment Ion Images

two-photon

energy (em ) inner channel (%) outer channel (%)
93 699 9 9]
93775 9 91
93 844 8 92
94 180 81 19
94 223 86 14

calculations of Audouard et al.® predict that the (}g+ (5p)[1/2]p
state has a dissociation energy of only 152 cm™'. The
predissociation leads initially to Kr (5p) excited state fragments,
of which several are energetically accessible (°S;. *Ds, “Da, “Dy,
and 'D»; see Table 1). The energy separation between these
5p states is less than 2000 cm™'. Therefore, predissociation
into several excited states may contribute to the signal observed
at the center of the image. Unfortunately, contributions from
various (5p state) predissociation channels cannot be resolved
in our study. Initially formed 5p excited states may fluoresce
to lower 3s states. The lifetime of the Kr (5p) states averages
25—40 ns.**~*?  Although fluorescence will change the branch-
ing ratios observed in the images, fluorescence will not change
the kinetic energy of the fragments. We observe no direct
predissociation into Kr (5s) states, as fragmentation to Kr 'Sy
-+ Kr (5s) will be accompanied by a kinetic energy release of
1.0 eV (Kr 'P)) to 1.7 eV (Kr ?P;). No such fragments are
observed in the Kr photofragment ion images.

Comparison of our photofragment ion imaging results for the
Kr> predissociation with the REMPI-PES data of Dehmer and
Pratt'? is interesting. Dehmer and Pratt recorded a photoelectron
spectrum after two-photon excitation to the »* = 1 band at
93 890 cm™'. This PES spectrum reveals not only that various
excited states of the Kr,™ are formed but also the predissociation
of the two-photon level (0] (5p)[1/2]o). The PES spectrum
has sufficient resolution to reveal the branching ratios for the
various Kr 5p states formed. Dehmer and Pratt concluded that
Kr (5p)[3/2]>, was predominantly formed in the predissociation
and much less Kr (5p)[5/2]-3 and Kr (5p)[1/2],. Our photo-
fragment ion imaging study confirms the significance of
predissociation, but it does not reveal which Kr (5p) states are
populated.

Three-photon absorption excites the molecule to states with
approximately 17.5 eV of internal energy. Formation of the
*Py> and Py~ Kr™ ionic states requires 14.0 and 14.6 eV,
respectively. Thus, dissociative ionization is energetically
accessible. Conservation of energy dictates that the ionic Kr™
fragments will be formed with a total fragment kinetic energy
less than 3.5 or 2.9 eV for the two ionic states, respectively.

= 2 anisotropy parameter.

The absence of ions with these kinetic energies indicates that
dissociative ionization processes are not very significant under
our experimental conditions. An alternative channel could be
absorption of a photon by one of the excited states of the Kr,™
dimer ion, which subsequently dissociates into Kr™ and Kr 'Sq.
Absorption of a 5.8 eV photon by the dimer ion allows access
to several dissociative states of the ion, which correlate to Kr™
Ps;» + Kr 'S and ?P); Kr™ + Kr 'Sy asymptotes. Therefore,
we expect that such a process will most probably lead to Kr™
P3» as well as °Py» Kr* ions, which we would observe as
separate rings in the images. Since the PES data of Dehmer
and Pratt indicate that several excited states of the ion are
populated, we expect that dissociation via this mechanism would
produce many different rings in the images. Dehmer and Pratt
find that Kr,™ ions are predominantly formed in the B *IT3:
and C 21 ¢ states. When these ions subsequently absorb a
photon and dissociate into Kr™ *Ps» + Kr 'Sy, the fragments
will be formed with a total fragment kinetic energy release of
5.7 and 5.8 eV, respectively. In all of the Kr photofragment
images, measured at different excitation energies, we observe
a single outer ring, with a speed that does not agree with any
of these mechanisms. Therefore, we conclude that such
processes are not important under our experimental conditions.

Instead, fragments with a total kinetic energy release of
approximately 4.9 eV are observed. Assuming that dissociation
occurs after three-photon absorption, the internal energy of the
Kr atomic fragments formed via process 4 is given by

Eimernul(Kr*) T E‘.n[crn;:l(Kr ISU) = Elmem:ll{Kr*] =
3hv — TKE (5)

where hv is the one-photon energy and TKE is the measured
total fragment kinetic energy. In Figure & a plot of the
distribution of the fragments in the outer ring of the image versus
the internal energy of the Kr* atoms is shown. It reveals that
the internal energy of the Kr atoms observed in the outer ring
of the image is approximately 12.6 eV. The width of this peak
is 0.7 eV (fwhm). This observed width of the Kr™ outer ring
is resolution limited, and therefore, we cannot determine whether
several Kr excited atomic states contribute to this signal. Some
of the possible Kr* excited states are indicated in Figure 8.
Between 12.2 and 13.0 eV are several 4d, 5p, 5d, 6s, and 6p
states.*> The images reveal that three-photon absorption, which
brings the molecule far above the ionization limit, leads to
dissociation into neutral products, not ionic products.
Because Dehmer and Pratt'® did not measure photofragment
velocities, they were unable to determine whether three-photon
absorption processes were important in their study. They used
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Figure 7. (A) Intensity profile along a single pixel column through the center of the image shown in Figure 5C. (B) Total fragment kinetic energy
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Figure 8. Internal energy of the excited Kr atoms formed in the outer
ring of the image shown in Figure 2A, The comb at the top indicates
Kr atomic energies; the arrows indicate expected energies correspond-
ing with formation of ground and spin—orbit excited states of the
Kr™ ion.

laser fluences that were a factor of 10 smaller than we used (50
and 500 puJ, respectively), which decreased the importance of
higher order processes in their study. Knowing from our work
that excited states of Kr are formed with approximately 12.6
eV internal energy, we note that the kinetic energies of electrons
formed via process 4 would be 4.4 eV (corresponding with
formation of Kr™ 2P3;) and 3.8 eV (corresponding with
formation of Kr™ ?Py;2). Dehmer and Pratt observed photoelec-
tron signals that correspond to electrons with kinetic energies
of approximately 3.9 eV (which were not assigned), but they
did not observe a significant amount of electrons with kinetic
energies of approximately 4.4 eV.

The angular distribution of the Kr photofragments formed
after three-photon absorption by the Kr; dimer is modeled quite
well by a single anisotropy parameter, 8; = 2. This cos® 6
angular distribution indicates that the dissociation at the three-
photon level is reasonably fast, and the Kr photofragments recoil
primarily along the laser polarization vector. Angular distribu-
tions of photofragments after multiphoton absorption processes
depend on the symmetries of the electronic states involved (real
or virtual) and on the lifetimes of the intermediate states.*~+
Angular distribution functions of photofragments after a two-
photon absorption have been derived by Zare* and Sander and

Wilson.*? Similarly, and in accord with the symmetry consid-
erations given by Yang,*® the angular distribution of photo-
fragments following a three-photon absorption process, /(6), can,
in general, be modeled by

1(6) ~ 1 + B,Py(cos 8) + ,P,(cos 6) + B¢Py(cos 6) (6)

where P,, (cos ) is the mth order Legendre polynomial and 3,
are the anisotropy parameters. Using eq 6, a best fit to the
angular distribution of the Kr photofragments in the outer ring
of the image shown in Figure 2A is obtained with the parameters
B2 = 1.85, B4 = —0.25, and B¢ = 0; that is, the higher order
terms are quite small. From our experimental data it is difficult
to separate the effect of each step in the multiphoton process
on the observed angular distributions. However, the fact that
the observed Kr photofragment angular distribution, after three-
photon absorption, can be described quite well by a single cos®
6 angular distribution (neglecting the small higher order terms)
indicates that part of the 4—u correlation cancels out. Similar
behavior was observed previously following two-photon absorp-
tion processes.”**? The center channel in the Kr photofragment
ion images appears to be isotropic. Therefore, the observed
cos? @ angular distribution of the Kr photofragments in the outer
channel may originate from the absorption of the third photon
in a parallel transition.

On the basis of theoretical calculations® the transitions
observed in the region of the Kr 'Sy + Kr (5p)[1/2], dissociation
limit (see Table 2) are attributed to excitation from the ground
state to the 0: (5p)[1/2]¢ state. We have discussed our Kr
photofragment ion imaging results for excitation to this two-
photon resonant state in detail, because they can be compared
with the REMPI-PES data of Dehmer and Pratt.!® The other
Kr; electronic transitions we studied exhibit similar dynamics.
Besides ionization of the dimer (process 1), resonant excitation
of Kr, generally leads to extensive predissociation at the two-
photon level: to Kr 'Sy + Kr* (process 2). Additionally, three-
photon absorption processes are observed, which access disso-
ciative excited states far above the Kr» ionization limit. These
neutral states dissociate rapidly into Kr 'Sy + Kr* in 4d, 5p,
5d, 6s, and/or 6p atomic states (process 4). For all studied
electronic transitions the angular distributions of the Kr photo-
fragments formed following three-photon absorption can be
modeled by a pure cos® & distribution. Dissociative ionization
is not observed. The relative contributions of the inner and
outer channel to the Kr photofragment ion images is likely to
be laser-power dependent. Because all Kr photofragment ion
images were taken under identical conditions, the observed
differences in the relative contributions from the inner and outer
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channels indicate the relative importance of processes 2 (pre-
dissociation) and 4 (three-photon absorption. followed by
dissociation into neutral fragments) at the experimental laser
fluence.

ArKr. We have examined the dissociation and ionization
dynamics of electronic states of ArKr in the same spectral region
studied by Dehmer and Pratt.'” Tanaka et al.'” examined the
spectrum of ArKr produced in a bulb at 160—180 K in the same
energy region using one-photon absorption spectroscopy. They
observed three transitions, at 94 158.4, 94 180.5 (the most
intense band). and 94 201.8 cm~'. The transitions observed by
Tanaka et al. may belong to the same electronic band that we
observe (starting at 94 180 cm™'). As suggested by Dehmer
and Pratt, the two weaker additional features Tanaka observed
may represent hotbands, originating from the first vibrationally
excited level of the ground state. This assignment leads to a
vibrational spacing of 22 cm™' in the ground state, which is in
good agreement with a theoretical value of 23.65 cm™'.%" If
we assume that the one-photon transitions observed by Tanaka
et al. belong to the same electronic band system as the two-
photon transitions we observe, the excited state must have an
electronic symmetry that allows one-photon and two-photon
excitation from the ground state. One- and two-photon di-
pole allowed transitions from the 07 ArKr ground state are
transitions to states with @ = 07 or 1. Tanaka et al.'” did not
observe transitions in the energy region of the electronic band
we observe starting at 93 699 cm™'. which indicates that
transitions to this electronic state are two-photon allowed. but
not one-photon allowed, We therefore conclude that the ArKr
electronic excited state corresponding with these transitions is
an Q = 2 state.

Tanaka et al.'” and Dehmer and Pratt'” attributed the band
starting at 94 180 em™! to transitions to an ArKr excited state.
in which the excitation takes place on the Kr moiety that
correlates to the Ar 'Sy + Kr (5p)[1/2]y atomic products. This
tentative assignment was made because the observed transitions
are close to the transition to the Kr (5p)[1/2]; atomic level and
because they are similar to resonances observed for Kr- in the
same energy region (see above). The band starting at 93 699
cem™' was not assigned. We observe that resonant two-photon
absorption in ArKr is followed by ionization to give ArKr™ and
by formation of Ar™ ions. but not Kr™ ions. This behavior
would be rather unexpected if the initial two-photon excitation
takes place at the Kr moiety of the molecule. Electronic energy
transfer,

ArKr* = Ar*Kr (7)

from the Kr to the Ar moiety within the molecule is possible.
Setser and co-workers*!*! observed electronic energy transfer
between Ar (4s) [3/2]°, and Kr 'Sy (and vice versa from Kr
(5p) to Ar) in bimolecular collisions. They measured state-to-
state rate constants for these processes, which were on the order
of approximately 5 x 107'* molecule™ ¢m® s™', more than an
order of magnitude lower than the collision rate. Electronic
energy transfer is thus not very efficient in this system. For
example, Setser and co-workers observed that Ar (4s) [3/2]°,
transfers electronic energy state-selectively to Kr (5p)[3/2]> and
Kr (5p)[3/2],. but not to any other Kr 5p or 5s level.
Conversely, Kr (5p) excited states transfer electronic energy to
Ar (4s) [3/2]°, at similar rates. Assuming initial Kr excitation
(ArKr#), the observed exclusive formation of Ar™ ions would
indicate complete electronic energy transfer to the Ar moiety
within the time window of the laser pulse (=5 ns). Such
complete electronic energy transfer is not very likely. Therefore,
we conclude that the transitions we observe for the band starting
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Figure 9. Potential energy curves of ArKr excited states that correlate
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arrow coincides with #, in the ArKr ground state.

at 93699 ¢m™' and the band starting at 94 180 ¢cm™' are
excitations to states of the ArKr molecule in which the Ar
moiety is excited (Ar*Kr).

This assignment is supported by recently calculated ab initio
potential energy curves of ArKr.” In the energy range studied
in our work several Ar¥*-excited ArKr states are calculated that
correlate to Ar* (4s) + Kr 'Sy the corresponding potential
energy curves are shown in Figure 9. All these Ar*Kr states
are repulsive or quasi-bound, which is in contrast with homo-
nuclear Ar-'* and Kr»'* dimers, for which some of the lower ns
excited states are strongly bound (by as much as 6000 cm™').
Kr (5s)-excited ArKr* states are also calculated to be quasi-
bound or repulsive.” As mentioned in the Introduction, this
remarkable difference in bonding characteristics arises from the
stronger interaction in homonuclear dimers (degenerate atomic
orbitals) than in heteronuclear dimers (nondegenerate atomic
orbitals).

Both observed electronic bands are close in energy to the Ar
(4s) [3/2]°, + Kr 'Sy atomic dissociation limit. Figure 9
shows, however, that excited states that correlate with this Ar
(4s) [3/2)°, + Kr 'Sy dissociation limit cannot be accessed,
assuming vertical transitions from the ground state (r. = 3.9
A) at the two-photon energies we used. Only Ar*-excited states
that correlate to the Ar (4s) [3/2]°, + Kr 'S, atomic asymptotes
can be accessed at these two-photon energies. These three
electronic states are states with Q = 07, 1, and 2. Transitions
to the & = 07 state are two-photon forbidden. We conclude.
therefore, that the observed electronic bands correspond to
excitations to the € = 1 or 2 states that correlate to the Ar (4s)
[3/2]°, + Kr 'S, dissociation limit. Quasi-bound minima have
been calculated for both the Q = 1 and 2 states at internuclear
distances near that of the ground state (see Figure 9). As
mentioned above, our electronic band starting at 94 180 cm™'
was also observed by Tanaka et al.'” as a one-photon absorption:
we therefore assign it to the & = 1 state. Because no one-
photon absorption signals were found by Tanaka et al.'" at
energies near the electronic band starting at 93 699 cm ', we
conclude that this band corresponds with the Q = 2 state.

The REMPI and ion-imaging data reveal that at the laser
fluences used the two-photon absorption is followed by several
processes. As with Kr- we are led to expect some of the
following processes:
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ArKr ionization

hv
Ar*Kr= ArKr™ + e~ (8)

dissociative ionization

hv

Ar*Kr=Ar"+ Kr+e~ (9)
predissociation, followed by excited fragment ionization

hv )
ArKr* — Ar* + Kr=Ar +Kr+e (10)

three-photon absorption, followed by ArKr
dissociation and excited fragment ionization

hv hv

ArKr# = ArKr#* — Ar¥ + Kr= Ar  + Kr+e~ (11)

in which = indicates photon absorption and — dissociation.
Process 8 is evident from the observation of ArKr™ signals in
the REMPI scans. Absorption of three photons is sufficient to
bring the two-photon-excited intermediates above the ArKr
ionization limit (13.5 eV3!2), Because the dissociation energy
of the ArKr™ ion is only 0.5 eV, dissociative ionization (process
9) is energetically accessible after absorption of three photons.
Dissociative ionization into Kr™ + Ar products is energetically
more favorable than dissociation into Ar™ + Kr (by 1.76 eV).
The REMPI data show, however, that processes leading to the
formation of Kr™ ions are not very significant. Predissociation,
process 10, might lead to Kr 'Sy + Ar 3P; excited state
fragments. Calculations by Spiegelmann et al.” (see Figure 9)
reveal that both the Q = 1 and 2 states are crossed by the two-
photon-forbidden & = 0~ state, which may play a role in the
observed predissociation. Predissociation to Kr 'Sy + Ar *P,
fragments will be accompanied by a total kinetic energy release
of approximately 80 and 125 meV, for excitation to the bands
starting at 93 699 and 94 180 cm™!, respectively. These
calculated total kinetic energy releases are consistent with the
experimentally observed energy releases of the inner ring in
the images.

The internal energies of the excited state Ar fragments can
be deduced from the images using a strategy similar to that
outlined in eq 5. In Figure 10 the distribution of the Ar
photofragments in the outer ring of the image versus the internal
energy of the Ar* atoms is plotted. This plot reveals that the
internal energies of the Ar atoms, observed in the outer ring of
the images for both observed electronic bands, are approximately
13.3 eV (assuming absorption of three photons). The observed
width is resolution-limited and is for both rings approximately
0.7 eV (fwmh). Some of the possible Ar* excited states formed
are indicated in Figure 10. Several Ar (4p) states are located
between 12.6 and 14.0 eV,52 but we are not able to resolve which
states are formed. The images do reveal, however, that other
Ar excited states, such as 4s, 5s, 3d, and 5p, are not formed.
Additionally, the images and Figure 10 show that three-photon
absorption leads to dissociation into neutral fragments (process
11), not directly to ionic products (process 9).

The ion images obtained for the two electronic ArKr states
investigated are somewhat similar but also remarkably different.
The two electronic states exhibit similar dynamics: direct
ionization of the two-photon resonant levels (process 8)
competes with predissociation of the two-photon resonant level
(process 10) and with three-photon absorption, followed by
dissociation into neutral fragments (process 11). The images
directly reveal the competition between the latter two processes.
The ion images taken for transitions to the band starting at
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Figure 10. Internal energy of the excited Ar atoms formed in the outer
ring of the image shown in Figure SA (gray) and 5C (black). The comb
at the top indicates Ar atomic energies: the black arrow indicates the
energy corresponding with formation of Kr 'Sy + ground state Ar™
ion.

93 699 cm™!, which is an excitation to the Q = 2 state, display
approximately a factor of 10 more signal in the outer ring than
in the inner ring. The images taken for transitions to the band
starting at 94 180 cm™!, which is an excitation to a Q = 1 state,
display approximately a factor of 5 less signal in the outer ring
than in the inner ring. Our experiments reveal the competition
between these different processes in the time window of the
laser pulse (=5 ns). It is expected that the ratio of the two
channels depends on the laser fluences used, but this laser
fluence is kept constant for all recorded images. The marked
difference between the images taken for the two electronic bands
can have several additional sources. First, the cross section for
absorption of a third photon may be different for the two-photon
intermediate states. Three-photon absorption leads to ap-
proximately 17.5 eV of excitation energy in the ArKr molecule.
The number and electronic symmetries of excited states in this
energy region are unknown. Enhanced absorption by resonant
effects, leading to markedly different cross sections, might
influence the competition between predissociation (process 10)
and three-photon absorption processes (process 11). Second,
and more likely, the predissociation rates of the two-photon
resonant excited Q@ = 1 and 2 states may be different. The
predissociation rates are determined by the depths of the wells
and/or barriers to dissociation of the quasi-bound states and by
the interaction with the @ = 0~ state, which crosses both the
€ =1 and 2 states.” Calculations’ show that the local minimum
of the Q = 2 state is a little deeper than that of the Q = 1
state, in agreement with the slower predissociation rate observed
for the = 2 state.

The angular distributions of the Ar photofragments formed
after predissociation of the two-photon-excited ArKr states of
both electronic bands are to some extent anisotropic; Ar
photofragments in the inner ring of the images recoil primarily
along the laser polarization vector. The angular distribution of
the fragments in the outer ring, which corresponds to fragments
formed after three-photon absorption, can be modeled fairly
accurately using a single anisotropy parameter, 3, = 2,
neglecting the higher order terms. Using eq 6, somewhat better
fits to the angular distributions shown in Figure 6C and 7C are
obtained with 52 = 2, 8, =0.03, 8¢ = 0, and 8> = 2, 8, = 0.05,
Bs = 0.05, respectively. This modeling indicates that the
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dissociation at the three-photon level is fast, and the Ar
photofragments recoil with a nearly cos® 8 angular distribution
around the laser polarization vector. The Ar photofragment ion
images reveal that u—v correlation leads already to anisotropic
fragment distributions for predissociation at the two-photon
level. However, part of the u—v correlation cancels out in the
three-photon absorption/dissociation process (process 11) be-
cause no higher order terms are needed to describe the angular
distributions of the Ar photofragments in the outer ring.

Conclusions

We have studied the photodissociation and photoionization
dynamics of Kr, and ArKr, using the photofragment ion imaging
technique. Several electronic states excited by two-photon
resonant absorption are investigated. Our photofragment ion
imaging study reveals various competitive channels in the
dissociation and ionization dynamics of these two-photon-
excited states. In general, all two-photon resonant excited states
studied predissociate. This predissociation. however, competes
with processes in which a third photon is absorbed. Three-
photon absorption leads to ionization of the molecule or to
dissociation of highly excited states, into two neutral fragments.
The relative contributions of these processes depend on the
particular electronic state studied and the laser fluences used.
Transitions in ArKr, which were previously assigned to states
in which the Kr moiety is electronically excited,'®!? are shown
to be transitions in which the Ar moiety is electronically excited.
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