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Excited states and photodissociation dynamics of the triiodine radical „I3…
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The electronic spectroscopy and photodissociation dynamics of the I3 radical are investigated with
two experimental methods. The ground and several low-lying excited states of the I3 radical are
characterized by photoelectron spectroscopy of I3

2 at 213 nm. Assignments of these states are
discussed with reference to recent calculations. In addition, photodissociation of the I3 radical was
investigated at selected photon energies~4.59, 4.96, and 5.17 eV! by fast radical beam
photofragment translational spectroscopy. Two product channels were observed with mass ratios of
1:2 and 1:1, and translational energy (P(ET)) distributions were measured. TheP(ET) distributions
for products with mass ratio 1:2 show that this channel corresponds to I2 in various electronic states
along with atomic I in its2P3/2 or 2P1/2 state. The 1:1 channel corresponds primarily to concerted
three-body dissociation to three I atoms. ©2000 American Institute of Physics.
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I. INTRODUCTION

The triiodine radical (I3) has been proposed to be a k
intermediate in the iodine atom recombination react
I1I→I2,

1 and in the conversion between ortho- and para2

through I1I2 complex-forming collisions.2 The existence of
stable excited states of the I3 radical has been postulated
explain the efficient quenching of I* (2P1/2) by I2,

3–5 a pro-
cess of interest in iodine chemical lasers. However, only
cently has the I3 radical been experimentally observed a
shown to have a stable ground state,6 while considerably less
is known about the excited states of I3. In this work, we use
a combination of photoelectron spectroscopy and photof
ment translational spectroscopy to further elucidate
ground state of I3 and to probe the spectroscopy and dyna
ics of its excited electronic states.

To date, the only direct experimental observation of3

comes from photoelectron spectroscopy~PES! of I3
2. The

PES spectrum of I3
2 by Taylor et al.6 at a photodetachmen

wavelength of 266 nm yielded the electron affinity of I3,
4.22660.013 eV. This value in conjunction with the diss
ciation energy of I3

2measured by Sunderlin and co-worker7

showed that I3 was stable by 0.14 eV with respect to diss
ciation to I1I2. The photoelectron spectrum showed a lo
frequency vibrational progression~11565 cm21! in the I3

a!Present address: Department of Chemistry and Biochemistry, Universi
California, Los Angeles, California 90095.

b!Present address: Department of Chemistry, University of Utah, Salt L
City, Utah 84112.
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ground state that was assigned to the symmetric stretch,
simulations of the spectrum suggested the I3 ground state to
be linear and centrosymmetric. The PES showed that th
was an excited state of I3 0.27 eV above the ground state.
lower resolution, two-photon PES of I3

2 taken by Zanni
et al.8,9 using femtosecond laser pulses at 390 nm show
evidence for higher excited states of I3 lying 0.68 and 1.48
eV above the ground state.

No assignments of the I3 electronic states were propose
in these photoelectron studies. Since their publication, h
ever, Coker and co-workers10 have performed a systemat
study of the electronic states of I3 using the semiempirica
DIM ~diatomics-in-molecules! method. This work indicated
that I3 has a centrosymmetric, weakly bound ground st
with V51/2. Simulations of the anion PES assuming tra
sitions to this state were in reasonable agreement with
experimental data of Tayloret al.6 In a more recent study,11

the properties of this proposed ground state were explo
further, and two low-lying excited states withV53/2 were
found which were close in energy to the excited states s
in the low-resolution spectrum obtained by Zanniet al.9

In this work, we investigate the low-lying excited stat
of I3 radical with anion photoelectron spectroscopy at
lower photodetachment wavelength~213 nm! than was used
previously. The new spectra reveal several electronically
cited states of the I3 radical at higher resolution than in pre
vious work;9 these states are further characterized throu
the measurement of photoelectron angular distributions
addition, photodissociation from more highly excited sta
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of the I3 radical is investigated with fast beam photofragme
translational spectroscopy, in which a fast beam of I3 is gen-
erated by photodetachment of mass-selected I3

2. This work
represents the first observation of electronic transitions in3.
Photofragment mass and translational energy distribut
were measured at several photolysis energies~4.59, 4.96, and
5.17 eV!. Several dissociation channels are observed, inc
ing three-body dissociation of I3.

II. EXPERIMENT

Two instruments, a negative ion photoelectron spectro
eter and a fast radical beam photofragment translatio
spectrometer, are used for this study. To generate anion
both instruments, argon gas~3 psig! flows over iodine crys-
tals (I2) at room temperature. The resulting mixture sup
sonically expands through a pulsed valve into the sou
region of the apparatus. Anions were generated by a 1 keV
electron beam, which crosses the expansion, and coole
rotational temperatures of 30–50 K during expansion.

In the anion photoelectron spectrometer,12,13 negative
ions generated in the ion source pass through a skimmer
a differentially pumped region. They are extracted perp
dicular to their flow direction by a pulsed electric field an
injected into a linear reflectron time-of-flight~TOF! mass
spectrometer14,15 with a mass resolution (m/Dm) of 2000.
The ion of interest is selectively photodetached using
fifth harmonic ~213 nm, 5.822 eV! of a pulsed Nd:YAG
laser.

The electron kinetic energy~EKE! distribution is deter-
mined by TOF analysis in a 1 mfield-free flight tube. The
energy resolution is 8–10 meV at 0.65 eV and degrade
~EKE!3/2. The data in electron kinetic energy is converted
electron binding energy~EBE! by subtracting it from the
photon energy. The EBE is given by Eq.~1! where EA is the
adiabatic electron affinity andE0 and E2 are the internal
energies of the neutral and anion, respectively.

EBE5hn2EKE5EA1E02E2. ~1!

The photoelectron angular distribution is obtain
through measurement of the photoelectron spectrum at
laser polarization angles,u50° and 90°, whereu is the
angle between the electric field vector of the laser and
direction of election detection. The laser polarization is
tated with a half-wave plate. The angular dependence of
photodetachment intensity for polarized light and random
oriented molecules is given by Eq.~2!,16

ds

dV
5

s total

4p F11
b~EKE!

2
~3 cos2 u21!G , ~2!

wheres total is the total photodetachment cross section a
b~EKE! is the anisotropy parameter~21<b<2!. Each elec-
tronic state typically has a characteristic anisotropy para
eter~b! and this can be used to distinguish peaks of overl
ping electronic transitions. The anisotropy parameter o
peak can be calculated17 using Eq.~3!,

b5
I 0°2I 90°

1
2I 0°1I 90°

, ~3!
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where I 0° and I 90° are the intensities of the peak taken
laser polarization anglesu50° and 90°.

Photodissociation of the I3 radical was studied using ou
fast radical beam photofragment translational spectrome
In this instrument,18,19 negative ions formed in the sourc
region are accelerated to 8 keV and separated temporall
a TOF mass spectrometer. The I3

2 ion packet is intersected b
a pulsed beam from KrF excimer laser~248 nm!, photode-
taching the anions to yield neutral I3 radicals. Any remaining
ions are removed by the application of an electrical defl
tion pulse. The I3 radicals pass through a 1 mmdiameter
aperture and are then intersected by a linearly polari
pulsed dye laser beam, resulting in photodissociation
some of the radicals. Photodissociation was investigate
three wavelengths, 270, 250, and 240 nm, each of which
generated by frequency-doubling a fundamental wavelen
at which the dye laser power was maximal. Note that at
photodetachment wavelength, 248 nm, photodissociation
well as photodetachment of I3

2 is expected. However, nearl
all photofragments from I3

2 are blocked by the 1 mm apertur
before the second laser.

Photofragments are detected by a coaxially mounted
crochannel plate detector. A blocking strip across the ce
of detector prevents parent molecules from reaching the
tector, whereas photofragments with sufficient recoil ene
miss the beam block and strike the detector. These fragm
are generally detected with high efficiency~up to 50%! due
to their high laboratory kinetic energy.

In the photodissociation experiment, two photofragme
from a parent molecule are collected in coincidence usin
time- and position-sensitive detector at a fixed wavelen
and the dissociation dynamics are investigated. We mea
the distanceR between the two fragments on the detector,
time differencet of their arrival, and the individual displace
ments of the two fragments,r 1 and r 2 , from the detector
center for each dissociation event. From these we obtain
center-of-mass translational energyET , the scattering angle
u with respect to the laser polarization~parallel to the ion
beam axis!, and the photofragment mass ratiom1 /m2 via

m1

m2
5

r 2

r 1
S 12

v0t

l D , ~4!

u5tan21S R

v0•t D , ~5!

ET>E0•
m

M
•

~v0•t!21R2

l 2 . ~6!

Here E0 and v0 are the ion beam energy and velocit
respectively,m is the reduced mass of the photofragmen
andl is the flight length from the photodissociation region
the detector. Although the relative recoil distanceR is deter-
mined with high precision (R/DR'100), the individual re-
coil distancesr 1 andr 2 are less precisely determined due t
finite size of the parent beam, resulting inm/Dm'10. The
energy resolution (DET /ET) under the conditions in thes
studies is around 2%. While only two particles per event c
be analyzed using this coincidence detection scheme,
showed recently in a photodissociation study of the3

2
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anion20 that three-body dissociation could be unambiguou
identified if one of the atoms strikes the beam block, a s
ation that appears to apply to neutral I3 as well.

III. RESULTS AND ANALYSIS

A. Photoelectron spectrum of the I 3
À anion

Figure 1 shows anion photoelectron spectra of I3
2 taken

at 213 nm~5.822 eV!. These spectra, taken at two polariz
tion angles, have been normalized with respect to laser s
to facilitate comparison of peak intensities. All features
theu590° spectrum~solid line! are much more intense tha
in the u50° spectrum~dotted line!. The four main features
are labeled as X, A, B, and C in the spectra. Two additio
features labeled with an asterisk~* ! are due to photodetach
ment of I2, which is formed from the photodissociation o
the parent I3

2 anion. Absolute peak positions and anisotro
parameters~b! for corresponding peaks are listed in Table

Peak X represents the transition to the electronic gro
state of I3, while peaks A–C are from transitions to excite
states. Peaks B and C were not observed in the previo
reported photoelectron~PE! spectrum at the lower photo
energy of 4.657 eV~266 nm!.6 Although peak X showed
resolved vibrational structure in the 266 nm spectrum,
such structure is seen in Fig. 1 because the electron en
resolution drops with increasing electron kinetic ener
Peak A shows no vibrational structure at either photodeta
ment wavelength, and the additional features at 213 nm
and C, do not exhibit vibrational structure either.

We first consider the assignment of peaks X and A. T
ground state molecular orbital configuration for the I3

2 anion
is •••(su)2(pu)4(pg)4(sg)2(pu* )4.21 From Koopman’s
theorem, the ground state of I3 is accessed by removal of a

FIG. 1. Photoelectron spectrum of I3
2 anion at 5.822 eV taken at lase

polarization anglesu590° ~solid line! and 0°~dotted line!.

TABLE I. Peak position and anisotropy parameter~b! for feature in the I3
2

photoelectron spectrum.

Peak
Position

~eV!
Anisotropy

parameter~b!

Splitting from the origin of
X̃ state of I3 ~eV!

X 4.254 20.48 0.028
A 4.533 20.41 0.307
B 4.869 20.88 0.643
C 4.933 20.69 0.707
y
-

ts

l

.
d
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.
h-
B
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electron from the highest occupied molecular orbital, leav
an I3 radical in either of two2Pu spin–orbit states,2Pu,3/2

and2Pu,1/2, with theV53/2 level being lower in energy. In
addition, the similar anisotropy parameters for peaks X a
A in Table I suggest that photoelectrons for these two f
tures might be removed from the same orbital of I3

2. These
considerations support assignments of peaks X and A to
2Pu,3/2 and 2Pu,1/2 states, respectively, of I3 in agreement
with the state-ordering of the isovalent species XeF2

1.22,23

However, at 266 nm, the anisotropy parameters
peaks X and A were found to be 0.24 and20.21~these were
misreported in the previous article!, so the agreement of th
b values at 213 nm may be fortuitous and not be a stro
indication that the two peaks result from detachment out
the same orbital. This would be consistent with a relativis
extended Huckel calculation on I3 by Pyykkö24 which pre-
dicts a2Pu,3/2 ground state and a low-lying2Sg

1 excited state
from detachment of asg electron; this state ordering resul
from the large spin–orbit splitting in I3 raising the2Pu,1/2

state above the2Sg
1 state.

In the highest level calculations on I3 published to date,
a different assignment is proposed. The DIM calculations
Margulis et al.10,11 find the ground state of I3 to have V
51/2, whereV is the projection of total angular momentu
on the molecular axis. In their calculation, I3 was assumed to
be linear. Although there was no discussion of the molecu
orbital configuration, this state presumably results from
tachment of asg electron from I3

2. The calculated dissocia
tion energy of this state, 0.19 eV, agrees with experimen6,7

~0.1460.06 eV! and the calculated symmetric stretch fr
quency, 126 cm21, is close to the experimental value o
11565 cm21. Marguliset al. find the first excited state to b
a V53/2 state, which should be the lower spin–orbit sta
resulting from detachment of apu* electron. This state is
calculated to lie 0.13 eV above the ground state, smaller t
the X–A splitting of 0.27 eV but close enough to be a viab
assignment. The assignment of peaks X and A based on
DIM calculations is also consistent with the assignment
the Cl3

2 photoelectron spectrum,25 in which the lowest two
~overlapped! transitions were assigned to the2Sg

1 and 2Pu

states of Cl3. While the agreement between the DIM calc
lations and experiment appears convincing, very recentab
initio calculations by Kaledin and Morokuma26 find the
ground state of I3 to be bend with a small~0.1 eV! barrier to
linearity, and thatV53/2 for this state in its linear geometry
At this point, the assignment of peaks X and A is not defi
tive, but it is reasonable to assume that one is due to thV
53/2(2Pu,3/2) state and the other to theV51/2(2Sg

1) state.
Peaks B and X are separated by 0.615 eV. Margulis

Coker11 calculate the second excited state of I3 to be aV
53/2 state lying 0.67 eV above the I3 ground state, again in
reasonable agreement with experiment. This neutral s
should correspond to the lower spin–orbit state result
from detachment of apg electron from I3

2. Peak C, lying
0.064 eV ~516 cm21! above peak B, is more problemati
Coker finds the antisymmetric stretch frequency to be 4
cm21 for the V53/2 state, and his simulation of the phot
electron spectrum suggests that peak C involves transit
to vibrationally excited levels of this state in which the an
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symmetric stretch is singly excited. However, the calcula
416 cm21 frequency seems very high, given that the vib
tional frequency of the I2 ground state is only 213 cm21. In
addition, if the anion and neutral are centrosymmetric~as
predicted by the calculation!, then transitions to singly ex
cited antisymmetric stretch levels have Franck–Condon
tors of zero. It seems more likely that peak C is a transit
to a third excited state, possibly theV51/2 spin–orbit state
from detachment of apu* electron, rather than a vibrationall
excited level of the second excitedV53/2 state. This assign
ment is also supported by the different anisotropy parame
of peaks B and C~Table I!.

Figure 2 shows the energy of the I3 ground state and the
three excited states seen in the PES relative to I3

2 and the
various I3 fragmentation channels, using the dissociation
ergy of I3 and the well-known energetics of I2 and I.27,28

Only the ground state of I3 is thermodynamically stable with
respect to the lowest energy product channel, I(2P3/2)
1I2(X 1Sg

1).

B. Photodissociation of the I 3 radical

Photodissociation dynamics experiments on I3 were car-
ried out at three photolysis energies: 4.59, 4.96, and 5.17
In this experiment, the I3 radical is generated by photode
taching the I3

2 anion. For most systems studied on this inst
ment, the photodetachment energy is chosen to be c
enough to the detachment threshold that only radicals in t
vibrational ground state are produced. However, the PES

FIG. 2. Energetics of I3. The three excited states of I3 observed in our PES
spectra are shown as dotted lines.
d
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I3
2 shows an extended progression in a low frequen

vibration,6 indicating a small Franck–Condon factor betwe
the anion and neutral vibrational ground states. Under th
circumstances, selective population of thev50 neutral level
is in principle possible by detachment just above thresho
but in practice one cannot produce sufficient I3 to carry out
the experiment. Instead, we detach at 5.00 eV~248 nm!, well
above the energy needed to populate the entire ground
Franck–Condon envelope of vibrational levels as well as
three excited states seen in the 213 nm photoelectron s
trum. As shown in Fig. 2, the excited states lie well abo
the lowest I1I2 asymptote, and we assume they dissociate
the 10 ms delay between the detachment and dissocia
pulses. Thus, we expect our photodissociation experimen
involve excitation from only the ground electronic state of3.

1. Photofragment mass ratio (m 1 Õm 2)

For each dissociation event, the mass ratio of the pho
fragments is determined using Eq.~4!. In Fig. 3, the frag-
ment mass ratio obtained at the photolysis energy of 4.59
shows that there are two rather broad peaks peaking at
tofragment mass ratios of 0.6 and 1.0. The peak at 0.
assigned to products with a 1:2 mass ratio; the devia
from the expected value of 0.5 may result from a combin
tion of poor photofragment mass resolution and stepw
three-body dissociation~see below!. Similar mass distribu-
tions are seen at the other two energies.

As shown in Fig. 2, there are several product chann
that are energetically accessible at our photolysis energi

I3~X̃!1hnphoton

→I~2P3/2!1I2~X 1Sg
1!

D050.1460.06 eV~channel 1!,

I* ~2P1/2!1I2~X 1Sg
1!

D051.0860.06 eV~channel 2!,

I~2P3/2!1I2~B 3P0
u
1!

D052.1060.06 eV~channel 3!,

I* ~2P1/2!1I2~B 3P0
u
1!

D053.0460.06 eV~channel 4!,

FIG. 3. Photofragment mass ratio (m1 /m2) of I3 at a photolysis energy of
4.59 eV~270 nm!.
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8612 J. Chem. Phys., Vol. 113, No. 19, 15 November 2000 Choi et al.
I~2P3/2!1I~2P3/2!1I~2P3/2!

D051.6960.06 eV~channel 5!,

I* ~2P1/2!1I~2P3/2!1I~2P3/2!

D052.6360.06 eV~channel 6!,

I* ~2P1/2!1I* ~2P1/2!1I~2P3/2!

D053.5760.06 eV~channel 7!,

I* ~2P1/2!1I* ~2P1/2!1I* ~2P1/2!

D054.5160.06 eV~channel 8!.

The low-lying, weakly boundA8 3P2u(Te51.245 eV)29 and
A 3P1u(Te51.352 eV)30 excited states of I2 are also acces
sible. However, we cannot distinguish I~or I* ! 1I2(A8 3P2u

andA 3P1u) from I ~or I* ! 1 vibrationally excited I2 in the
X state in ourP(ET) distributions.

Channels 1–4 are two-body dissociation channels yie
ing photofragments with mass ratio 1:2. Channels 5–8
three-body dissociation channels. These are more prob
atic, in principle, because the coincidence detector can de
at most two fragments per dissociation event. However
the I3 radicals undergo symmetric~concerted! three-body
dissociation, the two end atoms fly apart at approximat
equal and opposite center-of-mass~CM! velocities, while the
central atom remains stationary in the CM frame. It theref
follows the same trajectory of the parent molecule and w
hit the beam block in front of the detector. As a result, sy
metric three-body dissociation of I3 will appear as a two-
body channel with a mass ratio of 1:1 in our experime
Hence, our observation of products with a 1:1 mass ra
implies that symmetric three-body dissociation of I3 occurs.
Similar product mass distributions and assignments w
seen in a photodissociation experiment of I3

2 performed on
the same instrument.20

2. Energy and angular distributions

For each mass channel, the joint translational energy
angular distribution is given by

P~ET ,u!5P~ET!•~11b~ET!•~3 cos2 u21!/2!. ~7!

Here, ET is the translational energy release,u is the angle
between the photofragment recoil velocity vector and
laser polarization~parallel to the ion beam axis!, andb(ET)
is the anisotropy parameter. For the channel with mass r
1:1, m51/2 mI (mI5mass of I atom) in Eq.~6! as discussed
previously.20 The limiting cases of sin2 u and cos2 u angular
distributions are given byb521 and 12, respectively.
Generally speaking, a parallel transition yieldsb.0,
whereasb,0 for a perpendicular transition.

We find b.0 for both mass channels, suggesting th
the electronic transition is a parallel transition withDV50.
A more precise measurement ofb is hampered becaus
much of the photofragment signal occurs atET.1.5 eV~see
below! for which the angular acceptance of the detecto
quite low.31
-
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3. 1:2 mass channel

P(ET) distributions for products with mass ratio 1:2 a
shown in Figs. 4~a!–4~c!. At the lowest excitation energy
~4.59 eV!, three features labeled as A, B, and C in Fig. 4~a!
are visible. As the photon energy increases, feature C
mains at the sameET while features A and B shift to highe
ET . In addition, at the two higher photon energies, anot
feature labeled asC8 in Figs. 4~b!–4~c! appears between
features B and C.

Channels 1–4 are energetically possible at each exc
tion energy in Fig. 4. The four brackets in each plot show
maximum and minimum translational energies for chann
1–4; at energies below the minimum, the I2 internal energy
exceeds its bond dissociation energy and it would dissoc
long before reaching the detector. At all three energies,
ture A fits within the allowed translational energy range f
channel 1, so we assign it to this channel. Similar consid
ations indicate that feature B is due to a combination
channels 2 and 3; these cannot be completely distinguis
because their allowed energy ranges are strongly overlap
However, in Figs. 4~b! and 4~c! some of feature B extend
beyond the maximumET for channel 3, so at least some o
this feature is from channel 2. At the two higher excitati
energies~4.96 and 5.17 eV!, feature C8 can be assigned a
channel 4, I*1I2(B). At the lowest energy it is not clear i
this channel is present because of strong overlap of the
lowed translational energy range with the large low-ene
feature C. Note that the radiative lifetime of the I2(B) state is
in the range of 0.7–2ms,32 depending on vibrational level
which is considerably shorter than the flight time from t
interaction region to the detector~17 ms!. Hence the I2 prod-
uct associated with channels 3 and 4 fluoresces to the gro

FIG. 4. Translational energyP(ET) distributions of I3 at photolysis energies
at 4.59, 4.96, and 5.17 eV:~a!–~c! with 1:2 mass ratio and~d!–~f! with 1:1
mass ratio. The arrows indicate the allowed energies for the three-b
channels assuming concerted dissociation.
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state before it is detected; this of course has no effect on
translational energy release.

The assignment of feature C is problematic, beca
there is no stable I21I channel in this energy range. Sinc
peak C lies just below the minimum energy for I*1I2(B), it
may result from I*1I2 formed in its B 3P0

u
1 state with

enough energy~.0.53 eV! to dissociate to I1I* . This rep-
resents an example of stepwise~asynchronous! three-body
dissociation, in which the two I3 bonds break on differen
time scales, i.e.,

I3→
~a!

I* 1I2~B!→
~b!

I* 1I1I* . ~8!

I2(B) excited above its dissociation limit will survive for a
most one vibrational period, but this should be sufficient
the two steps to be considered as distinct. In contrast to s
metric three-body dissociation, the stepwise mechan
poses problems for our detection scheme because it is m
likely to lead to dissociation events in which all three pa
ticles hit the detector, and we can only process two partic
per dissociation event. However, if these two particles
the I* from ~a! and one of the atomic fragments from diss
ciating I2(B), analysis of the coincidence data should yield
translational energy representing the relative translational
ergy between the two fragments from~a!, but broadened be
cause of the energy released from dissociation of the hig
excited I2(B). One problem with this mechanism is that o
would expect peak C to shift toward higherET as the photon
energy is raised, but no shift is observed. We therefore
gard this mechanism for peak C as tentative. While it is a
possible that peak C comes from predissociation of bo
levels of the I2(B) state, this is less likely because prediss
ciation from the B state is generally a minor channel co
pared to fluorescence, although it can be competitive w
fluorescence at very highJ levels (J.100).32

4. 1:1 mass channel

Figures 4~d!–4~f! show theP(ET) distributions for the
1:1 mass channel. These distributions show several relati
sharp peaks along with a broad feature aroundET51.0 eV.
The assignment of the sharp features is straightforward
each photon energy, concerted three-body dissociatio
three I atoms, in which the central I atom has no translatio
energy in the center-of-mass frame of reference, yield
single value of allowed translational energy for each of
channels 5–8. The allowed energies are indicated by the
rows in Figs. 4~d!–4~f!, and each sharp peak~but not the
broad, low energy peak! is centered at one of these energie
This agreement provides further proof that the three-b
dissociation is concerted and that dissociation is occur
from a linear~or at least quasilinear!, centrosymmetric spe
cies. We see that channels 5 and 6 are active at each ex
tion energy. Channel 7 is clearly observed athn>4.96 eV
and channel 8 is not evident at any of the energies we s
ied.

While the sharp peaks in Figs. 4~d!–4~f! correspond to
the appropriate kinetic energies for concerted three-body
sociation, they are considerably broader than the experim
tal kinetic energy resolution,;300 meV vs;20 meV. Simi-
he
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lar results were seen in three-body dissociation from I3
2,20 in

which peaks were observed at exactly the right energies
were ;150 meV wide. Trajectory calculations run for I3

2

dissociation20 indicated that the additional width resulte
from deviation of the three-body trajectories from the sy
metric stretch coordinate, so that the central atom was
always halfway between the two end atoms at the detedc
The further broadening of the three-body features from3

dissociation~i.e., 300 vs 150 meV! most likely reflects the
initial internal energy spread of the I3 radicals since the en
tire Franck–Condon envelope of vibrational levels is pop
lated by photodetachment in this experiment~see above!.

We next consider the broad, low energy feature that
pears around 1 eV in theP(ET) distributions. This feature
does not correspond to an allowed energy for conce
three-body dissociation and therefore must have another
gin. This peak occurs in the same energy range as peak
the distributions for the 1:2 mass channel and we tentativ
assign it to the same origin, namely stepwise three-body
sociations via Eq.~8!. Some of these events will be counte
as products with mass ratio 1:1, as long as the meas
value of m1 /m2.0.7 @see Eq.~4! and Fig. 3# for the two
detected photofragments. We note that I2 has a multitude of
low-lying, repulsive electronic states, and cannot rule
that the production of I2 in one or more of these states als
contributes to the intensity of the low energy feature or to
broadening of the sharper features in Figs. 4~d!–4~f!. A more
detailed understanding of three-body channels other t
concerted dissociation requires a detector that can pro
three or more particles per dissociation event; such a dete
is currently under development in our laboratory.

IV. DISCUSSION

The anion photoelectron spectrum of I3
2 presented here

shows transitions to the ground and three low-lying exci
states of I3. The presence of these low-lying excited states
of interest in light of electronic quenching experiments on*
performed in several laboratories. The primary quench
mechanism is through collisions with I2, i.e., I*1I2→I1I2.
The large rate constant and negligible activation energy
served for this reaction led Leone, Houston, and th
co-workers3–5 to postulate that the reactants form a sho
lived, electronically excited I3 complex that dissociates t
I1I2 by a nonadiabatic transition. As shown in Fig. 2, a
three excited states seen in the anion photoelectron lie be
the I*1I2 asymptote and are therefore possible candida
for the reactive intermediate in the electronic quenching
action. The specific identification of the state or states t
are involved requires a more definitive assignment of th
states than is currently available.

The identity of the excited electronic state~s! accessed in
the I3 photodissociation experiments remains undetermin
However, several trends in the photofragment energy
angular distributions are noteworthy. At each photon ener
the anisotropy parameter is positive, indicating the transit
moment is parallel and thatV is unchanged upon excitation
In addition, theP(ET) distributions for the 1:2 and 1:1 mas
channels are quite similar in appearance at each energy,
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gesting that the same state or manifold of states is acce
from 4.59–5.17 eV. Most of the features in theP(ET) dis-
tributions shift toward higher kinetic energy as the phot
energy is raised, reflecting the increased available energy
each product channel. In the distributions for 1:2 produ
the kinetic energy distributions for each channel cove
good bit of the allowed energy range for that channel, in
cating that there is significant vibrational and rotational e
citation of the I2 fragment regardless of its electronic sta
Finally, although it is difficult to calculate quantitativ
branching ratios because many of the product channels o
lap, formation of ground state products is disfavored. In
1:2 distributions, feature A corresponding to I1I2 is consid-
erably weaker than features corresponding to excited I an
I2, while in the three-body distributions the I1I1I channel is
weaker than I*12I or 2I*1I.

The results presented here represent the first experim
tal study of the spectroscopy and dynamics of excited e
tronic states in I3. The detailed interpretation of our resul
certainly requires more theoretical work on the relevant
tential energy surfaces. We hope the results presented
will stimulate more experimental and theoretical investig
tions of this important chemical species.
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