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Excited states and photodissociation dynamics of the triiodine radical (13)
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The electronic spectroscopy and photodissociation dynamics of tiaelical are investigated with
two experimental methods. The ground and several low-lying excited states of theidal are
characterized by photoelectron spectroscopy jofat 213 nm. Assignments of these states are
discussed with reference to recent calculations. In addition, photodissociation gfrétichl was
investigated at selected photon energi@gs59, 4.96, and 5.17 eVby fast radical beam
photofragment translational spectroscopy. Two product channels were observed with mass ratios of
1:2 and 1:1, and translational enerd(E+)) distributions were measured. TREE) distributions

for products with mass ratio 1:2 show that this channel correspondsrtadrious electronic states
along with atomic | in its’P5, or 2P, state. The 1:1 channel corresponds primarily to concerted
three-body dissociation to three | atoms. Z000 American Institute of Physics.
[S0021-960600)01043-9

I. INTRODUCTION ground state that was assigned to the symmetric stretch, and
o _ simulations of the spectrum suggested thgrbund state to

The triiodine radical (§) has been proposed to be a key be linear and centrosymmetric. The PES showed that there

intermediate in the iodine atom recombination reactionyas an excited state of 0.27 eV above the ground state. A

I+1—1," and in the conversion between ortho- and para-l jower resolution, two-photon PES of; Itaken by Zanni

through k1, complex-forming collisions. The existence of et a8° ysing femtosecond laser pulses at 390 nm showed

stable excited states of the fiadical has been postulated to gyjdence for higher excited states gflying 0.68 and 1.48

explain the efficient quenching of (Py)) by I,,°>°a pro- ey above the ground state.

cess of interest in iodine chemical lasers. However, only re- assignments of the Electronic states were proposed

cently has the radical been experimentally observed andj, these photoelectron studies. Since their publication, how-

shown to have a stable ground stétehile considerably less ever, Coker and co-workéfshave performed a systematic

is known about the excited states @f In this work, we use g4y of the electronic states of Uising the semiempirical

a combination of photoelectron spectroscopy and photofrag, (diatomics-in-moleculeésmethod. This work indicated

ment translational spectroscopy to further elucidate th‘?hat L has a centrosymmetric, weakly bound ground state

grounq state_ofgl and to pTObe the spectroscopy and dynam-With Q0 =1/2. Simulations of the anion PES assuming tran-
ics of its excited electronic states.

. . . ition hi were in r nabl reement with th
To date, the only direct experimental observation f | sitions to this state were easonable agreement with the

; 6
coms o phcoslecton specioscoBES of 1, The | 0°THena dos rTavn ol anore et ol
PES spectrum of;] by Taylor et al® at a photodetachment prop prop g P

wavelength of 266 nm yielded the electron affinity of | further, and two low-lying excited states with=3/2 were

4.226+0.013 eV. This value in conjunction with the disso- found which were close in energy to the excited states seen

ciation energy of Jmeasured by Sunderlin and co-worKers in the onv-resolutlon_spect_rum obtained by Zaen!al.g
showed thatd was stable by 0.14 eV with respect to disso- In th|§ workz we ||jvest|gate the low-lying excited states
ciation to +1,. The photoelectron spectrum showed a Iow—Of I3 radical with anion photoelectron spectroscopy at a
frequency vibrational progressio115+5 cm™Y) in the | Iowe_r photodetachment waveleng®il3 nm than Was_used
previously. The new spectra reveal several electronically ex-
cited states of theslradical at higher resolution than in pre-

dpresent address: Department of Chemistry and Biochemistry, University O\f/ious work? these states are further characterized through
California, Los Angeles, California 90095. ’ . .
Ypresent address: Department of Chemistry, University of Utah, Salt Lakéhe measurement of photoelectron angular distributions. In

City, Utah 84112, addition, photodissociation from more highly excited states
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of the | radical is investigated with fast beam photofragmentwhere o and Igo- are the intensities of the peak taken at
translational spectroscopy, in which a fast beamyd$ lgen-  laser polarization angleg=0° and 90°.
erated by photodetachment of mass-selecfedThis work Photodissociation of the radical was studied using our
represents the first observation of electronic transitions.in | fast radical beam photofragment translational spectrometer.
Photofragment mass and translational energy distribution® this instrument®® negative ions formed in the source
were measured at several photolysis ener@leg9, 4.96, and region are accelerated to 8 keV and separated temporally by
5.17 e\). Several dissociation channels are observed, inclug@ TOF mass spectrometer. Theibn packet is intersected by
ing three-body dissociation of.! a pulsed beam from KrF excimer las@48 nm, photode-
taching the anions to yield neutralriadicals. Any remaining
ions are removed by the application of an electrical deflec-
Il. EXPERIMENT tion pulse. The 4 radicals pass throlga 1 mmdiameter

Two instruments, a negative ion photoelectron spectromgperture and are then mtersec_ted _by a Ime_arly po!arlzed
ulsed dye laser beam, resulting in photodissociation of

eter and a fast radical beam photofragment translationdl . ) . . )
P 9 ome of the radicals. Photodissociation was investigated at

for thi . T i .
spectrometer, are used for this study. To generate anions three wavelengths, 270, 250, and 240 nm, each of which was

both instruments, argon g#3 psig flows over iodine crys- .
tals (L) at room temperature. The resulting mixture Super_generated by frequency-doubling a fundamental wavelength

sonically expands through a pulsed valve into the sourcéﬂt which the dye laser power was maximal. No.te tha}t ".ﬂ the
region of the apparatus. Anions were generatgciti keV photodetachment wavelength, 248 nm, photodissociation as
electron beam, which crosses the expansion, and cooled ell as photodstachment of Is expected. However, nearly
rotational temperatures of 30—50 K during expansion. all photofragments from;l are blocked by the 1 mm aperture

In the anion photoelectron spectrometet® negative befoFr)i t:‘i secondtlaser.d tected b al ted mi
ions generated in the ion source pass through a skimmer into otofragments are detected by a coaxially mounted mi-

a differentially pumped region. They are extracted perpenprochannel plate detector. A blocking strip across the center

dicular to their flow direction by a pulsed electric field and of detector prevents parent molecgles f“’_”f' reachmg the de-
injected into a linear reflectron time-of-flighTOF) mass tector, whereas photofragments with sufficient recoil energy

spectrometéf® with a mass resolutionn/Am) of 2000 miss the beam block and strike the detector. These fragments
The ion of interest is selectively photodetached using thé"® generally detected with high efficienayp to 50% due

fifth harmonic (213 nm, 5.822 eY of a pulsed Nd:YAG to their high Iaboratory k_|net|c energy.
laser. In the photodissociation experiment, two photofragments

The electron kinetic energfEKE) distribution is deter- Irom a pgrent Tolecule .‘?re CgllfCtted mt cmfnmcéence ulsmgﬂ?
mined by TOF analysisnia 1 mfield-free flight tube. The Ime- and posilion-sensilive detector at a fixed waveleng

energy resolution is 8—10 meV at 0.65 eV and degrades & nddt.hf dIS;Ot():IEitIOH di/r?art'mcsf are |nv?stlga:ﬁd.dV\:e Teatshure
(EKE)®?2. The data in electron kinetic energy is converted o, € :;ﬁzcanc € V‘f'etﬁn_ € _wol ragdnlﬁn S g_n _de I((aj_eclor, €
electron binding energyEBE) by subtracting it from the Ime dittereéncer ot their arrival, and the individual displace-

photon energy. The EBE is given by Hd) where EA is the ments of the two fragments,; andr,, from the detector
adiabatic electron affinity an&® and £~ are the internal center for each dissociation event. From these we obtain the

energies of the neutral and anion, respectively. cen'ger—of—mass translational ener‘.@y,.the scattering angle
6 with respect to the laser polarizatigparallel to the ion
EBE=hv—EKE=EA+E°-E". (1) beam axig and the photofragment mass ratig /m, via

The photoelectron angular distribution is obtained Ot
1 2 0
through measurement of the photoelectron spectrum at two T 1—|—), 4
laser polarization angle#=0° and 90°, wheref is the 2 1
angle between the electric field vector of the laser and the R
direction of election detection. The laser polarization is ro- ~ f=tan " —) ®
tated with a half-wave plate. The angular dependence of the vorT
photodetachment intensity for polarized light and randomly w (vy-7)2+R?
oriented molecules is given by E(®),1® Er=Boy— 27— (6)
g_g: (Z:;a'{pr ’B(EZKE) (3cog6-1)|, 2) Here E, andv, are the ion beam energy and velocity,

respectively,u is the reduced mass of the photofragments,
where oo is the total photodetachment cross section andandl is the flight length from the photodissociation region to
B(EKE) is the anisotropy parametér 1<8<2). Each elec- the detector. Although the relative recoil distariRés deter-
tronic state typically has a characteristic anisotropy parammined with high precisionR/AR~100), the individual re-
eter(B) and this can be used to distinguish peaks of overlapcoil distances, andr, are less precisely determined due the
ping electronic transitions. The anisotropy parameter of dinite size of the parent beam, resultingrifAm~10. The
peak can be calculat®dusing Eq.(3), energy resolution AE+/E+1) under the conditions in these
studies is around 2%. While only two particles per event can
:M (3) be analyzed using this coincidence detection scheme, we
%Ioo+|90°' showed recently in a photodissociation study of the |



8610 J. Chem. Phys., Vol. 113, No. 19, 15 November 2000 Choi et al.

B electron from the highest occupied molecular orbital, leaving
an k radical in either of two?Il,, spin—orbit states?I1, 5,
andZHu,l,z, with the () =3/2 level being lower in energy. In
addition, the similar anisotropy parameters for peaks X and
A in Table | suggest that photoelectrons for these two fea-
tures might be removed from the same orbital .of These
considerations support assignments of peaks X and A to the
1,3, and ?I1, 1, states, respectively, of; lin agreement
e with the state-ordering of the isovalent species X&F*
————“ 75 : 5:0' 55 However, at 266 nm, the anisotropy parameters for
electron Binding Energy (eV) peaks X and A were found to be 0.24 an@.21(these were
misreported in the previous artigleso the agreement of the
B values at 213 nm may be fortuitous and not be a strong
indication that the two peaks result from detachment out of
the same orbital. This would be consistent with a relativistic

. . 4 .
aniorf® that three-body dissociation could be unambiguousl)ﬁ_)(tendfd Huckel calculation on by Pyykkcf which pre-
identified if one of the atoms strikes the beam block, a situdicts a1l 5> ground state and a Iovy-lym%ﬁg excited state
ation that appears to apply to neutrglas well. from detachment of & electron; this state ordering results

from the large spin—orbit splitting ingIraising thezl'[u,m
state above thés | state.

In the highest level calculations og published to date,
A. Photoelectron spectrum of the | 3 anion a different assignment is proposed. The DIM calculations by
Margulis et al1®!! find the ground state of;lto have

Figure 1 shows anion photoelectron spectra3otakeq =1/2, where() is the projection of total angular momentum
at 213 nm(5.822 eV. These spectra, taken at two polariza- . . :
n the molecular axis. In their calculatiog,was assumed to

tion angles, have been normalized with respect to laser shogs : : .
. X . . . —be linear. Although there was no discussion of the molecular
to facilitate comparison of peak intensities. All features in

the 9=90° spectrunsolid line) are much more intense than orbital configuration, this state presumably results from de-

in the 9=0° spectrum(dotted ling. The four main features tachment of ary electron from §. The calculated dissocia-

. ..~ __tfion energy of this state, 0.19 eV, agrees with experifhent
are labeled as X, A, B, and C in the spectra. Two add|t|onato.14i0.06 e\) and the calculated symmetric stretch fre-

features labeled with an asteriék) are due to photodetach- s ol h . | val ¢
ment of I, which is formed from the photodissociation of ?igz%y 1_216 '\jm ' 'ITQ' cosief_ t?j thef_expenmer(;ta va uebo
the parent] anion. Absolute peak positions and anisotropy Q_: 3/02m t. t argﬁ 'iet; ' ;3 bt (:hlrslt excite .siatebfcto tet
parametergp) for corresponding peaks are listed in Table I. a ofe state, which shou e* € lower spin—orbit state
&esultlng from detachment of a; electron. This state is

Peak X represents the transition to the electronic groun .
state of L, while peaks A—C are from transitions to excited calculated to lie 0.13 eV above the ground state, smaller than
' e X—A splitting of 0.27 eV but close enough to be a viable

states. Peaks B and C were not observed in the previously ~ CTh : ¢ of ks X and A based on th
reported photoelectrofPE) spectrum at the lower photon ssighment. The assighment of peaks A an ased on the

energy of 4.657 eM266 nm.® Although peak X showed [:1IM Ca|ClrJ]|atI0r|15 is also cons%s?tgnt vr\]/!thhthhe a|155|gnment of
resolved vibrational structure in the 266 nm spectrum, n& e Ch photoelectron spectruffi,in which the lowest two

g . —+ 2
such structure is seen in Fig. 1 because the electron eneré?verlappebi transitions were assigned to th&y and*II,

resolution drops with increasing electron kinetic energy >tates of C;J While the agreement between the DIM ;:]chu-
Peak A shows no vibrational structure at either photodetach@toNS aln Ie>_<per|n;)ent a||opde_ars c((j)nvmcw:(g, ﬁg:fr_ydre " t
ment wavelength, and the additional features at 213 nm, gtio calculations by Kaledin and Morokurfiafind the
and C, do not exhibit vibrational structure either. ground state of3lto be bend with a sma(D.1 eV) barrier to

We first consider the assignment of peaks X and A Théinearity, and thaf) = 3/2 for this state in its linear geometry.
ground state molecular orbital configuration for theanion At this pqm}, the assignment of peaks X and A is not defini-
is "'(Gu)z(ﬂu)4(ﬂg)4(dg)2(ﬂ*)4 2U From Koopman's tive, but it is reasonable to assume that one is due td}the

o)

theorem, the ground state qfik accessed by removal of an =3/2(°I1, 3p,) state and the other to tife= 1/2(22$) state.
Peaks B and X are separated by 0.615 eV. Margulis and
Coker! calculate the second excited state gftd be a()
TABLE I. Peak position and anisotropy parametg) for feature in the =3/2 state lying 0.67 eV above thgdround state, again in
photoelectron spectrum. reasonable agreement with experiment. This neutral state
should correspond to the lower spin—orbit state resulting

Normalized (a.u.)
——

FIG. 1. Photoelectron spectrum of lanion at 5.822 eV taken at laser
polarization angle®=90° (solid line) and 0°(dotted ling.

IIl. RESULTS AND ANALYSIS

Peak P((’es\'gon p:g:é;g%) Sp“u;'(ngt;(;n;ft:i eo\;')gm " from detachmentf)lf ary electron from [. Peak C, lying
0.064 eV (516 cm ) above peak B, is more problematic.

X 4.254 —0.48 0.028 Coker finds the antisymmetric stretch frequency to be 416

’; 3'223 :g'g; g'g% cm™* for the ) =3/2 state, and his simulation of the photo-

c 4.933 069 0.707 electron spectrum suggests that peak C involves transitions

to vibrationally excited levels of this state in which the anti-
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PP H*CP ) H*CP,) ;
4.0 20
ICP,)HT*CP)HI*CP,,) 20
3or 1*CP,) + (B TI,,) —r
ICP,,)HICP,,)H*(Pyy) - N
2.0 CPYTLE’ 03 04 05 06 07 08 09 10
(P * LB Fragment Mass Ratio (m /m,)
2 2 2
= o ICP3,) (P ) H(Pyy,) FIG. 3. Photofragment mass ration{/my) of |5 at a photolysis energy of
L -
; K s I*(ZPI,Z) +L(X lz;) 4.59 eV (270 nm).
i =
Z _
S - _ o
= 0.0 L& ICP,) + LX 'E,) I; shows an extended progression in a low frequency
s 3 vibration® indicating a small Franck—Condon factor between
S 4 o the anion and neutral vibrational ground states. Under these

circumstances, selective population of the 0 neutral level
is in principle possible by detachment just above threshold,
2.0 but in practice one cannot produce sufficientd carry out
the experiment. Instead, we detach at 5.00248 nm), well
above the energy needed to populate the entire ground state
-3.0- Franck—Condon envelope of vibrational levels as well as the
three excited states seen in the 213 nm photoelectron spec-
R trum. As shown in Fig. 2, the excited states lie well above
-4.0- I} (&7 the lowest K1, asymptote, and we assume they dissociate in
FIG. 2. Energetics of;l The three excited states afdbserved in our PES  the 10 us delay between the detachment and dissociation
spectra are shown as dotted lines. pulses. Thus, we expect our photodissociation experiment to
involve excitation from only the ground electronic state-of |

symmetric stretch is singly excited. However, the calculated .
416 cm * frequency seems very high, given that the vibra-l' Photofragment mass ratio (m  1/m)

tional frequency of the,lground state is only 213 cnl. In For each dissociation event, the mass ratio of the photo-
addition, if the anion and neutral are centrosymmetds fragments is determined using E@). In Fig. 3, the frag-
predicted by the calculationthen transitions to singly ex- ment mass ratio obtained at the photolysis energy of 4.59 eV
cited antisymmetric stretch levels have Franck—Condon facshows that there are two rather broad peaks peaking at pho-
tors of zero. It seems more likely that peak C is a transitiortofragment mass ratios of 0.6 and 1.0. The peak at 0.6 is
to a third excited state, possibly tife=1/2 spin—orbit state assigned to products with a 1:2 mass ratio; the deviation
from detachment of &, electron, rather than a vibrationally from the expected value of 0.5 may result from a combina-
excited level of the second excit€l= 3/2 state. This assign- tion of poor photofragment mass resolution and stepwise
ment is also supported by the different anisotropy parameteitfiree-body dissociatiofsee below. Similar mass distribu-

of peaks B and GTable |). tions are seen at the other two energies.

Figure 2 shows the energy of thgdround state and the As shown in Fig. 2, there are several product channels
three excited states seen in the PES relative;tand the that are energetically accessible at our photolysis energies:
various k fragmentation channels, using the dissociation en; (;()+h
ergy of k and the well-known energetics of bnd 12728 '3 Vphoton
Only the ground state oflis thermodynamically stable with —1(2P3p) +15(X 12;)
respect to the lowest energy product channefPif)
+1,(X 12;r)_ Dy=0.14+0.06 eV(channel 2,

¥ (PP +1(X 12 y)
Dy=1.08+0.06 eV(channel 2,
1(?Pgip) +15(B *Io+)

B. Photodissociation of the | 5 radical

Photodissociation dynamics experiments gwére car-
ried out at three photolysis energies: 4.59, 4.96, and 5.17 eV.
In this experiment, theslradical is generated by photode- B
taching the J anion. For most systems studied on this instru- Do=2.10+0.06 eV(channel 3,
ment, the photodetachment energy is chosen to be close I* (2P0 + 1,(B 3 y+)
enough to the detachment threshold that only radicals in their !
vibrational ground state are produced. However, the PES of Dy=3.04*+0.06 eV(channel 4,
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[(2Pg10) +1(?P3) +1(?P3yp) L—— I +LX)—— [— II:II:Il
D,=1.69+0.06 eV(channel 3, s +1
I* +1* +1*
I*(2P1/2)+|(2P3/2)+|(2P3/2) 1 (d) 4.59eV
Dy=2.63+0.06 eV(channel 6,
1 (*P1) +1* (PP 1) +1(*P3po) l
Dy=3.57+0.06 eV(channel 7,
(e) 4.96eV

I*¥ (PP 1) +1* (PPyj) +1* (*Pypp)
Dy=4.51+0.06 eV(channel 8.

PE,

The low-lying, weakly bound\’ 31, (T.=1.245 eV¥° and
A°®Il,,(T.=1.352 eV)° excited states of,lare also acces-
sible. However, we cannot distinguisiidr I*) + 1,(A’ 31,
andA°3Il,,) from | (or I*) + vibrationally excited } in the
X state in ourP(Ey) distributions.

Channels 1-4 are two-body dissociation channels yield- ) s
ing photofragments with mass ratio 1:2. Channels 5-8 are 01 2 3 4 5 60 2 3
three-body dissociation channels. These are more problem- E (V) Er(eV)
atic, in prlnC|pIe, because the .comc'ldgnce detector can dete,EFG. 4. Translational enerdy(Ey) distributions of } at photolysis energies
at most two fragments per dissociation event. However, it 4,59, 4.96, and 5.17 eVa)—(c) with 1:2 mass ratio ané)—(f) with 1:1
the L radicals undergo symmetritconcertedl three-body mass ratio. The arrows indicate the allowed energies for the three-body
dissociation, the two end atoms fly apart at approximatelyhannels assuming concerted dissociation.
equal and opposite center-of-ma&M) velocities, while the
central atom remains stationary in the CM frame. It therefore
follows the same trajectory of the parent molecule and will3- 1:2 mass channel

hit the beam block in front of the detector. As a reSUIt, sym- P(ET) distributions for products with mass ratio 1:2 are
metric three-body dissociation of Will appear as a two-  shown in Figs. 4)—4(c). At the lowest excitation energy
bOdy channel with a mass ratio of 1:1 in our eXperiment.(4_5g e\bl three features labeled as A, B, and C in F|@)4
Hence, our observation of prOdUCtS with a 1:1 mass rati%re visible. As the photon energy increasesi feature C re-
implies that symmetric three-body dissociation gbtcurs.  mains at the samg; while features A and B shift to higher
Similar prOdUCt mass distributions and aSSignmentS WerET. In addition, at the two h|gher photon energiesy another
seen in a photodissociation experiment pfgerformed on  feature labeled a€’ in Figs. 4b)—4(c) appears between
the same instrumeﬁ?. features B and C.
Channels 1-4 are energetically possible at each excita-
tion energy in Fig. 4. The four brackets in each plot show the
2. Energy and angular distributions maximum and_ minimum trans_la_tional ene_rgies for channels
1-4; at energies below the minimum, theifternal energy
For each mass channel, the joint translational energy angxceeds its bond dissociation energy and it would dissociate
angular distribution is given by long before reaching the detector. At all three energies, fea-
_ _ ture A fits within the allowed translational energy range for
P(Er.6)=P(Er)-(1+B(Ep-(3cos 6-1)/2).  (7) channel 1, so we assign it to this channel. Similar consider-
Here, E+ is the translational energy releagejs the angle ations indicate that feature B is due to a combination of
between the photofragment recoil velocity vector and thechannels 2 and 3; these cannot be completely distinguished
laser polarizatior{parallel to the ion beam axisand B8(E+) because their allowed energy ranges are strongly overlapped.
is the anisotropy parameter. For the channel with mass ratiblowever, in Figs. &) and 4c) some of feature B extends
1:1, u=1/2m, (m=mass of | atom) in Eq(6) as discussed beyond the maximunk for channel 3, so at least some of
previously?® The limiting cases of shd and cod ¢ angular  this feature is from channel 2. At the two higher excitation
distributions are given byd=—1 and +2, respectively. energies(4.96 and 5.17 e)/ feature C can be assigned as
Generally speaking, a parallel transition vyield3>0, channel 4,1+1,(B). At the lowest energy it is not clear if
whereasB<0 for a perpendicular transition. this channel is present because of strong overlap of the al-
We find 8>0 for both mass channels, suggesting thatlowed translational energy range with the large low-energy
the electronic transition is a parallel transition witlf)=0.  feature C. Note that the radiative lifetime of th€B) state is
A more precise measurement ¢f is hampered because in the range of 0.7-2s>? depending on vibrational level,
much of the photofragment signal occursEgt>1.5 eV (see  which is considerably shorter than the flight time from the
below) for which the angular acceptance of the detector isnteraction region to the detect(t7 us). Hence the 4 prod-
quite low3! uct associated with channels 3 and 4 fluoresces to the ground

povae
-

it
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state before it is detected; this of course has no effect on thgy results were seen in three-body dissociation frgpd%lin

translational energy release. which peaks were observed at exactly the right energies but

The assignment of feature C is problematic, becausere ~150 meV wide. Trajectory calculations run fof |
there is no stable,t1 channel in this energy range. Since dissociatioR° indicated that the additional width resulted
peak C lies just below the minimum energy f6ril(B), it from deviation of the three-body trajectories from the sym-
may result from 1T+1, formed in its B°[Io+ state with  metric stretch coordinate, so that the central atom was not
enough energy>0.53 eV} to dissociate to+1*. This rep- always halfway between the two end atoms at the detedctor.
resents an example of stepwigasynchronousthree-body The further broadening of the three-body features fram |
dissociation, in which the twoslbonds break on different dissociation(i.e., 300 vs 150 meWmost likely reflects the
time scales, i.e., initial internal energy spread of thg fadicals since the en-

. . * tire Franck—Condon envelope of vibrational levels is popu-
|3(;| * IZ(B)(_b;I I ®  ated by photodetachment in this experimésee above

. o o . We next consider the broad, low energy feature that ap-
[,(B) excited above its dissociation limit will survive for at

. . . . . pears around 1 eV in thB(Et) distributions. This feature
most one vibrational period, but this should be sufficient fordoes not correspond to an allowed energy for concerted

the tyvo steps to he co_n5|d(_are_d as distinct. In _contrast to S_yn?hree-body dissociation and therefore must have another ori-
metric three-body dISSOCIatIO.I’], the stepwise mephanls in. This peak occurs in the same energy range as peak C in
Poses problems fqr our d_etec'uon scheme.because Itis MOfRe distributions for the 1:2 mass channel and we tentatively
I|_kely tq lead to dissociation events in which all three p,ar'assign it to the same origin, namely stepwise three-body dis-
ticles hit the detector, and we can only process two part'Cleﬁociations via Eq(8). Some of these events will be counted
per dissociation event. However, if these two particles are, ¢ products with mass ratio 1:1, as long as the measured
the I from (a) and one of the atomic fragments from disso- value of m,/m,>0.7 [see Eq (4') ;and Fig. 4 for the two
ciating I?(B)’ analysis of the ct_)incidence o_lata should_yield detected photofragments. We note thah&s a multitude of
translational energy representing the relative translational er]bw-lying, repulsive electronic states, and cannot rule out
ergy between the two fragments fro@, but broadened be- that the production of,lin one or more of these states also

cause of the energy released from dissociation of the hIghIXontributes to the intensity of the low energy feature or to the

excited b(B). One problem with this mechanism is that one broadenin -
. . g of the sharper features in Figsl)44(f). A more
would expect peak C to shift toward highier as the photon detailed understanding of three-body channels other than

energy is raised, but no shift is observed. We therefore fConcerted dissociation requires a detector that can process

gard _g}'s rrr:echanllfnéfor peaka as tenégtlve..vvlhne 'tf 'Z als%gree or more particles per dissociation event; such a detector
possible that pea comes from predissociation of boun currently under development in our laboratory.

levels of the §(B) state, this is less likely because predisso-
ciation from the B state is generally a minor channel com-
pared to fluorescence, although it can be competitive withv. DISCUSSION

fluorescence at very highlevels (>100) 32
y high ( ) The anion photoelectron spectrum @f presented here

shows transitions to the ground and three low-lying excited
states of 4. The presence of these low-lying excited states is
Figures 4d)—4(f) show theP(Ey) distributions for the of interest in light of electronic quenching experiments bn |
1:1 mass channel. These distributions show several relativelyerformed in several laboratories. The primary quenching
sharp peaks along with a broad feature arokreF 1.0 eV.  mechanism is through collisions with, li.e., F+1,—I+1,.
The assignment of the sharp features is straightforward. AThe large rate constant and negligible activation energy ob-
each photon energy, concerted three-body dissociation teerved for this reaction led Leone, Houston, and their
three | atoms, in which the central | atom has no translationato-workers= to postulate that the reactants form a short-
energy in the center-of-mass frame of reference, yields &ved, electronically excitedsl complex that dissociates to
single value of allowed translational energy for each of the+1, by a nonadiabatic transition. As shown in Fig. 2, all
channels 5-8. The allowed energies are indicated by the athree excited states seen in the anion photoelectron lie below
rows in Figs. 4d)—4(f), and each sharp pedkut not the the +I, asymptote and are therefore possible candidates
broad, low energy peals centered at one of these energies.for the reactive intermediate in the electronic quenching re-
This agreement provides further proof that the three-bodyction. The specific identification of the state or states that
dissociation is concerted and that dissociation is occurringre involved requires a more definitive assignment of these
from a linear(or at least quasilinegrcentrosymmetric spe- states than is currently available.
cies. We see that channels 5 and 6 are active at each excita- The identity of the excited electronic stéfeaccessed in
tion energy. Channel 7 is clearly observedhat=4.96 eV  the |3 photodissociation experiments remains undetermined.
and channel 8 is not evident at any of the energies we studdowever, several trends in the photofragment energy and
ied. angular distributions are noteworthy. At each photon energy,
While the sharp peaks in Figs(d}—4(f) correspond to the anisotropy parameter is positive, indicating the transition
the appropriate kinetic energies for concerted three-body dignoment is parallel and th& is unchanged upon excitation.
sociation, they are considerably broader than the experimenn addition, theP(E+) distributions for the 1:2 and 1:1 mass
tal kinetic energy resolution;300 meV vs~20 meV. Simi-  channels are quite similar in appearance at each energy, sug-

4. 1:1 mass channel
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