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Photodissociation dynamics of the triiodide anion (13)
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The spectroscopy and dissociation dynamics;afivere investigated using fast beam photofragment
translational spectroscopy. The photofragment yield ;ofrbom 420 to 240 nm was measured,
yielding two broadbands at the same energies as in the absorption spectrgminosdlution.
Photodissociation dynamics measurements performed with two-particle time-and-position sensitive
detection revealed two product mass channels having photofragment mass ratios of 1:2 and 1:1.
Both channels were seen at all photolysis wavelengths. Translational energy distributions show that
the 1:2 products are from a combination ofRg,) +1, and F (?Py)+1,. The 1:1 mass channel

is from symmetric three-body dissociation to#2l. © 2000 American Institute of Physics.
[S0021-960600)00730-3

I. INTRODUCTION cluding spin-orbit interaction by Okadt al.,” who assigned
the two upper states as admixtures %f,., and 3.,

The triiodide ion, f, is a well known chemical species states, both of which are™0states in Hund casé); the
with unusual properties. It is a classic example of a molecul@scillator strength of both bands is due to &g, , compo-
that violates the octet rule. It is also one of relatively fewnent, while the’Il,,, component is mixed in by spin-orbit
closed-shell negative ions that has excited electronic statesupling. This assignment was supported by the electronic
below its electron detachment threshold. During the last sevand magnetic circular dichroism spectidCD) of triiodide
eral years, there has been considerable interest in the tim@r solution by Isci and Masof.
resolved photodissociation dynamics qf. IThese experi- Early photodissociation studies of In solution showed
ments have been performed in polar solvents and in the gaRat excitation into either band produces diiodide ion1*
phase, and yield markedly different results attributed to solThe resonance Raman spectrumpféveals a long progres-
vent effects on the short-time reaction dynamics. In order tGion of the symmetric stretch, indicating that the initial mo-
better understand the differences between the two sets @bn on the excited state is along this coordin&te? Interest
results, more information on the gas phase dynamics is rén I, has been re-kindled by a series of femtosecond time-
quired. In this paper, we present a frequency-domain studyesolved transient absorption experiments used to study its
of gas phase;l photodissociation using fast beam photofrag-photodissociation dynamics in solution. Baminal.>~2° ex-
ment translational spectroscopy. cited the upperg band at 308 nm and observed coherent

The spectroscopy of triiodide ion4) has been exten- yiprational motion of § product anions in theX 23 state.
sfively studied ip the cpndensed phase. Its electronic absorgis coherent vibrational motion appears as early as 500 fs
tion spectrum is dominated by two broadbands centered aftier the initial excitation, shows an average vibrational state
290 and 360 nm,henceforth referred to as the upper andof ()=12, and is irreversibly lost within 4 ps due to inter-
lower bands. These bands are split approximately by th@ction with the solvent molecules. Using a similar technique,
spin-orbit splitting of atomic I. While it is generally Kkyhne et al?!~?* measured the vibrational distribution and
acceptetithat theX 'S 7 ground state ofj has the molecu- relative product yield of J at several wavelengths. They
lar orbital configuration ---(o,)3(m,)*(0g) () *(7k)*  reported the product yield of,1to be 1.0 at 400 nntlower
()P, assignment of the absorption spectrum has been comyand and 0.8 at 266 nniblue edge of upper bahdwith the
troversial. The lower and upper bands were originally asremainder assumed to e+ 21.
signed asmy,— oy, and oq— oy, transitions withII, and Experiments on gas phasg have begun only recently.
13 ' upper states, respectively, by Gabesal,®** while Do etal?* measured the bond strength of Ithrough
TaskeP proposed a similar assignment with the energy or-collision-induced dissociation in a tandem mass spectrom-
dering reversed. Mizunet al® pointed out that the lower eter, obtaining a value of 1.310.06 eV for dissociation to
band was too strong and had the wrong polarization depen;+|-. The photoelectron spectrum ¢f as taken by Tay-
dence in crystalline Cglto be amg— oy transition. They |or et al?® and the electron affinity of;] was determined as
suggested that these two bands were froga- o}, transi-  4.226+0.013 eV. From these two experiments, one can con-
tions split by the spin-orbit coupling. This idea was consid-struct the energy diagram fog Iphotodissociation shown in
ered more quantitatively in a semiempirical calculation in-Fig. 1.

Recently, Zanniet a studied the photodissociation

dCurrent address: Department of Chemistry and Biochemistry, University opf I3 in the gas phase _USing femtosecond photoelectron spec-
California, Los Angeles, California 90095. troscopy (FPES. In this study, J and I were found as
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FIG. 1. Energetics of;l. Electronic band maxima of lare shown as dotted  region of the apparatus. Anions are generated by crossing the
lines. free jet wih a 1 keV electron beam just downstream of the
valve orifice. Rotational temperatures of 20—50 K are typi-

hot ducts at 390 nrf band with imatel cally attained in the course of the expansion.
photoproducts a ) nrlower band with approximately The pulsed molecular beam passes through a skimmer
equal yields. In addition, coherent vibrational motion of .

e into a differentially pumped region. Negative ions in the
l(X) was observed and indicated much higher excitatiolyeam are accelerated to 8 keV and mass selected with a
((v)=67) than in solution. To model the dynamics of this ¢qjlinear time-of-flightTOF) mass spectrometer. Thg fon
reaction, they constructed a potential energy surface that racket is intersected by a linearly polarized excimer-pumped
produced the vibrational energy distribution in quantumpu|sed dye laser beam and sorgedns absorb a photon and
wave packet simulations. These calculations strongly impliedissociate. The photofragments are detected by a multichan-
that I was produced by three-body dissociation ©rRI | plate detector lying either I @ m downstream from the
rather than the lower energy+#I~ channel(see Fig. 1 gissociation region. A blocking strip across the center of the
Highly excited dihalide products have also been observedetector prevents parent molecules from reaching the detec-
from the photod|ssocz|§1t|on of IBrand BriCI" in a recent (o \hereas photofragments with sufficient recoil energy
study by Sanowt al,”” but no atomic halide product was mss the beam block and strike the detector. These fragments
seen. are generally detected with high efficienayp to 50% due

A more complete study oflin the gas phase in needed g their high laboratory kinetic energy.
to better understand the significant differences between the 1,0 types of experiments are performed to characterize
gas phase and solution results. Here, we present results usigg photodissociation of;l First, the photofragment yield
fast beam photofragment translational spectroscopy anggFY) spectrum is obtained by collecting the total flux of
probe several new aspects of the gas phase spectroscopy gfighments as a function of the photodissociation laser wave-
dynamics. We are particularly interested in the following:|ength. To investigate the photodissociation dynamics at a
First, the absorption spectrum of lin the gas phase has fixed wavelength, two photofragments from a parent mol-
never been taken. Second, the photodissociation of gas phaggye are collected in coincidence using a time- and position-
I3 has not been studied at multiple photon energies. Thirdgensitive detector. In this experiment, we measure the dis-
experimental efforts on this reaction have been focused ofynce R between the two fragments on the detector, their
detecting }, with no information about the spin-orbit state grrjya| time differencer, and the individual displacement of
of the | photoproduct. The spin-orbit distribution would be {pe two fragmentsy,; andr,, from the detector center for
very useful for understanding the correlation between thgach dissociation event. From these we obtain the center-of-
excited states of;l and the photoproducts. Finally, while the 355 translational enerdy;, the scattering angle with re-

work by Zanniet al?®?’ provided indirect evidence that | spect to laser polarizatiory, and the photofragment mass
production occurs via three-body dissociation, this mecharatio m, /m, via

nism can be assessed directly in the fast beam experiment.

m; r

Il. EXPERIMENT

Photodissociation of the triiodide anions; {lwas stud- g=tan ! i) 2
ied using our fast beam photofragment spectronféer. Vo T
This instrument is generally used for neutral free radical dis- 2, p2

D > A : # (v 7)°+R
sociation but can also be applied to negative ion photodisso- E;=Eg- M 3
ciation. To make{, argon ga$3 psig is flowed over iodine
crystals (}) at room temperature. The resulting mixture su- Here E, and vy are the ion beam energy and velocity,

personically expands through a pulsed valve into the sourceespectivelyu is the reduced mass, ahds the flight length
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from the photodissociation region to the detector. Although  The PFY spectrum shows two intense features around
the relative recoil distancR is determined with high preci- 360 nm and 290 nm. These maxima agree well with the
sion (RIAR~100), the individual recoil distance andr,  absorption spectrum of aqueofgs7| shown as a dotted line
are less precisely determined due the finite size of the pareim Fig. 2, as does the band profile for the lower band. How-
beam, resulting in mass resolutioW Am~10. The energy ever, the upper band in the PFY spectrum is noticeably nar-
resolution AE;/E+) under the conditions in these studies is rower than in the absorption spectrum. This difference might
around 2%. be caused by photodetachment 9f Energetically possible
There are some issues is performing these experimentselow 293 nnt? since this would deplete the PFY signal. On
on I3 that are absent in our studies of neutral free radicathe other hand, the upper band on the PFY spectrum is nar-
dissociation. The dynamics experiment requires that twaower to the red of the band maximum as well, indicating a
fragments be detected in coincidence. The front of the deteaeal difference in peak widths in gas phase and solution.
tor is biased at a high negative potential, so only neutral
fragments can be detected. This might seem problematic for , - , _
|5 photodissociation, because one of the photoproducts wilf: Photodissociation dynamics of | 5
be an ion. However, the dissociation laser photon energy i
always greater than the electron affinity of either | or |
(3.0592 and 2.524 e\?? respectively, so the dissociation Photodissociation dynamics experiments were per-
laser can detach land I, photoproducts, creating neutrals formed at selected photon energies marked by arrows in Fig.
that are then detected. The possible role of three-body diss@ Data at 3.18 and 3.31 eV were taken at a flight length of 2
ciation is an additional complication, since the coincidencem, and all higher energy data were obtained with a flight
detector can only process two events per laser shot. In fadength of 1 m; these flight lengths were chosen to optimize
as discussed in more detail in Secs. Il1 B and IV, the situatiorfollection of the low and high energy photofragments.
often arises in which only two out of the three fragments  The first information we get from this experiment is the
reach the detector, so this channel can still be treated propatio of the fragment masses, shown in Fig. 3 at 3.87320

3. Photofragment mass ratio (m ;/my)

erly. nm). It is immediately seen that there are two product chan-
nels occurring at this photon energy with mass ratios of 1:2
IIl. RESULTS AND ANALYSIS and 1:1. The peaks are somewhat broader than expected

based on our typical photofragment mass resolution
(m/Am=~10), possibly reflecting some of the complicated
The PFY spectrum ofslfrom 416 to 246 nm, shown as dissociation dynamics discussed below. At every photon en-
the solid line with circles in Fig. 2, was acquired with a stepergy we probed, a similar product mass ratio is obtained.
size of 5 nm. Each point was obtained at the same laser As shown in Fig. 1, there are several product channels
fluence (50 mJ/cnd) and the same parent ion density. Thethat are thermodynamically feasible following UV excitation

A. Photofragment yield (PFY) spectrum

spectrum is covered using 11 different laser dyes. of I5:
|
153 (X)+hvghotor= 1~ (19) +12(X) Dy=1.31+0.06 eV (channel 1
1(Pg) +15 (X) 1.85+0.06 eV (channel 2
1* (2Pyy) +15 (X) 2.79+0.06 eV (channel 3
1(2Pg) +1(2Pg) +17(19) 2.85+0.06 eV (channel 4
1(2P3yp) +1* (2P ) +17(1S) 3.80+0.06 eV (channel 5.

The energetics are based on the bond strength (1.3d&hile channels 4-5 are three-body dissociation channels.
+0.06 eV) of k from the collision-induced dissociation ex- Three-body dissociation of;1can occur within two limits:
periment by Doet al,** the spin-orbit coupling constant for symmetric and asymmetric dissociation. In symmetric disso-
the | atom (0.943 eV}, and the dissociation energies of ciation, the two bond lengths increase at the same rate as the
1(1.542eV}* and |, (1.007 eV) ¥ In addition to the above dissociation proceeds, whereas in asymmetric dissociation
channels, the low-lying excited states of (A’ °I1,, and  the two bond cleavage events are distinct, in the sense that
ASI,,)%* and | (A or A’ 211,)%% are also accessible at the diatomic fragment persists for at least one vibrational
excitation energies used here. However, we cannot distirnperiod. Our observation of photofragments with a 1:1 mass
guish thesejland |, states from vibrationally excited lin  ratio is a strong indication for symmetric three-body disso-
the X state. ciation. In this limit, the two end atoms fly apart and the

Channels 1-3 are two-body dissociation channels thatentral atom remains stationary in the center-of-mass frame.
are possible candidates for the products with 1:2 mass ratio3hus the central atom follows the same trajectory as the par-
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whereas the two end atoms are detected with equal displace-
ment from the center of the detec{ae.,r,=r, in Eq.(1)].
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2. Energy and angular distributions T

For each channel. the joint translational energy and ant!G- 4. Translational enerdy(Ey) distributions of § with 1:2 mass ratio at
L ] selected photon energies. Brackets indicate maximum and minimum trans-
gular distribution is given by

lational energies for channels 2 ands&e text
P(Et,0)=P(E1)-(1+ B(Ey)-Pa(cog0))), 4)

in which B(E+) is the anisotropy parameter. For the channelergies in the lower band, feature A drops abruptly at
with the 1:1 mass ratiop=1/2-m; (m;=mass of latom) is the translational energy corresponding to the opening of
used in Eq(3). channel 3.

The limiting cases of sfig and co$  angular distribu- With these assignments, average internal excitation en-
tions are given byB=—1 and+2, respectively. Generally ergies of the J product for both channels(E;,)) are ob-
speaking, a parallel transition shows a posit@arameter tained by
while 8<0 for a perpendicular transition. Both mass chan- (Epd=h Dy (Ey) )
nels show a positivgd parameter in agreement with the ob- int/ =1 ¥photor~ 0™ A =175
servation of a parallel transition in (xanthotoxiil ; crystal ~ where hvyng0n and D are photon energy and dissociation
by Mizuno et al® However, accurate measurement of fhe energy for each channel. The average translational energy
parameter is hampered because the beam block allows detd¢E+)) for each channel is obtained by averaging BH& )
tion over a very restricted angular range. over the allowed translational energy range., within the

P(Eq) distributions for the 1:2 mass channel from | brackets in Fig. # Values of(E;,;) at each photolysis energy
dissociation are shown in Fig. 4. Distributions associatedare given in Table I.
with transitions to the lower and the upper bands are shown The internal energy of theg Ican be partitioned between
on the left and right sides of Fig. 4, respectively. TE;)  vibration and rotation. Since,lis linear in its ground and
distributions show two main features at every photon energgxcited states, we expect relatively little product rotational
labeled as A and B in Fig. 4. Both features move towardenergy.(E;,) can then be converted into a reasonably accu-
higher E; with increasing photon energy. rate upper bound ofv) for the I, product through:

Channels 1-3 all correspond to products with a mass _ _ 132, 1
ratio of 1:2. With our detection scheme, we cannot distin- (Bin) = 0 (0) = wexe () +2)7+ & @eXe ©
guish between+l1, and K1, products. However, at all
excitation energies studied here, no products are seen at ePABLE I. Summary for 1:2 mass channel.
ergies above the maximum allowed for channétightmost
arrows in Fig. 4. We therefore attribute all products in Fig.
4 to channels 2(+1,) and 3(F+15). The two brackets in  hvpon Channel 2 Channel 3 Channel 2 Channel 3 Channel 2/3

(Einy (V) (v) Branching ratio

each plot show the maximum and minimum translational en» 15 ey .79 0.19 79 15 262
ergy for the two channels; at energies below the minimumg31ev  0.81 0.33 83 27 0.97
the I, internal energy would exceed its bond dissociation3.44ev ~ 0.80 0.39 81 32 0.37
energy and it would dissociate long before reaching the de3-64ev 082 0.53 84 46 0.72
tector. Features A and B always fall within the allowed rangej‘fg 3 g'gg 8'22 gg gi 8'22
for channels 2 and 3, respectively, so feature A is assigned t9,5 oy 058 0.69 52 65 0.41

channel 2 and feature B to channel 3. For all excitation en
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[ TABLE II. Branching ratios § photodissociation into the two mass chan-
3.18eV 387eV nels (unit; %).
hvphoton 1:2 mass channel 1:1 mass channel
3.18 eV 47 53
1 3.31eV 57 43
1 331eV 4.15eV 3.44 eV 67 33
3.64 eV 55 45
3.87 eV 59 41
1 4.15 eV 52 48
~ ~ 4.28 eV 45 55
S
= =
A 344eV |* | 428ev 1
|
ciation to H-1+17. In the symmetric limit, the central atom is
. 00 TE T TE S0 stationary, and the relative translational energy of the two
364eV] ‘ ) ' ‘ end atoms is fixed d&r=hv—D,, whereD is the thresh-
E, (V) I
old energy for channel 4 or 5. The arrows in Fig. 5 show
these values o, and in all cases the arrows match the
positions of the sharp peaks in tR€E+) distributions, con-

firming that these features are from symmetric three-body
dissociation. All peaks correspond te lI+1~ except for the
peak at lowerE; at hv=4.28¢eV, which corresponds to
FIG. 5. Translational energy(E+) distributions of § with 1:1 mass ratio at H_I*. +17. The latter channel is accessible tat=4.15eV
selected photon energies. Arrows indicate expected translational energy f6iUt iS not observed at that energy.
symmetric three-body dissociation. While the sharp peaks in Fig. 5 correspond to the appro-
priate kinetic energies for symmetric three-body dissociation,
we note thai(a) the peaks are considerably broader than the
In Eq. (6), the vibrational frequencyf,) and anharmonicity ~€xperimental kinetic energy resolutior;150 meV vs~20
(wexe) Of I, are 110 and 0.370 ci, respectively, as deter- meV, and(b) there are broad features in addition to the sharp
mined from the photoelectron spectra of Zaenial®® The  Peaks. The origin of these two aspects of ) distri-
values(v) at each photolysis energy are also summarized ifPutions is considered in the next section.
Table 1. In addition, we calculate the branching ratio, chan- ~ Finally, we analyze the branching ratio of two-body ver-
nel 2/3, in Table | by integrating features A and B in eachsus three-body dissociation in Table Il by integrating the
P(E;) distribution. The very small energy overlap betweenP (ET) distributions in Figs. 4 and 5. Three-body dissociation
these features will not affect this calculation significantly. decreases in the lower band with increashng except at
However, the J ions must be photodetached prior to the 3.64 eV, following the same trend as the channel 2/3 branch-
detector, as discussed in Sec. II, and we assume the phot#d ratio. In the upper band, the three-body channels become
detachment efficiency of thg Iproduct is independent of its MOre intense with increasirigy.
excitation energy. Under this assumption, the population of
highly vibrationally excited J (v >80) is underestimated due
to the poor Franck—Condon overlap between those states apg CLASSICAL TRAJECTORY CALCULATIONS
the bound states of.l Although this correction can be cal-
culated for each vibrational state, we have not done so since To gain further insight into the three-body dissociation
individual product vibrational levels are not resolved. dynamics, classical trajectory calculations were performed
Table | indicates the trends {n) as a function of photon on a collinear model LEPS excited state potential energy
energy. For channel 3p) increases witthy over the full  surface for §. This potential energy surface, the parameters
range of excitation energies, indicating that energy conservasf which are given in Table Ill, was previously used for
tion is controlling the extent of,] vibrational excitation. For wave packet simulations by Zanat al?’ and is plotted in
channel 2,{(v) is approximately constant throughout the Fig. 6. (Note that some of the previously published param-
lower band and drops once the upper band is accessed. Thters were not labeled correctl§). It differs from a previ-
branching ratio(channel 2:3 decreases with increasifiy ~ ously published LEPS surface by Benjanginal 3 in that it
throughout the lower absorption band except at 3.64 eVhas a shallow well in the transition state region; this was
while it remains around 0.3—0.4 throughout the upper bandfound necessary to reproduce theuibrational energy dis-
P(E+) distributions for the 1:1 mass channel are showntribution seen by Zanret al. Trajectories were computed by
in Fig. 5. These distributions are dominated by one(ar standard method¥:*® Numerical integration of Hamilton’s
hv=4.28 e\j two sharp peaks, and also show broader, genequations was performed using the sixth-order Gear method
erally less intense features at lonef than the sharp peaks. with variable step size. Initial conditions were selected by
As discussed in Sec. Il B, the observation of a 1:1 producprojecting the zero-point symmetric and asymmetric stretch-
mass channel strongly suggests symmetric three-body dissig motion of | onto the excited state surface. We are there-

00 05 1.0 15 20
E; (eV)
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TABLE Ill. Parameters for the potential energy surfat&t{ el ).

Ground state potential surface far |

1 1

Vg(Q1,Q3) = 51105(Q1— Qe *+ 21205Q5

Qi=raptrpe Q3=Tlap—Tnc

wi=112cm? wb=145cm? Qg =5.358 A u,;=63.5amu uz=21.2amu

Excited state potential surface foy |

Ve(rab WThe vrac) =A EO+ Qab+ ch+ Qca_ (ng"" ch"" Jga_ Jabec_ ch‘Jca_ Jca‘]ab) 2
[+ Sup)'E(r 0p) +(1=S,)°E(r )]
o 2(1+S,p)
[(1+8,9)'E(rop)—(1-S,p°Er,p)]
ap 2(1+S,p)
réd=rgd=3.205A D,,=D,.=1.014eV B.,=B,.=1.181A1 S, =5,=0.50
réd=2.983 A D.,=1.010eV Bea=1.000 A1 S.a=0.00
AE,=2.890 eV

UE(r ) =D 1—€ Pesas ") P—D,

E(r o) ={Dod 1+ Paslep " P—D, /2

fore sampling a range of excitation energies determined byelative to the ion beam axis are considered. We find two
the Franck—Condon overlap between the ground and exciteclasses of trajectories, shown with solid and dotted lines in
state surfaces. Fig. 6. For the solid trajectories, the central atom is blocked
A total of 1764 trajectories were run, of which 70 pro- by the beam block8 mm wide and the two end atoms are
duced three-body dissociation. Several sample trajectoriedetected. These trajectories are detected as products with a
leading to three-body dissociation are shown in Fig. 6. In all1:1 mass ratio and correspond to the sharp peaks seen in the
of these, the trajectories follow the symmetric stretch quiteexperimentalP(E+) distributions. However, even these tra-
closely until adjacent | atoms are separatedy A, after  jectories show some displacement along the antisymmetric
which they begin to spread along the antisymmetric stretclstretch coordinate, resulting in a slight energy broadening of
coordinate. No trajectories which reach the repulsive walls irthe peaks, and this agrees with what is seen experimentally.
the I, product valleys lead to three-body dissociation in this  For the trajectories shown with dotted lines, there are at
calculation. Trajectories of this type would represent asymieast some initial orientations for which the central atom will
metric three-body dissociation, so it appears that this processiss the beam block, resulting in three atoms hitting the
does not occur. detector. Simulations of the detector output under these con-
We next consider how the products from the trajectoriesditions suggest that these types of trajectories are responsible
in Fig. 6 map onto the two-particle position-sensing detectofor the broad features at lo®; seen in Fig. 5.
in our experiment. The positions of the three atoms at the
detector are obtained from the asymptotic velocities of th
three | atoms and the flight time-31 ws) to the detector at %/ DISCUSSION
an ion beam energy of 8 keV and flight length of 2 m. ForA. PFY spectrum

each trajectory, all initial orientations of the molecular axis The PFY spectrum in Fig. 2 is equivalent to the gas

phase absorption spectrum gfih the limit that the quantum
yield for photodissociation is unity. This limit should hold
for wavelengths above 293 nm; at lower wavelengths, pho-
todetachment as well as photodissociation can occur. The
competition between the two processes cannot be assessed in
our experiment. However, the; |photoelectron spectrum
shows a much stronger photodetachment transition to a low-
lying excited state of 4 lying about 0.26 eV above the
ground staté® Detachment to this excited state is accessible
at wavelengths below 280 nm, which coincides with the very
abrupt drop in the PFY intensity in Fig. 2, so it is likely that
photodetachment competes effectively with photodissocia-
tion at least below 280 nm.
[ _ _ ] Both bands in the gas phase PFY spectrum show a posi-
, [ e —— tive value of B, the photofragment anisotropy parameter, in-
8 K 10 dicating they are parallel transitions. This is consistent with
R, (A) consistent with their assignméfitto transitions to spin-orbit
FIG. 6. Classical trajectories leading to symmetric three-body dissociatiormduced admixtures of thjez(”” and3H0+U states, with the

of I3 on potential energy surface. See text for explanation of solid andoscillator Stfeﬁgth coming from th&,., component. The
dotted lines. upper band is clearly narrower than the lower band, even
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taking into account the possibility of photodetachment com-batic and involve curve crossings between the upper states
peting with photodissociation below 293 nm, because theesponsible for the;l absorption spectrum. Nonetheless, the
upper band is narrower on both sides of its maximum at 29@ata for the lower bantfor hv<3.64 e\) show an interest-
nm. The two band maxima in the gas phase PFY spectrimg correlation that provides some insight into the dissocia-
agree with the absorption maxima in solution. While thetion dynamics. As the photon energy is increased from 3.18
width of the lower band is the same in gas phase and soluo 3.44 eV, production of]+1* increases at the expense of
tion, the upper band is narrower in the gas phase PFY spe; +1 and three-body dissociatidisee Tables | and )l Thus
trum. This difference between the bands is most likely not d@n this energy range, channels 2 and 4 track one another,
temperature effect; recent work in ethanol solutfoshows  suggesting that they result from dissociation on the same
that both bands narrow slightly as the temperature is loweregotential energy surface, while dissociation on a different
from 300 to 135 K. surface correlating to channel 3 becomes favored as the pho-
The narrower upper band in the gas phase spectrunbn energy is raised.
could simply arise from Franck—Condon effects, such as a Regardless of which two-body channel is formed, sub-
lesser slope along the symmetric stretch coordinate in thetantial |, vibrational excitation is generally observed, which
Franck—Condon region for the excited state potential energis by and large consistent with our previous gas phase fem-
surface. On the other hand, it is possible that the lower bangbsecond photoelectron spectroscopy sttldin that work,
is composed of two overlapping electronic transitions.excitation at 390 nm resulted in coherently vibratiggpho-
Analysis of the magnetic circular dichroism spectrum of |SCitoproducts with(v)=67, or 0.70 eV of vibrational energy.
and Masofindicates there is a state with predominaril, Our results at 390 nn(3.18 eV} yield an upper bound of
character at 343 nn8.61 eV). A transition to this state is (,)=79, or 0.79 eV vibrational energy for channel 2. For
symmetry allowed but expected to be weak. While there ighannel 3, the degree of Ivibrational excitation is much
no direct evidence from our spectra for this state, we notgess at this photon enerdyv)=15 is the upper bounde-
that the two-body and three-bo®(E+) distributions at 3.64  fiecting conservation of total energy. The FPES experiment
eV are quite different from those slightly higher and lower in gowed no evidence fog Iwith low vibrational energy. The

energy; feature Ali.e., channel 2is unusually large in the = soyrce of this discrepancy could be that channel 3 is rela-
two-body distribution, and the sharp peak in the three-bodxivew minor at 3.18 eV.

distribution is particularly distinct. Both of these effects sug- In contrast to the gas phase work, transient absorption
gest some dissociation occurs on a different upper staté Supectroscopy studies org Iphotodissociation in solution
face than at neighboring excitation energies. show evidence for much less Vibrational excitation even
at the shortest observation timg9H0-500 f$. For example,
photodissociation of;l in ethanol at 400 nAt resulted in an
I, vibrational distribution with(v) = 14 at the earliest obser-
The separation of the two electronic bands pid close  vation times. The earlier work by Ruhman and co-workers
to the spin-orbit splitting in atomic iodine. Based on this, itat 308 nm(upper band, 4.03 e\Vyielded a similarly low
was suggested that the excited states responsible for thalue, (v)=12. Our P(E;) distribution at 4.15 eV shows
lower and upper bands correlate to the asymptotic channetsat channel 3 dominates in the gas phase, and(thafor
|5 +1(2Pg;) and b +1* (P4, respectively’?*3This corre-  channels 3 and 2 is significantly higher than the solution
lation has also been implicit in quantum dynamical simula-result(upper bounds of 64 and 52, respectiyekllence, the
tions of l; photodissociation, in which dissociation was as-observation of considerably greater Vibrational excitation
sumed to occur on a single surface correlation to one of these the gas phase experiments appears to be independent of
asymptotes/#22"38Qur results clearly show this to be an photon energy. In addition, while we observe substantial
oversimplification; theP(Ey) distributions in Fig. 4 show three-body dissociation at all wavelengths, ngproduction
that both channels are populated regardless of which eleoccurs in solution except as a minor channel at 266°hm.
tronic band is excited. Taskeproposed that the lower band Overall, the influence of solvent effects on thepphotodis-
was a'3, state correlating to,l+1* (?Py,), and the upper sociation dynamics is prominent throughout the entire UV
band a'll, state correlating tozﬂ(ZHg)+l(2P3,2). This as-  absorption spectrum; possible origins of these effects have
signment of the upper states is at variance with the acceptdsten discussed elsewhéfe.
assignment discussed in the Introduction and the previous We close by considering the three-body dissociation
section, and the proposed atomic iodine correlations do nathannels in more detail. The lowest energy three-body chan-
agree with the experimental results. In addition, since thenel (channel 4 is observed at all photon energies investi-
I;(?I1y) excited states are very weakly boutfd® one  gated here. Channel 541*+17) is not seen until 4.28 eV,
would expect significant asymmetric three-body dissociatioreven though it becomes open at 3.80 eV. The sharp peak in
on a potential energy surface correlating tg(zll]g) the P(E+) distribution shows that channel 5 is also a sym-
+1(?P4,). We observe about the same degree of three-bodgnetric three-body channel, presumably formed by trajecto-
dissociation from both electronic bands, and this process apies similar to those shown in Fig. 6 but on a higher energy
pears to be symmetric rather than asymmetric. potential energy surface. The displaced energetic onset of
The presence of both two-body chann@hkannels 2 and this channel may result from a barrier along the reaction
3) as well as three-body dissociation at all wavelengthgath. Alternatively, it may be a purely dynamical effect, in
strongly suggests that the dissociation dynamics are nonadithe sense that trajectories with just enough energy to reach

B. Photodissociation dynamics of I 3
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