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The photodissociation dynamics of ICl is studied at 304 nm by state-selective photofragment translational
spectroscopy. Velocity distributions, anisotropy parameters, and relative quantum yields are obtained for the
ground I(2P3/2) and spin-orbit excited state I*(2P1/2) iodine atoms, which are produced from photodissociation
of ICl at this wavelength. Two sharp velocity distributions are observed for the I channel, suggesting the
existence of two dissociation pathways that correlate with ground state iodine formation. Based on the expected
translational energy release and the energy separation between those peaks, the two distributions are assigned
to dissociation of ICl to I(2P3/2) + Cl(2P3/2) and to I(2P3/2) + Cl*( 2P1/2); the former channel appears at higher
translational energy. The distribution of I* also shows two strong peaks, indicating that there are two dominant
channels for the formation of I* atoms at this wavelength which we assign to the dissociation of ICl forming
I*( 2P1/2) + Cl(2P3/2) and I*(2P1/2) + Cl*(2P1/2), respectively. The quantum yield of I*(2P1/2) is determined to
be 0.30, indicating that the formation of ground state iodine is clearly the favored dissociation channel at 304
nm. The observed anisotropy in the angular distribution of dissociation products (â) indicates that the I*+
Cl and I* + Cl* channels are formed predominantly from the parallel transition (â ) 1.7 for both channels)
while the I+ Cl and I+ Cl* products are formed mainly from perpendicular transitions (â ) -0.5). The
decrease in the anisotropy parameter of the I formation channels from their limiting value of-1 is attributed
to the presence of more than one path for the formation of I+ Cl/Cl* photoproducts with opposite polarization
for their absorbing transitions. The possible excited state dynamics, which give the observed results, are
discussed in terms of the previously proposed energy correlation diagram for ICl.

Introduction

The photodissociation dynamics of diatomic interhalogens
have long been the subject of a considerable number of
spectroscopic investigations (due to their interesting properties
such as predissociation and avoided crossing of potential energy
curves).1-4 The absorption spectrum of gas phase ICl, measured
in the wavelength region from 220 to 600 nm,5 shows two main
absorption bands with maxima located at 240 and 470 nm. The
extinction coefficients at the maximum for these two bands are
63.7 and 77.0 L/mol cm, respectively.5 The ICl molecule has
four available dissociation pathways which are given below in
order of increasing energies of the separate atoms in the product
channels. For convenience, I*(2P1/2) and Cl*(2P1/2) will be
denoted as I* and Cl*, respectively.

The photodissociation studies of ICl have been carried out
in the visible region of 480-530 nm.6,7 The main oscillator
strength is considered to be carried by the bound B(3Π0+) state,
which dissociates to form I+ Cl*. However, molecular beam
studies7 have shown that both Cl and Cl* atoms are produced
from the photodissociation of ICl in this region, with a Cl*/Cl

ratio greater than 0.7. The formation of ground state Cl is
attributed to predissociation of ICl via an avoided crossing of
the bound B(3Π0+) state with a repulsive Y(0+) state which
correlates with the I+ Cl channel. There are several experi-
mental studies of this low-energy predissociation process
involving determination of curve crossing probabilities and
branching ratios of Cl/Cl* formation. These studies include
time-resolved laser magnetic resonance,8,9 Doppler absorption
spectroscopy,10 and photofragmentation spectroscopy.7

The early theoretical work on the predissociative channel of
ICl was performed by Child and Bernstein3 using a semiclassical
model, who calculated the energy levels of adiabatic states and
branching ratios formed by curve crossing. The low-lying
potential energy curves, coupling constants, and nonadiabatic
coupling effects in the predissociation dynamics of ICl have
been studied theoretically.11,12 Together with the extensive
studies in the visible wavelength region, most recent work has
focused on vacuum-UV excitation of ICl. These studies dealt
with the charge transfer states via fluorescence from vibrational
levels of the high-lying energy states E(0+) and D′ and the strong
interaction of Rydberg states with these ion pair states.13-17

Yenchaet al. have investigated the vacuum-UV absorption and
fluorescence excitation15 and REMPI spectra17 of ICl in the
125-195 nm region. They presented evidence for both
homogeneous and heterogeneous coupling between E(0+) ion-
pair state and degenerate Rydberg states.15,17

In spite of the wealth of spectroscopic7,13-17 and theoreti-
cal11,12 studies on ICl, detailed information on the photodisso-
ciation dynamics of ICl in the UV wavelength region is still
very limited both experimentally and theroetically. Recently,
Tonokuraet al.18 studied the photodissociation of ICl at 235-
248 nm by monitoring Doppler profile of REMPI spectra of
iodine and chlorine photofragment atoms. They assigned the
absorption at this wavelength region to a3Π0+, 3Σ0+-, and1Π1
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ICl + hν f I(2P3/2) + Cl(2P3/2)

f I(2P3/2) + Cl*(2P1/2)

f I*( 2P1/2) + Cl(2P3/2)

f I*( 2P1/2) + Cl*(2P1/2)
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r 1Σ0+- transitions leading to the three dissociative channels:
I + Cl, I + Cl*, and I* + Cl, indicating that the majority of
excited molecules undergoing predissociation via those three
states. They noted also the possibility of curve crossing in the
exit channel which leads to the observed branching ratios.
Recent investigations of the photodissociation of IBr at 304 nm
in our laboratory19 show three dissociation channels: I+ Br, I
+ Br*, and I* + Br with a I* quantum yield of 0.1. The
observed anisotropy parameters indicate that these product
channels have originated from the (σ2π3σ*4π*1) r (σ2π4σ*4π*0)
excitation via parallel or perpendicular transitions:3Π0+(2341),
1Π1(2341), and3Π1(2341).
In this article, we use state-selective one-dimensional photo-

fragment translational spectroscopy to investigate the photo-
dissociation of ICl at 304 nm by determining the angular and
kinetic energy distributions of the photofragments. The quantum
yields for I and I* formation channels are also determined. Such
results, along with the measurements of the anisotropy param-
eter, provide more complete understanding of the correlation
between the electronic states and photofragment pathways in
this molecule at this wavelength.

Experimental Section

Details of the experimental apparatus and methodology have
been described previously.19,20 Briefly, the gas mixture for the
molecular beam is prepared by passing He over ICl sample (ca.
10 Torr vapor pressure at room temperature) to make a total
pressure of 400 Torr. ICl molecules from a pulsed valve are
photodissociated by linearly polarized nanosecond laser pulses
to produce iodine and chlorine atoms. Photodissociation
experiments are performed at parallel and perpendicular polar-
ization angles with respect to the detection axis,i.e., polarization
angles ofR ) 0° andR ) 90°, respectively. The iodine atoms,
produced in either the ground or spin-orbit excited states, are
state selectively ionized within the same laser pulse (304.67
nm for I and 304.02 nm for I* detection). After a delay time
of about 2µs from each laser pulse, the photoions are accelerated
toward the detector by applying a pulsed 1µs acceleration
voltage of approximately 1400 V applied to a repelling electrode
in the time-of-flight mass spectrometer (TOFMS). The ion
packet travels across a second field-free region to a discrimina-
tion pinhole (6.0 mm in diameter) placed in front of the detector
to reduce the detection solid angle.
ICl (Aldrich, 98% purity) was used without further purifica-

tion. Prior to use the sample underwent several freeze-pump-
thaw cycles, eliminating lower vapor pressure contaminants. The
space-charge effect between ionized photofragments is mini-
mized by adjusting the laser power to a maximum of 0.2 mJ/
pulse. To ensure that there was no significant I+ ions produced
from multiphoton processes leading to the ionization of ICl then
followed by the dissociation of the parent ions, experiments were
performed with similar laser power at wavelengths slightly off
resonance from the I and I* resonance absorption wavelengths
of 304.67 and 304.02 nm. No multiphoton dissociation was
observed. It is also necessary to eliminate the interference from
clusters since the photofragments from clusters exhibit broader
velocity distributions than monomer molecules do.21,22 There-
fore, we have minimized the contribution from clusters by
choosing only the early part of the molecular beam pulse for
photolysis.

Results

The recoil velocity distributions for production of I(2P3/2) and
I*( 2P1/2) at 304.67 and 304.02 nm, respectively, are shown in
Figure 1. The peaks at positive and negative velocities

correspond to iodine atoms whose initial recoil velocities are
toward and away from the detector, respectively.R ) 0° and
R ) 90° indicate parallel and perpendicular polarization of the
dissociating laser light with respect to the detection axis. AtR
) 0° laser polarization angle, the velocity distribution for the
formation of I atom shows two peaks of approximately equal
intensity located atυz ) 790 and 765 m/s (see Figure 1a). This
indicates that the I formation channel consists of two different
dissociation processes, I+ Cl and I+ Cl*. The ion signals of
these velocity peaks atR ) 90° are twice as strong as those at
R ) 0°. The result suggests that the majority of I fragments
recoil perpendicular to the direction of the electric vector of
the laser light after a photon absorption.
Figure 1b gives the velocity distributions of iodine ion

measured at 304.02 nm, where the excited state iodine atom
(I*) can only be selectively ionized. The I* velocity distribution
shows also two peaks atυz ) 563 and 536 m/s. In contrast to
the I formation channel, we were able to detect the relatively
small amount of I* atoms only atR ) 0°. The result provides
clear evidence that the I* channel gives a minor contribution
in the long wavelength end of the UV absorption band. The
intensity difference of I* signals is even greater at the two laser
polarization angles as compared with the case of I, indicating
that the angular distribution of the I* atom has a strong
anisotropic character. In addition, the fact that the ion intensity
increases markedly on going fromR ) 90° to R ) 0° is
suggestive of a primary photodissociation process with a
predominantly parallel polarization dependence.

Figure 1. Lab velocity distributions of resonantly ionized (a) ground
state and (b) excited state iodine photofragments produced from
photodissociation of ICl at 304.67 and 304.02 nm, respectively. The
negative and positive velocity peaks correspond to the iodine atoms
whose initial recoil velocity is either away from or toward the detector.
The notationR ) 0° andR ) 90° refers to parallel and perpendicular
polarization of the electric vector of the dissociating laser with respect
to the detection axis. The high-velocity peak (υz ) 790 m/s) observed
in the spectrum of (a) is assigned to dissociation of ICl to form I(2P3/2)
+ Cl(2P3/2) while the low-velocity peak (υz ) 765 m/s) is assigned to
the I(2P3/2) + Cl*(2P1/2) product channel. The strong peaks at (υz )
563 and 536 m/s) in (b) are assigned to I*(2P1/2) + Cl(2P3/2) and I*(2P1/2)
+ Cl*(2P1/2) formation channels. The small peak observed atυz ∼
1100 m/s in (b) is due to the photodissociation of ICl3 in the sample.
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The two naturally occurring isotopomers of ICl,127I35Cl and
127I37Cl, have a relative abundance ratio of∼3:1. This means
that the recoil velocity distribution of each dissociation channel
consists of two components. For I*+ Cl* formation channel,
for example, the photodissociation of both isotopomers (127I35Cl
f 127I* + 35Cl* and 127I35Cl f 127I* + 37Cl*) can produce the
I* atoms. Considering the mass factor, we estimate the
difference in the recoil velocity for these two I* components to
be∆υI ) 12 m/s (∆υI* ∝ [µ(127I37Cl)]1/2- [µ(127I35Cl)]1/2, where
µ denotes the reduced mass). This small value is due to the
existence of two isotopes, excluding the possibility of observing
the two peaks with a relative intensity ratio of 3:1. In contrast,
the observation of a doublet in the velocity distributions with
∆υ ∼ 30 m/s clearly demonstrates that these peaks result from
the two different dissociation pathways and not from the isotope
effect of chlorine atom.
The observation of iodine ion signals having very fast recoil

velocities (υz ) 1120 and 1060 m/s for I channel andυz ) 830
m/s for I* channel) is quite surprising since these components
cannot be interpreted in terms of I formation from the photo-
dissociation of ICl molecules. The possibility of these peaks
originating from I2 contamination due to the thermal dissociation
of ICl must be considered. The ICl molecule is partially
dissociated at room temperature according to the equilibrium
I2 + Cl2 T 2ICl, Keq ) 3.2× 105, giving about 0.2% each I2
and Cl2.23 Iodine atom signals from photodissociation of I2

impurity would occur at a different recoil velocity, as can be
calculated from energy conservation, and thus are easily
distinguishable. The small peak observed atυz ∼ 1100 m/s
for R ) 90° (see Figure 1b) is due to the photodissociation of
I2 impurity, which is different from the recoil velocity peaks
observed for the pure ICl sample. Furthermore, it has been well-
known that photodissociation of I2 at 304 nm produces stronger
I* signal than I signal although the same amount of I and I*
atoms are formed after dissociation.24,25 The very weak signal
that appeared in the velocity distribution of I* indicates that
there is no detectable contribution from I2 impurity present in
our samples. Therefore, one can notice that the very fast recoil
components in I distribution (Figure 1a) have not originated
from the I2 impurities. The presence of Cl2 molecule does not
cause a problem since its photofragment ions are not detected
in the present study;i.e., the specific wavelengths for detection
are only for iodine fragments.
A possible explanation for high-velocity peaks is due to the

fact that small amounts of ICl3 molecules in the molecular beam
can undergo photodissociation (I+ Cl + Cl2 or I + Cl3) to
produce very fast recoiling I/I* atoms as a consequence of the
conservation of linear momentum of Cl3 and I photofragments.
This is consistent with our estimation of most probable velocities
for the photodissociation of ICl3, assuming that the C-I bond
dissociation energy of ICl3 is the same as that of ICl molecule.
The formation of ICl3 molecules in the sample could be due to
the presence of low-temperature ICl molecules and Cl2 impuri-
ties in the supersonic molecular beam. A possible formation
of ICl‚‚‚Cl2 clusters could produce ICl3 molecules. Broad
velocity distributions of these peaks also support our explanation
since the recoil velocity of iodine atoms formed from polyatomic
molecules has a broader distribution than that from simple
diatomic molecules.
From the measured lab recoil velocity distributions at two

different polarization angles, the recoil anisotropy parameters
â(υ) and the recoil speed distributionsG(υ) can be determined
using a deconvolution technique,20 as shown in Figure 2. The
recoil speed distributions of I and I* atoms are narrow, and
their maxima have high recoil speeds. Thus, both iodine atoms

are produced from repulsive potential energy surfaces which
result in nonstatistical translational energy partitioning. The
measured ion signal ratio of I* to I is proportional to the
branching ratio between I* and I atoms by

whereS refers to the integrated intensity, obtained from the
appropriateG(υ) distribution,N is the number of iodine atoms
resulting from photodissociation, andk is the proportionality
constant. The relative sensitivity (k) 0.769) value for detecting
I and I* atoms was obtained from the system calibration using
I2 as a standard molecule.24 The branching ratio,N(I*)/N(I),
of ICl at 304 nm is found to be 0.43. Using the relation between
the branching ratio and the relative quantum yields (Φ* ) N(I*)/
[N(I*) + N(I)]), we obtainΦ* ) 0.30 for the excited state iodine
atom. In a recent study on the photodissociation of ICl at 235-
248 nm,18 the branching ratio ofN(I*)/N(I) was determined to
be 0.71 using the Doppler absorption spectroscopy. The
decrease of I* yield in the present 304 nm wavelength excitation
is primarily due to the photon energy dependence of the
transitions in the UV absorption band.
The anisotropy parametersâ(υ) of I and I* atoms in Figure

2 provide details to the nature of electronic transitions of the
ICl molecule. The angular distributions of the I+ Cl and I+
Cl* dissociation channels are found to beâ ) -0.5, indicating
that the perpendicular transition contributes dominantly to these
product channels. As Figure 2b shows, for I*+ Cl and I* +
Cl* channels,â ()1.7) values are close to the limiting value of
2, suggesting that these channels have a strong anisotropic
character of parallel transition. The small peak inG(υ) and
the large drop inâ(υ) observed atυ ) ∼1100 m/s are due to
the photodissociation of I2.
The use of the correlation between rotational time and

anisotropy factor to estimate dissociation time has been treated
in our recent studies on C6H5I.26 In this model it is found that

Figure 2. Recoil speed distributionsG(υ) and the anisotropy param-
etersâ(υ) of I and I* photodissociation channels obtained from the
lab recoil velocity distributions in Figure 1. The intensities ofG(υ)
distributions are normalized in order to show more clearly the
polarization dependence. The small peak inG(υ) and the large drop
in â(υ) observed atυ ) ∼ 1100 m/s for the I* channel (bottom) are
due to the photodissociation of I2.

N(I*)/N(I) ) kS(I*)/S(I) (1)
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depolarization is lost purely due to rotation of the molecule
during photodissociation and that vibrational excitation whether
resulting from thermal excitation or Franck-Condon factor has
no significant effect onâ value. In the present experiment of
ICl photodissociation, the backing pressure for the pulsed valve
is kept low (<400 Torr with He gas) to minimize cluster
formation in the nozzle expansion. With this stagnation
pressure, the temperature of pulse beam is measured to beca.
100 K, which means that ICl molecule in the beam is still
rotationally hot. The thermal energy of parent molecule and
the instrumental resolution of the TOFMS, which will be
described below, contribute to the finite recoil speed distributions
of I and I* atoms in the photodissociation of ICl.
Figure 2 shows that theâ value for each dissociation channel

is independent of recoil speedυ. This provides clear evidence
that the I and I* atoms produced result from a prompt
dissociation in a time scale that is much shorter than the
molecular rotation time because of the repulsive nature of the
excited states. The assignment of the excited state potentials
which give the observed dissociation channels at 304 nm is
discussed in detail below. In the case of I*+ Cl3 formation
channel, although the ion signal is too weak to give a
quantitativeâ value, they are strong enough to indicate that
this channel has also an anisotropic character (parallel transi-
tion: â ∼ 0.8 atυz ) 830 m/s). On the other hand, we obtain
â ∼ -0.6 atυz ) 1120 and 1060 m/s for the I+ Cl3 formation
channel, which shows also a strong anisotropic character.
The distributions of the total translational energy release,

G(Et), of the I and I* dissociation channels are obtained from
their velocity distributions by applying the conservation of linear
momentum during the photodissociation process at two recoil
angles.Et is the sum of the translational energies of the iodine
and chlorine atoms. These are displayed in Figure 3. The
translational energy release distributions,G(Et), of I and I* atoms
have peak widths with fwhm) 12.2 and 10.2 kcal/mol,
respectively.
It is obvious that a cold diatomic molecule, excited by a

narrow-band laser, will fall apart into a pair of atoms with a
single kinetic energy. The finite peak width of the translational
energy distribution is ascribed to the (1) thermal energy of the
parent molecules, (2) isotope effect of35Cl and37Cl atoms, (3)
two different dissociation channels, and (4) instrumental resolu-
tion of TOFMS. Due to the limitation of applying the high

stagnation pressure in order to avoid cluster formation, the parent
molecule has its thermal energy ofca. 0.5 kcal/mol (∼0.3 and
∼0.2 kcal/mol of translational and rotational energies, respec-
tively; some vibrational excitation could also be present if
cooling of the ICl vibration is not complete). The peak
broadening due to the isotope effect of35Cl and37Cl is calculated
to be less than 0.05 kcal/mol, which is negligible in the present
measurements. Considering the fact that each distribution
consists of two different dissociation channels,i.e., I + Cl/Cl*
for I formation and I*+ Cl/I* for I* formation, the fwhm of
translational energy distribution is estimated to be 5-6 kcal/
mol for each dissociation channel. This is consistent with our
previous results of IBr photodissociation (fwhm) 4-6 kcal/
mol for each I+ Br, I + Br*, and I* + Br formation channel).19

Therefore, it is concluded that the major contribution for the
peak broadening of translational energy distribution comes from
the instrumental resolution of TOFMS due to its single-stage
configuration of ion optics.
The available energiesEavl andEavl* for I and I* formation

channels can be determined from the energy conservation
relations:

wherehν is the photon energy,D0
0 the dissociation energy of

ICl at 0 K (49.58 kcal/mol),27 andEintP the internal energy of
the parent molecule.ESO(I) and ESO(Cl) are the spin-orbit
excitation energy of iodine (21.74 kcal/mol) and chlorine (2.52
kcal/mol) atoms, respectively. After photodissociation, the
available energy partitions into the total translational energy (Et)
of both photofragments since there is no internal excitation,i.e.,
no rotational and vibrational excitation of the atomic iodine and
chlorine photofragments (Eint ) 0). EintP of the parent molecules
in the supersonic molecular beam is small and can be neglected
in the calculation.
The product state correlation can be directly identified by

comparing the observed peak of the translational energy release
distribution with the theoretical recoil energy for each dissocia-
tion channel. The experimental peak positions are in good
agreement with available energies for each dissociation channel
(indicated by vertical arrows) in Figure 3. From the calculated
and experimental values forEt we assign the two peaks of the
I atom formation to the I(2P3/2) + Cl(2P3/2) and I(2P3/2) +
Cl*(2P1/2) dissociation pathways. Similarly, the high-energy
peak of the I* atom can be assigned to I*(2P1/2) + Cl(2P3/2)
while the low-energy I* peak is assigned to the I*(2P1/2) +
Cl*(2P1/2) channel. The results are summarized in Table 1.

Discussion

The ground state energy configuration of the 10 valence
electrons of the ICl molecule is (σ)2(π)4 (π*)4(σ*)0, which is
abbreviated as (2440). Higher excited states are formed by
promotion of one or more electrons from the filled molecular
orbitals to the unfilledσ* orbital, and each state can be well

Figure 3. Translational energy release distributionsG(Et) of the I and
I* photodissociation channels. TheG(Et) distributions are obtained
from the recoil speed distributions in Figure 2 by using an instrumental
detection function described in ref 20. The distributions are normalized
to the unit peak height.

Eavl
(1) ) hν - D0

0(I-Cl) + Eint
P ) Et + Eint

for the I+ Cl formation channel (2)

Eavl
(2) ) Eavl

(1) - ESO(Cl)
for the I+ Cl* formation channel (3)

Eavl
(3) ) Eavl

(1) - ESO(I)
for the I* - Cl formation channel (4)

Eavl
(4) ) Eavl

(1) - ESO(I) - ESO(Cl)
for the I* + Cl* formation channel (5)
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represented by the Hund’s case (a) expression. Electronic
configurations of ICl are described by term symbolsΩ according
to spin-orbit couplings whereΩ is the projection value of the
total electronic angular momentum along the internuclear axis.
The parallel transition corresponds to∆Ω ) 0 and the
perpendicular one to∆Ω ) (1, where∆Ω is the difference
betweenΩ in the upper and lower electronic states. If the
dissociation is prompt, the two transitions would give values
of â very close to the two limiting values,i.e., â ) 2 for a
parallel transition andâ ) -1 for a perpendicular transition.
Figure 4 shows the schematic correlation energy diagram for
several of the low-lying electronic states of ICl molecule
responsible for the absorption in the UV and vis region. There
are in fact five 0+ states that correlate with I(2P3/2 or 2P1/2) +
Cl(2P3/2 or 2P1/2) atoms, two of which correlate with the atomic
ground state I+ Cl, one with each of the singly excited states
I + Cl* and I* + Cl, and one with the same I*+ Cl*. The
lowest molecular ground state is X1Σ0+(2440).
The parallel anisotropic character for the I*+ Cl and I* +

Cl* channels (â ) 1.7 in Figure 2b) suggests that the transition
dipole moment lies predominantly parallel to the I-Cl bond
axis, and the excited state breaks up on a shorter time scale
than a rotational period of the parent molecule. As the ground
state for ICl hasø1Σ0+(2440) symmetry, the initial transition
for this channel must be to an upper state withΩ ) 0+. There
are four possible electronic states withΩ ) 0+ that can be
reached via a parallel transition:1Σ0++(2422), 3Σ0+-(2422),
3Π0+(2341), and3Π0+(2431). Only1Σ0++(2422) and3Σ0+-(2422)
states correlate with the I*+ Cl and I* + Cl* products,
respectively, in the separated atom limit. Although3Π0+(2341)

correlates adiabatically with I+ Cl, it has been reported that
there is a curve crossing between the3Π0+(2341) and3Σ0+-(2422)
states.18 In this case, the3Π0+(2341) state correlates diabatically
with I + Cl and adiabatically with I*+ Cl formation. The
curve crossing between these two 0+ states during dissociation
allows an initial transition to either the3Π0+(2341) or the
3Σ0+-(2422) state resulting in I*+ Cl formation. The excitation
to the3Σ0+-(2422) state, however, is a two-electron process and,
thus, only weakly allowed. This is consistent with the present
observation of less intense signal from I* formation channels
than I channels due to the (2422)r (2440) transition. A similar
trend has also been found in the photodissociation of ICl at
235-248 nm,18 in which the square of the transition moments,
µ2, to the3Π0+(2341) and3Σ0+-(2422) states are calculated to
be 0.0220 and 0.006 96 bohr2. Therefore, it is most likely that
the initial transition is dominantly to the3Π0+(2341) state
followed by curve crossing to the3Σ0+-(2422) state forming I*
+ Cl.
The I + Cl and I + Cl* channels are found to have an

anisotropy parameter ofâ ) -0.5 (Figure 2a), suggesting a
dominance of perpendicular∆Ω ) (1 transitions. The
observed anisotropy parameters, however, substantially differ
from the limiting value,i.e.,-1 for the perpendicular transition.
This can be explained by proposing that I+ Cl and I+ Cl*
photoproducts originate from a mixed parallel and perpendicular
transition. Possible electronic states correlating with I+ Cl*
product are1Π1(2341) and3Π0+(2431). The repulsive wall of
a bound state3Π0+(2431), which correlates also with the I+
Cl*, has been considered to be mainly responsible for the
absorption band in visible wavelength region (2.2-3.7 eV).8

In this regard,3Π0+(2431) state does not contribute to the
formation of I+ Cl* due to the high photon energy (4.08 eV)
in the present study. Thus, we assign the observed I+ Cl*
channel to be mainly from a direct dissociation of the repulsive
1Π1(2341) state. Since the1Π1(2341) state does not show any
avoided crossing, the perpendicular transition leads adiabatically
to I + Cl* products. From measurement of the anisotropy
parameter for I2 photodissociation (which is known to result
from a purely perpendicular transition) in our system, we obtain
a maximum value ofâ ) -0.90 (Figure 2b). The observed
anisotropy parameter (â ) -0.5) for the I+ Cl* channel can
be interpreted to result from a considerable contribution of
parallel transition. Nonadiabatic curve crossing between re-
pulsive3Π0+(2341) and bound3Π0+(2431) states has been well-
known in the photodissociation of interhalogen molecules such
as ICl and IBr.3,7 Therefore, it can be concluded that the
3Π0+(2341) transition followed by curve crossing to the
3Π0+(2431) state produces also I+ Cl* photoproduct.
The 3Π0+(2341),3Π1(2341), and1Π1(2431) states correlate

with the I+ Cl product channel. The decrease of the anisotropy
parameter observed in this channel (â ) -0.5) from its limiting
value of-1 can be explained by proposing that I+ Cl atoms
originate from a mixed parallel and perpendicular transition.
Considering the photon energy of photodissociation laser, we
can preclude the possibility of the low-lying3Π1(2431) and
3Π0+(2431) transitions. Therefore, for the perpendicular com-
ponent of the observed I+ Cl dissociation channel, the initial
transition would most likely to be the3Π1(2341) state. The
possible assignment for the parallel component is an initial
transition to the3Π0+(2341) repulsive state, which dissociates
diabatically into I+ Cl. The total results for the assigned
excited states of the ICl molecule are presented in Table 2. The
low-resolution UV spectra of ICl and IBr are so similar that
many of the interpretations discussed above for ICl are
considerably consistent with our recent study on IBr.19

TABLE 1: Calculated and Experimental Values of Et for
Each Dissociation Channel of ICl

iodine
state λex (nm) 〈Et〉calb 〈Et〉obs product statec

I 304.67 44.26 43.39 I(2P3/2) + Cl(2P3/2)
I 304.67 41.74 40.68 I(2P3/2) + Cl*( 2P1/2)
I* 304.02 22.72 22.03 I*(2P1/2) + Cl(2P3/2)
I* 304.02 20.20 19.97 I*(2P1/2) + Cl*( 2P1/2)

a Energies are in kcal/mol.b 〈Et〉cal is obtained by subtracting the
dissociation energyD0

0 (49.58 kcal/mol) of ICl from the experimental
energy.c The spin-orbit splitting energy for bromine and iodine atoms
from JANAF Thermochemical Tables, J. Phys. Chem. Ref. Data1985,
14 (Suppl. 1).

Figure 4. Schematics of energy correlation diagram for the low-lying
excited states of ICl based on the results from refs 3, 11, and 12. The
vertical arrow indicates photoexcitation of 304 nm wavelength. The
dotted curves represent the low-lying excited states that do not
contribute to the vertical excitation in the present study due to the high
photon energy (4.08 eV) of the photodissociation laser. Numbers in
parentheses denote the electronic configuration for each state.
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The recoil velocities for I and I* atoms in our photofragment
translational spectrometer was calibrated by the signals obtained
for I and I* from a well-known standard I2 molecule.25 Thus,
the dissociation energy of ICl,D0

0, can be determined from the
measured most probable recoil speed by using the energy
conservation relations 2-5. We obtain theD0

0 of ICl to be
50.29 kcal/mol with an estimated uncertainty of less than 0.5
kcal/mol. The dissociation energy from spectroscopic measure-
ments of ICl has been summarized by Evanset al.,23 from which
they adoptD0

0 ) 49.64 kcal/mol. Calder and Giauque27 also
have reportedD0

0 ) 49.58( 0.03 kcal/mol using third law
analysis. Our result is in good agreement with the previously
reported values within 1.5% error.
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TABLE 2: Anisotropy Parameter and Assignment for the
Dissociation Channels Observed for the Photodissociation of
ICl

dissociation
channels

λex
(nm)

â values
(obsd) assignment

I(2P3/2) + Cl(2P3/2) 304.67 -0.5 3Π1(2341)
3Π0+(2341)

I(2P3/2) + Cl*( 2P1/2) 304.67 -0.5 1Π1(2341)
3Π0+(2341)f 3Π0+(2431)

I*( 2P1/2) + Cl(2P3/2) 304.02 1.7 3Π0+(2341)f 3Σ0+-(2422)
3Σ0+-(2422)

I*( 2P1/2) + Cl*( 2P1/2) 304.02 1.7 1Σ0++(2422)
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