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Halogen Effect on the Photodissociation Mechanism for
Gas-Phase Bromobenzene and lodobenzene

Xiao-Peng Zhang,”® Zheng-Rong Wei,"” Ying Tang,“*’ Ting-Jung Chao,”" Bing Zhang,"

and King-Chuen Lin*® ®!

The velocity imaging technique combined with (2+1) resonance-
enhanced multiphoton ionization (REMPI) is used to detect the
halogen fragments in the photodissociation of bromobenzene
and iodobenzene at 266 nm. With the aid of potential energy
curve calculations by Lunell (Y. J. Liu, P. Persson, S. Lunell, J. Phys.
Chem. A 2004, 108, 2339-2345.), the Br fragmentation is pro-
posed to stem from excitation of the lowest excited singlet
(r — ™) state followed by predissociation along a repulsive trip-
let (n — o) state. The slowed dissociation rate leads to produc-
tion of the isotropic Br fragments and 93 % internal energy depo-
sition. Only the ground state Br(*P;,) is detectable. In contrast,

1. Introduction

During photodissociation of halogenated molecules such as
alkyl halides, irradiation with UV light causes rapid bond fission
to release halogen atoms. The non-bonding electron of the
halogen atom undergoes a transition to the antibonding ¢*
orbital localized on the C—X bond (X denotes halogen)."® In
contrast, the photodissociation processes for aryl halides are
more complicated since more electronic states are involved,
thus making multiple dissociation channels probable.”"
These include predissociation via intersystem crossing (ISC),
hot molecular dissociation via internal conversion, and direct
photodissociation from a repulsive surface. The dissociation
rates and channels depend substantially on the type of halo-
gen, the substituents on the phenyl ring and their relative po-
sitions, as well as the excitation wavelengths.”2"

Among the aryl halides studied, the active focus has been
on the simplest type of monohalobenzenes. In early work by
Bersohn,”'” these compounds were expected to follow a pre-
dissociation mechanism, initially excited to a bound singlet
(t —x*) state which interacted with a repulsive triplet
(n — %) state by spin-orbit coupling. In addition to the pre-
dissociation channel, a fast channel was found for chloroben-
zene at 193 and 248 nm,?"! and iodobenzene at 305 nm."'® The
second channel was ascribed to direct photodissociation via
the repulsive (n — 0*) state localized on the C—X bond. Han
and coworkers"® found only a fast photodissociation channel
in the 266 nm photolysis of bromobenzene with a transition
dipole moment lying perpendicular to the C—Br bond. Kadi
et al.”? reported two fast dissociation channels occurring in io-
dobenzene at 266 nm, but only one in bromo- and chloroben-
zene. They also found that the dissociation rates increase with
increasing mass of the halogen atom, confirming involvement
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when iodine is substituted, the iodine effect stabilizes the repul-
sive states associated with the |-C¢H; bond rupture and the sub-
sequent dissociation channels become more complicated. 84 % of
the iodobenzene molecules obtained follow a direct dissociation
channel, while the remaining undergo a predissociative process.
Both routes result in rapid dissociation with anisotropy parame-
ters of 0.7+0.2 and 0.9+0.2 as well as 70% and 26 % in the
fractions of translational energy deposition, respectively. The rela-
tive quantum yields of I* and | are 0.35 and 0.65 and their relat-
ed photodissociation pathways are discussed in detail.

of ISC in the predissociation. The additional dissociation route
observed in iodobenzene results from direct dissociation by
excitation to an antibonding orbital (n — ¢*), as reported pre-
viously.P 11314224 The threshold wavelength for the F—C
bond rupture in fluorobenzene is about 196 nm.”® Huang™
and Lee ' observed a substantial yield of HF via four-center
elimination in the ground state and a minor hydrogen atom,
instead of a fluorine atom, in photodissociations at 157 and
193 nm. Substituent effects on the photodissociation of more
complicated aryl halides has also been investigat-
ed 21718202829 inclyding dibromobenzenes, tribromoben-

(e 17201 chlorotoluenes, and bro-

! bromofluorobenzenes,!
29]

zene,
motoluenes.

Thus far, the femtosecond pump-probe technique!
and photofragment translational spectroscopy
(PTS)[21012-1416,17.21,24.28.29] haye been the methods of choice in
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photodissociation studies of aryl halides. Femtosecond laser
spectroscopy provides information on dissociation rate con-
stants for the related routes by detecting the parent molecular
cations or fragment cations after the loss of a halogen atom.
On the other hand, PTS gives insight into the fractions of trans-
lational and internal energies partitioned from the available
energy and anisotropy parameters in the photolysis, by moni-
toring time-of-flight (TOF) mass spectra of the fragments at dif-
ferent laboratory angles.

As an alternative, velocity imaging detection coupled with
resonance-enhanced multiphoton ionization (REMPI) has been
used much less, except for iodobenzene.>**3" By using this
technique, Gordon and coworkers" focused on the influence
of the above-threshold effect on the dissociative autoioniza-
tion of the super-excited state of iodobenzene by multiphoton
absorption. Poulsen et al.”” reported a radiation polarization
effect on the iodine product yield of selective channels follow-
ing photodissociation of iodobenzene at 266 nm. Peronne
et al. investigated alignment dynamics by measuring time-de-
pendent angular distributions of the spatial orientation of the
molecules.®"

By means of the velocity imaging technique, knowledge of
translational energy and angular distributions of the photo-
fragments is extracted from the fragment images. The branch-
ing ratio of the spin-orbit ground and excited state halogen is
also determined by selecting a particular wavelength in REMPI.
By taking advantage of its merits, we investigate the photodis-
sociation of bromobenzene and iodobenzene at 266 nm to
probe the halogen effect. We observe only one dissociation
channel for bromobenzene with an anisotropy parameter f3
close to zero, suggesting that Br is isotropically fragmented.
This stands in contrast to results obtained earlier with PTS."®
The photodissociation route is proposed to stem from predis-
sociation by ISC. The ground state Br(*P,),) is the only bromine
product detectable. For the photodissociation of iodobenzene,
two dissociation channels with positive § values and large frac-
tions of translational energy deposition are observed, suggest-
ing very short dissociation lifetimes in accord with those ob-
tained by femtosecond laser spectroscopy."?? Both the | and
I* fragments are found. With aid of ab initio calculations of
one-dimensional potential energy curves,”” detailed photodis-
sociation routes are discussed.

Experimental Section

The velocity imaging apparatus, similar to that used previously,”®
consisted of a molecular beam source chamber and a main cham-
ber, both of which were pumped to remain at a low pressure of
~2x107" Torr. Liquid samples of bromobenzene and iodobenzene
(99% purity) were used without further purification. Each was car-
ried by helium gas at 1 atm through a pulsed valve with a 0.6 mm
diameter orifice (General Valve Co.) operating synchronously with
the laser pulses at 10 Hz, and expanded into the source chamber.
After passing through a 1 mm diameter skimmer and a collimator,
the molecular beam was intersected perpendicularly by a linearly
polarized laser beam in a two-stage ion lens region. The skimmer
was mounted 30 mm downstream from the nozzle to divide the
source chamber from the main chamber, which comprised an elec-
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trostatic lens, a time-of-flight (TOF) drift tube, and a two-dimen-
sional position-sensitive detection system. Following the pioneer-
ing work of the ion velocity map imaging technique by Eppink
and Parker,®? the set of electrostatic ion lenses was designed to
consist of a repeller, an extractor, and ground electrodes, each with
a central hole of 2, 16, and 16 mm in diameter, respectively. The
biased voltages were optimized by simulation using a standard ion
optics trajectory program (Simion 6.0).5*

A 308 nm XeCl excimer laser-pumped dye laser (FL3002, Lambda
Physik) operating at 10 Hz was the only radiation source employed.
Its output beam was frequency-doubled to emit at about 266 nm
with an energy range of 40-200 J (AutoTrack lll, InRad), followed
by linear polarization perpendicular to the flight tube direction,
and focused at the skimmed beam with a 200 mm focal-length
lens. The bromobenzene and iodobenzene molecules were then
photolyzed and the halogen-atom fragments were successively
ionized by using the (2+1) REMPI technique.

The resulting halogen ions were extracted and accelerated into a
36 cm long field-free drift tube along the molecular beam direc-
tion. The ion-cloud expansion was driven by both the fragment
recoil velocity and a non-homogeneous electric field formed within
the ion lens region, followed by projection onto a two-stage micro-
channel plate (MCP) and a phosphorus screen (FM3040, Galileo).
The MCP could be gated within a minimum duration of 250 ns for
mass selection. The ion imaging on the phosphorus screen was re-
corded by a charge-coupled device (CCD) camera (200XL4078, Pix-
elfly). The laser wavelength was scanned back and forth within the
range of Doppler broadening to cover all the velocity components
of the selected fragments. All the ion signals without gate restric-
tion are acquired by a photomultiplier tube, instead of the CCD
camera, and then transferred to a transient digitizer for display of
the TOF mass spectrum.

2. Results and Discussion
2.1. Photodissociation of Bromobenzene

Upon irradiation of the laser source at near 266 nm, bromo-
benzene dissociates to release the bromine fragments Br(*P;,)
and Br*(*P,,,), which are successively ionized by (2+1)REMPI at
266.55 and 266.61 nm, respectively, and then captured with
the velocity imaging detection system. For the first time the re-
sultant raw ion image of Br is shown (Figure 1a). This image is
obtained by accumulating over 40000 laser shots with the
background removed by subtracting a reference image collect-
ed at an off-resonance wavelength under the same conditions.

a) b)

o

Figure 1. a) Raw ion image and b) inverse Abel-transformed ion image of
the ground state Br for the photodissociation of bromobenzene at 266 nm.
The laser is linearly polarized in the vertical direction.
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The Br* signals are not detectable, even though their images
are accumulated over 100000 laser shots. The obtained raw
image is a two-dimensional projection of the three-dimension-
al speed and angular distributions with cylindrical symmetry
around the polarization axis of the photolyzing laser. Accord-
ing to the method of inverse Abel transformation, the corre-
sponding three-dimensional spatial distributions of the frag-
ments are reconstructed, as displayed in Figure 1b, exhibiting
only one ring component.

The speed distribution P(v) can be extracted by integrating
the reconstructed three-dimensional speed distribution over all
angles at each speed. The center-of-mass translational energy
distribution P(E;) is obtained by converting the speed distribu-
tion using Equations (1) and (2)

dE. M

m r
"X )

where E; is the total translational energy; mg, and mc y the re-
spective masses of Br and C¢H;, and vg, the velocity of the bro-
mine fragment. The available energy E,, for the dissociation
process is evaluated by Equation (3)

Eavl = Ehv - DO - Eel + Eint (3)

where E,, is the photon energy; E. equal to 0 kcalmol™" for
the electronic energy of the ground state bromine atom, and
E.: the internal energy of the parent molecule, which is ex-
pected to be zero, since the rotational and vibrational excita-
tions are negligible in a supersonic molecular beam. D, de-
notes the dissociation energy of the C—Br bond, which is
81.6 kcalmol™" for bromobenzene, as determined by PTS."”
The fraction f; of the translational energy deposition, defined
as the ratio of the average translational energy to the available
energy, is determined by Equation (4)

<E >
fr = ET. (4)

Figure 2 shows the center-of-mass translational energy distri-
bution of the Br fragmentation from bromobenzene. Its profile
can be fitted by one Gaussian curve. The position marked by
the arrow indicates the maximum amount of kinetic energy
available for one-photon dissociation of the parent molecule.
The detected Br fragment apparently comes from molecular
photodissociation, followed by
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Figure 2. Center-of-mass translational energy distributions of the Br frag-
ment produced from the photodissociation of bromobenzene at 266 nm.
The arrow indicates the maximum kinetic energy available for single-photon
dissociation. Each data point (0) corresponds to the relative signal intensity
in arbitrary units.

Br, should consume at least one more photon than the molec-
ular dissociation. However, this is not supported by our find-
ings. There is a tiny bump after the arrow mark (Figure 2),
which is probably caused by the multiphoton effect. While
considering the slow dissociation channel by one-photon ab-
sorption, the fraction f; of the translational energy component
is thus 7 %.

The fragment angular distribution /(f) is obtained by inte-
grating the reconstructed three-dimensional spatial distribu-
tion over a proper range of speed at each angle. It is character-
ized by an anisotropy parameter 3, as expressed by Equa-
tion (5)4

1(0) = (47)"'[1 + BP,(cos 0)] (5)

where S is limited between 2 and —1, P, (cos#) is the second-
order Legendre polynomial, and 6 is the angle between the
laser polarization direction and the recoil velocity of fragments.
p is obtained by a least-squares fit to the angular distribution,
and is —0.02+£0.01 for photodissociation at 266 nm. S(Br) is
approximately zero, indicating that the related dissociation
channel is slow enough to produce the isotropic fragments.
The parameters obtained are summarized in Table 1.

By using femtosecond laser spectroscopy with a 270 nm
pump pulse, Davidsson and coworkers® obtained a dissocia-
tion lifetime of 26 ps for bromobenzene, which is longer than
a molecular rotation period. With the aid of ab initio one-di-
mensional potential energy curves along the C—X bond disso-
ciation,">! they proposed that the slow dissociation is caused

ionization by (2+1)REMPI. Since
the dissociation lifetime of the

Table 1. Summary of important values for the halogen fragmentation from bromobenzene and iodobenzene

. t 266 nm.
excited state prepared at @ nm
266 nm is 26 ps,”? many of the | compound Fragment  A[nm]  E <E> [kealmol™'] £ B @
excited molecules dissociate tkcalmol ™1
prior to absorbing an additional | Bromobenzene  Br 266.55 253 17 007 0024001 -
ns-pulsed photon for ionization. lodobenzene I 26590  40.8 10.5 026 0.9+0.2 0.65
The process of dissociative ioni- 287 070 0702

I* 26650 188 155 082 20 035

zation, that is, C;HBr* —C,H; ™ +
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by predissociation via ISC from the lowest singlet excited state
S,[(mt—7t*), B,] crossing to a repulsive triplet state, which corre-
lates with the ground state bromine fragment. For clear inter-
pretation, a simplified energy diagram for the molecular disso-
ciation is shown in Figure 3. The energy at the S,-T, crossing

A A
7 10
T,-B,
8_3\. $1-B2
ly" 3-8,
5 67 -
° AR 3
w | O
4.66
T R
So-Aq
2—
-0.5 T T T —> -0.5 . . , —
15 20 25 30 35 17 22 27 32 37
R(Br—C)/A R(-CY/A

Figure 3. Simplified energy diagrams of one-dimensional potential energy
curves along the C—X (X=Br or 1) bond dissociation for a) bromobenzene
and b) iodobenzene. Singlet states are represented by (—), while (----- ) de-
notes triplet states. The excitation energy at 4.66 eV by a laser source is de-
noted by a dashed vertical arrow. The detailed diagrams and calculations

are adapted from ref. [25] by Lunell and co-workers.

point is 0.21-0.52 eV higher than the S; minimum state, de-
pending on the method of calculation." Although one-dimen-
sional potential energy curves are effective in predicting pho-
todissociation pathways, multi-dimensional surface couplings
are expected to be involved in the processes and this might
change the activation barrier somewhat. For instance, in the
photodissociation of bromo-3,5-difluorobenzene, the singlet-
triplet crossing barrier is quite reduced when reaction coordi-
nate combines a C—Br bond stretch and a Br out-of-plane
bending on the S, surface.® The spin-orbit transition is also
facilitated when the upper state is a mixture of t—¢* and n-o¥,
since the coupling strength with only one-electron involve-
ment is larger."”2?>3% Borg et al.” recently assigned the first
repulsive triplet state in bromofluorobenzenes to m—c*, which
differs from most previous assignments in aryl halides. The
slowing down of the predissociation rate by surpassing a barri-
er can lead to the production of the isotropic Br fragments.
Thus, the 5(Br) value obtained herein lends support to this pro-
posed mechanism. In addition, the slow predissociation pro-
cess allows for more available energy being partitioned into
the internal states of the fragment. Internal energy deposition
of 93% is obtained.

In an earlier photodissociation study of the same compound,
Han"® utilized photofragment translational spectroscopy to
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obtain £=47% and f=-0.7+0.2 in a 266 nm photolysis.
They proposed two possible dissociation mechanisms: one is
via direct dissociation along a repulsive surface (n — ¢*) and
the other is via fast predissociation which occurs if the parent
molecules are excited to a bound S, state, crossing through a
point that lies below the laser excitation energy to a repulsive
triplet state. However, in ab initio calculations of one-dimen-
sional potential energy curves,®? the lowest singlet state
S,-B, crosses the first repulsive triplet state T,~B, at a calculat-
ed energy of 4.8 eV—slightly higher than the 4.66 eV corre-
sponding to 266 nm. Furthermore, the laser wavelength at
266 nm is not short enough to promote molecules to the trip-
let state

T,-B, to undergo direct dissociation. Thus, the proposed mech-
anism does not seem plausible.

It should be worthwhile to speculate why our results differ
from those by Han." It might be caused by different condi-
tions of the molecular beams adopted. In our system, a rota-
tional temperature of about 100 K is obtained by fitting ro-vi-
brational band profiles of the 'B,('S) state of CS,.*¥ Despite
the lack of the rotational temperature reported, Han and cow-
orkers employed a valve with a 0.20 mm diameter orifice, in
contrast to the 0.6 mm valve used herein. Thus, under their
conditions, the molecular beam apparently yields a much
cooler rotational temperature, probably of about 10 K. Pee-
bles®” reported Fourier-transform microwave spectra of "°Br
bromobenzene which gave rise to rotational constants of
A=5667.750, B=994.9018, and C=846.2567 MHz. The mo-
ments of inertia correspond to 1.46x10°*, 842x 107, and
9.85x107® gcm™2, respectively. Given the rotational energy,
E.=h%(j+1)/8n%, (where h is Planck’s constant, I, the
moment of inertia and j the rotational quantum number), j can
maximally be populated up to 4 and 13 at respective tempera-
tures of 10 and 100 K. Therefore, based on the molecular rota-
tion period, t,=h/2mjB,, (where B,, is the rotational constant),®
t, is about 7, 41, and 47 ps for the three rotational degrees of
freedom at a temperature of 10K, in contrast to 2, 12, and
14 ps at 100 K. The average t, becomes 32 and 9.3 ps at 10 and
100 K respectively, if the rotational period in each degree of
freedom is weighted equally. Referring to the dissociation life-
time of 26 ps by Davidsson and coworkers,” the different ro-
tational periods clearly explain why different 3 values are ob-
tained. The maximum j in the photodissociation also affects
the subsequent fraction of translational energy release.

2.2. Photodissociation of lodobenzene

Photodissociation of iodobenzene at 266 nm yields iodine frag-
ments, in which | and ¥ are subsequently ionized by
(24+1)REMPI at 265.9 and 266.5 nm respectively. Their images
are then acquired with a velocity imaging detection system. By
analogy with analysis of the bromine fragments, the raw and
reconstructed ion images of the spin-orbit ground state | and
the excited state I* are shown in Figure 4. It can easily be seen
that the ground state | gives rise to two ring components,
whereas |* yields only one. For quantitative analysis, their
speed distributions are extracted from the reconstructed
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b)

Figure 4. a) Raw ion image and b) inverse Abel-transformed ion image of
the spin-orbit ground state | and excited state I* for the photodissociation
of iodobenzene at 266 nm. The laser is linearly polarized in the vertical direc-
tion.

images, and converted to the center-of-mass translational
energy distribution by using Equations (1) and (2), as shown in
Figure 5. Given the I|-CiHs; bond dissociation energy of
66.7 kcalmol~ "% and the spin-obit spitting energy of 21.7 kcal
mol™’, the available energies E,, for the one-photon dissocia-
tion process are 40.8 and 18.8 kcalmol™' in the | and I* frag-
mentations respectively, as marked in Figure 5. With the <E;>
values estimated from the figure, the fractions of translational
energy deposition are 26% and 70% for the slow and fast
channels of the | fragment respectively, and 82% for the I*
channel. These values are also listed in Table 1.

The branching ratio of | and I* can be estimated from the
ratio of their measured ion signals by including a calibration
factor, as expressed by

M) S0
MO0

where N(I*) and N(l) are the numbers of I* and | fragments;
S(I*) and S(I) are the ion intensities measured individually. The
calibration factor k is associated with the transition probability
ratios in REMPI and related instrument factors. It is evaluated
by performing a calibration experiment of I, photolysis under
the same conditions, and for the 266 nm photolysis of I,, k is
0.455. The branching ratio N(I*)/N(l) is 0.55. The relative quan-
tum yields of @(1*) and @(l) are calculated as 0.35 and 0.65 by
using Equations (7) and (8):

(6)

* N(I)
0= N+ N 7
D) =1— D(1¥) (8)

Similar to the analysis adopted for the Br fragment, the
iodine fragment’s angular distribution is obtained from the re-
constructed ion images. According to Equation (5), the aniso-
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Figure 5. Center-of-mass translational energy distributions of a) the spin—
orbit ground state | and b) the excited state I* fragments produced from
photodissociation of iodobenzene at 266 nm. The arrows indicate the maxi-
mum kinetic energy available for single-photon dissociation. Each data point
(0) corresponds to the relative signal intensity in arbitrary units. In the |
channel, the data points are deconvoluted into two Gaussian components
denoted by (—). Their linear combination fits the experimental results. The
data points in the I* channel are fitted by a Gaussian function denoted by
(—).

tropy parameter 3 is 2.0 for the I* fragmentation at 266 nm,
and 0.94+0.2 and 0.7+0.2 respectively, for the slow and fast
dissociation channels leading to the | fragment. The positive
value of 3 suggests that the | and I* fragments dissociate rap-
idly when the laser polarization direction is parallel to the C—I
bond axis.

By employing femtosecond pump-probe spectroscopy to
analyze phenyl cation transients following the photodissocia-
tion of iodobenzene at 266 nm, Kadi et al. obtained two disso-
ciation lifetimes of 700 and 350 fs.”? The fast dissociation
channel is ascribed to direct transition to a repulsive (n — o¥)
state localized on the C—I bond, whereas the slow one is relat-
ed to an indirect dissociation by excitation to a bound singlet
(t — *) state in the phenyl ring which strongly couples to
the repulsive (n — ¢*) state and finally dissociates. About 57 %
of the molecules dissociate fast and the remaining ones under-
go the slower predissociation.”” The dissociation times in both
channels are essentially faster than a rotational period, in
accord with our 3 values for the iodine fragments. However,
given the area ratio of the Gaussian components in Figure 5a,
we expect that 84% of the iodobenzene molecules may disso-
ciate to the | fragment along the direct dissociation channel.

With the aid of one-dimensional potential energy curves
along the C—l bond dissociation, some insight into how the
spin—orbit ground state and excited state iodine fragments are
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produced may be gained. As shown in Figure 3, a simplified
energy diagram of potential energy curves referring to the cal-
culations by Lunell and coworkers® indicates the related dis-
sociation pathways. The direct dissociation channel most likely
involves the three repulsive states S,[(n — 0%), B,], T,[(n — ¢%),
B,], and T;[(n — ¢*), B,] that have individual vertical excitation
energies close to the laser excitation energy. The course of the
direct photodissociation of iodobenzene is similar to that of
the alkyl halides. For instance, the A-band spectra of CHsl con-
taining three dissociative optical transitions may lead to frag-
mentation of CH; and the spin-orbit ground I(*P,,,) or excited
[*(P,,,) states.”** Among them, the 3Q,(2A,) state correlates
to the I* fragment, while the *Q,(2E) and 'Q,(3E) states corre-
late to I. When *Q,(2A,) crosses to 'Q,(3E), both | and I* may
be obtained, depending on the state-coupling strength. Analo-
gously, the singlet S;[(n — 0¥), B;] state may correlate to the I*
product in the photodissociation of iodobenzene, while the
triplet Ts[(n — 0*), B,] and T,[(n — 0*), B,] states correlate with
the product I. Excitation of the singlet S,[(n — o), B,] state,
which crosses the T[(n —o0*), B,] state at the energy of
3.7-4.0 eV* may lead to production of | and I*, both of which
are characteristic of the parallel transition. Inspection of the
energy states in Figure 3 shows that vertical excitation to the
Tsl(n — 0¥), B,] state would be difficult. Thus, I* is mostly ob-
tained from the direct excitation of S,[(n — 0*), B,]. This ex-
plains why only the parallel transition contributes to (I*) ob-
tained to be 2.0. If the T,[(n — ¢¥), B,] state is excited, only the
| fragment is produced. Therefore, the positive value of S(l) is
due to the mixed characteristics of the nonadiabatic transition
stemming from the S, state on the one hand, and the perpen-
dicular transition from the T, state on the other. Note that
either route of direct dissociation can cause the rapid ruptur-
ing of the C—I bond such that most available energy may parti-
tion into the translational states, amounting to 70% and 82 %
for the | and I* channels, respectively. In contrast to the sub-
stantial branching of I* found by us, El-Sayed and coworkers
obtained only a small amount of 0.5% at 304 nm." This
might be because lowering the excitation energy results in a
smaller probability to reach the S, state. Thus, excitation of the
T, state may dominate the direct dissociation channel.

For the predissociation channel, the iodobenzene molecules
are excited to the bound singlet S,[(xt — t*), B,] state, followed
by strong coupling to the repulsive states prior to dissociation.
At 266 nm, T,[(n — ¢%), B], Ts[(n — ¢¥), B,], and S;[(n — 0%),
B,] are the three probable states which cross the S, state at a
point below the excitation energy. Thus, the predissociation
mechanism can proceed rapidly. While considering dominance
of the I(P;,) fragment in this channel, we expect that the
bound singlet S,[(w — t*), B,] state strongly couples to the re-
pulsive T,[(n — 0*), B,] and Ts[(n — 0*), B,] states, which corre-
late with the ground state product. Since S, and Ts have the
same symmetry, the adiabatic transition (S,—T;) should let the
T, state have properties of both the parallel and the perpen-
dicular transitions. The positive value of f5 is attributed to the
partial contribution of the parallel transition. As displayed in
Figure 3, the triplet-singlet coupling between T;[(n — ¢*), B,]
and S;[(n — 0*), B,] at ~2.4 A prior to dissociation leads to the
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production of both | and I*. However, it is still unknown why
the quantum yield of I* in this channel is almost zero, except
for a tiny contribution around 5-10 kcalmol™" (Figure 5). Al-
though the dissociative and predissociative mechanisms for
the iodobenzene were first proposed a decade ago,!""'*'%2%
the work herein with the aid of ab initio calculations may shed
some light on further understanding of the photolysis of iodo-
benzene at 266 nm.

2.3. Comparison between Bromobenzene and lodobenzene

Between bromobenzene and iodobenzene, the larger iodine
atom has a marked influence on the stabilization of the repul-
sive excited states and the enhancement of spin-orbit cou-
pling to facilitate the predissociation mechanism. According to
the calculations by Lunell and coworkers,”” the vertical excita-
tion energies for both singlet and triplet repulsive states
(n —o*) are lowered by 0.76-1.13 eV, enough for the curve
crossing the bound singlet state to move to the lower energy
levels. In this sense, there are two repulsive triplet states and
one singlet state that cross to the bound singlet state of iodo-
benzene close to the excitation energy at 266 nm, leading to
more complicated dissociation routes. In contrast, the first re-
pulsive triplet state of bromobenzene crosses the bound sin-
glet state at about 0.14 eV higher than the excitation energy,
so the predissociative process is slowed and most of the avail-
able energy partitions into the internal states.”” The choice of
halogen thus causes significant variation in dissociation mech-
anisms and lifetimes, the anisotropic nature of the halogen
fragment, and the fractions of energy depositions.

3. Conclusions

As an alternative to the methods of femtosecond laser spec-
troscopy and photofragment translational spectroscopy, we
utilized velocity imaging detection combined with (24-1) REMPI
to investigate photodissociation of bromobenzene and iodo-
benzene at 266 nm. We proposed that bromobenzene follows
a predissociative channel via singlet-triplet coupling. The dis-
sociation mechanism is relatively slow, so that the Br fragment
has an isotropic feature and most of its available energy parti-
tions into the internal states. The ground state Br dominates
the dissociation channel. In contrast, for the photodissociation
of iodobenzene, the iodine substitution stabilizes the repulsive
states along the 1-C¢H; bond dissociation such that three re-
pulsive curves can cross the bound singlet state at an energy
level below the laser excitation energy. Thus, we proposed
more complicated dissociation mechanisms for iodobenzene.
The predissociative route is similar to that followed by bromo-
benzene, but the bound state-to-repulsive state couplings are
much more efficient, resulting in rapid dissociation with a posi-
tive anisotropy parameter and a large fraction of translational
energy deposition. As the major dissociation channel, direct
dissociation can take place when the repulsive singlet or triplet
states are excited. Both | and I* fragments are produced, rely-
ing on the spin-orbit coupling between these states. In this
channel, the obtained anisotropy parameter is positive—similar
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to that of the predissociative mechanism—but a larger fraction
of translational energy is partitioned from the available energy.
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