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Excited state properties of fluorobenzene, chlorobenzene, bromobenzene, and iodobenzene have been
investigated theoretically using multireference CASSCF and CASPT2 methods. Experimentally, chlorobenzene
and bromobenzene are known to exhibit one fast dissociation channel, whereas iodobenzene exhibits two fast
dissociation channels. The calculations indicate that the chlorobenzene, the bromobenzene, and the slower
iodobenzene dissociation channels are due to intersystem crossings from afatihdifglet excited state

to a repulsive (*) triplet excited state. The faster iodobenzene dissociation channel is instead found to be
caused by a direct dissociation of an antibonding*nsinglet excited state. The CASPT2 calculations predict

that the onset of fluorobenzene photodissociation should occur around 196 nm, with a single time constant
longer than 1 ns. CASSCF geometries and accurate MSCASPT2 calculated vertical excitation energies are
presented for the ground state as well as the first excited singlet and triplet states of all the monohalobenzenes.

I. Introduction The main objective of this paper is to clearly interpret the
] o ) fast photodissociation processes of 1Bz, BrBz, and CIBz
Molecular photodissociation is a challenging area, and the gpserved by experiments, and to predict the nature of a possible
results are imperative to decode the mechanism of manyfast photodissociation process of FBz. Providing theoretical
chemical reactions in atmospheric and biological chemistty.  jnformation about both the ground state and a number of excited
The literature is rich with experimental and computational states for all the aryl halides, calculated at a consistently high
reports on the properties of the lowest triplet states and |evel, significantly improves the possibilities to make reliable
phosphoresence of aryl halides! Their photodissociation  comparisons between the different molecules. For example, it
processes and the properties of their excited states have alsgnay be possible to clarify to what extent observed differences

received attention from both experimental and theoretical jn photodissociation rates are caused by subtle differences in
studies. Photodissociation of iodobenzene (IBz) was studiedthe predissociation barriers of the excited states.

using weak nanosecond las@rg?® and femtosecond pump

probe spectroscopyf.Density functional theory calculatioffs Il. Methodology and Computational Details

and spir-orbit (SO)-MCQDPT® calculationd’” have been used _ o

to study the excited states and dissociations of iodobenzene. The geometries of the ground state, as well as the first singlet
Both experimental and theoretical studies revealed two reactionand triplet excited states of 1Bz, BrBz, CIBz, and FBz were
mechanisms of IBz: a direct dissociation caused by excitation Optimized using the CASSCF method. Multireference CASSCF
to an antibonding (o) state and an indirect dissociation caused Second-order perturbation the&ty® (MSCASPT2) was used

by a transition to as,n*) state of the phenyl ring that is  to calculate the vertical excitation energiek)(of the three
predissociated by the @t) state. Photodissociation of bro- lowest singlet and triplet states of every irreducible representa-
mobenzene (BrBz) has been extensively studied using photo-tion. We determined the eight lowest singlet and the five lowest
fragment translational spectroscopy (P'F@S%? femtosecond triplet states of IBz, the six lowest singlet and the five lowest
pump—probe Spec’[roscop'cy’and ultrafast transient absorption trlplet states of BrBz, the five |.OWESt Slnglet and trlplet St-a.tes
spectroscop§® Hartree-Fock2® CASSCF® and CASPT®! of CIBz, and the three lowest singlet and the four lowest triplet
calculations were performed for the photodissociation of BrBz. States of FBz. Ground and excited state potential energy curves
There are also rich experimental reports about the photodisso-(PEC) along the halogercarbon bond distances of the aryl
ciation of chlorobenzene (CIB2}283235 put no high-level halides were calculated using the CASPT2 method. The phenyl
calculation about photodissociation of CIBz except some ab geometries of the excited states were kept equal to the respective
initio calculations on its low-lying triplet statés36 These studies ~ relaxed CASSCF optimized ground state geometry. The PECs
revealed that the photodissociation mechanism of BrBz and of each molecule contain all the states that dissociate to ground
CIBz is due to intersystem crossing betweenrarf) and a state products, and some other states that dissociate to non
(n,0*) state. We have not found any experimental or theoretical ground state products. All these PECs were drawn adiabatically,

studies of the photodissociation of fluorobenzene (FBz) except @nd part of them were also drawn diabatically. In the CASSCF
its multiphoton ionization spectf. calculations, 12 electrons were active. Labeling the orbitals

within the Cy, point group in the order ofiag, b, and l, an
* Corresponding author. E-mail: Sten.Lunell@kvac.uu.se. active space denoted (2314) was used. .T.he. CC_pV.D.Z. basts set
t Uppsala University. was used for C and H, and the relativistic ab initio model
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TABLE 1. CASSCF Ground State Geometries (A) of the B. CASPT2 Calculated Potential Energy Curves.To
Aryl Halides® further clarify the photodissociation mechanisms, we calculated
C—Xb Ci—GC C,—Cs Cs—Cy several CASPT2 PECs along the dissociation coordinate given

FBZ 1.331(1.327) 1.395(1.383) 1.396(1.395) 1.388(1.397) PY the GHs-X(XisF, Cl, Br, orl) bond, for the lowest singlet
CIBz¢ 1.778(1.741) 1.392(1.393) 1.395(1.396) 1.387 (1.401) and triplet states. In fact, many states dissociate to excited
BrBz® 1.938(1.879) 1.392(1.399) 1.395(1.397) 1.387(1.386) products, and most of them are not important for explaining

1Bz 2135 1.395 1.395 1.387 the fast dissociation. Hence, we include all those curves that

aThe values in parentheses are experimental fitted structtixeis lead to ground state products, and only a few curves that lead
F, Cl, Br, or I. ¢ Experimental values from ref 48 Experimental values to excited state products. The adiabatic PECs for FBz, CIBz,
from ref 44.¢ Experimental values from ref 45. BrBz, and 1Bz, are shown in Figure 1a, Figure 2a, Figure 3a,

and Figure 4a, respectively. The excited states have been labeled
é'n increasing order off, at the ground state minimum. To
explain the phosphoresence and photodissociation of IBz, BrBz,
carbon was frozen in the CASPT2 calculations. All the and CIBz, we focus on the bound singlet and triplet states and
calculations were performed using the MOLCAS 5.4 quantum- those repulsive triplet states whose PEC lead to ground products.

chemistry softwaré? The same threshold and shift were used So, we extract these curves from Figures 1a, 2a, 3a, and 4a,

in all the CASPT2 calculations of singlet and triplet states. rgspeqtively, and as far as possible,_ these curves are d_rawn
diabatically so that they follow a particular electronic config-

Il. Results and Discussion uration through avoided crossings between two states of the

) o ) same symmetry. This results in four simpler plots, Figures 1b,
A. Vertical Excitation Energies. We used the CASSCF 5y 31 "and 4b, for FBz, CIBz, BrBz, and IBz, respectively.

method to optimize the ground state geometries of FBz, CIBz, j,st as for the bromobenzerféghere are always two singlet

BrBz, and |Bz. FromATabIe 1, we c/;m see that CASSCF 4nq three triplet excited states dissociating to the same energy
optimized F-C (1.331 A), CH-C (1.778 A), and BrC (1.938 limit as the ground state potential energy curve.

A) bond distances are longer than the experimental fitted - .
value€3-45 by 0.004, 0.037, and 0.059 A, respectively, whereas C. Low-Lying Triplet States and PhosphoresenceBecause
) - .~ there are a lot of experimental and computational reports on
the C-C bond distances agree very well with the corresponding . .
the propertites of the lowest triplet states and phosphoresence

experimental fitted values. We did not find any experimental _ ) . - "
fittgd structure of IBz. Previous literatu ,27'29133,/0'3256'4%613 of CIBz and BrBz6—11 we simply mention their transitions from
' triplet to ground states here. All the aryl halides haug

reported the optimized ground state geometry of Bz, CIBz, symmetry, making the transitions from triple§ And B, states

Briz, or 1Bz by the HF, MP2, DFT, or CASSCF methods. As to ground state &-A; allowed via spir-orbit coupling. Figures
: . . . . 1 )
our main focus is on excited state properties, a detailed 2b, 3b, and 4b show that two bound,4*) triplet states, T—

comparison with these results is not given here.
.1 Ay and T;—B; for CIBz, T:—A; and T;—B; for BrBz, and T —
The MSCASPT2 h lcul h I .
e MSCAS method was used (o calculate the vertica A; and T,—B; for IBz, were found below 4.66 eV (266 nm) in

excitation energyT,, of the lowest singlet and triplet states of :
FBz, CIBz, BrBz, and I1Bz at their CASSCF optimized ground our canuIanng. 7—Aq1 and —B, of CIBz are probably
state geometries, respectively. From these calculations, Werespo.nsmle for its d_ual phosphorescence pbserved by Takemura
determined the three lowest singlet states of FBz todseAS, et aI: in glassy ma_ltrlxeé]'he ST ab§orpt|(_)n spectra of CIBz
S1—B,, and S—A,, and the four lowest triplet states to be-T has its band maximum at 3.56 é\’/whlch is in good agrement

A1, To—Ay, Ts—By, and T—B,. All of them correspond to Wl_th our predictedT, of 3.58 eV. It_ls worth mentioning that
(7% transitions; see Table 2. The five lowest singlet and the tiS CASPT2 calculatedl, value is much better than the
five lowest triplet states of CIBz were determined by the CASSCF calculated value (3.24 e¥)Again, T,—A; and Ts—
calculations to be §&Aj, S—By, S;—A;, Ss—By, and $—B» B2 of BrBz are probably responsible for its dual phosphores-
and Ti—A1, To—Ay, Ts—B», T4—By, and &—By, respectively. cence observed by Okutsu et al. in glassy matrixége did
Except § and Ts, which are &,0*) and (ng*) transitions, not find any experiments on the phosphorescence spectra of
respectively, all the transitions have£*) character; see Table B2 and FBz. From the present calculations, the transitions from

2. The six lowest singlet states and the five lowest triplet states 11—A1 and Ti—B, to S—A; of 1Bz should also produce dual
of BrBz are $—Ay, S—By, S—B1, Si—A1, Si—A,, and $— phosphorescence; see Figure 4b. However, Figure 1b shows that

B, and T—Ay, To—Ay, Ts—By, T4—By, and E—By, respectively. only one bound,7*) triplet state of FBz, T—Ay, was found

Except S and S, which correspond toro*) transitions, and beIO\_N 4.66 eV (2_66 nm) in our calculations. From this we
T4, which is a (ng*) transition, all the excited states correspond  Predict that there is just a single phosphorescence for FBz. To
to (%) transitions; see Table 2. The eight lowest singlet states help understanding the transitions from triplet states to ground

and Seijd! were used for | with 17 valence electrons, and Br,
Cl, and F with 7 valence electrons. The states average techniqu
was used in the CASSCEF, calculations. The 1s core of the

and the five lowest triplet states of 1Bz arg-F\1, Si—Ba, S— states, we also optimized the geometry of the first triplet state
By, Ss—By, Si—A1, S—A,, Ss—B;and S—A, and TT—Aq, To— of FBz, CIBz, BrBz, and IBz; see Table 3.

B1, T3—A1, T4—By, and 5—By, respectively. Among them,;S D. Photodissociations of the Low-Lying Excited States.

Ss, S, T, and Ts correspond to (o) transitions, S, S, Ty, There are two basic types of photodissocition of a chemically
Ts, and T, correspond to s,7*) transitions, g is a (t,0%) bound moleculé® One is direct photodissociation, where a
transition, and Bis a (nsz*) transition; see Table 2. All th&, photon excites the molecule from the ground state to a higher

values of the first singlet excited states of FBz, CIBz, BrBz, repulsive electronic state, after which the excited complex
and IBz are near 4.6 eV. The first excited states of FBz, CIBz, fragments directly on a very short time scale. The other type is
and BrBz are all B bound states. However, the first singlet indirect photodissociation, of which there are two kinds. One
excited state of 1Bz is a Brepulsive state (see section D for is that a photon first excites a bound electronic state, which by
details). Interestingly, thé, difference between the;&nd $ itself cannot dissociate. However, if the molecule undergoes a
states of FBz, CIBz, BrBz, and IBz decreases systematically transition from the bound state to another electronic state whose
from 1.66 to 1.62, 0.89, and 0.1 eV, respectively; see Table 2. potential is repulsive, the complex will ultimately decay with a
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TABLE 2: CASPT2 Vertical Excitation Energies (eV) of the Lowest Singlet and Triplet Excited States of the Aryl Halided

FBz

ClBz

BrBz

1Bz

So—A10.00
S1—B, 4.74 (v,7)
S—A1 6.40 (r,7")

Tl_Al 3.75 (7t,.7'[*)
T,—A14.52 (7t,.7'[*)
Ts—B24.53 (7'[,%*)
T4—B,5.92 (r,7)

$—A10.00
S1—B, 4.64 (1,7
S,—A16.26 (1,7°)
S:—B16.46 (1,0)
S—B,6.83 (1,7

Tl_Al 3.58 (7t,.7'[*)
T,—A14.31 (7t,.7'[*)
Ts—B,4.48 (7'[,%*)
T4— Bz 5.61 (7'[,.7'[*)
Ts_Bl 6.11 (na‘)

$—A10.00
S1—B, 4.74 (v,7)
S—B15.63 (1,0)
S:—A16.13 (1,7)
Si—A26.72 (1,0)
S—B,6.73 (r,7)

Tl_Al 3.63 (7t,.7'[*)
T,—A14.35 (7t,.7'[*)
Ts—B,4.54 (7'[,%*)
T,—B15.26 (na*)
Ts_ Bz 5.68 (7[,.7'[*)

$—A;0.00

S,—B14.50 (ng")
S,—B, 4.60 (r,7°)
S—B,5.13 (ng)
Si—A15.79 (r,7)
S—A, 5.96 (7,07
S—B16.45 (ng")
S;—A26.52 (nzr)
Tl—A1 3.66 (7'[,.7'[*)
T,—B;:4.10 (no*)
Ta—A14.34 (7,7°)
T4—Bz 4.39 (7{,.7'5*)
T5—Bz 457 (na’)

a Transition classifications are given in parentheses.

rate that depends on the coupling between the two electronicBr—C bond distance at the crossing point is about 1.96 A. The
states. The final fragmentation takes place in a different T, value is about 4.91 eV at this point, which is near the 266
electronic state than the one originated excited by the photon.nm (4.66 eV) used in the experimerfg®3 As errors in
This process is called electronic predissociation or Herzberg’'s CASPT2 computed excitation energies are typically less than
type 147 If the energy of the crossing point is so high that the 0.3 eV#8 we assign the dissociation with 28 ps lifetithéo a
excitation cannot reach the repulsive energy surface, no fastHerzberg's type | predissociation, with strong coupling between
predissociation can take place. The other example is that thethe bound $—B; state and the repulsive;¥B; state leading
potential has a well at close distances and a barrier that blocksto dissociation.

the dissociation channel. The barrier might be considered to be  According to the present CASSCF calculations, the-Cl

the result of an avoided crossing with a higher electronic state. hond distance of the;S B, state is 1.747 A, which is 0.031 A
In this case the photon excites quasi-stable (so-called “reso-shorter than in its ground state; see Tables 1 and 3. The
nance”) states inside the well which are prevented from photodissociation situation of CIBz is similar to that of BrBz.
immediate dissociation by the potential barrier. Such a state canThe bound $-B, state, of . r*) origin, crosses a repulsive
decay either by tunneling through the barrier or by internal T,—B, state, of (ny*) origin; see Figure 2b. The €IC bond
vibrational energy redistribution between the various nuclear distance at the crossing point is about 1.96 A. Thealue at
degrees of freedom if more than two atoms are involved. The this point is about 5.15 eV, which is 0.49 eV higher than the
lifetime of the compound depends on the tunneling rate and 266 nm (4.66 eV) excitation energy used in the experim¥rits.
(or) the efficiency of internal energy transfer. This process is Thjs difference exceeds the anticipated CASPT2 calculation
called vibrational predissociation, or Herzberg's type Il predis- errors 0.3 eV. In fact, the crossed molecular beam technique
sociation’ did not detect such a fast photodissociation at 2663hm.
In Figure 1b-4b, besides PECs of the bound triplet states Freedman et &8 reported the photolysis of CIBz at 193 nm
mentioned above, the remaining curves are a bound singlet statg6.42 eV), and Ichimura et &.reported the photodecomposition
$;—B and a repulsive triplet state;¥B; for FBz, a bound  of CIBz at 193 and 248 nm (5.00 eV). But the photodissociation

singlet state §-B, and a repulsive triplet state;F¥B; for CIBz, studies using femtosecond pumprobe spectroscopy upon
a bound singlet state;SB» and a repulsive triplet state, B, excitation at 266 nm detected a single time constant for CIBz
for BrBz, and a repulsive singlet state-8,, a bound singlet  with 1 ns2* Anyway, this fast dissociation is also an example
state $—B,, and two repulsive triplet states,TB; and Ts— of a Herzberg's type | predissociation, the strong coupling
B, for I1Bz. between the bound;SB; state and the replusives¥B; state

We used CASSCF to optimize the geometries of the first being responsible for the dissociation.

singlet excited states of FBz, CIBz, and BrBz. The first singlet  The photodissociation of IBz is different from that of BrBz
excited state of IBz is repulsive, so, we instead optimized the and CIBz. The experimental investigations using the velocity
geometry of its second singlet excited state; see Table 3. Wemap imaging metho@ state-selective one-dimensional transla-
explain their photodissociation one by one in the following.  tion spectroscopy-1” and femtosecond pumiprobe spectros-
All experimental investigations of the photodissociation of copy?* detected two time constants. The photodissociation
BrBz at 266 nm have indicated decay via a single fast studies using femtosecond pusprobe spectroscopy upon
photodissociation chann#?°3°Zhang et af?first qualitatively excitation at 266 nm gave two time constants for IBz with 700
proposed a fast predissociation induced by a coupling betweenand 350 &4 El-Sayed and co-workets!6-20as well as Zewail
a bound S state and a repulsive T state. Somewhat later,and co-worker¥ proposed that the faster dissociation is due to
Rasmusson et &f. assigned this to the spirorbit coupling a direct dissociation of the repulsive triplet ¢h) state, and
between the bound;SB; state and the 3B, repulsive state  the slower dissociation is due to a spiorbit induced crossing
(the apparent symmetric discrepancy between the present papefrom the triplet (z,7*) state to the repulsive singlet @) state.
and ref 30 is due to different choices of coordinate systems). In Previous calculations using DFT and (SO)-MCQDPT meth-
ref 24, its time constant was measured to be 28 ps. od$>27 support this explanation. According to the present
From our calculations, the BIC bond distance of the;S calculations, the first triplet excited state of IBz is not a repulsive
B, state is 1.904 A, which is 0.034 A shorter than in the ground state; see Figure 4b. However, the first singlet excited state,
state; see Tables 1 and 3. From Figure 3b, the boyr®B$ S;—B4y, is a repulsive (m*) state with 4.5 eVT,, which is 0.16
state, which is reached by a,{*) transition, crosses a repulsive eV lower than 266 nm. So, the fast dissociation, 350 fs, was
triplet state T—B;, which is reached by a @) transition. The assigned to a direct dissociation resulting from excitation of
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Figure 1. (a) CASPT2 adiabatic potential energy curves along the Figure 2. (a) CASPT2 adiabatic potential energy curves along the
F—CgHs bond distance of eleven states of fluorobenzene. The dashedCl—CgHs bond distance of eleven states of chlorobenzene. The dashed
lines are used for triplet states, and the solid lines are for singlet states.lines are used for triplet states, and the solid lines are used for singlet
(b) CASPT2 diabatic potential energy curves along the€CEHs bond states. (b) CASPT2 diabatic potential energy curves along the ClI
distance of four states of fluorobenzene. The dashed lines are used foiICsHs bond distance of five states of chlorobenzene. The dashed lines
triplet states, and the solid lines are used for singlet states. The horizontalare used for triplet states, and the solid lines are used for singlet states.
dashed line indicates the 266 nm excitation energy, which has often The horizontal dashed line indicates the 266 nm excitation energy,
been used in previous experiments. which has often been used in previous experiments.
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Figure 3. (a) CASPT2 adiabatic potential energy curves along the Figure 4. (a) CASPT2 adiabatic potential energy curves along the
Br—CgsHs bond distance of eleven states of bromobenzene. The dashed —CsHs bond distance of eleven states of iodobenzene. The dashed
lines are used for triplet states, and the solid lines are used for singletlines are used for triplet states, and the solid lines are used for singlet
states. (b) CASPT2 diabatic potential energy curves along the Br states. (b) CASPT2 diabatic potential energy curves along-tkgHis

CsHs bond distance of five states of bromobenzene. The dashed linesbond distance of seven states of iodobenzene. The dashed lines are
are used for triplet states, and the solid lines are used for singlet statesused to triplet states, and the solid lines are used for singlet states. The
The horizontal dashed line indicates the 266 nm excitation energy, horizontal dashed line indicates the 266 nm excitation energy, which
which has often been used in previous experiments. has often been used in previous experiments.
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TABLE 3: CASSCF Geometries (A) of the First Singlet and increase with decreasing halogen atomic number. From the
Triplet Excited States of the Aryl Halides® above analysis, we predict that the fast photodissociation of FBz
FBz ClBz BrBz IBz should take place above 6.33 eV, which is 196 nm, and its time

S1—B, Ti-A, S1-By Ti—A; Si—By Ti—A; S—Bp T1—A, constant should be longer than 1 ns.

C-X 1320 1331 1747 1775 1904 1936 2094 2098 | f_:é)mparmglthe potelnttlal denir]gi/hsulrfat\ces Olf _thet:hfqur r‘?r%"
Ci—C, 1.395 1.393 1.456 1.392 1.455 1.391 1459 1.476 nalldesreveals severalirends that help to explain their photo-

C,—Cs; 1.434 1513 1.438 1513 1.439 1514 1.439 1.338 €xcitation and photodissociation behavior. The similarity in
Cs—C, 1458 1377 1.394 1376 1.394 1.376 1.393 1.468 photoexcitation energy for excitations to the first excited singlet

2 The first singlet excited state of IBz is repulsive st&t¥.is F, Cl, states of all the aryl halides is a result of the presence, in each

Br, or . case, of a ringr—z* excitation to a bound excited singlet state.
This excitation is affected very little by the halogen, and
TABLE 4: CASPT2 T, Values at the Crossing Points therefore the shapes of the potential energy curves of the first
between the Singlet £,7*) State and the Triplet Repulsive bound excited singlet states are also very similar to the
(n,0*) State and the Time Constants for the Aryl Halides corresponding ground state potential energy curves, only
Tv(ev) lifetime (psj} displaced upward in energy.
FBz 6.33 In contrast, the photodissociation properties are strikingly
ClBz 5.15 1000 different for the four aryl halides, with increasingly fast
BrBz 491 28 photodissociation on progression down the halogen series. In
1Bz° 4.33 0.7 addition to the heavy atom effect increasing the smirbit
aFrom ref 24.P There are two triplet repulsive states;—B; and coupling with increasing halogen mass, this may in part be
Ts— By, that cross the bound;SB; state of IBz; see Figure 4b. THe explained by a systematic shift of the minima of the first bound
value of the second crossing point is 4.50 eV. excited singlet states toward the repulsive states. A comparison

among Figures 1b4b shows that the first bound excited state

. . minima shift upward in energy relative to the ground state
state with &l of 4.60 eV. The +C bond distance of the;S dissociation limit, and outward in carbeialogen bond dis-

B, state is 2.094 A, which is 0.041 A shorter than that of its ance  as the halogen gets heavier. This is, in turn, a result of

ground state; see Tables 1 and 3. From Figure 4D, the boundine similarity of this state with the ground state, noted above,
S,—Bg state {r,7), crosses two repulsive triplet excited states, \yhich displays exactly this behavior due to the increasing
T2—Bzand Ts—Bs, at points where the4C bond is about 1.96  paj0gen radius associated with increasing atomic number. The
and 2.10 A, respectively. Both,¥B, and Ts—B; are (ng*) repulsive states, on the other hand, have the same dissociation
states, thdy values of the two crossing points being 4.33 and |imjt a5 the corresponding ground states, and are therefore not
4.50 eV, respectively. These energies are both lower than thegpitied to the same extent in the interstate crossing region. As
266 nm excitation used in the experiméhSo, in agreement 5 raqit the predissociation barrier is large for fluorobenzene,
with earlier calculations>?”we assign another fast photodis-  pecomes successively smaller for chiorobenzene and bromoben-

sociation, 700 fs, to a Herzberg type | predissociation, with the ,one and is virtually nonexistent for iodobenzene.
strong couplings between the bound-8, state and the

repulsive 3—B, and T5—B; states leading to dissociation.
It is worth mentioning that the crossing point between the
S,—B, and T,—B; states is very low in energy, and close to To explain the fast dissociation of chlorobenzene and
the minimum of this $—B, state; see Figure 4b. It is there- bromobenzene, and the two fast dissociations for iodobenzene,
fore conceivable that this process becomes a direct dissocia-observed by experiments, as well as predict the fast photodis-
tion. sociation behavior of fluorobenzene, we calculated CASPT2

To our knowledge, there is no available experimental or potential energy curves of their singlet and triplet states. The
theoretical photodissociation study of FBz to date. From our fast dissociations of chlorobenzene and bromobenzene, and the
calculations, the +C bond distance of the;SB; state is 1.320 somewhat less fast dissociation of iodobenzene are assigned to
A, which is close to that of its ground state, 1.331 A; see Tables Herzberg’s type | predissociation. These dissociations are due
1 and 3. From Figure 1b, the boung-B, (7,7*) state, crosses  to intersystem crossings between the initially excited bound
a repulsive triplet 3—B; (n,0*) state. The F-C bond distance (7r,r*) singlet state and a repulsive ) triplet excited state.
at the crossing point is about 1.74 A, and fhevalue at this For bromobenzene, strong spiarbit coupling occurs between
point is about 6.33 eV. the bound $-B, state and the repulsive,¥B; state. For

The time constants for the decay of the initially bound excited chlorobenzene, strong spirbit coupling occurs between the
(7r,t*) states are 700 fs for 1Bz, 28 ps for BrBz, and 1 ns for bound $—B; state and the repulsivesFB; state. However,
CIBz.2* Obviously, the dissociation times increase with decreas- for iodobenzene, strong spiorbit couplings instead take place
ing atomic number of the halogen, because the -spibit between the bound,SB; state and two repulsive states—T
coupling between the singlet @z*) state and the triplet repulsive B, and Ts—B,. The faster of the two fast dissociations of
(n,0o*) state is strongly enhanced by the presence of heavy iodobenzene is due to direct dissociation of the-B; state,
substituents. From the present calculations;Tthealues of the which is an antibonding (o¥) state. The present CASPT2
crossing points between the singlatst*) state and the triplet calculations predict that there should be a fast photodissociation
repulsive (ng*) state are 4.33, 4.91, 5.15, and 6.33 eV for IBz, process of fluorobenzene, which has not been reported by
BrBz, CIBz, and FBz, respectively. Table 4 gives these barriers experiment, at about 196 nm with a single time constant longer
and the corresponding lifetime of the aryl halides. The difference than 1 ns. Moreover, this paper also reported accurate
between the X C bond distance of the ground state and the MSCASPT2 calculated vertical excitation energies for the whole
first bound singlet state is 0.041, 0.034, 0.031, and 0.011 A for homologous series of monohalobenzenes, and the CASSCF
IBz, BrBz, CIBz, and FBz, respectively. Thus, both Tevalues calculated geometries of their ground state, the first singlet and
at the crossing points and the differences ef&Xbond distances triplet excited states.

S,—Bs. The first bound singlet excited state of 1Bz is a8,

IV. Conclusions
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