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Multireference complete active space self-consistent-fi€ASSCH and multireference CASSF
second-order perturbation theofISCASPT2 calculations were performed on the ground state
and a number of low-lying excited singlet and triplet states of chlorobenzene. The dual
phosphorescence observed experimentally is clearly explained by the MSCASPT2 potential-energy
curves. Experimental findings regarding the dissociation channels of chlorobenzene at 193, 248, and
266 nm are clarified from extensive theoretical information including all low-energy
potential-energy curves. @004 American Institute of PhysicgDOI: 10.1063/1.1810135

I. INTRODUCTION by the present calculations. This is one of the objectives of

. . . . .this work.
Aryl halides play an important role in chemical synthesis . . . .
and are of practical significance to environmental Experimentally, the photodissociation dynamics of CIBz

protection®? The properties of their excited states have alsohas been studied at 266 nm by femtosecond pump-probe
received attention in both experimeridiand theoreticarL° spectroscopyand crossed laser-molecular-beam techniGue.
studies. Experiments have also been published for excitations by an

H 6-18
Takemuraet al. observed dual phosphorescence of chio-8XCimer laser at 248Ref. 16 and 193.nml- It was con-

robenzendCIBz) in a rigid glass solution! They confirmed ~¢luded from these experimental studies that the photodisso-
that the dual phosphorescence consists of a broad peak wififtion of the C—Cl bond in CIBz following a 193-nm exci-

a maximum at about 480 nm and a somewhat structured pedRtion takes place through three different dissociation
with a maximum near 400 nm. The two features correspon@hanne‘|5 with probabilities of similar magnitudes. The first
to short-lived and long-lived emission, respectively. Theirchannel was assigned to a direct dissociation or very fast
observed lifetimes are230.4 and 12-2 ms, respectivel{* predissociation, the second channel is via vibrationally ex-
They assigned the slow phosphorescence to Sg cited triplet levels, and the third dissociation channel is via

—T(,m*) transition, and the predominant fast phosphoreshighly excited vibrational levels of the ground electronic
cence to a (m,0*) state’? Nagaokaet al” studied the low- state(hot molecules The photodissociation of CIBz at 248
lying triplet states of CIBz by Hartree—FodKF) calcula- nm was proposed to occur dominantly via the second and
tions, and they assigned the slow phosphorescence to tfi@ird of the above-mentioned channels. The photodissocia-
transition from the firsfT-A; state to theS, state, and the tion at 266 nm has been given alternative explanations. On
fast phosphorescence to the transition from the sede8d ~ one hand, it was proposed to be due to a hot molecule
state to theS, state. Rubio-Ponst al!® calculated the life- mechanism by Wangt al." On the other hand, Kadit al®
time of its lowest triplet state using the complete active spac@ssigned it to the decay of an initially excitéd,*) state to
self-consistent-field CASSCH method. However, they did a repulsive triplet ,0*) state due to spin-orbit coupling,
not provide high-quality potential-energy curvé®ECS$ for  and they observed its time constant to be P fibe experi-
the CIBz ground and excited states. Here we present PECs ofental explanation of the photodissociation channels of
the ground and several low-lying excited singlet and tripletCIBz must thus, in many ways, still be regarded as tentative.
states from multireference CASSCF second-order perturbdor example, we still do not know if the first channel at 193
tion theory* (MSCASPT2 calculations. These curves are nm is due to direct dissociation or fast predissociation, or
important for clearly understanding the dual phosphoreswhich specific states contribute to the photodissociation at
cence of CIBz. The interpretation of the experimental resultshe longer wavelengths.
in terms of two low-lying triplet states is further supported High-quality calculated PECs can provide much useful
information for a detailed understanding of the dissociation

dAuthor to whom correspondence should be addressed. Electronic maigyr!amic_s fO_IIOWing _eXCitatior? at a specific Wave_length. The
sten.lunell@kvac.uu.se main objective of this paper is therefore to provide accurate
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calculated PECs to enable a clear and detailed explanation ®fBLE I. Calculated and experimental ground-state geometry of CIBz.
the photodissociation mechanism of CIBz at different wave-
lengths. Besides our recent theoretical study of the aryl ha-
lide photodissociations at 266 nth,Nagaokaet al. calcu- R(CI-Cy) 1.746 1.778 1745 1820 1741
lated the PECs of some low-lying triplet states of CIBz by R(C,-GC) 1.403 1.392 1.383 1374 1.393
R(C,-Cy) 1.399 1.395 1385  1.385  1.396
the HF method.We have not found any calculated PECs of R(Cs-Cy) 1399 1387 1385 1384 1401
CIBz pertinent to the photodissociation experiments con
ducted at 248 and 193 nm, although it has been suggestéthe present paper. :Reference 7.
that accurate calculations of higher excited electronic statecgggggzg ig Reference 25.
could be useful to clarify experimental findings for CIEz. '
Investigating a larger number of excited states allows us to
consider changes in the photodissociation behavior for initialll. RESULTS
photoexcnanc.)ns using hlgher—energy photons, adding aNi Ground state
other dimension to our recent aryl halide studies that focused
on substitution effects for the low-energy photodissociation ~ We used the CASSCF method to optimize the ground-
channel$:'° In these works, the MSCASPT2 method was State geometry of CIBz. The present result, the previous re-
used to calculate vertical excitation energi@s)( and PECs ported calculated resulfs’**and the corresponding experi-
of ground and excited states. mental fitted values are listed in Table I. We also optimized
This paper is organized in such a way that we first dethe ground-state geometry of CIBz by CASSCF in Ref. 10.
scribe the methods and results of the quantum-chemical caPue to the use of an effective core potential basis set on the
culations before broadening the discussion to comparisorfs! atom in Ref. 10, the optimized ClCbond distance
with experimental observations and previous theoretical calt1.778 A differs a little more from the experimental fitted
culations on the phosphorescence and photodissociation glue(1.742 A). Clis not a very heavy atom, so we used an
CIBz. ANO basis set here to get a better optimized geometry. From
Table I, the CASSCF optimized ground-state geometry is
seen to agree very well with the corresponding experimental
fitted values.
Il. COMPUTATIONAL METHODS The frequencies of the CIBz ground state have previ-
ously been calculated by the Becke—3-Lee—Yang—Parr,
MP2, and CASSCF method8and the HF metho@’ How-
ever, as the symmetries of the vibrational modes were not
indicated in Ref. 26, we only compare the present CASSCF
calculated result with the HF results in Ref. 27 and the ex-
perimental results; see Table Il. The present CASSCF calcu-
lated vibrational ground-state frequencies agree well with the
experiment both in magnitude and in the assignment of the
vibrational modeg®-3°

Method CASSCE  CASSCP  RHFF  UHFY  Expt®

Most calculations were performed using theLCAS 5.4
quantum-chemistry softwar8 Atomic natural orbita(ANO)
basis sefe were used for all the atoms. C(3&p3d),
H(7s3p), and CI(1310p4d) are contracted to (pld),
(2slp), and (43p2d), respectively. The second-order
Moller—Plesset perturbation theo(ylP2) (Ref. 22 method
with the 6-31H1G(d,p) basis sef was used to calculate
basis set superposition errdBSSB corrected energies.
These calculations were carried out using &rSSIAN 03
program?* The results have been checked for BSSE, whic
was found to be of negligible importance in this case.

The geometries of the ground and excited states were The MSCASPT2 method was used to calculate the ver-
optimized using the CASSCF method. MSCASPT2 methodsical excitation energyT,, of the three lowest-lying singlet
were then used to calculate the vertical excitation energieand triplet states of every irreducible representation in the
(T,) of the three lowest-lying singlet and triplet states of C,, symmetry of CIBz at its CASSCF optimized ground-
every irreducible representation in t®, symmetry of the state geometry. From the calculated results, we determined
molecule. That is to say, 12 singlet and 12 triplet states weréhe seven lowest singlet and six lowest triplet states of CIBz
calculated. Of course, these states are not necessarily the @ be Sp-A;, S1-B,, S,-A;, S3-B,, S4-By, S5-A,, and
overall lowest-lying states. The PECs along the reaction coSs-A,, and T-A;, T»-B,, T3-A;, T4-B,, T5-B;, and
ordinate described by the ClBs; bond distance were cal- Tg-A;, respectively; see Table lll. For ease of notations, the
culated using the MSCASPT2 method for all these 24 statesther calculated five singlet and six triplet states are also
The harmonic vibrational frequencies of the ground statelenoted using consecutive subscript numbers in Table Il
were calculated using the CASSCF method. The samalthough these numbers may not necessarily reflect the actual
threshold and shift were used in the calculations of all theorder of the higher excited states. Due to the use of different
PECs. In the CASSCF calculations, 12 electrons were activénasis sets and a better optimized ground-state geometry, the
The active space included the gixorbitals of the phenyl T, values and order in the present calculation are a little
ring, the o and o* orbitals of the G—Cl bond, and the two different from those in Ref. 10. The errors in CASPT2 com-
remaining 3 orbitals of chlorine. The states average tech-puted excitation energies are typically less than 0.3eV.
nigue was used in the CASSQEF; calculations. Thed cores  Double-resonance multiphoton ionization photoelectron
of carbon and chlorine were frozen in the CASPT2 calculaspectroscopy indicated that the first five singlet excited
tions. states of CIBz are&s-A;, S-B,, S-A;, S-B,, and S-Ay,

WB. Vertical excitation energies
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TABLE II. The calculated and experimental frequendiescm™?) of CIBz TABLE Ill. The MSCASPT2 vertical excitation energiém eV) and the

ground state. transition characters of the lowest singlet and triplet excited states of CIBz.
Mode Symmetry CASSCF CASSEF HF?P Expt. MSCASPT2 Expf

1 a; 3381 3009 3030 3082 Stat& T, Transition State T,
2 a 3348 2980 3016 3054

3 a, 3335 2968 2994 3031 oA 0.00 So-A1 0.00
4 a, 1714 1525 1504 1586  SuB2 4.50 (") Si-B; 4.59
5 a, 1595 1420 1473 1ag2  SM 5.70 (m7") SrAy 5.77
6 a, 1238 1102 1154 1183 SvBs 6.17 (") Sy-B, 6.83
7 a, 1145 1019 1071 1093  S+Bi 6.59 0.0™) Su-Ay 7.02
8 a 1079 960 999 1026 A 719 0.7) Ss 7.58
9 a, 1047 932 970 1004  SeAs 7.50 () S 7.71
10 a, 735 654 681 707 S 7.53 (m0*)

11 a, 435 387 361 4%  SeBs 7.53 (")

12 a, 989 880 980 962 0B 7.79 (m0*)

13 a 784 698 970 831 Swhe 7.86 (0y7)

14 a, 428 381 407 403  SuBa 8.98 0.0™)

15 b, 1029 916 1002 981 A 3.75 (") T 3.44
16 by 888 790 922 903 2B 4.29 () T2 3.54
17 b, 772 687 748 70 TsAs 4.37 (m7")

18 by 721 642 679 egz 4B 5.06 (")

19 b, 510 454 470 467 TsBa 6.24 0.0™)

20 b, 204 182 187 1% oA 6.75 (m,7)

21 b, 3384 3012 3027 3086  |7B2 6.81 (")

22 b, 3355 2986 3004 3067 leA: 7.17 O, 7*)

23 b, 1668 1485 1500 1598  leA: 7.46 (m,0%)

24 b, 1545 1375 1435 1447 Twhs 7.63 G

25 b, 1428 1271 1303 1387  TuBi 7.64 (ma*)

26 b, 1253 1115 1184 1272 TwB: 8.34 0.0™)

27 b 1155 1028 1077 1167

28 b, 1055 939 1049 1068 zieferer.‘ce 19. . . _
29 b 616 548 601 616 ccording to the present _calcglatl_orﬁo to Sg are the f_|rst seven smglc_et

30 bz 307 273 286 o0k states and', to T¢ are the first six triplet states, respectively. The following

five singlet and six triplet states have been labeled with consecutive sub-
script numbers for convenience.

Multiplied by 0.89 as recommended in W. J. Hehre, L. Radom, P. v. R.
Schleyer, and J. A. Popl@b Initio Molecular Orbital TheoryWiley, New

York, 1986.

‘C’Reference 27. compared to the ground state, we optimized the geometries
dﬁiff;g‘]zi gg- of several excited states of importance to the photodissocia-
eReference 30. tion processegsee Sec. |IY. The geometries 0ofS;-B,,

$3-B,, T1-Aq, andT,-B, excited states were all optimized
using the CASSCF method with the Cl-®ond fixed at
respectively. The first four calculated singlet states agree.746 A which is the CASSCF optimized Cl-®ond dis-
with the experimental symmetry assignments. The fifth sintance of the ground state; see Table |. The optimized phenyl
glet state, however, is & B, state according to our calcula- geometries of the ground and excited states are compared in
tions, in contrast to th&-A; experimental assignment. The Table IV. The ring geometries of both the singlet and the
calculatedT, values of theS;-B,, S,-A;, andSg-A; and  triplet excited states are similar to ti®-A; ground-state
the T1-A; excited states agree with the experimental valuegjeometry. We also calculated the MSCASPT2 energies of
within the expected accuracy; see Table Ill. The discrepanthese partially optimized excited states and compared these
cies for theS;-B,, S4-B;, andSs-A; and theT,-B, excited  results to the vertical MSCASPT2 excitation energi€s,
states are somewhat larger than anticipated. This situation
was not improved when we used a bigger active space and a
bigger basis set including Rydberg basis, for which we se@ABLE IV. Comparison of CASSCF partially optimized phenyl geometries
no obvious explanation. The transition character of ever;ﬁf the ground and excited states at the ground-state equilibR(@i-C,)
. .. . nd distancé1.746 A).
excited state was indicated by the present calculations ant

also listed in Table IIl. S-A;  S-B,  S3-B,  Ti;-A;  T,-B,
. R(C,-C) (A) 1403 1433 1421 1.467 1.428
C. CASPT2 potential-energy curves R(C,-C;) (A) 1.399 1.437 1.525 1.362 1.437

. . . . R(Cs-Cy) (A 1399 1435 1431 1470  1.426
High-quality PECs can help to provide a detailed under-Esleﬁgy g)a&gv)a 0.00 130 617 3.48 4.09

standing of phosphorescence and photodissociation mechgnergy gapev)° 0.00 4.50 6.35 3.75 4.29
nisms. This includes in particular the Franck-Condon regior-éTh o — - - - - §

; ; ; ; it _ e MSCASPT2 energy difference between the excited states and groun
which is of particular importance for much of the initial dy state at their CASSCF optimized geometries.

namics fpllowing photoexcitation. |_n order to S'fUdy the bThe MSCASPT2 vertical excitation energy of excited states at the CASSCF
changes in geometry of the phenyl ring for the excited statesptimized ground-state geometry.
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FIG. 1. MSCASPT2 adiabatic potential-energy curves along the gHisC ) ) )

bond distance of 24 states of chlorobenzene. The dashed lines are used fdG. 2. MSCASPT2 diabatic potential-energy curves along the ghsC

triplet states and the solid lines are for singlet states. bond distance of the singlet ground state and 12 triplet states of chloroben-
zene.

for the corresponding states as calculated at the ground-state

equilibrium geometry in Table IV. The resulting energy dif- ) ) ) )

ferences are less than 0.27 eV, which is less than the esfiat€S. In Fig. 1, there is an avoided crossing between the
mated CASPT? error of 0.3 é¥.In agreement with Refs. 8 | 1-A1 @ndTs-A; states, thds-A; andTe-A, states, as well

and 10, we thus conclude that optimizations of the excitedS @n @voided crossing between eB, andT,-B, states.
states only lead to minor changes in both geometries an SCASPT2 is one of the best methods currently available

energies for the excited states. Moreover, optimizing the gef©" calculating accurate potential-energy surfatteand the

ometry of every point on the PEC of every excited state iSres_uIts can be ust_ad to (_jiabatize the PECs of low-lying adia-
very expensive at this high level of theory. In fact, it is nearly Palic states. To investigate the phosphorescence, we ex-
impossible for highly excited states. We therefore fixed the"actéd the PECs of the ground and all the triplet states from
CI—C, bond distance in steps of 0.2 A from 1.346 to 4.046 AFig. ;and drew them diabatically in .Flg. 2. From Fig. 2, all
and partially optimized the geometry of every point on thethe triplet states are bound or quasibound states except the
ground-state PEC by the CASSCF method. These geometrids™B1 state. ,

were subsequently used to calculate the MSCASPT2 ener- e optimized the geometries df;-A;, T,-B,, and

gies of every point on the PECs of the ground and excited 117B1 fully by the CASSCF method; see Table V. From
states, yielding MSCASPT2 PECs of the 24 states along thE!9- 2 and Table V, the CASSCF optimized geometries of the

dissociation coordinate given by they—Cl bond; see 11741, Ta-A1, To-By, andT,-B, states are similar to that
Fig. 1. The labels of all the states in Fig. 1 correspond tdf the ground state. However, the CASSCF geometry of the
their T, values in Table IIl. T,,-B; state has a Cl-Cbond distance of 2.577 A, which is

0.822 A longer than that of the ground state. We also used
IV. DISCUSSION MSCASPT2 to calculate the transition energids)(from
theT1-Aq, T5-By, T3-Aq, T4-B,, andT,;-B; states to the
S, state; see Table VI. ThE, values of thel;-A; andT3-A;

In order to explain the CIBz phosphorescence, we focusvere calculated at the CASSCF optimized geometry of the
on the PECs of the ground state and the low-lying tripletT,-A; state; see Table V. Th&, values of theT,-B, and

A. The dual phosphorescence
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TABLE V. The calculated geometries of selected excited stateangstron.

Sl'BZ Tl'Al Tll'Bl
SrAr SB, — — © TyB,
Method CAS CIS HF® CAS® CAS* CAS* HF CAS® CAS* HF

R(CI-Cy) 1754 1719 1.724 1.714 1.757 1.745 1.828 1.754 2577  2.385
R(C,-C) 1433 1.412 1411 1.506 1.421 1467 1.375 1.427 1.437 1.443
R(C,—C) 1.437 1.414  1.413 1.387 1.525 1362 1.533 1.437 1.380 1.370
R(C3—-Cy) 1435 1.413 1.412 1.499 1.431 1470 1.386 1.426 1420 1.416

@The present paper. ‘Reference 15.
PReference 33. dReference 7.

T,-B, states were obtained at the CASSCF optimized geomS;-B,, S,-A;, S3-B,, S,-B;, and Ts-B; states. There is

etry of T,-B, state, and th& ,;-B, stateT, value calculated one avoided crossing betweeéh-B, and S;-B,. We ex-

at its CASSCF geometry are given in Table V. tracted the PECs of these states from Fig. 1 and drew them
The first triplet state;T;-A;, is a bound(m,7*) state, diabatically; see Fig. 3. From Fig. 3 and Table ,, S,

and it is likely to be responsible for the slow component ofand S; are bound(,7*) states, whereaS, and T are re-

the dual phosphorescence as its calculatged/alue corre-  pulsive (h,0*) states.

sponds well to the experimentally observed position of the S,-By, with 6.59-eVT,, is the highest singlet excited

slow phosphorescenéésee Table VI. This conclusion is the state that the photon of 193-n(6.42 e\} wavelength used

same as the HF calculated result in Ref. 7, and it agrees witBxperimentally°*8could reach. It is a repulsive state, which

the experimental predictiol.As stated in Ref. 7, the second wil| dissociate directly on a very short time scafeThis

triplet state,T,-B5, is also a(w,7*) rather than amo*)  direct dissociation should contribute to the fastest of the

state. Moreover, according to the present calculations all thghree channels observed in Ref. 16. The CASSCF optimized

first four triplet states arém,7*) states; see Table III. geometries of the first three singlet excited states were listed
The first bound m,0™) state included in Fig. 2 and Table i, Taple V. As shown in Fig. 3S;-B, is a quasibound state

lilis T,,-B,. As mentioned above, it has a calculated C}=C yiith a barrier that blocks immediate dissociation. The energy

bond distance of 2.577 A, which is 0.822 A longer than thaty,, petween its saddle point and the minimum of the ground

of Ty-A; state. This difference is about 0.6 A in the HF giate is about 6.6 eV. It is possible that molecules excited

calculation; see Table V. The present calculaledvalue \\ith photons with a wavelength of 193 nm can overcome the
from theT,;-B, state to theS, state is 2.68 eV, which is Very o qissociation barrier if the MSCASPT2 error of 0.3 eV is

close to the experimentally observed position of 480 NMyyen into account. If so, its lifetime will depend on the

(2.58 eV);'" see Table VI. Therefore, we assign thig-B; tunneling rate. This process would proceed as a so-called
state to be responsible for the ff%t part of the duak/ibrational or Herzberg’s type Il predissociatiohThis fast
phosphore_scenéé.The TirB, state is the s_econ(T-E_Sl predissociation could then also contribute to the fastest dis-
state and is the same state that HF calculations assigned {Bciation channel as proposed in Ref. 16. From Fig. 3, the
the fast phosphorescente. PEC ofS;-B, crosses the repulsivan(c*) Ts-B; state. The
ClI-C, bond distance at the crossing point is about 1.82 A. It
is also about 0.2 eV lower than 193 nm. So, we assign the
second experimentally observed channel as the intersystem
The shortest excitation wavelength employed in the excrossing from the bountir,7*) S;-B, state to the repulsive
periments was 193 nnt6.42 eV}, and we therefore focus (n,o*) Ts-B; state. The complex will ultimately decay with
mainly on the excited singlet states willy under or near a rate that depends on the coupling between the two elec-
193 nm and the repulsive triplet states which are likely totronic states. This is an electronic predissociation process,
interact with these singlet states. These are $jeA;,  which is also called a Herzberg's type | predissociafion.
The third photodissociation channel is slower than the first
TABLE VI. The MSCASPT?2 transition energies of several triplet states to WO channel¥’ and was suggested to take place via internal
S, state. conversion to highly excited vibrational levels of the ground
state(hot moleculé.'® From Fig. 3, it appears likely that the
Ss-B, state first undergoes internal conversion to $eB,

B. Photodissociation channels of the low-lying
excited states

MSCASPT2 The dual phosphorescence positions

Transition v experimentally observéd state. The lowest vibrational state 8f is much closer in
So — T1-Aq 3.10 ~400 nm(3.10 eV} energy to the dissociation limit 0,, and thereby makes
DT P international conversion frons, to S5 more likely. This
2: Tj:B; 4.96 mechanism is compatible with the third observed photodis-
Sy T By 2.68 ~480 nm(2.58 eV} sociation channel with lower rate.

F— g loted atthe CASSC . The highest singlet excited state the photon with 248-nm
eT, value of theT;-A, state was calculated at the CA F geometry o 16 _ ;

the T,-A; state, and thd, value of theT,-B, state was calculated at the (5.00 e_\/) Wavelength*can reach 31 B2, WhoseT” IS _4'50
CASSCF geometry of th&,-B, state. eV. S, is a bound(w,7*) state, which cannot dissociate by

PReference 11. itself. However, theS,-B, state can undergo an intersystem
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95 tional levels of the ground stat&; . As discussed abov&;
could be produced by internal conversion from Bestate.

The 266-nm(4.66 e\) -wavelength photon can also
reach theS,-B, state. As with the 248-nm excitation, this
state cannot dissociate by itself. The PEGGpfB, crosses to
the PECs ofTs-B; and S,;-B; states. The photoexcitation
energies required to reach these two crossing points are
about 5.0 and 5.25 eV, respectively. The 266-(h66 e\)
-wavelength photon is unlikely to reach either of the two
points, even considering an estimated error of 0.3 eV, just as
we said beforé? If the predissociation channels are out of
reach, the only remaining photodissociation channel at 266
nm is again via the highly vibrational levels of the ground
state,S§ , produced by the internal conversion from tBg
state, as discussed above. Both Refs. 15 and 5 indicated that
the photodissociation following 266-nm excitation is slow,
even though the latter assigned it to the decay of an initially
----- — excited(s,7*) state to a repulsive triplen(c*) state due to
spin-orbit coupling.

8,5

7.5 1

65 1.\

551

4,51

AEnergy/eV

3,5 A

V. CONCLUSIONS

25 - .
i In order to explain the dual phosphorescence and the

— = S0-Al —e—S1-B2 photodissociation mechanism of chlorobenzene at 193, 248,
and 266 nm, we calculated MSCASPT2 potential-energy
curves of 24 singlet and triplet states. The boumgr™)
— e S4-Bl ---z-- T5-BI T,-A, state is responsible for the slow part of the dual phos-
phorescence, and the boufd,c*) T,;-B; state will be re-

1,51 —4&— S2-A1 ——S53-B2

e A A 193 nm - - - - 248 nm sponsible for the fast part of the dual phosphorescence. The
----- 266 nm photodissociation of chlorobenzene at 193 nm has three
channels: (1) a direct dissociation of the repulsive
0.5 T T T ‘ ‘ ‘ (n,o*) S,;-B; state, or Herzberg's type Il predissociation as
3oz 2s 29 33 37 4l the quasiboundm, ) S;-B, state dissociates by tunneling,
R(CLC)YA (2) Herzberg's type | predissociation arising from an inter-

S _ system crossing from the quasibou@yd ™) S;-B, state to
FIG. 3.. MSCASPT2 dlgbatlc pote.ntlal-_energy curves along the giHsC the repulsive (\,0*) Ts-B, state, and3) via highly vibra-
bond distance of one triplet and five singlet states of chlorobenzene. The .
horizontal dashed lines indicate the 193-, 248-, and 266-nm excitation endonal levels Of.the ground stat.e, Wh|Ch.ar'e produced from
ergy used in previous experiments. S;-B, state by internal conversion after its internal convert-
ing with the S3-B, state. For chlorobenzene photodissocia-

tion at 248 nm, there are two channels; Herzberg's type |
crossing to the repulsiven(7*) Ts-B; state. The Cl-Ccal-  predissociation arising from an intersystem crossing from

culated bond distance at the crossing point is about 2.02 Aguasibound(m,7*) $;-B, state to repulsiver(,c™) Ts-B;

The energy gap between this point and the minimum of thétate, or internal conversion frofar,7*) S,-B, state to re-
ground state is about 5.0 eV. The complex will ultimately Pulsive (1,0*) S,-B; state, and(2) via highly vibrational
decay due to spin-orbit coupling between the two electronidevels of the ground state, which are produced 8B,
states. So, the first channel of photodissociation of CIBz a$tate by internal conversion. However, the photodissociation
248 nm is the intersystem Crossing fr@i]_Bz to T5'Blv of chlorobenzene at 266 nm has Only one Chann8|, which is
and it is a Herzberg's type | predissociatidhFrom Fig. 3, via highly excited vibrational levels of the ground electronic
the PEC 0ofS;-B, also undergoes an internal conversion with State.

the repulsive §,7*) S,;-B; state. The Cl-¢bond distance

at the crpssing point is abogt_ 2.06 A. The energy gap b_eACKNOWLEDGMENTS
tween this point and the minimum of the ground state is

about 5.15 eV. If the 248-nm-wavelength photon used in the The Swedish Research Coun¢¥R) and the Magnus
experiment overcomes this energy barrier, then the compleRBergvall Foundation are gratefully acknowledged for finan-
will ultimately decay by internal conversion. So, the first cial support. The Swedish National Supercomputer Center
channel of photodissociation of CIBz at 248 nm is also pos{NSC) is acknowledged for generous grants of computer re-
sibly via the internal conversion froig;-B, to S,-B;. The  sources. The authors wish to thank Dr. Chi-Kung Ni and
second slower photodissociation channel observed experRrrofessor KeLi Han for helpful discussions about the photo-
mentally is again possibly dissociation via the highly vibra-dissociation channels.
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