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The predissociating resonances are treated for the SH molecule by quantal method. The isolated réSonances (
=0, v'=0-6) are predicted to be highly Lorentzian. The widths and positions of the isolated resonances are
computed as functions of. The magnitudes and signs of the widths and the shifts as functiererefdis-

cussed in terms of the distance of the resonance from the crossing points between the bouR stte (A

the repulsive state&, >~ and*M).
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Introduction plicate the analysis on overlapping resonances. We examine
several interesting behaviors of these properties as functions
Predissociation is an interesting phenomenon occurringf v', and give discussions based on the distance of the reso-
due to the failure of the Born-Oppenheimer approximationnance from the crossing points between the bound state
Crossing between bound and repulsive potential surface@?s*) and the repulsive statég{, 2~ and“), by invoking
causes the mixing of the corresponding electronic states, arlde mathematical expressions of the widths and shifts of the
it gives several important effects on the photoabsorptiomesonance.
spectra. First, the energy levels of the bound electronic state
broaden, appearing as broad resonances in the spectra, and Theory
second, they shift from the unperturbed positions. Since
these characteristic features of the resonance are related tdrhe theory employed here was described in detail in Ref.
the interactions between the bound and dissociative states & The basic ingredient of the theory is the frame transforma-
useful way (for example, the width is proportional to thetion matrix that connects the adiabatic Born-Oppenheimer
square of the interaction: see Eq. (1) below), measuremen{dBO) states to the atomic term. Since two atomic terms
on these properties would give detailed knowledge on nonSEP) and SD)) are involved in the photodissociation of
Born-Oppenheimer interactions. SH, two transformation matrices are constructed and em-
SH is an important molecule playing major role in ployed in the present work. Two basis sets are employed to
atmospherit and combustionreactions. Since the three describe the dissociation dynamics in the molecular and
repulsive {=, 22~ and “M) electronic states cross a bound asymptotic region, respectively. The first basis (ABO basis)
(A%z") state, the predissociation is a very complicated multiis a space-fixed basis derived from Hund's coupling cases.
channel phenomenon, and the interactions between thestind’'s case (a) basis is used here. The second basis set,
repulsive states would also affect the dynamics, in additionvhich is called ‘asymptotic’ molecular basis, diagonalizes
to the spin-orbit couplings between thé>Astate and the the total Hamiltonian at infinite internuclear distances.
three repulsive states. The effects of these interactions mayhese two basis sets are related to each otheirigepen-
show up in important properties of the photofragment (sulfudent transformation matrix. Close-coupled equations are
atom), such as the branching ratios and angular distribusolved for the continuum wave function. Photodissociation
tions3® amplitudes to a specific fine structure component of the sul-
In this work, we focus on the widths and positions of thefur atom are computed by the Golden Rule. The potential
resonances in the total photodissociation spectra of SHurves of the X1, *>7, 25~ and the'l states are those given
since these are the two most important characteristics of tHey Manad. The 21 and the?A states are taken from the
resonance. We study tle= 0 toVv' = 6 resonances\( = 0) work by Park and SuhThe potential curve for the?A"
and compute the widths and shifts as functions of the vibrastate is that given by Ashfold and co-workefEhe transi-
tional quantum numbey' by employing close coupling tion dipole moments for the optical transitions from the ini-
methods. We show that the general trends of these propertitial X2 state to the &, 257, 22[ and ?A states were
can easily be understood in terms of the distance of the resobtained by employing the effective valence shell Hamilto-
nances from the crossing points. We only consider isolatedian method. The values of the spin-orbit couplings are
resonances here, since other effects may significantly comaken from theb initio work by Manad.Propagation of the
scattering wave function is carried out by Renormalized
"Corresponding author. e-mail: sylee@khu.ac.kr Numerov method® and appropriate boundary conditions are
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Figure 2. The isolated resonance corresponding ta'tked and\'
-0.05 | - = 0 level of the AS* state accessed from the grounidiX,, state
| | withv,=0,J, = 1.5.
2
010 | X i
- state). The resonance is highly Lorentzian, indicating that no
015 e L significant changes will be observed for the branching ratios
20 25 30 35 40 45 50 55 . ) .
) of SCP, j=0, 1, 2) near this resonance. The width (half
Internuclear Distance (Bohr) width at half maximum) of this resonance is 0.9grand
Figure 1. Potential curves of SH. The zero of energy is defined aghe shift from its zeroth order (unperturbed) position, com-
the statistical average of the energies 8PSj(= 0, 1, 2). puted is +6.27 ci. It should be noted that the unperturbed
position here (and in Table 1) is the energy of the eigenstate
imposed at sufficiently large internuclear distance. of the A" state that is1ot coupled with other electronic
states. In this paper we computed it by Cooley’s proceédure.
Results Since theN' = 0 level of the AS* state can only be accessi-

ble from the XM 32(vi = 0,J, = 1.5) state, and since the other

The potential curves of the electronic states included in thetates reachable from this initial state (those Nith 2) are
present calculations are depicted in Figure 1. THa X, separated from this resonance by much more than the width,
25~ and the'N states correlate with ®), while the A*, it can be considered as isolated resonance.
2°I and the?A states correlate with ) term. There are Table 1 gives the widths and energy shifts of the reso-
three fine structure states foPB), °P,, °P;and®P,. Of these  nances corresponding to tNe= 0 level of the AS* state for
levels, S{P,) is of the lowest energy. The zero of energy inv' = 0-6. Several interesting features are found for these reso-
Figure 1 is defined as the baricenter of these three fine strucances. First, the widths for the resonances forvoare
ture states of &). The A", 257, 22M and?A states carry  very small, indicating that the lifetimes of these resonances
oscillator strengths from the groundTXstate. The bound are rather large. This is due to the fact that the lower levels
A%s* state crosses with the three repuldivg 2>~ and the  are far from the crossing points. Second, the widths show
M states at R = 3.34, 3.70 and 3.96 bohr, respectively. Thespiite complicated behavior: they increase up to4, reach
crossing points lie at the energy of 3775, 5706 and 680#inimum atv' = 5 and increase % = 6. Third, the magni-
cm?, respectively. Spin-orbit couplings between the boundudes of the shifts of the resonances from the unperturbed
A%s* state and the three repulsi®g, 25~ and thel states  positions reach maximum fot = 3, and they change sign
account for the predissociating resonances considered hefeom v' = 3 (negative) te' = 4 (positive).
The magnitudes of these spin-orbit couplings at the crossing These interesting patterns may be understood by examin-
points are 52, 59 and -150 Tirespectively. Although the ing the mathematical expressiéhnfor the width/; and the
ground X1 state and the X" state do not cross in the nor- shift AE; of the resonande
mal sense, spin-orbit coupling between these two states are _
also included in the present work. Iy = 2nth|Hsg L'UEDz' 1

Figure 2 depicts a typical predissociating resonancend
obtained here, which corresponds to the 5 andN'=0 [, Hod ¢ Bi
level of the A" state K' is the rotational quantum number AE; =P[ dE’ﬁ. 2
of the Hund'’s case (b) statl; = J'-S), reached from the ]
ground X 3, state withvi=0, J=1.5 { and J are the In these expressionff;ll  afgl]  are the wave functions
vibrational quantum number and the total angular momenef the unperturbed bound state (unperturturbed eigenstate of
tum quantum number, respectively, of the grourd1 X the A’S* state here) and the continuum state (eigenstate of
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Table 1 Widths (cm?) and shifts (crit) of the resonances corre- Since they' = 0 tov' = 3 levels are below the crossing points,
sponding td\' = 0 levels of the A" state ¢' = 0-6) these resonances are shifted negatively from their unper-
turbed positions, while thé = 5-6 resonances are shifted to

V' Widths ~ Unperturbed positions Shifts ! X '

5 8.4x 10° 1526.34 o017 higher energies. The* =4 resonance lies between thg two
1 0.502 331082 109 lowest crossing points, and the shift would be determined by
> 23 4896.23 118 the compromise of the two opposing effects. It turns out that
3 5.6 6275.73 -4.33 the effect from the lower crossing dominates, giving small
4 222 7438.47 +0.93 positive value (0.93 ci) for the shift. The magnitudes of

5 0.90 8367.30 +6.27 the shifts as function of is also easily understandable by
6 5.58 9032.63 +7.47 invoking Eqg. (2): The magnitude Af; will increase when

(E;—FE') is small, that is, when the resonance is near the
crossing point. Therefore, the magnitude/A# increases

the coupled repulsivés™, 23~ and “M states), respectively, with v' for v’ <3 as the resonance gets closer to the crossing
Hso is the spin-orbit coupling, and denotes the principal points.

part of the integral. As can be seen in Eqg. (1), the width is Although the widths and positions are the most commonly
proportional to the square of the overlap integral. Since mosheasured properties of the resonances, there are other pro-
of the overlap occurs between the parts of the bound angerties that may also be very important in the dynamical
continuum wave functions near the classical turning pointssense, such as the branching ratios, angular distributions of
maximum overlap will be realized when the classical turningthe atomic fragments produced in the predissociation of SH.
points of the two wave functions at the given energy coinMore analysis will be reported in subsequent publications.
cide. This situation is obtained at energies near the crossingAcknowlegment This work was supported by the Korea
point, indicating that repulsive state crossing the bound eledResearch Foundation (KRF-2000-015-DP0207).

tronic state nearest to the energy of the vibrational level
mostly accounts for the predissociation of that level. This
explains the very large width of the= 4 resonance in Table

1 very well. The/' = 4 level of the AS* state is very close to 1.
the crossing point between thésA and the'l state. This
effect is reinforced by the large spin-orbit coupling (-150 2
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