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Diatomic photodissociation processes are very important
in molecular reaction dynamics for several reasons. Ab initio
results on the potential energy curves, transition dipole mo-
ments and nonadiabatic interactions of many diatomic mole-
cules are avalable for detailed dynamic calculations. The
theory of photodissociation! is well developed so that direct
comparison between theoretical calculations and experiments
are now possible. Developments of powerful experimental
methods such as multiphoton technique has made it possible
to probe the dynamic processes of molecules at wide ranges
of excitation energy.

In a series of papers”™® we have shown that the exact
treatments of the photodissociation processes are very useful
for elucidating many interesting dynamic behaviors of mole-
cules. It has been demonstrated that nonadiabatic interac-
tions both in the Franck-Condon region and in asymptotic
region can significantly affect such important dynamic ob-
servables as the shape of the resonances~® product bran-
ching ratios*~® and angular distributions.”® The magnitude of
these influences has been found to be large at energies be-
low the threshold to O(D) in the photodissociation of OH
molecule. Crossings between the bound A’Z* and the repul-
sive ‘7, £~ and *IT states result in well-known predissocia-
tion in this energy regime, and quantum interference bet-
ween the indirect dissociation pathway via A*Z* state and
the direct dissociation pathway through 2Z~ state has been
predicted® ¢ to give rise to asymmetric resonances in the
photodissociation cross sections. It has also been shown that
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Figure 1. Potential curves of OH.

the branching ratios of OCP;, j=0, 1, 2) exhibit rapid varia-
tions near these asymmetric resonances.*™® Implications of this
latter finding have been discussed in the spirit of coherent
control of dynamic processes,

Above the dissociation threshold to O('D), all of the poten-
tial curves (including A’E*) are dissociative (see Figure 1),
and the dissociation is direct in this energy regime. It is
well known® that the direct dissociation processes approach
a diabatic limit at high kinetic energies of the photofrag-
ments, which are characterized by energy independent pro-
duct branching ratios and angular distributions, Actually, it
is in this high energy regime that particular values of the
observables can be correlated with the symmetries of the
excited states and dissociation pathways in a simple fa-
shion*? We demonstrate in this work that dissociations to
OCP) fragments show signs of diabatic limit behaviors at
energies above the threshold to O('D). However, dissociation
processes to O('D) exhibit very different patterns, characte-
rized by highly oscillating fragment anisotropy parameters,
as a result of the quantum interference between two direct
dissociating pathways.

The theory has been described in detail elsewhere® and
we only give a brief summary in this paper. Since the two
oxygen atomic term limits, OCP) and O('D), are involved
in OH photodissociation {see Figure 1), we construct two
transformation matrices,*® each of which describes the con-
nections between an atomic term and adiabatic Born-Oppen-
heimer states correlating with it. Two kinds of basis func-
tions are employed in the calculations to evaluate the total
Hamiltonian. Hund'’s case {a) basis function of parity p, M
CASZp> is employed to evaluate the electronic Hamiltonian,
which is diagonal in this hasis. / is the total angular momen-
tum, M is its component along the space-fixed axis, § is
the total spin, A and X are the components of J and S along
the molecular axis, respectively, and C denotes any other
electronic state labels. The asymptotic basis functions [JMji-
Cajaig> are used to evaluate the spin-orbit Hamiltonian and
the rotational part I+ 1)/2w*, since they are diagonal in
these basis functions. Here jo (fx) are the total electronic
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Figure 2. Anisotropy parameters for OCP). The initial ground
state is the X?I1*y; state (fi==3/2 and »,=0). The zero of energy
is defined as the statistical average of the energies of OCP, j=0,
1, 2.

angular momentum of the oxygen (hydrogen) fragment and
{ is the orbital angular momentum, §=j,+j, and C, denotes
extra quantum numbers needed to describe the electronic
states of oxygen besides jo (that is, spin and electronic orbital
angular momentum quantum number). The two basis func-
tions are related to each other by r-independent transforma-
tion matrices <ffCoioful CASZp>,. Close-coupled equations
are solved for the multichannel! continuum wavefunction (14
X 14 matrix) of good parity. The continuum wavefunction
is propagated in the adiabatic Born-Oppenheimer (ABO) ba-
sis [/MCASZp> using the Renormalized Numerov method.!
The transition amplitudes in ABO basis are transformed into
the asymptotic basis |/M#Cqjofu> by the two frame transfor-
mation matrices at the end of the propagation and approp-
riate boundary conditions are imposed. The transition ampli-
tudes for dissociation to a specific fine structure component
of the oxygen atom is calculated by employing the Golden
Rule. Cooley’s method" is used to evaluate the initial bound
state vibrational wave function of the X°II state.

Figure 1 depicts the potential curves of OH. Above the
dissociation limit to O(D), the photodissociation is direct.
Nonadiabatic (spin-orbit and Coriolis) couplings among elec-
tronic states correlating to OCP) term limit are very small
compared with the kinetic energies of the OCP) fragments,
and their effects on the dissociations to OCP) are expected
to be minimal, Figure 2 shows that the anisotropy parame-
ters for OCP;, j=0, 1, 2) are nearly energy independent, and
are very close to —1, which is the diabatic limit value® for
excitations from *I1 to 2T state. This is consistent with our
previous demonstration® that the branching ratios to O¢P,
1=0, 1, 2) states are very similar to the diabatic limit values
(0.111 : 0.333 : 0.555) in this energy regime. The small ampli-
tude variations of the anisotropy parameters indicate that
the effects of the nonadiabatic interactions still persisit in
this high energy regime. For dissociations to O('D), however,
the situation is quite different. The kinetic energy of the
OC'D) fragments is not very large in this energy regime,
and the effects of the nonadiabatic {spin-orbit and Coriolis)
interactions between the two dissociative 2A and 271 states
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Figure 3. Anisotropy parameters for O(D). The initial ground
state is the X?II*y, state (;=3/2 and »;=0). The zero of energy
is defined as the statistical average of the energies of OGP, j=0,
1 2).

are expected to be significant. Since both of the 2A and 241
states are optically connected with the ground XT state,
quantum interference between these two dissociation chan-
nels may affect the dissociation processes to O('D). Figure
3 clearly shows the influence of the quantum interference
on the angular distributions. The anisotropy parameter for
OCD) exhibits highly oscillatory variation as a function of
the excitation energy.

Dissociations of OH considered in this work are those re-
sulting from excitations of the X*I1*4, lambda doublet com-
ponent (with J;=3/2 and v;=0). Selective production of the
lambda doublets (X*IT*3; and X?I1"3.), which are separated
by only 005 cm™’, has recently been achieved by Schreel
¢t al.”® employing the hexapole selector in a molecular beam
experiment. In order to measure the product branching ra-
tios and the angular distributions, and to investigate the ef-
fects of the nonadiabatic interactions on these observables,
however, the lambda doublet components need not be sepa-
rated, since the two components are of different symmetry,
and the coherent excitations of the two lambda doublet com-
ponents do not lead to quantum mechanical interference. We
have performed quantum mechanical calculations for photo-
dissociations resulting from the coherent excitations of the
two lambda doublet components, and found that the results
are identical to the incoherent processes. We are currently
investigating the influence of the quantum interferences on
the fluorescence anisotropy parameters.
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Chemistry of transition metal complexes of sulfur-contain-
ing amino acid ligands such as /-cysteine, /-cysteine methyl-
ester and {-methionine has been studied due to the biological
significance of the interaction between metal ion and sulfur-
containing amino-acids.!~'® Those ligands can chelate through
-NH, and carbonyl, -NH; and sulfur, or all of three sites.
Amino acids exist in living systems in one enantiomeric form
predominantly, since nature prefers for a particular enantio-
mer which complements the life. Reactions of transition me-
tals with asymmetric ligands can lead to the catalysis for
asymmetric hydrogenation. Although various complexes of
sulfur containing amino acids have been prepared, iridium(I}
complexes of those ligands have not been made. We report
herein the synthesis and hydrogenation reactions of iridium
complexes containing /-methionine methy! ester (MME} li-

Table 1. Characteristic ‘H NMR Spectral Data of the Complexes’
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gand to investigate the coordination sites of MME as well
as the possibility as catalysts.

MME

Synthesis. The reaction of [[rCKCOD)], (COD=15-cy-
clooctadiene) with MME-HC1 by 1:2 mole ratio of Ir to
MME ligand in the mixture of methanol and ether at 25
T gives a yellow crystalline product (1). The absorption
bands at 1744 c¢cm™} and 3190 cm™! in the IR spectrum of
1 are assigned to the uncoordinated carbonyl group of the
ester and the coordinated amine respectively, indicating the
MME ligand is bonded through amine and sulfur. In the
free MME ligand, veo is found at 1744 cm™!, however, v,
can not be observed since the ligand exists as the ammonium
salt (vpnupt is found as strong muitiple bands at 2720, 2614
and 2510 cmY). The uncoordinated NH; is observed in the
range of 3300-3450 cm~!, while the coordinated NH; is ob-
served in the range of 3000-3200 cm™! in the literature ™8
The bands for Ir-N at 528 cm™! and Ir-S at 361 cm™! also
confirm the ligand is coordinated through amine and sul-
fur.*~"" The '"H NMR spectral data of the complexes in this
work are shown in Table 1. Comparing with the free MME
ligand, the resonance of the S-CHj in 1 is slightly shifted
downfield by 0.10 ppm on coordination of sulfur to iridium.
Elemental analyses of all the comlexes of this work are listed
in Table 2 and the data indicates two MME ligands are
included in the complex 1 and the electrical conductivity
in methanol is 92 cm’ohm 'mol~', which is typical of 1:1
electrolytes in methanol.? Thus, the chloride is anionic and
the molecular formula of the complex is considered to be
IrfMME].Cl (1). The molecular structure can be la with
two MME ligands being trans to each other or Ib with cis
configuration, but 1a may be more probable due to the steric
hindrance of both S-methyl groups on the same side in 1b.

The reaction of [IrCI(COE).], (COE=cyclooctene) with
MME by 1:2 mole ratio in the presence of NaAsFs produces
a yellow compound (2). The IR spectrum of 2 shows a band

Compound S-CH; 0-CH; -CH, S-CH, -NH. -CH -CH
{ 225, s 387, s 2.30-2.40, 270, t 330, s 430, t
rd 223, s 380, s 1.80-2.80, b 330, s 420, t 532, t
3 225, s 383, s 2.30-2.40, b 335, s 4.30, t 562, t
(MME)
[1‘50'1.80,
2.60-2.80,
(COE)

¢s, singlet; t, triplet; m, multiplet. *not separately found due to the multiplet of -CH,. “water peak: & 4.80 ppm, s. “triphenyiphosphine;

8 7.20-7.80 ppm.



