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Abstract: The photodissociation dynamics obFe(CO) have been studied through wave packet propagations on
CASSCF/CCI potentials, calculated for the electronic ground and excited states, as a function of two coayglinates
andq, corresponding to molecular hydrogen elimination and CO dissociation, respectively. The theoretical absorption
spectrum is characterized by two bands at 272 nm (36 700)caend 246 nm (40 500 cm) which have been
assigned to the'A; — alB; and A, — b'A; transitions, respectively. The first band corresponds to the experimental
maximum observed around 270 nm. A semiquantitative mechanism has been proposed for the photodissociation of
the title molecule: (i) under irradiation at 254 nm, tH8a(3d,, — a4*) and b'A; (3de-2 — og*) excited states will

be populated; (i) from the 1\, state, the molecule will dissociate in a total and ultrafast (less than 40 fs) reaction
toward the formation of Fe(C@}and molecular hydrogen; (iii) after the initial4, — a'B; transition, the reactive
system will evolve into two competitive channels, leading mainly to the eliminatiorydf ld very short time scale

(40 fs) and as second minor primary reaction (4%) toward the CO dissociation in 100 fs. The nonradiationless
transitions to the low-lying triplet states occur in a picosecond time scale and have a rather low probability indicating
the minor role of the triplet states at the early stage of the photodissociation.

1. Introduction

The photochemical reaction currently observed after irradia-

tion of transition metal di- and polyhydrides is the reductive
elimination of molecular hydrogen

HML > H, + ML, 1)

the excited states dynamics; and (v) the branching ratio between
dissociative and nondissociative pathways. The laser experi-
ments, reported for this class of molecules and performed either
in low-temperature matrices or in solution, are mainly oriented
toward the determination of intermediates or toward the kinetics
and the efficiency of the carberhydrogen bond activation.

Recent flash photolysis experiments supported by careful IR
spectroscopy have shown that, regarding the multiplicity of

leading to highly reactive intermediates which are able t0 ~hannels available in the UWisible region due to the high

activate the carbonhydrogen bonds in saturated organic
compounds:’ Flash photolysis experiments have led to the

conclusion that there are at least two mechanisms operative for

the photoelimination of Kl from dihydride complexes: one
being the concerted loss of;Hrom the initial molecule, the

other being the prior dissociation of another ligand to give an
unsaturated intermediate that undergoes rapid elimination of

molecular hydrogef? Despite of the very intense activity

developed in this field in the past ten years, even enhanced by

the discovery of the so-called nonclassical hydride compléx&s,

density of excited states, the behavior of the molecule depends
strongly on the metal center, the ligands, and the experimental
conditions. This complexity is illustrated by the photochemistry
in solution of KIrCI(L")(PPh), (L' = CO or PPB) and H-
RhCI(PPR); dihydrides. A ligand dissociation to give a five-
coordinate intermediate MCI(PPhs), which undergoes rapid
elimination of H, competitive with back reaction with'Lis
proposed for the iridium complex, while a concerted dihydrogen
elimination to give MCI(PP¥); as the primary product operates

many fundamental questions remain unsolved: (i) the factors for the rhodium analo§. More recent matrix isolation studies

governing the mechanism of reaction (1); (ii) the efficiency of

reported for metal hydride complexes of the series Fe, Ru, and

the corresponding reverse reaction, namely the oxidative addi-Os have demonstrated that 16-electron fragments can be

tion; (iii) the occurrence of concurrent primary reactions; (iv)
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produced by photolysis of the dihydride precursors M(distpe)
(M = Fe, Ru)*15 The iron and ruthenium fragments exhibit
a remarkable difference in reactivity toward the 8 activation.
Kinetic investigations with laser flash photolysis have shown
that Ru(dmpe)reacts over 10times more rapidly with kithan
does Fe(dmpe) When present in the coordination sphere, the
loss of a carbonyl ligand is competitive with the molecular
hydrogen elimination. The lone exceptions areF&(CO),
(reaction 2) and KHrCp(CO), which eliminate specifically H
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upon photolysig®17 For instance, upon irradiation under similar z
experimental conditions, the osmium analog teFe(CO) /J y
behaves differently, leading both primary productid(CO}
and Os(CQOj'8 (reactions 3 and 4) o X
Eor / H
H,Fe(CO) — .~ H, + Fe(CO) ) 0C .
hy / \ H
254 nm, CO ocC
HZOS(CO}W H, + Os(CO), 3) o
Figure 1. Structure of HFe(CO) from ref 31.
hy
H,08(CO) 55, i cg COT HOS(COY  (4)  scheme 1

Most of the recent theoretical work published in the field of
transition metal hydrides is dedicated to structural problems
(classical vs nonclassical hydrides) or to secondary reactions
mechanisms?-23 Despite of the emergence of efficient modern
quantum chemical methods able to treat the excited states in
transition metal complexe4;?Slittle is known about the excited

- q di ¢ ohotochemical (CO), reaction (228 The qualitative mechanism proposed for
states reactivity. Current understanding of photochemical s veaction states with excitation into one of the low-lying

reactions .iS generally_ b?‘se" on molecular_orbital diagrams singlet excited states followed by intersystem crossing to the
_coupled with an anal)_/S|s in terms of_ the bondlng and antibond- a®B, state (corresponding to a 3d o,* excitation) @y ando,
ing characte(. The aim of a qualitative thgoretlcal study, based ;.o the bonding and antibonding configurations of the two
on the potential energy surfaces (PES) which connect the groundhydrogen s orbitals which are metalydrogen bondinggg*

and excit_ed states of the reactant to those of the primary anda,* being similarly defined but metalhydrogen antibond-

products, is to elucidate the mechanism of the primary processing (Scheme 1) and dissociation to the primary products-H

and to identify the photoactive excited states responsible for Fe(CO) along the 8, curve. This potential energy curve
Vi 28 i :

the photoreactivity of the molecuté-28 Understanding the corresponds in its dissociative part tosa— og* excitation,

occurrence of concurrent reactions (ligand loss vs radical namely to the excitation of an electron from a MO which is
formation or ligand loss vs elimination of }irepresents a  ,_ antibonding and M-H bonding to a MO which is HH
fundamental goal in a semiquantitative study of the photochem- bonding and M-H antibonding. This mechanism describing
istry of organometallics. The ultimate purpose is the calculation o photoelimination of bl has been generalized to other
of the branching ratio for the different pathways and the . sition metal di and polyhydridée.

determination of the main features of the absorption sp&ctra The aim of the present study is to present a complete quantum

through 'ghle simulation of trt;e eﬁcited states d/ynamicls. lati chemical study of the photodissociation of the title molecule,
Potential energy curves, based on CASSCF/CCI calcu altlons’including an hypothetical dissociation of a carbonyl ligand,

have been reported for the photoelimination offrbm H,Fe-
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2). The symmetry constraints should not operate dramatically [3,1].43 The excitation energies to the lowest excited states
on the smooth profile of the excited potential energy surfaces involved in the photodissociation of;He(CO}) and contributing
which govern the mechanism of photochemical reactions. Theseto the absorption spectrum calculated through this approach have
assumptions are based on the fact that the symmetry restrictiondbeen compared to CASSCF/CASPT2 excitation energies ob-
usually affect the energy profiles characterized by high energy tained on the basis of CASSCF wave functions performed for
barriers3 each electronic state, using atomic natural orbitals (ANO) basis
The two-dimensional PES ¥40,) (with g, = [Fe—H;] and sets** From this recent stud§?2we have concluded that the

(o = [Fe—CO]), calculated under th€s symmetry constraint, present approach based on CCI calculations performed on top
have been obtained through complete active space SCF (CASSef a unique CASSCF wave function gives reasonable excitation
CF)*> calculations supplemented by a Configuration Interaction energies as long as the reference wave function is judiciously
treatment. The CASSCF wave functions are used as referenceghosen. This approach represents the best compromise for the

for the contracted configuration interaction (CCI) calculatighs.

calculation of excited states and corresponding PES, regarding

Since our interest centers mostly on the lowest excited statesthe complexity of avoided crossing regions for which a CASPT2

of HoFe(CO) corresponding to the 3¢~ og*, 3d — o.*, and

ou — og*, the two orbitals involved in the bonding of the
hydrogen ¢y, o) and their antibonding counterparts, ou*),

the 3d orbitals and the d orbitals which correlate them were
included in the active space of the CASSCF. Ten electrons
were correlated in ten active orbitals in this 10e10a calculation.
The CASSCEF calculations were carried out for the lowdast
high spin state of main configuratiomg)?(0y)%(3ck)(3d,)*-
(3de—2)Y(0g%) Y(o,*)* which assures a balanced description of
the different excited staté8. For each electronic state, two CCI
calculations were performed: the first one with one reference

treatment could be rather tricky.

The integral calculations were carried out either with the
system of programs ARGOGSor with the system of programs
ASTERIX3” The CCI calculations were performed with the
program developed originally by Siegbahn using a multirefer-
ence Cl methot# and the CASPT2 calculations with the
MOLCAS-3 quantum chemistry softwafé. The dynamics has
been simulated with the QMPRO program developed originally
in Berlin#7

Spin-Orbit Interaction. The spin-orbit interaction between
the singlet and triplet excited states has been evaluated using

configuration corresponding to the required state, the secondthe effective one-electron operator

one being a multireference calculation including all the con-
figurations that appear with a coefficient larger than 0.08 in
the first monoreference Cl wave function. Ten electrons are
correlated and single and double excitations to all virtual orbitals,
except the counterparts of the carbonyls 1s and of the metal 1s
2s, and 2p orbitals, are included in the CCI calculation. The
following basis sets were used: for the metal center a (15,11,6)
set contracted to [9,6,3f,for the first-row atoms a (10,6) set
contracted to [4,212 and for hydrogen a (6,1) set contracted to
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whereZ®} expresses the one center valence shell charader.
the heavy atom center ardis the valence shell azimuthal
qguantum number. This effective operator operates only on the
3d orbitalsl = 2 andk = Fe. « is the fine structure(f—30is
the expansion value from tables of ref 49 amgis the one-
electron nucleus distance. On the basis of a restricted full CI
schemeé? the spin-orbit matrix (up to 400 000 determinants) is
diagonalized to get the spin-orbit coupled excited stztes.

Simulation of the Dynamics. For the sake of simplicity,
the molecule is modeled as pseudotriatomic with two noncol-

(42) Huzinaga, SApproximate Atomic Functions: Technical Report
University of Alberta: Alberta, 1971.

(43) Huzinaga, SJ. Chem. Physl965 42, 1293.

(44) Pierloot, K.; Dumez, B.; Widmark, P. O.; Roos, B.Theor. Chim.
Acta 1995 90, 87.

(45) Pitzer, RJ. Chem. Phys1973 58, 3111.
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G.; Kello, V.; Lindh, R.; Malmgyist, P. A.; Noga, J.; Olsen, J.; Roos, B.
O.; Sadlej, A. J.; Siegbahn, P. E. M.; Urban, M.; Widmark, P. O. Molcas-
3; University of Lund: Sweden.

(47) Schmidt, B. QMPRO; Freie UniversitaBerlin, Germany.

(48) Ribbing, C.; Odelius, M.; Laarksonen, A.; Kowalewski, J.; Roos,
B. O.Int. J. Quant. Chem. Quant. Chem. Syrhp9Q 24, 295.

(49) Fischer, I. FThe Hartree-Fock Method for Atoms (A numerical
Approach) Wiley-Interscience, New York, 1977.

(50) Olsen, J.; Roos, B. O.;'d@®ensen, P.; Aa Jensen, H.1.Chem.
Phys.1988 189, 2185.

(51) Ribbing, C.; Daniel, CJ. Chem. Phys1994 100 6591.
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linear dissociative bondsl, = [Fe—Hz] and ¢, = [Fe—COQ] Table 1. CASPT2 and CCI Excitation Energies (in cijito the
(Scheme 2). All other “spectators” modes are decoupled in this Lowest Excited States of #¢(CO) (This Work and Ref 25a)
zero-order approximation. This decoupling mode should be one electron excitation in

;e)as%nablti, at I'?'aTt for ultrafast time sctﬁlesd (of the ?rdelr) of 300 the principal configuration CASPT2  CASSCF/CCI
s) when the initial energy remains in the dissociative bonds. — —

The photoabsorption and the subsequent bond breakings iﬁia :3321 gi;_yzaj ok gg 5132431 28 gg%
described in reactions 2 and 5 are simulated by propag_ations alA; — &B, 3dxz—y2—>oi* 33479 33026
of selected wavepacket¥(ga,qn,t) on the PES corresponding alA, — &A, 3d,— og* 33804 33826
to the e excited states. The time evolution of the wavepackets aA;— b3A; 3d,— oy 35 485 36 910
is obtained by solving the time-dependent Sdimger equation aAi—bB;  3de—a* 38032 40 550

alA,—alB;  3d,— og* 38713 38520
9 a'A; — aB; 3de—yp — o* 39 304 39 354
|halpe(qa,qb,t) = [T, t Vd V(00,1 (2) atA; — A, 3d,— ag* 39502 41474
a'A; — b%B; Ou— og* 41 316 62 028

, I " atA;—blA;  3de—p2— og* 42 207 42179

with the initial condition alA, — b'A, 3d,,— oy* 42 223 44 919
a'A; — b'B; Ou— Og* 47 922 68 667

IIIe(c]erb’t:O) = /"e(bgs,o,((qa'qb) (3)

whereu. is the electronic transition moment between the groun
state (gs) and the excited state @g4s,0,{0a0p) represents the
two-dimensional vibrational ground state wave function of the AL 3aBy A1~ B, AL AL
electronic ground state evaluated through the Chebychev , (au) 0.327 0.013 0.275
relaxation metho82 The solution of the time-dependent
Schralinger eq 2 is obtained by the Chebychev propagation ) ) )
scheme withAt = 3 fs53 Oa T (i—1)AQa Ga, = 0.5 au,Aga = 0.0670 au with 1< i <
The absorption spectrumky. is obtained by the Fourier 128 anddy = Go, + (—=1)AGe, O, = 2 au, Agy = 0.315 au
transform of the total autocorrelation functi®u(t) summed with 1 = j =< 256.
over the individual autocorrelation functions corresponding to
each excited state e

d Table 2. Electronic Dipole Transition Moments of the Lowest
Singlet Excited States of #He(CO)

3. Results and Discussion

Theoretical Absorption Spectrum. According to our recent
Sot) = Zm’e(o)“pe(t)D (4) CASSCF/CASPT2 calculatioff§ and to the present work the
e lowest excited states of JHe(CO) correspond to 3d— og*
and 3d— o,* excitations and range between 30 000 and 50 000
cm~! (Table 1). The first allowed transitions corresponding to
alA, — alB4, aA; — alB,, and &A1 — blA; are calculated
K2 2 K2 9 HK2cosO & between 38 000 and 42 000 ctin the energy domain of the
(5) experimental absorption spectrum (34 5@ 500 cn12).55 The
calculated electronic dipole transition moments are reported in
Table 2. The 8, (3d— o4*) excited state has been excluded
from the simulation because théAa — a'A, transition is
symmetry forbidden. On the basis of a preliminary one-
dimensional simulation it appears that tABa(3d — o*) state
does not contribute significantly to the spectrum, due to a low
value of the electronic transition dipole momept € 0.013
au)% Consequently, the main contributions to the absorption
_ I(Ga o) spectrum are the'B; (b'A’ in Cs symmetry) and ¥A; (ctA’ in
J(0,0,t) = ( 3 o X ) (6) Cs symmetry) excited states and correspond to-3dog*
bl Ol ) excitations. The theoretical spectrum obtained by propagation
where of the Wyia(0a,0o,t) andWcia(0a,an,t) Wavepackets on theth'
and éA’ PES (the details of the simulation are described below)
J(0u0pt) = 1 Re(lp*(qa,qb,t) ﬁi lp(%%vt)) + with the initial conditions given by eq 3 is shown in Figure 2.
HUa I 90, The spectrum is characterized by two broad absorption bands

The kinetic part of the Hamiltonian of the system, expressed
in bond coordinates, is given by

M 298 2Mpagg M 9090

whereu, anduy, are the reduced mass corresponding to the bonds
0. and g, and m; the mass of the central atom (the anglés

kept constant to its experimental value of 7425Reaction
probabilities are deduced by integration, over the whole reaction
time, of the probability current density expressed as a function
of coordinatesy, and g,®*

coso h 0 without any structure corresponding to tH8aand BA, states.
TR (O Opet) Ta—%‘l’(q@%vt)) @) The shape of the theoretical spectrum reflects the dissociative
character of these two excited states. TH&;absorption at

and Jy(ga,0p,t) being defined in the symmetric way. 36 700 cn1! agrees perfectly with the experimental maximum
The PES used in the simulation of the dynamics are generatedat 270 nm (37 040 cmi) for which there is no doubt

by interpolation from ab initio points, with additional smoothing experimentally>5” The comparison with the experimental

to avoid any obvious artifact such as shallow minima in the spectrum at higher energies is featureless, since the detection

asymptotic domains. The propagations are based on representds close to the lower wavelength limit of the spectrometer.

tions of We(0,0n,t) 0N two-dimensional grids corresponding to  Consequently, an absorption around 40 500ccorresponding

the reaction coordinates with the following parametegg:= to the &A; — b'A; transition cannot be excluded from the

(52) Kosloff, R.; Tal-Ezer, HChem. Phys. Lettl986 127, 223. (55) Sweany, R. L. Matrix Studies of Transition Metal Hydrides. In
(53) Kosloff, R.J. Phys. Cheml988 92, 2087. Tal-Ezer, H.; Kosloff, Transition Metal HydridesVCH Publishers: Dedieu, A., Ed.; 1991; pp
R. J. Chem. Phys1984 81, 3967. Kosloff, R.Annu. Re. Phys. Chem. 65—101.
1994 45, 145. (56) Heitz, M. C. Ph.D. Thesis, Strasbourg, France, 1996.
(54) Katz, G.; Baer, R.; Kosloff, RChem. Phys. Lettl995 239, 230. (57) Sweany, R. L. Private communication.
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Figure 2. Simulated total absorption spectrum with contribution from Figure 4. CASSCE/CCI potential energy curves along the= [Fe—
two transitions &8; — a'B; (a) and &A; — b'A; (b). Cgax] bond elongation inplee(CO). 9y 9 the={

0.00

) 10.0 kcal/mol at the early stage of the reaction path due to an
-0.05 avoided crossing with the uppetBy (0, — 04*) excited state.
The PEC calculated in the present work do not differ drastically
from the previous one obtained in a preliminary study based
on less sophisticated calcultioffs.In the energy domain of the
absorption one may notice the presence of the dissocididve a
(3dk; — og*) excited state which is not directly accessible
through an allowed transition from the electronic ground state
but which can play a role in the photodissociation ofFk+
(CO), as soon as thé&,, symmetry constraint is left (CO
dissociation). The triplet PEC run more or less parallel to the
corresponding singlet PEC and are dissociative. One may notice
the presence of an energy barrier of the order of 14.0 kcal/mol

qa (au) on the 8B, PEC leading to the primary products, H- Fe-
Figure 3. CASSCF/CCI potential energy curves along the= [Fe— (CO in their B, ground state, paramagnetic structure which
H,] bond elongation in EFe(CO). has been determined experiment&h§.

Potential Energy Curves for the Dissociation of a Car-
present S|mu|at|0n The eXperimental eXC|tat|0n energy (254 bonyl L|gand (Reaction 5) The potential energy curves
nm or 39400 cm') necessary to induce elimination of corresponding to the dissociation of a carbonyl ligand and
molecular hydrogen from #e(CO) (reaction 2) should  cajculated unde€s constraint are shown in Figure 4. The PEC
populate the #; and BA; excited states in the FranekCondon corresponding to the'B; (b*A’) and BA, (c!A) excited states
approximation. According to the present simulation, the direct gre weakly dissociative and nearly parrallel along the €®

-0.10

V (au)

population of the &, state corresponding to a 3¢ oy* elongation. Unde€s symmetry constraint the dissociativiBa

excitation and postulated as a key step in the mechanism Of(alA”) and the bound &, (b!A") excited states are nearly

reaction 2 in a previous qualitative stidlys less likely. degenerate and present an avoided crossing in the Franck
Potential Energy Curves for the Molecular Hydrogen Condon region. The triplet PEC calculated along the-€®

Elimination (Reaction 2). The potential energy curves cor-  glongation present the same features than the corresponding
responding to the elimination of molecular hydrogen and sjnglet PEC.

calculated undet;,, constraint are shown in Figure 3. Reaction One-Dimensional Simulation on Spin-Orbit Coupled Po-

2 is calculated to be endothermic by 33.6 kcal/mol. According tentials. The whole set of PEC shown in Figures 3 and 4 gives
to the experimental data available in the literattfrthe Fe-H an illustration of the complexity of the reaction mechanisms in
bond energy in kFe(CO) ranges between 60 and 65 kcal/mol  transition metal dihydrides due to the high density of excited
leading to an endothermicity comprised between 16 and 26 kcal/ states in the energy domain of the absorption spectrum and to
mol for reaction 2 which corresponds to the breaking of two the number of dissociative channels. In order to select the
iron—H bonds concurrently with the formation of one— excited states playing a key role in the photodissociation and
bond. It is interesting to note that usually the calculated cost to determine the function of the low-lying triplet excited states,
of this type of reaction is in the range 25 kcal/mol® The we have performed one-dimensional wavepacket propagations
complexity and the number of dissociative channels available along theq, = [Fe—H,] reaction coordinate on spin-orbit
from the low-lying excited states of He(CO) under theCz, coupled potentials. Five excited states have been selected, the
constraint in the FranckCondon region are illustrated by the singlet @B, aB,, and BA; states ranging in the absorption
shape of the potential energy curves in Figure 3. The potential gomain and the%, and 4B, states, both being close in energy
energy curves corresponding to tH8a(3d,, — o¢*) and b'A, to the singlets, the later leading to the primary productstH
(3de—y — 0g*) excited states directly accessible through vertical Fe(CO), in their ground state. The values of the spin-orbit
transition from the ¥\, electronic ground state are dissociative. coupling terms between the singlet and triplet excited states of
The potential energy curve corresponding to tHe,g3de— H.Fe(CO) reported in Table 3 have been obtained through full-
— oy*) excited state presents an energy barrier of the order of C| calculations restricted to ten valence electrons distributed in

(58) (a) Pearson, R. G.; Mauermann, HAm. Chem. Sod.982 104 ten active orbitalsdg, o, og*, ou*, 3d, and the d which correlate
500. (b) Pearson, R. GChem. Re. 1985 85, 41. them)>°® The spin-orbit interaction has been including at the
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Table 3. Spin-Orbit Interaction (in cmt) between the Electronic
Ground and Excited States obFe(CO)

—
<

S

11— :

'I::‘:
a381 a3A1 a382 a3A2 b3A2 b3Bz Eii” :li : 4 8 8
aA; 280 444 302 33 64 i 17 7
a'By 140 20 113 121 74 il A 6 6
a'B, 14 31 53 138 ’Wlﬁ 1 s 5
b'A; 138 22 78 23 171 S ’ . .
3 3
2 2

Cl level as a one-electron effective operator (eq 1) \ith=

14.0, evaluated in the +S coupling scheme from the iron
atomic splitting in théD configuration. The time evolution of

the wavepacket¥pia,(dat), Paig,(dat), Paig(dat), Pas(Gat),

and Wgza,(0gat) has been followed by propagation on the
corresponding spin-orbit coupled potentials by solving sets of
spin-orbit coupled time-dependent Sairger equatiorf§ using

the values of Table 3 as coupling potentfsFrom the time
evolution of theW 41g,(gat) and W a,(0at) wavepackets on the
spin-orbit coupled potentials 24,(0a) and Via,(0a) one may b
extract the probabilities for observing either the reactigh H
Fe(CO) — H, + Fe(CO}) (a'By) or the reaction bFe(CO) — 1 234567389 L 23456738 9
H, + Fe(CO) (a®A,) as a function of time. An indirect
dissociation of H through tunnelling is observed on théBa
potential with a probability of 2% in 1 ps. ThéB — a%A;
intersystem crossing probability is 0.35% in 1 ps. The results T T T T T
of the one-dimensional simulation along the-H¢ bond
elongation can be summarized as follows: (i) the direct
dissociation of molecular hydrogen on théBa and GA;
potentials is total and ultrafast (a few femtoseconds) leading to
the H, + Fe(CO), primary products in excited configurations;
(iii) the indirect dissociation through thé, is not competitive
with the direct ultrafast dissociation toward H Fe(CO), (!B, foeeeeees Yoo P L L I
b'A,); and (iii) the nonradiationless transitions to the low-lying 34000 35000 36000 37000 38000 39000 40000 41000
triplet states occur in a picosecond time scale and have a rather 50 : | Frewy) :
low probability.

Simulation of the Dynamics on Two-Dimensional Poten-
tials. On the basis of the results reported above, the two low-
lying alB; (b'A’ in Cs symmetry) and BA; (c'A' in Cs
symmetry) excited states, directly accessible under UV irradia-
tion and contributing mainly to the absorption spectrum ef H
Fe(CO), have been used in the two-dimensional simulation. 10 ‘ . ‘ . ' . ™7
The time evolution of the system on these excited states has 34000 35000 36000 37000 38000 39000 40000 41000
been followed by propagation of tH¥yia(0a0n,t) and Weia- Energy (cmrl)

(9a,0p:t) Wavepackets on thepa(ga,0p) and Vea(da0p) poten- Figure 6. Total ow(w) (solid line) and partiabe(w) (dotted line) and
tials under theCs symmetry constraint. The kinetic coupling  os(w) (dashed line) A—A? absorption spectra with contributions
between the two potentials has not been taken into account infrom two competing products channets = HxFe(CO}*— H; +
the present simulation. After the initial& (alA; in C, Fe(CO) andf; = H.Fe(COy— HFe(CO} + CO (a) branching ratio
symmetry)— b*A’ (alB; in C,, symmetry) transition, in a very [o,w]/[B,w] = gu(w)los(w) as a function of the absorption frequency
short time scale (15 fs) the wavepacket evoluates to the

dissociation channel corresponding to theetimination (Figure

5). After 30 fs one observes a splitting of the initial wavepacket
in two parts: the main fraction leads to the primary products . . . C T ;
H, + Fe(CO) (bA") in 40 fs, the remaining part dissociates to probab|llty of t_hl; primary reaction increases with the wave-
the carbonyl loss primary products in a time scale of the order length O.f |rrad|at|or1.

of 100 fs. The two concurrent primary reactions (reactions 2  The time evolution of thélcix(dadnt) wavepacket on the
and 5) are observed on theiN(qa0p) potential originating in ~ Vc'a(GaGb) potential, originated in the'\; (3d¢—y2 — og”)

the @B, (3d,,— 0g*) excited state. The probability of the minor ~ €Xcited state of bFe(CO), has been followed as a function of
reaction, namely the dissociation of a CO ligand, deduced by the time. pesplte the dissociative character of.th|s pqtent|al in
integration over the whole reaction time of the probability Poth directions, the FeH, and the Fe-CO elongations (Figures
current density (eqs 6 and 7) is of the order of 4%. The 3 and 4), th_e initial wa_ve_pac_ket turns entirely into the ch_annel
branching ratio between the two concurrent reactiors Hy- porrespondlng to the elimination okl a total ultrafast reaction
Fe(CO)* (alB1) — H, + Fe(CO) and = H,Fe(CO)*(alB,) in less than 40 fs.

— HaFe(CO} + CO has been determined as a function of the ~ Reverse Oxidative Addition. In a previous qualitative

absorption frequency on the basis of the partial absorption analysis of the reverse oxidative additi$hobserved under
visible irradiation at low temperatuféwe had proposed three

(59) Cardoen, W.; Ribbing, C.; Heitz, M. C.; Daniel, C. To be published. possible hypotheses to explain the mechanism of this reaction.
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Figure 5. Time evolution of the|lIft1]A'(qa,qb,t)| wavepacket on the
V(AY) potential.
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spectra (Figure 6). The elimination of molecular hydrogen is
the major process overall the absorption region and the
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One of these hypotheses was based on spin-orbit interactionghan 100 fs. The simulation of the photodissociation dynamics
considerations. This hypothesis is supported by the presentin two dimensions leads to the following conclusions: (i) the
work. Indeed, on the basis of the results reported in Table 3, elimination of H is the major process under irradiation in the
the spin-orbit coupling between th&g electronic ground state UV domain of energy; (i) the time scale of the photoelimination
and the @B, excited state which correlates with the primary of H, is of the order of a few tens of femtoseconds; (iii) the
products H + Fe(CO), in their ground states has a value of dissociation of the axial CO ligand is a minor process occuring
444 cnr! at the equilibrium geometry. Moreover the shape of within 100 fs; (iv) among the number of excited states present
the corresponding PEC (Figure 3) presents a crossing around an the UV region, only two singlet excited states contribute
Fe—H, distance of 3.0 A. Even if the spin-orbit interaction significantly to the absorption spectrum. These conclusions
has not been evaluated as a function of the reaction coordinateagree rather well with the experimental findings in low
according to recent simulations of intersystem crossing processedemperature matrices experiments, namely an exclusive elimina-
in organometallic§? this value is large enough to induce tion of H, in H,Fe(CO), and an absorption band around 270

radiationless transitions. nm. Moreover, a time scale of 100 fs for the carbonyl loss is
in accord with the recent results of time-resolved experiments,
Conclusion using ultrafast laser pulses, reported for transition metal car-

. . _ bonyls in gas phas®. The present work which reports the
Electronic ground and excited states CASSCF/CC_I potential complete simulation of the photodissociation dynamics of H
energy surfaces have been calculated as a function of tWope(CO) including all excited states in a two-dimensional
coordinates, and g, corresponding to some primary photo-  scheme has enabled us to propose a semiquantitative under-
dissociation pathways of 4#te(CO), namely the elimination  standing of the mechanism. The low efficiency of intersystem
of Hz and the dissociation of an axial carbonyl ligand. The ¢rgssing processes and the main features of the absorption
number and the diversity of excited states situated in a ratherspectrym indicate that only a few excited states participate to
limited domain of energy (less than 2.0 eV in the UV region) the whole photochemical behavior of the molecule. The time
leads to a complicated network of dissociative or weakly bound gcales of the direct dissociations (less than 100 fs) justify the
triplet and singlet curves characterized by several energy barriers;mitation of degrees of freedoms to two reaction coordinates,
due to ayoided crossings.. Thi§ t.heoretical work iIIustrates the at least in a first approximation. However, a more detailed
complexity of the photodissociation mechanisms operating in jnyestigation of the potentials could display the importance of
organometallics and points to the limits of a qualitative study other degrees of freedoms or point to other reaction paths. This

which would be based on molecular orbitals diagrams coupled \york hased on Gradient CASSCF calculations, is in progress.
with an analysis in terms of bonding and antibonding character.
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