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Electronic Structure of the Lowest Excited States of Cr(CO)(2,2-bipyridine): A CASSCF/
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The visible and UV absorption spectra of Cr(G®py) are interpreted according to CASPT2 calculations based

on CASSCF reference wave functions using atomic natural orbital (ANO) basis sets. The excitation energies of
the lowest singlet MLCT (metal-to-ligand-charge-transfer) states range between 12 630 and 17 580 lcay
originate in the excitation of chromium d electrons to the lowesi,y orbital of by local symmetry. Dipole
transition moments calculated for individual MLCT transitions show that the only transition expected to contribute
significantly to the intense absorption band in the visible spectral region is#he-ab'A; transition calculated

at 17 580 cmt. This result agrees very well with the experimental spectra recorded in weakly solva@hg C
characterized by a band at 17 700 ¢m The low-energy emission band at 12 850¢rhas been attributed to

the lowest @B, state calculated at 12 560 ¢ The next set of excited states corresponding to—8a*ppy.5
excitations range between 25 370 and 26 200cfor the singlets and between 24 630 and 25 750cfor the

triplets. The singlet excited states corresponding te d excitations are calculated between 29 650 and 37 360
cml. These results show that the intense absorption in the near-UV spectral region originates in strongly
overlapping absorption bands due to closely spaced transitions into MLLEan@&dd excited states, respectively.

The &B; excited state corresponding to the 3¢+ 3d2 excitation, proposed as photoactive in the mechanism of
the efficient CO loss under irradiation at 27 630 ¢iis calculated at 36 320 crh and is far too high to be
directly populated in these photochemical studies. Its mixing with one or several low-lying (singlet) MLCT
states at the early stage of the reaction path could be responsible for the observed primary reaction. A comparison
between the excitation energies of the lowest singlet states of Cf({y) and Cr(CO)dab) is reported. The

most significant feature is the lowering of the MLCT excited states on going from the bpy-containing molecule
to its dab (1,4-diaza-1,3-butadiene) analog.

Introduction unknowns still remain regarding the nature of the reactive
excited states (metal centered, MLCT), the role of the low-lying
triplet excited states, the mixing of different types of excited
states along the metaCO elongation, and the excited state
dynamics.

The quantum yieldP of the photosubstitution reaction

Transition metal carbonyls with low-lying MLCT states
exhibit specific photochemical and photophysical properties
which may be used to promote different applications such as
energy/electron transfer processes or photosubstitution redctfons.
The detailed mechanism of the CO photosubstitution in this class
of molecules, of which Cr(CQ{bpy) is representative, sustains
a longstanding controverdy!®> Despite of the experimental
activity performed in this field in the past 10 years, many

Cr(CO),(bpy) + PPh LA Cr(CO)(PPh)(bpy)+ CO (1)

has been measured with high precision as a function of the
irradiation wavelength in different solvents’® Pressure
dependence of quantum yields at different wavelengths of
excitation was studied for an analogous photosubstitution of Cr-
(CO(phen) by phosphines and phosphfté3. According to
these experiments, the photosubstitution quantum yields decrease
abruptly with decreasing excitation energies in the near-Uv
region, followed by a slow, nearly linear decrease in the visible
region corresponding to the MLCT absorption. The reaction
(1) is rather efficient@® > 1072) on irradiation into the visible
MLCT absorption band (532 nm or 18 800 cth These results
have been rationalized as follows: (i) the photosubstitution
reaction (1) follows a dissociative mechanism regardless of the
excitation wavelengths; (i) direct irradiation into the dissociative
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orbital (ANO) type3 are the following?* for the chromium atom
\CO a (17,12,9) set contracted to [6,4,3], for the first-row atoms a
(10,6) set contracted to [3,2], and for hydrogen atoms a (7) set
contracted to [2].
Cco Complete active space SCF (CASS&Rjalculations were
carried out to obtain wave functions which are used as references
Vi N\ /N \ in the second-order perturbation calculattén.The natural
_ _ orbitals of CASSCF wave functions, averaged over the lowest
(two or three) states of a given symmetry, form the one-electron
basis of the CASPT2 which provides the first-order wave
function and the second-order energy in the full space of
configurations generated by this basis. In the CASPT2 calcula-
| 1 e - e tion, only the valence electrons, namely the metal 3d and the
evels of the'MLCT state, competitively with the vibrational — so.,nd_row atoms 2s and 2p electrons, were correlated. Since

relaxgtion. A simple gnalysis in terms of bond.ing and anti- - interest centers mostly on the lowest excited states of Cr-
bonding molecular orbitals involved in these excited states haS(CO)4(bpy) corresponding to 3d~ m*ppy and 3d — 3d

proposed a pasymmetric vibronic activation of the MCO
bond by the optical excitatiolf. A mixing of the metal-centered
anq MLCT states may result fr.om this asymmetric distortion. occupied orbitals with a significant metal contribution were
This rather qualitative explanation has to be enhanced by MOrejcluded in the CASSCE active space. Ten electrons are

soph|st||catedd Ith]?orlt_atlca(Ij ZI.Ud'eS.' Wh'Ch could Ieao_l o more o rrelated in 11 (or 12 when the bpy(ay) orbital is included)
general model of a ligand dissociation on MLCT excitation. A 5 ive orbitals. A level shift corrected version of the original

DV —Xa study*® of the lowest excited states of the title molecule -~ gp1o program (so-called LS-CASPT?2) was used in order
predicted the lowest MLCT excited states at about 23-000 to avoid intruder states problerts

1 * i i
30103 cn* and the lowest bpya( %) excitations at 36 000 In order to determine a coherent strategy for a subsequent

1 o )
and 42 006-45 000 cni*. The calculated excitation energies dstudy of the CO photodissociation pathway (reaction 1), several

were not improved by a subsequent Cl treatment and remaine lculati ; d for the | ded model
overestimated by more than 0.5 eV with respect to the reported calculations were performed for the less crowded model system
Cr(CO)L (with L = dab= 1,4-diaza-1,3-butadiene) (Chart 1)

experimental visible absorption band between 17 700 and 19 750On the basis of 8e10a CASSCF wave functions, the dynamic

-1
em - . . . . part of the correlation energy having been taken into account

The am of the present study IS to investigate the nature andeither at the CASPT2 level using ANO basis sets, as described
the relative order_ of the low-lying excited states of C_f@o) above, or at the CClI lev& using Wachters type basis sets as
(bpy) on the basis of CASSCF/LS-CASPT2 calculations and ¢y, for the chromium atom a (15,11,6) set contracted to

to assign the experimental absorption spectrum. Recent th‘?0'[9,6,3],30for the first-row atoms a (10,6) set contracted to [4%2],
retical studies reported for the calculation of excited states in and for hydrogen a (4) set contracted to 32].
transition metal compounds have shown that the CASSCF/ The calculations were performed either with the MOLCAS-3

CASPT2 approach gives results in rather good agreement with .
the experimental spectra when availablie?® Another goal of quantum chemistry softwaiteon an IBM RS6000/390 worksta-

this work is to define a starting point for a subsequent study of
the photodissociation of Cr(C@bpy) on the basis of state

(N”,,,,‘ ___‘N\\\CO basis sets which are of generally contracted atomic natural

bpy:
Figure 1. ldealized molecular structure of Cr(C{py).

very efficient CO loss; (iii) a lower quantum yield CO loss
occurs from directly excited (near) Frane€ondon vibronic

excitations, mainly the 3d orbitals and the 4d which correlate
them, the lowest bpyr* (b, and a) orbitals, and doubly
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Table 1. CASSCF and CASPT2 Total Energies (in hartrees) of the Cr{®Py) Electronic Ground State, Lowest MLCT and Metal-Centered
Excited States, and Corresponding Weightsf the First-Order Reference Wave Function in CASPT2

state principal configuration CASSEF CASPT2 W
d'A; (3d)%(3d,)?(3d2-2)1(3d2)* —1986.07639 (0.69) —1987.91734 0.710
c'B; (3d)Y(3d,)%(3de-2)%(3d2)* —1986.07596 (0.61) —1987.92207 0.709
b'B, (30k)4(3d,)1(3d2-,2)2(3cky)* —1986.09596 (0.65) —1987.93615 0.710
cB; (3d)}(3d,)3(3de-,?)3(3d2* —1986.10395 (0.67) —1987.94390 0.710
A1 (3d)?(3d,)%(3de-»)1(3d2)* —1986.10777 (0.88) —1987.94695 0.711
c'B; (30)%(3d,)%(3de-2)1(3dky)* —1986.11577 (0.91) —1987.95245 0.711
8, RS “loge.13319 (0.0 “1087 568" 0711
2_2)(m* - . . - . .
b381 §3$21§333253$Lyy32§n*t;zjzgl —1986.13549 go.s&; —1987.97188 0.711
clA; (3dxz)2(3dyz)1(3dx2—y2)2(7[*bpy:ag)l —1986.13512 (0.82) —1987.97368 0.713
b3A, (3dey%(3d,51(3de—2)2(70* bpy.2)* —1986.14117 (0.84) —1987.97704 0.711
b®B, (3d)%(3d,)%(3de-2)1(3dky)* —1986.14216 (0.91) —1987.97786 0.711
b'A, (3dxY(3d,)2(3d-2)2(71* bpy,p)* —1986.16868 (0.87) —1988.00746 0.710
&AL (3d)1(3d,,)2(3d-y2)%(7* bpy, )" —1986.17317 (0.88) —1988.01554 0.711
alB; (30)4(30) 1 (3d2-2) (7 bpy,)* —1986.18870 (0.90) —1988.02172 0.712
B, (3d)4(3d,)Y(3d-y2)2(7* bpy, )" —1986.18970 (0.87) —1988.02546 0.711
aB; (3dk2)2(3d,) (30— (7 bpy,)* —1986.18496 (0.87) —1988.03002 0.709
aB: (3d)4(3d,)%(3d-y2) H(7* bpy, )" —1986.18408 (0.85) —1988.03035 0.709
aA; (3d)%(3d,,)%(3de-y2)? —1986.27156 (0.91) —1988.08756 0.715
—1986.26598 —1988.08922 0.713

2 |n parentheses are reported the CASSCF coefficients on the principal configuPa@ia8SCF including ther* 5, Orbital in the active space.

tion or with the coupled systems of programs ARG®&nd
ASTERIX?? interfaced to the CC38

Experimental Details

The Cr(CO)(bpy) complex was prepared by a previously
published proceduf® and recrystallized from a Ci&l—

The only indication for a presence of low-lying MLCT
transitions of a different orbital origin comes from the diffuse
reflectance spectrum of solid Cr(CfHpy) which shows a weak
“tail” between ca. 680 and 780 nm (14 710 and 12 820%Ym
MLCT absorptions for Cr(CQfR-dab) complexés® (R-dab

= R—N=CH—-CH=N-R) occur at lower energies than those

isooctane mixture under a nitrogen atmosphere. The solventsfor Cr(CO)(bpy). For example, a strong band at 17 700°¢m
used were purified as described in ref 13. Absorption spectraWas found in GHg for Cr(CO)(tBu-dab)?®
were recorded for degassed solutions under an argon atmosphere The high-energy absorption of Cr(Cfhpy) in the near-UvV

on a Carl-Zeiss-Jena M40 spectrophotometer.
reflectance spectrum was recorded for Cr(gh)yy) dispersed
in a KNO; pellet on a Perkin-Elmer Lambda 19 spectropho-

tometer equipped with a 60 mm integrating sphere, model B0O13-

9941.

Results and Discussion

CrCO) 4(bpy) Absorption/Emission Spectra. Cr(CO)(bpy)
exhibit$712.13.37.383n intense absorption band in the visible
region and even stronger absorption in the UV region, at
energies above ca. 22 000 thh The position and extinction
coefficient of the visible absorption band is strongly solvent
dependent: @H,Cl,, 19 750 cnr?, 3715 M1 cm; CgHe,
18900 cnt?, 3970 Mt cm™; toluene, 18 690 crit, 4196 M1
cm L 6/1 (viv) GCly/CeHg mixture, 17 700 cmi, 4411 M
cm~1. The bandwidth is rather large, ca. 3400¢rin toluene.
On the basis of this strong solvatochromfsi®and the ligand
substituents’ dependenéethe visible absorption band was
attributed to the MLCT transition(s). This conclusion is

The diffuse spectral region is only poorly resolved. In theGL/CsHe (6/

1, viv) mixture, a broad band is apparent at 25 800%m =
5734 M1 cm 1, while only a shoulder at 24 0627 000 cnt?
occurs in GHg or toluene. Another maximum at 30 000 thn

(e = 6650 M1 cm™1) superimposed on a strong broad
absorption was observeéh CgHs. Both UV absorptions for
the second unoccupiet*py,5 and for z* co orbitals, as well
as bpy-localized intraligand transitions, are expected in this
spectral regiofi:3738 On excitation at 25 000 cnd, Cr(CO)-
(bpy) shows in benzene solutie two weak emission bands
at 16 000 and 12 850 cm, respectively. They were assigned
to emissions from two different MLCT states which, presum-
ably, are in thermal equilibrium. Excited state lifetimes have
not been reported.

CrCO)4(bpy) Excited States. The total CASSCF and
CASPT?2 energies obtained for theAzelectronic ground state
and the lowest singlet and triplet excited states of Cr¢{€p)y)
on the basis of the 10el11a CASSCF space are reported in Table
1. The quality of the CASSCF active space with respect to the

supported by a close correspondence between the resonancéubsequent CASPT2 perturbation treatment is warranted by the

Raman spectfd of Cr(CO)(bpy) and Ru(bpyf*. Qualitative
molecular orbital arguments shé# that the d, — 7*ppy
transition should be the most important contributor to the MLCT

nearly constant weights (0.709< w < 0.715) of the CASSCF
reference wave function in the final first-order CASPT2 wave
function. The lower limit of the CASPT2 contribution to the

absorption because of the overlap between these two orbitals correlation energy is 1.816nHor the &A; electronic ground

(34) Andersson, K.; Blomberg, M. R. A.;'"Beher, M. P.; KelloV.; Lindh,
R.; Malmgqvist, P. A.; Noga, J.; Olsen, J.; Roos, B. O.; Sadlej, A;;
Siegbahn, P. E. M.; Urban, M.; Widmark, P.-O. MOLCAS-3.
University of Lund, Sweden, 1994.

(35) Pitzer, RJ. Chem. Phys1973 58, 3111.

(36) Stiddard, M. B. HJ. Chem. Sacl962 4712.

(37) Saito, H.; Fujita, J.; Saito, KBull. Chem. Soc. Jpril968 41, 359.

(38) Saito, H.; Fujita, J.; Saito, KBull. Chem. Soc. Jpri968 41, 863.

(39) Grevels, F. W.; Snoeck, T. L.; Stufkens, D. J.7&KcA., Jr. To be
published.

(40) Staal, L. H.; Stufkens, D. J.; Oskam, Worg. Chim. Actal978 26,
255.

state, in agreement with a better description of the correlation
effects in this state at the CASSCF level and a larg€0.715)

at the CASPT2 level. In the excited states, the CASPT2
correlation energy ranges between 1.835 and 1.846THhe
lowest excited states of Cr(Cghpy) are nearly pure with
CASSCEF coefficients on the principal configuration greater than
0.80. The other configurations present in the Cl expansion of

(41) Manuta, D. M.; Lees, A. Jnorg. Chem.1983 22, 572.
(42) Finger, K.; Daniel, CJ. Am. Chem. Sod.995 117, 12322.
(43) Daul, C.; Baerends, E. J.; Vernooijs,Iforg. Chem 1994 33, 3538.
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Table 2. Calculated CASSCF and CASPT2 Excitation Energies (in 2900 cntl. This suggests that this emission occurs from the
cm) for the Lowest Excited States of Cr(C{Bpy)

one-electron excitation
in the principal configuration

lower, presumably3B;, state. The low-energy emission could
then originate in the 38, state. Calculated energies of these
states are 13 630 and 12 560 ¢imrespectively. Their com-

CASSCF CASPT2 . . . o .

A — B Fpp— 19200 12560 parison with the experimental emission energies, 16 000 and

A o2 de-y 7T oy 12 850 cnt?, has to be only qualitative because of the solvent
Ehs a8, 3de - = T oy 19000 12630 effect on the emission energ?® and because of geometry
a'A; — B 3 77 bpy, 17 970 13 630 , ! _ _
alAia alsll 33? n*r:;yyz 18 190 14 450 relaxation effects which are not taken into account in the present
aA, — A, 30— 7T bpy.b 21 590 15 800 calculations. However, a recent study, based on Gradient-
aAL— b;Al 3de— 7% bpy 22 580 17580 CASSCF geometry optimization, of the relaxation effects in the
dA— 0By 3de-y— 3dy 28400 24 080 lowest3MLCT of the model system HMn(C@)dabf* seems
aAr— bA; 3d;— T bpy.a 27 390 24 630 . L . .
aA; — CIA, s 28720 25 370 to indicate a small deviation on going from the electronic ground
alA, — 3B, 30— 7* by 28 640 25 750 state to the lowesEMLCT excited state. Such a heavy
aA1—b'B,; 3d,— n*b?;,z 29 140 26 200 calculation cannot be performed on the large title complex.
dA, — b’B, 3d,—3dy 32460 28 230 The next excited states reported in Table 2 are of MLG)T(a
gllﬁlig 21 gi—yz:ggz‘? 3‘5" %gg g)g ggg type, corresponding to 3e~ 7*upy,, excitations and range
alAia éB; 3d, 123d22 36 790 31530 between 25 370 and 26 200 chfor the singlets and between
alA; — b'B, 3d;—> 3d, 38 540 32 230 24630 and 25750 cm for the triplets. The corresponding
alA;— clB; 3d,— 3dz2 42930 36 320 dipole transition moments associated with the singlets are
aAy— d'Ay 3de-2 — 3dz 42830 37360 reported in Table 3 and are around 2 times smaller than the

Table 3. Calculated Dipole Transition Moments (in au)
Corresponding to the Ground State to Lowest Singlet State
Electronic Transitions in Cr(CQ(bpy)

dipole transition moment associated with the low-lying\b
MLCT state. The singlet excited states corresponding te d

d excitations are calculated between 29 650 and 37 360,cm

in agreement with the experimental absorption spectra reported

transition H above. The associated dipole transition moments (Table 3) are
MLCT(b,) aA,—aB; 0.02 7—24 times smaller than the one calculated for the low-lying
:11':1 _ ziill g'gg b'A; MLCT state. The calculated energy (29 650 ¢jof the
MLCT(a0) QA — CIA, 12 lower one of the two intense dd transitions, namebjxa—
alA; — blB, —1.49 c'B;, coincides with the absorption band at 30 000 ém
dd adA;—c'B; 0.33 observed in benzene. These results show, however, that the
aiA1—> biBz 0.37 intense absorption in the near-UV spectral region originates in
;ﬁi:glii *8-(1% strongly overlapping absorption bands due to closely spaced

transitions into MLCT(g) and dd excited states, respectively.

the CASSCEF solution correspond to double excitations in the d Both the energetic (Table 2) and intensity (Table 3) consider-
space of the metal and represent correlation effects. For theations indicate that the near-UV irradiation in the 3380 nm
¢*B; and dA; excited states, the low coefficients of 0.67 and range (28 16925 000 cnTl) used in previous photochemical
0.69, respectively, express a mixing (or delocalization) of and spectroscopic experimetd? 15 initially populated domi-
molecular orbitals which does not correspond to a mixing of nantly the MLCT(a) excited state(s), instead of the dd ones.

states. On the contrary, théBy and éB, states are character-

The dB, excited state corresponding to the,3e> 3dz2

ized by a large state mixing. Indeed, the Cl expansion of the excitation has been proposed as photoactive in the mechanism

CASSCEF solution of theB, state contains more than 20% of
the dB, component and the expansion of tAiBgstate contains

nearly 30% of the 8, component.
The CASSCF and CASPT2 calculated energies for excitation studies, 27 630 cnd. Although the B, state obviously was

to the lowest excited states are reported in Table 2. At the not populated by the optical excitation, its mixing with one or

CASSCEF level, the excitation energies are overestimated byseveral low-lying (singlet) MLCT states at the early stage of

around 5000 cm! because of the neglect of the correlation the reaction path corresponding to the CO loss could be

dynamic effects. The lowest singlet MLCT states range betweenresponsible for the observed primary reacfidrSuch a mixing

12 630 and 17 580 cm above the ground state, the corre-

of the efficient CO loss under UV irradiatidd. However, its
energy, calculated at 36 320 cfp is far too high compared
with the maximum excitation energy used in photochemical

between dissociative and quasi-bound excited states has been

sponding triplets, nearly degenerate, lying between 12 560 andshown to lead to the MH homolysis in HM(CO}(a.-diimine)

15800 cm~1. They originate in the excitation of chromium d
electrons to the lowest*,y orbital of by local symmetry.
Hereinafter, they will be denoted MLCT{p Dipole transition

complexes?
The calculated singlettriplet (S—T) energy splitting is rather
small for MLCT states, 1780 cm for b'A;, while much smaller

moments calculated for individual MLCT excitations, reported values, 820 and 70 cm, were obtained for the aBand aB
in Table 3, show that the only transition expected to contribute states, respectively. Also the MLCTjastates show small
importantly to the intense absorption band in the visible spectral values of S-T splittings, 740 and 450 cm. On the contrary,

region is the & ; — b'A; transition calculated at 17 580 ct

the S-T splitting is much larger for the dd excited states,

This result agrees very well with experimental spectra, especially ranging from 4000 cm for bB, to 6500 cn1 for d*A;—c3A;

those measured in weakly solvatingGly; vide supra. The
MLCT transitions to the ¥ and @B, excited states occur with

states. Despite the differences in theSsplittings, the lowest
triplet dd state, ¥4, is 6500 and 8280 cm above the highest

dipole transition moments 4 and 120 times smaller, respectively. singlet and triplet MLCT(p) states, respectively, and even much
At most, they might contribute to the asymmetry of the more above some of the excitation energies used in the
absorption band and/or to the low-energy tail (between 12 820 photochemical experiment. The energy differences between
and 14 710 cm?) observed in the solid state spectrum.

The calculated energy difference betweéipand FA,
1780 cntl, is smaller than the energy difference between the

dd and MLCT(b) states are also much higher than the activation
energies, 13491426 cnt! measure# for the photodissociation

maxima of the absorption band and of the high-energy emission, (44) Guillaumont, D.; Daniel, CChem. Phys. Letf1996 257, 1.
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Table 4. Comparison between the CASPT2 Energies of Excitation to the Lowest Singlet States of ff§JGD)= dab, bpy) Using Various
Computational Strategies

one-electron excitation L
in the principal configuration bpy (CASPT2) dab (CASPT2) dab(CASSCF/CCI) with Davidson correction
a'A, — a'B; 3de_2— 7* gan 12 630 6 900 7630 7180
a'A, — a'B; 3dy;— 7 gan 14 450 9500 9580 9845
a'A,— blA; 3de— 7 an 17 580 15920 17 450 16 720
a'A,— b'B; 3de-2— 3dy 29 650 27 415 27980 27 140
a'A;— b'B; 3d,,—3dyy 32230 30895 32850 30 180

(1) induced by MLCT excitation. The results of the present  The photoreactivity of Cr(CQjbpy) under different condi-
calculations support the earlier conclusi&rig that the CO tions of irradiation may be analyzed through the main features
dissociation induced by irradiation into the MLCT absorption of the theoretical spectrum, which is characterized by three well-
band cannot be explained by a back-population of a dissociativeseparated and well-defined spectral regions: (i) a first series of
dd state from @MLCT(b,), or even a'MLCT(by), state. MLCT states between 12 560 and 17 580émorresponding
CrCO)4L (L = dab) Excited States. Comparison between  to 3d— z*ypy.1, €Xcitations; (i) a second series of MLCT states
the CASPT2 excitation energies of the lowest singlet states of between 24 630 and 26 200 chtorresponding to 3e> 7%y
Cr(CO)(bpy) and the excitation energies of the corresponding excitations; (iii) an upper domain of the spectrum between
states of the model system Cr(G(@jab) are reported in Table 28 230 and 37 360 cnt assigned to metal-centered transitions
4. The most significant feature is the lowering of the MLCT  corresponding to ¢~ d excitations. Irradiation under visible
excited states on going from the bpy containing molecule to its jight will bring the system into the low-lying MLCT states
dab analog. Indeed, the energies for excitation to the lowest presumably quasi-bound with respect to the CO loss. The
MLCT states follow the degree of conjugation within the  presence of late energy barriers along the reaction path, due to
acceptor ligand. A low degree of conjugation will lower the  ayoided crossings between these low-lying MLCT states and
MLCT excited states by more thai, eV, while, obviously,  ypper dissociative statédwill govern the low-energy reactivity.
the metal-centered excited states will be less affected by thisThe efficiency of reaction 1 will depend on the facility for the
-acceptor effect. An illustration is given by the calculated low-  gystem to overcome these barriers either in a direct fashion, or
energy shift (1660 cr¥) for the &A; — b'A, transition, which through tunneling. These processes will compete with the
agrees rather well with the observed red shift of 1200°tan deactivation through intersystem crossing to the low-lying
going from Cr(CO)(bpy) to Cr(CO)(tBu-dab) in a benzene s\ cT states followed by nonradiative and inefficient radiative
solution. According to the results reported in Table 4, the less deactivation to the ground state. Irradiation under 355 nm
crowded Cr(CO)dab) molecule could be used as a model (28 170 cnT1?) in the near-UV region will populate the second

Sftfm tfo.rt ths tstuo(ljy of mgtal-ce?tered (dd)l de_?citeg Isttz;\]te series of MLCT(a) states near the higher dissociative metal-
pho Og.c vity, bu ufnherbno C|rcur|ns ?hnces t::(l:/IuL C'II' m? € € centered excited states. The interaction between the dissociative
photodissociation of the bpy complex throug activation. - iates and these MLCTfestates may generate energy barriers
Conclusion at the early stage of the_reaction pa}thway _corre_zsponding to the
] ] o CO loss. The system will have sufficient vibrational energy to
__This work represents the first quantitative study based on ab o ercome these energy barriers and reach the dissociative part
initio calculations of the electronic structure of the lowest excited ¢ ihe corresponding potentials in order to dissociate efficiently

states of a transition metal complex with a larg@cceptor o 5 very short time scale (a few hundred of femtoseconds).
ligand u_sed In phot_ochem|cal experlmen_ts. The |_nFense So_lva'Such a mechanism, based on a simulation of the photodisso-
tochromic absorption band observed in the visible region ciation dynamics through wavepacket propagatfonas been

(between 17 700 and 19 750 chhis attributed to the &\ ; — - .
e . . proposed for an efficient MR homolysis in the model system
1 1
b'A; IMLCT transition calculated at 17 580 cthwith a dipole HMn(CO)(dab) under irradiation in the near-UV energy

transition moment 4120 times larger than for the other MLCT domain. A detailed knowledge of the potential energy curves

states found in the same energy domain. The high-energy . : '
absorption feature in the near-UV spectral region between fgf%fgﬁ;ﬁirst;e COloss in Cr(C4hpy) is necessary confirm

24 000 and 27 000 cmi is assigned to the second series-of
MLCT states corresponding to excitations of chromium d
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