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Early excited-state dynamics of [Cr(CO)4(bpy)] were studied in a CH,Cl, solution by picosecond time-resolved IR
spectroscopy, which made it possible to characterize structurally the individual species involved and to follow
separately the temporal evolution of the IR bands due to the bleached ground-state absorption, the fac-[Cr(CO)s-
(Sol)(bpy)] photoproduct, and two 3MLCT states. It was found that the fac-[Cr(CO)s(Sol)(bpy)] photoproduct is
formed alongside population of two SMLCT states during the first picosecond after excitation at 400 or 500 nm by
a branched evolution of the optically populated excited state. Vibrationally relaxed SMLCT excited states are unreactive,
decaying directly to the ground state on a picosecond time scale. The photoproduct is long-lived, persistent into
the nanosecond time domain. Changing the excitation wavelength from 400 to 500 nm strongly increases the
extent of the bleach recovery and decreases the yield of the photoproduct formation relative to the initial yield of
the population of the unreactive MLCT states. The photochemical quantum yield of CO dissociation also decreases
with increasing excitation wavelength (Vichova, J.; Hartl, F.; VIcek, A., Jr. J. Am. Chem. Soc. 1992, 114, 10903).
These observations demonstrate the relationship between the early dynamics of optically populated excited states
and the overall outcome of a photochemical reaction and identify the limiting role of the branching of the initial
excited-state evolution between reactive and relaxation pathways as a more general principle of organometallic
photochemistry.

Introduction transfer from the ®ICr(0) atom to ther-accepting bpy ligand
induces dissociation of a spectator CO ligand that is

Cr(COu(b is an excellent model complex for studyin
[Cr(COX(EPY)] P ying accompanied by solvation (Scheme 1, top):

the structural and chemical effects of metal-to-ligand charge

transfer (MLCT) electronic excitation, which leads to CO

hv,Sol

loss!~17 This is an intriguing case wherein optical charge [CT(CO),(bpy)] —— fac[Cr(CO)(Sol)(bpy)]+ CO (1)
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IR Spectroscopic Study of [Cr(CQ(2,2-bipyridine)]

Mo, W) congeners and other mixed-ligand carbonyl com-  The time-resolved spectroscopic techniques have been described
plexes such as [Mn(X)(CQ(u-diimine)], [Fe(CO}(a-di- in detail elsewheré®In brief, a Ti:sapphire regenerative amplifier,
imine)], [Fe(CO}(1,4-MeN,)], and [Ru(Xk(CO)(a-di- operating &a 1 kHz repetition rate, produces 800 nm pulses of a
imine)] %14.151727 Besides addressing fundamental questions €& 200 fs QUration (fwhmdt This laser output is split into two.
about the mechanisms of photochemical bond activation, O"€ Peam is frequency-doubled to produce 400 nm, 200 s pulses.
investigations of these reactions can reveal efficient ways This beam is used either directly to pump the sample or to generate

¢ d ful hiahl fi dinativel turated a 500 nm pump beam in an optical parametric amplifier. The second
0 produce usetul highly reactive, coordinatively unsaturate part of the 800 nm beam is directed to an optical parametric

species. Previous studies of the photochemistry of [Cr{CO) - 5mpjifier that uses difference frequency generation in an AgGaS

(bpy)], and the closely related [Cr(C@phen)], have estab-  nonlinear material to provide ca. 200 fs IR probe pulses, tunable
lished the dissociative mechanism of the reaction 1 by in the “fingerprint’ range 10063000 cnt!. The wavenumber

observing that the quantum yield of photosubstitution is bandwidth of the IR output is 156200 cntl. The IR beam is
independent of the concentration of the incoming ligand, but further split into probe and reference beams. The pump and IR
is pressure-dependent, with a positive volume of activation. probe beams are focused to less than2@@iameter in the sample
The observation of the dependence of quantum yield on thesolution flowing throug a 1 mmopen jet, whereas the IR reference
excitation wavelength has indicated that CO dissociation is 2&@m bypasses the sample. The relative timing of the arrival of the
an ultrafast process, competitive with vibrational and elec- 400 o 500 nm pump pulses and broad-band IR probe pulses at the
tronic relaxatior:2 The primary photoproductac-[Cr(CO)- sample |s.set using an optical delay line that is placed in the pump
(Sol)(bpy)], has been detected by nanosecond time-resolved;eam optical path. The IR reference and probe beams travel by

. imilar optical paths through two spectrometers where they are
IR spectroscopy, which has also ruled out the presence Ofgpeqirally dispersed onto two Infrared Associates Inc. MCT-13-

any long-lived ¢ 10 ns) excited stateOur previous study  gae arrays of 64 elements each. All 128 signals from the arrays
of the femtosecond time-resolved visible absorption spectraare preamplified (MCT-64000 Infrared Systems Development
of [Cr(CO)(bpy)] has founficomplicated ultrafast dynamics, Corp.) and then captured by a custom-designed sample and hold
involving the initial formation of several transient species analogue multiplexer system, the HX2, designed at the Rutherford
in less than 400 fs, followed by a biexponential decay (8, Appleton Laboratory, before being read into a Datel 416J analogue-
87 ps) that leaves a persistent spectrum attributed to a stabléo-digital converter card inside a standard 500 MHz personal
photoproductfac-[Cr(CO)(Sol)(bpy)]. The early excited- ~ Computer. The data are analyzed in pump on/pump off pairs at 1
state dynamics of [Cr(CQ)ppy)] and their relation to the kHz to create a rolling average of the difference 'IR absqrbance
h ; values at each element. In this way, a ca. 150cwide portion

overall photochemistry of this complex can only be fully

derstood th h th f truct itive ti of a time-resolved IR difference absorption spectrum is obtained,
understoo rqug € use of a struc ur(_a-sen5| !ve Ime'sampled over 64 points. Broad-band spectra are constructed by
resolved techniqu®& such as IR absorption. This can

) 14 e > "' overlapping the spectra measured over several ranges. Finally, each
characterize the individual species involved and distinguish spectrum is shown as a difference between the spectrum measured

between their respective kinetic evolutions. at a given time delay after excitation by the pump pulse minus the
. . spectrum obtained before excitation.
Experimental Section A time-resolved visible absorption spectrum was obtained using

the same laser setup and a white-light continuum as the probe

The [Cr(CO)(bpy)] was prepared according to a modified ' ]
beam*2832The measurement was performed on a flowing solution

literature procedure, as described previodS§pectroscopic quality

CH,Cl, and pyridine solvents were obtained from Aldrich. ina 2 mmeell.
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17) Fu, W.-F; Eldik, RInorg. Chem.1998 37, 1044. ;
§l8; Fu W, F van Eldik Rggagnomgtrglli?sl%gflg 572. absorption spectra of [Cr(Caippy)], measured from a GH
(19) Grevels, F.-W.; Kerpen, K.; KlotZlsher, W.; Schaffner, K.; Goddard, Clz solution at selected time delayS after excitation with 400
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state spectrum to the time-resolved difference spectrum. The
intensity of the added spectrum was scaled commensurately
to the intensity of the bleached 1901 chhpeak.) This
spectral pattern can be attributed t&€a cis-tetracarbonyl
species. The 2069 crhis due to the in-phase Avibration,

the B, and A modes give rise to the broad 192R030
cm ! feature, and the-1850 cm band corresponds to the
B, mode. These transient spectral features are shifted to
higher wavenumbers by ca. 600 cn! relative to the
corresponding’/(CO) bands of the ground state [Cr(GO)
(bpy)]. This upward shift is characteristfc®® of a MLCT
excited state and allows us to attribute the 2069, +22IB0,
and~1850 cm! IR features to Cr— bpy SMLCT excited
state(s) of [Cr(CQ)bpy)]. The increase of the/(CO)
wavenumbers on MLCT excitation is caused by a decrease
of Cr — CO m back-donation, which diminishes the
population of 7*(CO) orbitals. In agreement with this
observation, the electron density on the four CO ligands was
calculated to decrease by 0.24 @pon Cr— bpy MLCT
excitation® Broadening of the transient IR features relative
to the corresponding ground-state bands is also typical of
MLCT excited stated’

The 2069, 19262030, and~1850 cm'! excited-state IR
features are absent in the cross-correlation spectrum measured
concomitantly with excitation, i.e., a = 0. They are,
however, fully developed in the 1 ps spectrum, in which they
occur at somewhat lower wavenumbers than in the spectra
measured at 2 ps and later. This fast spectral blue shift is
larger for the 500 than 400 nm excitation, Figure 1. This
emergence of the IR absorption features during the first
picosecond and the subsequent small blue shift are most
probably due to a combined effect of vibrational relaxation
and solvatiort® Decay kinetics were studied at 2069 tm
and at several wavenumbers in the 193088 cn1? range,
intensities decrease over the first 500 ps, due to partial where the IR absorption decays to the base line. The decay
recovery of the [Cr(CQJbpy)] ground state, and then remain  kinetics is biexponential with lifetimes that are, within the
constant. The incomplete recovery demonstrates that someexperiment accuracy, identical to those measured for the [Cr-
of the excited molecules undergo an irreversible photochemi- (CO),(bpy)] ground-state recovery. It follows that thdLCT
cal reaction. The recovery kinetics are biexponential with state(s) are unreactive, decaying directly and quantitatively
lifetimes of 76+ 7 and 8+ 3 ps, as determined using 400 to the ground state. The longer lifetime was determined as
nm excitation. A lifetime of 8Gt 15 ps was obtained using 67 + 15 and 86+ 7 ps using excitation wavelengths of 400
500 nm excitation with the short component being confirmed, and 500 nm, respectively. These values agree very well with
but unresolved numerically. those measured by time-resolved visible absorption spec-

The photoproduced species give rise to two, partially troscopy: 70 and 84 ps using 400 and 500 nm excitation,
overlapping, IR spectral patterns. These are both present fromrespectively. The presence of the short-lived kinetic com-
the earliest times after excitation but have different temporal ponent was confirmed by comparing double- and single-
evolutions: one decaying, the other persistent. They areexponential fits, although it was not always possible to
attributed to the simultaneously form&dLCT excited state- measure its lifetime with a sufficient accuracy. This is
(s) and thefac-[Cr(CO)(Sol)(bpy)] photoproduct, respec- apparently because of small changes in the IR band shapes
tively.

The decaying, transient, absorption pattern consists of a(33) Glyn, P.; George, M. W.; Hodges, P. M.; Turner, JJ.XChem. Soc.,

0.005

0.000

-0.005 +

-0.010

-0.015

A Absorbance

0.004

-0.004 +

-0.008

T T T
1800 1900 2000 2100

Wavenumber / cm™

Figure 1. Time-resolved difference IR absorption spectra of [Cr($0O)
(bpy)] in CH.CI; solution, measured at 1, 2, 10, 30, 50, 100, 200, and 1000
ps after excitation at 400 nm (top) or 500 nm (bottom). The arrows show
the spectra evolution from 1 to 1000 ps. The 1 ps spectrum is shown with
open circles ©). The asterisk (*) denotes the [Cr(C{3H.Cl)(bpy)]
photoproduct bands at 1916 and 1791 éniThe negative and positive
spectral features belong to bleached absorption of ground-state [G¥(CO)
(bpy)] and the photoproduced species, respectively.

weak broad band at 2069 cfy a broad feature between ca.
1920 and 2030 cm, that has an apparent maximum at 1988
cmt and a shoulder at ca. 1950 cthand another feature
at approximately 1850 cm. (The latter feature becomes

Chem. Commuril989 1655.
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fully apparent only after the time-resolved spectrum is (36) George, M. W.; Turner, J. Loord. Chem. Re 1998 177, 201.
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corrected for the bleached ground-state absorption. This Wa%g) Asbury, J. B.. Wang, Y. Lian, TBull. Chem. Soc. Jpr2002 75,

accomplished by a scaled numerical addition of the ground-
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IR Spectroscopic Study of [Cr(CQ(2,2-bipyridine)]

at short time delays after excitation. Nevertheless, values of
54 3 and 74 3 ps were obtained using 400 and 500 nm
excitation, respectively. This biexponential character of the
decay kinetics points to the presence of f#LCT states
whose IR spectra overlap, contributing to the broadness of
the transient IR features. Within the broad 192030 cnmt
transient IR feature, it was found that the relative contribution
of the short kinetic component increasesftimes when

the probe wavenumber is changed from 1936 to 1990'cm

It follows that, while the spectra of the two states overlap,
the fast-decaying®™LCT state absorbs more strongly
between 1936 and 1965 cfy while the absorption of the

longer-lived state predominates between 1970 and 1990

cm L. Previous CASSCF/CASPT2 calculatidéh®iave re-
vealed the presence of two low-lyifyILCT triplet states
aB; and &B; at 1.69 and 1.56 eV, respectively. They
originate in Cr(qy) — s*(bpy) and Cr(dz-y2) — 7*(bpy)
MLCT principal excitations, respectively. (See Scheme 1 for

2.5x10° T T T v T T T T T

2.0x10°

1.5x10°

1.0x10° 7

A Absorbance

5.0x10"

PHOTOPRODUCT
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Figure 2. Time-resolved difference visible absorption spectra measured
at 3 and 400 ps after excitation of [Cr(C/{Bpy)] in pyridine solution.

The 400 ps spectrum belongs to tflae-[Cr(CO)(py)(bpy)] photoproduct.
The dotted curve is the difference between the 3 and 400 ps spectra which

orientation of axes.) Assuming that the higher state decayscorresponds to the8MLCT excited states. (The drop of absorbance below

faster, we can assign the shorter-lived transienfBs and
the longer-lived one as’@;.

The persistent, nondecaying, IR spectral pattern consists

of a broad, weak band at 1791 chand a sharp, intense
peak at 1916 cnt. Such a large peak separation and intensity
pattern are characteristic €dcial tricarbonyls, as opposed
to their meridional isomers, for which an opposite band
intensity ratio and peak separation of ca. 50 €nare
expected. The 1791 and 1916 cm bands are therefore
attributed to thdac-[Cr(CO)(Sol)(bpy)] photoproduct; Sol
= CHCl,. This assignment is further supported by the close
correspondence between the 1791 and 1916'dmands
observed herein with the IR spectrumfat-[Cr(CO)(CH,-
Cl,)(bpy)] measured on the nanosecond time s¢alsharp
band at 1915 cm and a broad band at 1786 chwith a
shoulder at ca. 1809 crh The strong band at 1916 ct
corresponds to the in-phasé ¥bration, while the A" and
out-of-phase Avibrations are nearly degenerate and merge
together to form the broad IR band at 1791 ¢ém

The temporal evolution of the 1916 and 1791 ¢érbands
shows that the formation of th&ac-[Cr(CO)(Sol)(bpy)]
photoproduct is ultrafast, occurring within the instrument
time resolution of ca. 500 fs. Both IR bands are visible in
the spectra measured at cross-correlatiorr Q) in which
the3MLCT features are not yet fully developed, vide supra.
The 1791 cm® band is directly seen in the 1 and 2 ps spectra
(Figure 1), whereas the 1916 cfrband is obscured by an
overlap with the intense negative band at 1901 tm&nd
the broacdPMLCT feature. It becomes fully apparent only in

spectra measured at 10 ps and later when the intensities o

these overlapping features had diminished. Nevertheless

correction for the bleached ground-state absorption has:

confirmed the presence of the 1916 ¢rphotoproduct band

also in the spectra recorded at 1 or 2 ps. The intensity of the

1791 cm? photoproduct band reaches -600% of its
maximum value at 1 ps, corresponding to a ca.-4800 fs
rise time. Over the next 10 ps, it grows further and broadens
slightly with an apparent rise time of 3.4 1 ps. This
behavior is due to the diminishing overlap with the decaying,

550 nm is due to strong bleaching of the ground-state absorption.)

negative, band at 1829 crhand, possibly, to vibrational
cooling and solvation. Later, between 70 and 500 ps, the
1791 cm! band intensity decreases slightty10%) and then
stays constant. The origin of this small decay remains
unclear. It cannot be due to CO recombination since it was
not observed for the 1916 crhband. Neither of the intensity
changes are accompanied by any shifts in the position of
the 1791 cm?® band maximum.

The simultaneous observation of IR bands due to the
SMLCT excited statesand the photoproduct in the 1 ps
spectrum leads to the conclusion that the[Cr(CO)(Sol)-
(bpy)] photoproduct is formed on a subpicosecond time scale,
concomitantlywith the population of the “trapping®™LCT
states, that are unreactive, decaying to the ground state.

These results justify our earlier assumptitrat the visible
absorption measured immediately after laser pulse excitation
of [Cr(CO)(bpy)] is a sum of the spectra of the “trapping”
SMLCT excited states and the photoproduct. This is shown
in Figure 2 where the 400 ps spectrum is assigned to the
fac-[Cr(CO)(Sol)(bpy)] photoproduct and the difference
between the 3 and 400 ps spectra (dotted line) corresponds
to the SMLCT states. The characteristic red absorption of
the bpy~ chromophor&“is clearly visible above 650 nm,
further confirming the assignment of the decaying transient
as3MLCT.

Further insight into the mechanism of photochemical CO
dissociation (eq 1) can be gained from the comparison of

he TRIR spectra obtained using 400 and 500 nm excitation.
Eualitatively, the observed spectral features and their tem-
‘poral evolutions are the same, except for a small difference
in the value of the longer lifetime, 67 and 86 ps, respectively.
However, a more detailed comparison of the two sets of
spectra (Figure 1) shows three important differences: (i) The
extent of the [Cr(CQ)bpy)] ground-state recovery is much
higher after 500 nm than 400 nm excitation, reflecting the

(39) Noble, B. C.; Peacock, R. [Bpectrochim. Actd99Q 46A 407.
(40) Krejak, M.; Vicek, A. A. J. Electroanal. Chem1991, 313 243.
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decrease of the quantum yield of the photochemical CO The picosecond time-resolved IR spectroscopic experi-

dissociation with increasing irradiation wavelengffi) The
ratio of the intensities of the 1916 cihfac-[Cr(CO)(Sol)-

ments described above have allowed us to unambiguously
establish the mechanism of the photochemicatC® bond

(bpy)] photoproduct band measured at 1000 ps and of thedissociation in [Cr(CQ)bpy)] and reveal the direct relation

1988 cm! band of the3MLCT excited states at 1 ps

between the early excited-state dynamics and the overall

decreases approximately 3 times (a crude estimate) onphotochemistry of this complex. This is shown in Scheme

changing the excitation wavelength from 400 to 500 nm,

1, which also incorporates results of our previous spectro-

reflecting the decrease of the branching ratio between thescopic, theoretical, and photochemical studig&!®11The

CO dissociation from the optically populated excited state
and its relaxation to the unreactiLCT states. This
decrease of the branching ratio with increasing irradiation

UV —vis absorption spectrum of [Cr(Cgibpy)] in CHCI,
shows an intense band at 490 nm due to the Qr{et bpy
MLCT transitiort*1%11and a shoulder at 400 nm that was

wavelength parallels the decrease of the CO photodissocia-attributed to the Cr~ CO MLCT transition(s):%1%4!Hence,

tion quantum yield. (i) The change of the shape and
position of the IR absorption of th8MILCT excited state

500 nm excitation leads only to the € bpy MLCT b'A;
excited state, while both C+~ CO and Cr— bpy *MLCT

between 1 and 2 ps is much larger after excitation at 500 states are populated at 400 Atd! Optical excitation into
than 400 nm. This effect may be explained by different rates the Cr— bpy *MLCT is immediately followed by ultrafast

of vibrational relaxation that could be faster after 400 nm
than 500 nm excitation. Accompanying IR band shifts and
narrowing would then be largely completed in the first
picosecond in the former case but still well observable in
the 1-2 ps interval after 500 nm excitation.

Scheme 1. Dynamics of MLCT Excited States of [Cr(C&bpy)]:
Branching of the Evolution of the Optically Populat&ddLCT Excited
States between Dissociation and Relaxation Pathivays

?O ?NV

oc, | N " oc, | N

o v DPERY

oc” 'r‘N ) -CO, +8; <400 fs oo’?r\N
co

co
\ XZ
F

GROUND
STATE

Cr-CO,,

aThe photochemical reaction is shown above the diagram, together with
the coordinate system used to define the Cr d orbitals. The asterisks (*)

evolution either along the dissociative pathway, toward the
fac-[Cr(CO)(Sol)(bpy)] photoproduct, or along the relaxation
pathway to the two lower-lying Ct~ bpy 3MLCT excited
states, as was manifested herein by the simultaneous ap-
pearance of the corresponding IR features during the first
picosecond. TheMLCT states decay directly and completely
to the ground state with lifetimes of 8 and 87 ps. (These
values are valid for visible-light excitatiof.They do not
undergo any CO dissociation, behaving as “trapping states”.
The observation of IR bands belonging to fae-[Cr(CO)-
(Sol)(bpy)] photoproduct already at 1 ps rules out any major
structural reorganization following the CO dissociation. This
observation demonstrates the prompt and stereospecific
character of the dissociation of an axial CO ligand and its
occurrence directly from the optically populatésiLCT
excited state(s). Solvation by GEl, is probably very fast,
involving a solvent molecule that is present in the first
solvation sphere already at the instant of the optical excita-
tion. The optically populated Gt~ COMLCT state appears
to behave similarly to the Cr> bpy b'A; state discussed
above, see Scheme 1, upper potential energy surface.
Molecules in the Cr— CO MLCT excited state undergo
either relaxation to the two trapping €t bpy 3MLCT states
or CO loss to form théac-[Cr(CO)(Sol)(bpy)] photoproduct,
both of these processes being completed in less than 1 ps.
Temperature and pressure dependences of the quantum yield
suggest that there is hardly any communication between the
reactive Cr— CO and Cr— bpy 'MLCT states since two
distinct reactivity pathways were observed using near-UV
and visible irradiatiort:*>-17

The TRIR experiments also show that branching of the
evolution of the optically preparetMLCT states between
CO dissociation and relaxation is completed in less than 1

designate branching between the reaction and relaxation, which was directlyps. Our previous femtosecond time-resolved visible absorp-

demonstrated herein by picosecond TRIR spectroscopy using excitation atti0n4

400 nm (top) and 500 nm (bottom). Excitation at 400 nm populates both
the Cr— bpy and Cr— CO MLCT states while the Cr—~ bpy MLCT

state only is populated at 500 nm. BAMLCT potential energy surfaces
are (nearly) dissociative due to a strongly avoided crossing with a higher-
lying 1LF state, which occurs along the reaction coordifdfe:! The small
barrier on the Cr— bpy IMLCT surface is evidenced by the temperature
dependence of the photochemical quantum yidltie 8 and 87 ps trapping
SMLCT states are assigned aBaand &B; respectivelyt! They originate

in Cr(dy) — 7*(bpy) and Cr(dz-y2) — x*(bpy) principal excitations,
respectively:

4322 Inorganic Chemistry, Vol. 41, No. 17, 2002

and theoreticd? studies allow us to narrow this interval
further, to less than 400 fs. The CO dissociation and
relaxation processes are competitive, parallel processes. In
the absence of any photoproduct recombination, it is this
ultrafast branching of the excited-state evolution that deter-
mines the overall photochemical quantum yieddThis can

(41) zdis, S.; Farrell, I. R.; VIek, A., Jr. Manuscript in preparation.
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be expressed as= a/(a + Y b)), wherea is the number of prompt processes: highly stereospecific dissociation of an
dissociated molecules argl is the number of molecules axial CO ligand and relaxation to two unreactifdLCT
which relax to theeMLCT statei. For ¢ < 1, the guantum states. ThestMLCT trapping states then decay to the ground
yield becomes equal to the branching rathaz a/Y bi. The state on the picosecond time scale. The photochemical
approximately 3-fold decrease of the branching ratio on quantum yield is limited by the branching ratio between the
increasing the excitation wavelength from 400 to 500 nm, reactive and relaxation pathways, demonstrating the relation
estimated from TRIR, agrees with the 2.94-fold drop of the between the initial excited-state dynamics and overall
quantum yield that was measured using steady-state irradiaphotochemistry. The limiting role of the branching of the
tion.! Moreover, this direct observation of the branching ratio initial excited-state evolution in determining organometallic
decrease with increasing irradiation wavelength confirms the photochemical reactivity appears to be an emerging general
conclusion of our previous stutlpf the femtosecond time-  principle, applicable to other classes of compounds, for
resolved visible absorption spectra of [Cr(G@py)], where example to CO dissociation from cyclopentadiengarbonyl
the branching ratio was determined indirectly from kinetic complexes involved in photochemicaHE&l activatiorf>=47
parameters. A 2.3-fold decrease of the branching ratio or Re—-R homolysis in diimine-alkyl complexeg®
between 400 and 500 nm excitation was fodrabain in
good agreement with the present study.

It should be noted that, unlike femtosecond time-resolved
visible absorption spectroscopy or steady-state quantum-yield/C020218H
measurements, picosecond TRIR spectroscopy allows Us tQgz) Bromberg, S. E.; Lian, T.; Bergman, R. G.; Harris, CJBAm. Chem.
examine the branching process directly, without any pre- Soc.1996 118 2069. _
liminary assumptions about the reaction mechanism. This is (43) E_:Og?;r?('_ §I'EYezt%?\gJHSA\?\ﬁ:tggsMMCFrlé:auTBe“ﬂgCnT:rTgaGB
made possible by the ability of TRIR spectroscopy to observe Harris, C. B.Sciencel997, 278 260.
and characterize separately the photoproducts and excited44) éfé’:r%' nfétgil'ifs{]ggg' 1@: 2'4’1\7(?“0”' J. S.; Bergman, R. G.; Lian, T.
states involved in photochemical mechanisms. (45) Purwoko, A. A.; Lees, A. dnorg. Chem.1995 34, 424.

In conclusion, the TRIR study of the excited-state dynam- Ei% gurwokoc;| A.NA.;LLees,AA. lu;norg- Chfnl}"lgggg;ﬁi 57557-70
; : unwoody, N.; Lees, A. Organometallic 16, .
ics of [Cr(CO)(bpy)] has demonstrated that the optically (48) Farrell, I. R.; Matousek, P.; Kleverlaan, C. J.;®#c A., IJr.Chem—

populated*MLCT excited state(s) undergo two parallel Eur. J.200Q 6, 1386.
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