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Dissociative Photoionization of Iron Pentacarbonyl in the Range 38120 eV
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Dissociative photoionization processes of iron pentacarbonyl are investigated in the inner-valence regior
use of the photoelectrerphotoion coincidence (PEPICO) and photoigrhotoion coincidence (PIPICO)
technique combined with synchrotron radiation. Photon energy dependence of the yield is examined in de
for all observed ions and ion pairs in the range-320 eV. lons observed in the PEPICO measurements
include not only the fragment ions resulting from simple CO elimination but also those resulting from addition
cleavage of the €0 covalent bond(s) in the ligand. In the PIPICO measurements, several novel ion pai
that unambiguously indicate the cleavage of the covalen®®ond in the ligated state are detected. From
the analysis of these PEPICO and PIPICO efficiency curves, dissociation mechanisms leading to all ions
ion pairs are discussed, placing special emphasis on the cleavage of one or more cov@ldrar@s. Itis
concluded that the increased extent of the back-donatiom elettrons of the central metal atom to the*2
antibonding orbital of CO plays an important role in the-Q bond cleavage.

Introduction the weak coordination and strong covalent bonds. This in turn
may yield new information about the nature of the metal
The transition-metal carbonyls, especially iron pentacarbonyl, carbonyl chemical bonds that cannot be obtained from the BDE
have long received considerable attention as a key species inmeasurements alone.
organometallic reactions and homogeneous catalytic cycles. In  Such a sufficient energy is conveniently provided by photo-
particular, the coordinatively unsaturated species have beenexcitation or photoionization in the inner-valence or inner-shell
central to these studies because these compounds have beea@gion. The excitation of the inner-valence or inner-shell
known to be the active agent in the above reaction systems.electrons has an additional advantage that it generally leads to
From the interest in these processes as well as the interest in itsnore localized initial energy deposition. This contrasts with
own right, a considerable number of experimehtaland the excitation of valence electrons, which are delocalized over
theoretical® 12 studies have been performed on the stability and the molecule, and constitute a more favorable situation for the
reactivity and the geometric and electronic structures of vari- study of the intramolecular energy transfer. From these points
ously coordinated compounds. Sequential bond dissociationof view, we have recently initiated a series of detailed studies
energies (BDESs) of the coordination bonds, both of neutral and of dissociative photoionization processes of metal carbonyl
ionic species, provide a set of key information on these vapors in the inner-valence regions, using photoeleetron
properties, and thus their determinations have extensively beenphotoion coincidence (PEPICO) and photoigrhotoion co-
performed using various experimental technigtiégspecially  incidence (PIPICO) techniques combined with synchrotron
for the monocation series. radiation!4-18 An emphasis is placed on the-© bond rupture
The transition-metal carbonyls are also an interesting systemand the relationship between the electronic states and dissocia
for the study of molecular dissociation dynamics. The interest tion pathways. The present paper presents a full account of
arises from the fact that these compounds have two distinct typesthe results on the dissociative single, double, and triple
of chemical bonds in a molecule: one the weak melighnd photoionization of Fe(CQ)studied in the photon energy region
coordination bond (bond energya few electronvolts) and the  of 38—120 eV!> Results on W(CQJ® have appeared alrea#y,
other the strong €O covalent bond (11.2 eV). However, the and those on Mo(C@Y" and Cr(CO)!8 are forthcoming.
majority of previous studies on the dissociation processes, in  |nformation on the inner-valence excitation of iron penta-
the both neutral and ionized regime, concerned only with the Carbony] comes from the studies of electron energy loss
scission of the metalcarbonyl coordination bonds, and only a  spectroscopy? photoelectron spectroscopy,and ab initio
few studies have concerned the processes involving th® C  calculation?? These studies reported a strong absorption
bond scissiort813 These latter studies in fact have demonstrated resonance at about 60 eV, which corresponds to the iren 3p
that a substantial fraction of dissociation products result from 3d excitation. On the other hand, the studies of dissociation
the C-O bond rupture when a sufficient energy is supplied. processes over a wide energy range have been performed by
Thus, itis expected that studies of the competition between thesewinters et aP and Heck et a# Winters et al., using a TOF
two bond rupture processes as a function of the partitioned mass spectrometry with electron impact ionization, measured
energy provide an opportunity to investigate some new aspectsthe variation of the relative abundances of the Fe(C@ =
of these systems, such as intramolecular energy transfer througlp—5) jons with the excitation energy, but they could not find
fragment ions produced via cleavage of the@bond, nor the
® Abstract published ilddvance ACS Abstractfecember 15, 1997.  fragment ions having no metal atom. Heck et al., who studied
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the dissociation processes in the range from 20 to 90 eV using 2000
TOF mass spectrometry and the PIPICO technique combined 18001 ;’}ifiii’n‘i?;??%%ev
with synchrotron radiation, reported that no features were 1|23 4 recow

observed in the fragmentation patterns at the photon energy of 16004

the above-mentioned 3{8d excitatior? Their main interest RN ‘
was in the dissociation dynamics from the kinetic energy release \
distribution of fragment species. Although both studies were
carried out in a rather wide energy range encompassing the
inner-valence region, the number of measuring points (in terms
of energy) used was not sufficient to reveal any structure ™ 800+
corresponding to specific electronic states.
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All experiments in this study are carried out at the UVSOR 200 A
synchrotron radiation facility in Okazaki. The apparatus used 0
is that installed on the BL3A2 beamline. Details of the setup 0.5 1 1.5 2 25 3 3.5
and experimental procedures have been described in previous Time of flight /s
reports? In this section, we outline the apparatus and the rigyre 1. PEPICO (TOF) spectrum of Fe(COtaken at 120 eV of
experimental procedure briefly. incident photon energy with 41 cm of drift tube length.

Synchrotron radiation from 750 MeV electron storage ring ) )
is dispersed by a constant-deviation grazing incidence mono-Results and Discussion

chromator. The monochromatic photon beams are focused onto  pEP|CO Measurement. Figure 1 shows an example of TOF
the center of the ionization cell containing sample gas. The mass spectrum of Fe(CQiaken at 120 eV of incident photon
produced ions and electrons are extracted from the ionizationenergy and with 20.0 cm flight path length. As can be seen,
cell in opposite directions to each other by an electric field. the most abundant ions are those corresponding to the formula
The ions are then accelerated to a high energy and mass+e¢(CO)" (n = 0-5) and CJ, all of which are produced by
analyzed by a double field type time-of-flight (TOF) mass simple scission of (a) metatarbonyl coordination bond(s) in

spectrometer. The electric field in the first stage is adjusted 3 singly and/or multiple charged ions. If we recall that the
between 187.5 and 375 V/cm to obtain best CO"eCting efﬁciency, covalent G-O bond is much Stronger than that of the metal

whereas that in the second stage is fixed at 3530 V/cm for all carbonyl coordination bond, this result sounds reasonable. It
measurements. All measurements are carried out at the deteCcan also be seen that doubly charged ions of the formula Fe-
tion angle of 53 with respect to the polarization vector of the  (cO)2+ (n = 0—4) are formed as well, with lifetimes longer
incident photon to minimize the effect of anisotropic angular than a few microseconds.

distribution of photoions and photoelectrons. The sample gas |t should be noted here that some ambiguity exists concerning

pressure in the ionization cell is estimated to-b# x 107° the mass identification in the present system, because the mas
Torr frqm the pressure in the main chamber housing the cell, of Fe (56) is exactly twice the mass of CO (28). Namely, the
which is kept at (5-8) x 1077 Torr. m/z values of some dications containing Fe coincide with that

The mass spectrometer is used in two different modes of of a monocation with different number of CO. Specifically,
operation: photoelectrerphotoion coincidence (PEPICO) and  the assignments given above to Fe(g@®)with n = even
photoion-photoion coincidence (PIPICO) measurement modes. number, Fe(CQ)Y with n = 0 and 1, and C® cannot be
Photoionization mass spectra are obtained by the PEPICO modeconclusive owing to this mass coincidence. For example, the
The procedure for this measurement is as follows. The two highest peaksnfiz = 56 and 28) could be a composite of
photoelectrons, extracted from the ionization cell, are detectedFet and Fe(CO®*™ and of CO" and Fé&t, respectively.
by a channel electron multiplier (CEM), and its output is fed However, from the results on other metal carbonyl systems, such
into the start input of a time-to-amplitude converter (TAC). On  as M(CO) (M = Cr, Mo, W)1416-18 we can safely conjecture
the other hand, the photoions are detected at the end of the drifthat the Fe(CQ¥+ dication has a large abundance and th& Fe
tube by a multichannel plate (MCP), and its output is fed into dication has a small abundance. The reason is as follows. As
the stop input of the TAC. As the flight times of photoelectrons can be seen in Figure 1, the intensities of the peaks correspond:
from the ionization cell to the electron detector are much shorter ing to Fe'/Fe(COY?* (m/iz = 56) and CO/Fe*t (m/z = 28)
than those of photoions, the time-of-flight differences between are high and comparable with each other. However, in the
the photoelectrons and photoions are essentially the flight timesPEPICO spectra of other metal carbonyls, the peak of GO
of photoions from the ionization cell to the detector. generally by far the most intense among others. Also, it is

The positive-ion pairs resulting from dissociative double and generally found that among monocation fragments of the form
triple photoionization are identified in the PIPICO measurement M(CO),* the most abundant species is the naked metal itn M
mode. In this mode, the photoion signal generated at the (n = 0), whereas among dication fragments most abundant ions
detector firstis fed into the start input and that generated secondare those having some carbonyls still left on the metal; naked
is fed into the stop input of the TAC. In this way, the pairs of metal dications M" are seldom observed. With all these facts
ions originating from a single molecule are identified from their combined, it may be concluded that €Gs predominantly
TOF differences. responsible for thevz = 28 peak with little contribution coming

The liquid sample Fe(C@pre degassed by repeating several from Fe*, while both F& and Fe(CO¥* contribute substan-
freeze-pump—thaw cycles with liquid N prior to measurement.  tially to the m/z = 58 peak.

The sample is contained in a Pyrex glass tubing, which is  Several interesting features are seen in the PEPICO spectrum
wrapped in aluminum foil to protect the sample from undesirable First, the relative abundance of the Fe(€Qpn is exceptionally
light. small among monocations of the formula Fe(gQ)n agree-
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Figure 2. PIPICO spectrum of Fe(C®@)taken under the same

conditions as in the PEPICO spectrum in Figure 1. The observed positive ion pairs are summarized in Figure 3

(boxed), together with possible dissociation pathways leading
to them (solid lines). Several of the pathways may gain firm
support from the observation of the precursor (metastable)
doubly charged ions in the PEPICO spectrum (bold solid lines),
but others can only be a result of speculation (thin solid line).
For the PIPICO peaks corresponding to F€™*, Fe"—O*, and
FeCr—CT, for example, the precursor species may reasonably
be speculated to be F&G FeG", and FeG?", respectively.
?Iowever, no such ions are found in the PEPICO spectrum.
These ion pairs are evidently produced through breakage of one
or more covalent €0 bonds. A consideration of detailed
sequences of the decay processes would be of great help ir

ment with previous repor&> In this connection, it is interest-
ing to note that dication Fe(Cg¥) seems to exist, although
the overlapping with the neighboring peak makes its clear
identification difficult. Second, ions that definitely indicate the
occurrence of the fission of the covalent-O bond in the
ligated state (without breaking weaker coordination bond) are
observed, although their abundances are much smaller than thos
of the dominant ions mentioned above. These include™FeC
and FeC(CO)". Third, the CQ* fragment ions are observed,
indicating that a drastic rearrangement occurs before and/or

dgrlng tthe fr?gmenltatmn ?hf thfe par_e?t ttlont-' Fg1ally, thfi identifying these precursors. This problem is discussed in detail
observation of & IS also worthy of special attention because It i, yna ‘next section in conjunction with the branching ratios.

evidently indicates the simultaneous breakage of the coordina- PEPICO and PIPICO Branching Ratios. Figure 4 shows

tion Fe-C and covalent €O bonds in one of the ligands. plots of the ratios of the integrated intensities of the various
PIPICO Measurement. Figure 2 shows an example of the  pEP|CO peaks to the total PEPICO intensity, as a function of
PIPICO spectrum, which was taken under the same conditionsthe incident photon energy. From these curves, it is found that
as in the PEPICO SpeCtrUm shown in Figure 1. Again, several the photon energy region around 42 eV is very important in
novel features are seen in this spectrum. The first is that the terms of the fragmentation involving the cleavage of the covalent
Charge Separative dissociation involving the fission of the C—0 bond. Inthe region below 42 ev, the produced ions are
covalent C-O bond is unambiguously demonstrated (observa- mainly those corresponding to the formula Fe(§Q)which

tion of coincident ion pairs FeC-Of, FeC"'—C*, and Fe-  are formed via simple CO elimination from the parent ions.
(CO)f—C"). The second is that the dissociation of triply

charged ions into dicatienmonocation pairs is observed, Fe(CO) + hv — Fe(CO);r +e

although metastable triply charged ions are not observed in the

PEPICO spectrum. A conclusive evidence for such a process Fe(CO)" — Fe(CO)," + (5 — n)CO

is given by the CO—Fe(CO¥*+ coincidence peak. Unfortu-
nately, however, all other peaks assignable to a dication The only ion that evidently indicates the occurrence of the
monocation pair are exactly overlapped by a peak correspondingcovalent C-O bond breakage is FéQwhose appearance energy
to a monocatiormonocation coincidence. The third feature Nas been determined by Winters and Kiser at 22.% eV.

is the observation of the pairs of ions having no metal atom, n

ie., C'—O*, C'—CO*, and O —CO". Although we do not Fe(CO)" —FeC +4CO+0

have any detailed information as to how these ion pairs are
formed, we pay special attention to them in this paper. Two
possible origins would be (1) breakage of two covalentGC
bonds and (2) charge separative fragmentation from a triply
charged ion into three singly charged ions. Finally, it is
particularly interesting to note that the fragment ion Fg@hich

On the other hand, in the photon energy range above about 42
eV, the relative abundances of the ions Fe(¢Qjradually
decrease with the increase in the incident photon energy.
Instead, the dications of the formulas Fe(gOand FeC(CG)"

as well as monocations*CO*, and CO rapidly increase.

must be produced in a process involving @@ bond scission _ 2+ -

in the ligand (i.e., not in dissociated free €Qgives coinci- Fe(COy+ hv—Fe(COy™ +2¢

dence not only with @ and CO" but also with C. In order Fe(CO)*" — Fe(CO)*" + (5 — n)CO
for the coincidence between Fe@nd C" to occur, scission of

at least two CG-O bonds is required: one in a ligated state and — FeC(COf+ +3C0O0+0

the other either in another ligand or in a dissociated free CO N " .o
state. — Fe(CO)," + CO" (orO",C")+np
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Figure 4. PEPICO branching ratios of Fe(C£3s a function of incident photon energy.

Here, np denotes the neural products associated with each paismaller than that of the CO bands. Judging from these results
of ionic species. It is especially noteworthy that the ions having on hexacarbonyls, we can assume that the initial positive hole
no metal atom are produced dominantly in this energy region. is mainly created in the ligand in the photoionization of Fe-
These ions must be produced by the charge separative dissociafCO) as well. Nevertheless, we could not detect theadd
tion of doubly and triply charged parent ions. A firm support O% fragments and find only a weak intensity of €@n the
for this statement comes from the PIPICO measurements carriedrange below 42 eV. This fact indicates that the positive charge
out as a function of incident photon energy. Figure 5 shows created in the ligands of the parent monocation stays on the
the PIPICO branching ratios for various ion pairs in the range central metal atom when dissociating. In other words, a hole
from 38 to 120 eV obtained by the same analysis as in the created in the ligand is quickly filled by electron outflow from
PEPICO measurement. Several ion pairs are seen to rise sharplyhe central metal atom. This may be rationalized by the lower
at about 42 eV. All of these rising ion pairs involve as the ionization potential of the metal atom than that of CO. This
lighter species an ion having no metal atom. Apparently, the electron flow assumption may also be applied to the double
increase in the dissociation into these ion pairs is responsiblephotoionization in the range above 42 eV. This stems from
for the increase of ions having no metal atom in the PEPICO the fact that the observed fragment ions having no metal atom
branching ratios. are only singly charged species (i.e.;},00*, and CO),

The lack of the @ and O fragment as well as the very weak ~although the used photon energies are sufficient for the
intensity of CO" in the lower photon energy region indicates Production of C*, O™, and CO*(n = 2). This observation is
an interesting fact that the intramolecular charge transfer from similar to the results obtained in the photoinitiated desorption
the central metal atom to the ligand occurs extensively. CooperStudy of chemisorbed CO on the metal surfécelhe unique
et al. measured the relative photoionization cross section of feature in the latter study has been interpreted in terms of the
transition-metal hexacarbonyl compounds in the incident photon screening of the photoinduced hole by electron transfer from
energy range from 16 to 115 é¥and determined the photo_ the substrate into the lowest UnOCCUpied orbital of CO, which
electron branching ratios of three valence bands (the metal d,is 27*. The details of this charge transfer is discussed below.
CO 1150, and CO 4 bands in the range from 6 to 20 eV). Roles of Double Photoionization in a Ligand and Metal
The results indicated that the branching ratios of Gf8d.and 3p—3d Inner-Valence Excitation. The branching ratios in both
CO 4o bands amount to about 60% and from 10% to 30%, measurements show a large variation in the inner-valence region.
respectively, in the whole energy range. In other words, the The relative abundances of the ions,©", CO", FeC(COj}™,
photoionization cross section of the metal d band is much and various ion pairs start to increase sharply above about 42
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Figure 5. PIPICO branching ratios of Fe(Cas a function of incident photon energy.

eV. This energy region includes the double photoionization In examining the products originating from the cleavage of
threshold of CO, suggesting that the cleavage of the covalentthe covalent €O bond in further detail, we have to distinguish
C—0 bond with charge separation is closely related to the two types of the €O bond-breaking processes. One is the
double photoionization within the ligand. On the other hand, C—O bond breakage in a free CGtate:
from the PIPICO branching ratio curves, another interesting
photon energy region is found. That is the region above about Fe(CO);H — Fe" + CO" + 4CO (@)
60 eV, where the peak corresponding to Fe" appears.

—Fe"+C"+0+4C0O (a-1)

2+ +
Fe(CO)*" —FeC" + C" +20+3CO —Fe'+C+ 0" +4c0 (@-2)

This ion pair can only be produced through the scission of two and the other that in a ligated state, most probably in F&{CO)

C—0O covalent bonds. This energy region corresponds to the - .
3p— 3d photoabsorption limit of F&-21 Heck et al. claimed Fe(CO)*" — Fe(COJ" +4CO

that no selective fragmentation is observed in this energy

region® However, we find a dramatic variation in the branching —FeC" + 0" +4CO (b)
ratl_os_of some ions and ion-pairs _around this energy. Such a —Fe+Ct+ 0" +4C0O (b-1)
variation is observed not only in this study but also in the same

measurements for the hexacarbonyl compounds abphend —Fe"+C+ 0" +4C0 (b-2)

photoabsorption regioH:16-1° The excitation energy depen-

2+ +
dence reported by Winters et al., who paid attention only to the Fe(COy" — Fe(COf +4CO

Fe(CO)* ions, also did not show any specific variation in this L
energy regiorf. Our observations indicate that the metal- FeC"" +0+4CO (©
nd photoabsorption and perhaps the double photoionization in —Fe" +C"+ 0+ 4COo

one of the CO ligands cause the above specific fragmentation.

The difference in the dissociation processes between the lowThe dissociation pathways denoted by (b) show thedthond

and high photon energy regions is most conspicuously mani- cleavage on the metal atom with charge separation, whereas
fested in the fragment ions having no metal atom in the PEPICO those denoted by (c) show the case in which neutral O atom is
spectrum and in several ion pairs in the PIPICO spectrum. Thus,eliminated from the dication. If the €0 bond is ruptured

the studies of these ions {CO*, CO", and FeC(CG)") and exclusively in free CO after the charge separation process (a),
the relevant ion pairs are essential to understand the dissociatioralmost the same intensities are expected fora@d O, since
dynamic of this compounds. Masuoka and Nakamura have shown that for the dissociation
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of free CO" the ion branching ratios for Cand O are almost 3o
the same over a wide energy range [equal probability for (a-1)

and (a-2)® However, our observed ion branching ratios of _032‘0_. A
C* are twice as large as those of OThe dominance of the "0—0—‘

C—0 bond rupture in the free dication €Ois also ruled out oo
based on the same experimental fact. Therefore, we have to
consider some other dissociation mechanism(s) in which oxygen
atoms are predominantly or exclusively ejected as neutral
species. Such a mechanism must be the one involving#@ C
bond breakage in the ligated state. The only possibility of such neutcal condition ionic condition
a process is process (c) considered above. The charge separatieigure 6. Scheme of intramolecular electron transfer from metal atom
C—0 bond breakage [process (b)] is ruled out simply because to CO ligand following initial ionization in the ligand.
it would give an O branching ratio either equal to or greater
than that of C, depending on the relative importance of the the Fe 3p— 3d threshold and the threshold for the double
two subsequent fragmentation processes ofﬂ’:élﬁ;]_) and (b- ionization of the CO ligand. Considering this observation
2). That process (b) can be ruled out gains further support from together with the fact that the initial positive holes are
the PIPICO results. If process (b) is the dominant process predominantly created in the ligad8iwe can formulate a
responsible for the €0 bond breakage, the ion paifr©FeC’ qualitative model that explains the above observations consis-
and/or other ion pairs O-X, where X is an ion resulting from tently. The model, which is based on the intramolecular electron
further fragmentation of FeG are expected to have large transfer from metal to ligand(s), is presented here.
branching ratios. This, however, is not the case; instead, the First we give a simple picture of this electron transfer in
dominant ion pair that is enhanced in this energy regionisfFe  relation to the doneracceptor interaction model for the metal
ct. carbonyl coordination bond in general. The metarbonyl
Thus, taking all these experimental findings into consider- bond is characterized by the hybridization of the C@dnd
ation, the dominant dissociation pathways involving the@ 27* orbitals with metal d orbitals; COd&electron partially flows
bond breakage may be concluded to be process (c). It shouldinto a metal unoccupied orbital, and metal d electron partially
be noted, however, that although we have considered so far onlyflows into the CO antibonding orbitak2. The former is called
the G-0O bond breakage process starting from dication Fe- the o-donation interaction and the latter theback-donation
(COY+, similar neutral O atom elimination in the ligated state interaction. The simple qualitative picture of this electron flow
prior to charge separation is also possible starting from is illustrated in Figure 6 in terms of the relevant molecular
Fe(COY?*, as shown in Figure 3. In fact, the dication FeC- orbitals. Inthe neutral ground state (left diagram), the bonding
(COY+ is one of the species observed with moderate intensity, orbital involved in ther-back-donation interaction has a strong
as can be seen in Figures 1 and 4. Thus, alternative dissociatiorimetal d character because of the lower energy of the metal d
pathways involving GO bond breakage in the ligated state orbital than that of CO2*. However, in the ionized state (right
could be diagram) having a positive hole in the ligand, the C@* 2
character prevails over the metal d character in AHeack-
Fe(CO;H — Fe(CO)£2+ + 3CO donation orbital, since the COn2 orbital becomes lower in
energy than the metal d orbital due to the increased Coulomb
— FeC(CO¥" + O+ 3CO (d) attraction from the nuclei. This is nothing but the electron
e transfer from metal d to COs2 orbital upon ionization. The
—FeC” +0+4CO final state is thus regarded as a ligated metal cation in which
—Fe"+Cct+ 0+ 4CO one of the CO ligands is in the excited state. This electron
transfer is just in line with ther-back-donation interaction in
or coordination compounds.
Applying this model to the double photoionization within a
Fe(CO)*" — Fe(CO)*" + 3CO ligand, the enhancement of the-© bond breakage at this
threshold is readily understood. The orbital energy of G® 2
— FeC(COf+ + O+ 3CO (e) is even more lowered in the doubly ionized molecule than in
+ the singly ionized molecule due to the stronger Coulomb
- Fe(COY +C +0+3CO attracti(?nyfrom the nuclei (less shielded positive (g:harge). This
—Fe" +C "+ 0+ 4COo endows ther-back-donation orbital with more increased CO
27* character, meaning that still more metal d electrons flow
Both of these pathways eventually lead to the same productsinto the CO Z* orbital upon double ionization. Since this
and explain the enhanced FeC" ion pair. However, we electron-accepting orbital is antibonding between C and O, the
cannot distinguish between them from our experimental results electron flow into this orbital should result in the reduction of
alone and conclude at this stage that the dominant pathway(s)the C-0O bond strength, thus enhancing the rupture of that bond.
leading to the €O bond rupture is (are) either (c), (d), or (e), The opening of the new dissociation channel leading to the
or more than one of them. The essence of these mechanismson pair FeC—C™ in the Fe 3p— 3d photoabsorption region
is that the C-O bond fission preferentially occurs in the ligated can also be interpreted by the same mechanism,in.¢erms
state rather than in free CGand/or C3" and that the eliminated  of the increase in the COn2 electron density by an enhanced
species is the neutral O atom rather than thei@. electron outflow from the metal d orbital. An increase in the
Electronic Mechanism of the Covalent C-O Bond Break- electron population in the latter orbitals evidently should act to
age. An important finding in the present study is that the enhance the electron flow into the C@*2orbitals through the
dissociation products relevant to the cleavage of the covalents-back-donation orbital. A major difference of this new channel
C—0 bond(s) (ions and ion-pairs) appear or are enhanced atfrom the one following double ionization in a ligand is that the
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cleavage of two €0 bonds is involved. The present model
would also explain this difference consistently, since the-3p
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3d photoexcitation (increase in the 3d electron population) would Scientific Research No. 08454189 from the Ministry of Educa-
affect more than one ligands because the meal d orbitals interaction, Science, Culture, and Sports.

with more than one ligands, whereas the double photoionization

in one ligand can contribute to the weakening of only oredC
bond,

Summarizing, the essential factor causing breakage of

covalent C-O bonds in the ligand is the enhancement of
electron outflow from the metal d orbital to the CQOr*2
antibonding orbital in both cases, but the cause of this
enhancement is different for different excitation/ionization
processes.

Conclusion

In the present study, we have performed photoeleetron
photoion coincidence (PEPICO) and photoigrhotoion coin-
cidence (PIPICO) studies of Fe(GQh the gas phase in the
photon energy range 3820 eV to gain new insight into the

dissociative photoionization precesses of that compound. An

emphasis has been placed on the cleavage of the covategbt C
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