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ABSTRACT

The electronic structures and spectra of the M (CO)]2 (M = Fe,

3
Ru, Os) complexes are discussed. Using techniques such as single
crystal polarized spectroscopy and MCD spectroscopy it is shown

that the two lowest energy electronic transitions in these complexes
are the o » o* (xz (bonding) + xz (antibonding)) and o*' » o*

(z% (antibonding) -+ xz (antibonding)) transitions.

Photolysis of Ru3(CO)]2 leads to fragmentation of the cluster
complex; however, a photochemical study of Os3(C0)]2 showed that
Os - CO dissociation is a more efficient photoprocess than Os - Os
bond cleavage. The different photochemical behaviors of the two
cluster complexes is ascribed to their different lowest excited

states. The lowest excited state of Ru3(C0) is o » o*, a state

12
which certainly leads to metal-metal bond cleavage. The o*' -+ o*
state is lowest in 053(C0)12' Electronic excitation to this state
does not lead to efficient cluster fragmentation.

The effects of bridging 1igands on photochemical metal-metal
bond cleavage were also studied. It was found that the bridging
) ,Fe_(CO)

5°2 2 4
molecule and also of the Fe3(C0)112' complex. In the latter molecule,

CO groups prevent photofragmentation of the (h5-C5H

Fe-CO cdissociation is the primary photoprocess. In the case of

5_
(h C5H5)2Fe2

which has no metal-metal bond.

(00)4, the primary photoproduct is a CO-bridged dimer
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Electronic Structures and Spectra of

Trinuclear Carbonyl Complexes
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Abstract: Detailed experimental studies of the electronic spectra
of trinuclear metal carbonyls have been made. An extended Hiickel
molecular orbital calculation on D3h Ru?)(CO)]2 has been performed
to aid in assigning the spectra of the triangular cluster complexes.

A band at 390 nm (2.56 um_]) in the spectrum of Ru3(CO)]2 is

polarized in the plane of the Ru3 triangle, exhibits an MCD A term,

and blue shifts and sharpens on cooling to 77° K. This band is

1 1

assigned to the A]' » E"(xz (bonding) - xz (antibonding)), or

o > o* transition. A weak band at 320 nm (3.12 um']) is assigned

to the ]A]' 5 ) 2 (

- o* transition. Similar evidence suggests that bands at

E” (z° (antibonding) » xz (antibonding)), or

o %"
330 nm (3.03 um—]) and 385 nm (2.60 um_]) in the spectrum of

053((30)]2 be assigned to ¢ » o* and o*' » o* transitions, respectively.
The relative energies of the o » o* and o*'~ o* transitions in

the M

co) Ru3(C0)9(PR3)3, and FenRu3_n(C0)]2 (n = 0-3) molecules

3( 12°
depend on the ligand field splitting of the xz and z2 orbitals in
the corresponding M(CO)4 and Ru(C0)3PR3 fragments. A single
crystal polarized spectrum of Fe3((:0)]2 shows that the two Towest
energy bands at 602 and 437 nm (1.66 and 2.29 um']) are polarized
in the plane of the Fe3 triangle. These bands are assigned to the
o*' > o* and o -~ o* transitions, respectively. Intense bands

(eM > 25,000) at approximately 4.0 um—]'are assigned to MLCT
transitions in the M3(C0)12 molecules. An MO scheme for the D,

molecules MZFe(CO)]4 (M = Mn, Re) is presented. The lowest energy



allowed transition in each of these molecules is predicted to be of

the metal-metal o to o¥ type (]A]g > ]A2u(a2u > Za]g)). The Towest

energy band in the spectrum of ReZFe(CO)]4 (2.63 um-]) is polarized

along the ReFeRe axis, consistent with the 1A]g » ]A2u assignment.



Previous work on the electronic spectra of dimanganese decacarbonyl
and related species has shown that the lowest energy absorption bandé
are attributable to ¢ » o* and dn » o* transitions, with the ¢ and
o* orbitals being the bonding and antibonding metal do (mainly dzz)
combinations (1). Excitation of o » o* has been shown to dictate
the photochemistry of these complexes, by inducing homolytic cleavage
of the metal-metal bond (2). Our interest in the photochemistry of
larger carbonyl clusters has led us to investigate the electronic
structures of M3(CO)12 (M = Fe, Ru, 0s) and M2Fe(CO)]4 (M = Mn, Re)
molecules. As photofragmentation of Ru3(CO)]2 has been reported (3);.
it was of interest to us to determine whether low-lying electronic
transitions similar to-o » o* in binuclear carbonyls would be
observed in these larger clusters. Herein we report the results of
our electronic spectral studies on several trinuclear carbonyl
clusters. Extended Hiickel molecular orbital calculations were
performed on the Ru(CO)4 fragment and the Ru3((30)]2 molecule to aid

in the interpretation of the spectra.

Experimental

Fe3(C0)]2,

Strem Chemical Co. Fe3((30)]2 was purified by sublimation at 60°.

Ru3(CO)]2, and Os3(C0)]2 were purchased from

Ru3(CO)]2 was recrystallized from toluene. 053((30)]2 was

recrystallized from benzene, and then washed dry with ether.



Ru(CO)5 (3), RuB(CO)g(PPh 4,5), Ru,(CO),(PEtPh 4,5),

3)3 ( 3( 9( 2)3 (
FeZRu(CO)]2 (6), FeRuZ(CO)]2 (6), (PPN)MnFeZ(CO)]2 (7), MnZFe(CO)]4 (8),
MnFeRe(CO)]4 (9), RezFe(CO)]4 (10), and FeZ(CO)9 (11) were prepared

by standard methods.

Electronic absorption and MCD spectra were measured on Cary 17
and Cary 61 instruments. Spectra at 77 K were obtained as described
previously (1); for some measurements a Cryogenic Technology, Inc.
Model 21 cryocooler was employed. The contraction of 2-methylpentane
at 77 K was measured to be 22% relative to 300 K. The use of EPA
and 3-PIP as glassing solvents has been described previously (1).

A1l the low temperature spectra reported in this paper are uncorrected
for solvent contraction. Techniques for obtaining band polarizations
using the nematic 1liquid crystal solvent BPC have been described
previously (12).

Thin single crystals of Fe:,.(CO)]2 were grown from hexane on
quartz plates. The crystals are strongly dichroic, being green in
one orientation and colorless in the other. Polarized spectra
were measured along the extinction directions of the crystal face.

A polarized infrared spectrum was used to obtain the orientation
of the Fe3((‘,0)]2 molecules in the crystals. For the infrared
measurements, crystals were grown on sapphire plates. Dahl and
Rundle have reported (13) the polarized infrared spectrum of
Fe3(C0)]2. We found that their "|| to b" corresponded to our

colorless orientation and their "|| to Cg" to our green orientation.



The orientation of the molecules in the unit cell is such that the
plane of the Fe3 triangle is nearly perpendicular to b. Thus, the
green orientation is for polarized light with the electric vector

in the plane of the Fe3 triangle and the colorless orientation for

the electric vector perpendicular to the Fe3 plane.

Molecular Orbitals for Ru(CO), and Ru,(CO)

12
The molecular orbital energy levels for Ru(CO)4 were calculated

using an iterative, extended Hiickel (F = 2) procedure (14). The
coordinate system used is shown in Figure 1. The geometry of the
fragment was idealized to C2V symmetry with the angle C(1) - Ru -
C(2) equal to 180° and all Ru - C - 0 angles also equal to 180°.

The value of 100° for the angle C(3) - Ru - C(4) was taken from

a crystal structure determination of Ru3(CO)]2 (15). The bond

Tengths used were Ru - C .= 1.93 R, Ru - C, =189 R, and C - 0 =

q
1.14 K, where eq and ax refer to equatorial and axial, respectively.

These values were taken from the mean bond lengths reported for

Ru,(CO) 15).

12 (
The CO ligand basis set consisted of the filled 40, 50, 1m,

3

and the unfilled 2m molecular orbitals (14). Slater atomic orbitals

were used for the carbon and oxygen atomic basis set (16). The

4d, 5s, and 5p Ru atomic orbitals were taken from an earlier paper (17).
The results of the Ru(CO)4 calculation are presented on the

left hand side of the scheme in Fiqgure 2 (18). Similar results



Figure 1

The coordinate system for the Ru(CO)4 fragment.






Figure 2

MO scheme for Ru3(C0)]2. Selected energy levels for the Ru(CO)4

fragment are shown at left (the Ru(CO), HOMO is xz, and the

4
LUMO s 7*,z).
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have been obtained (19) in a calculation of the molecular orbitals
of Mn(CO)4. The Ru(CO)4 calculation shows that there are three
low-1ying d orbitals that are relatively unaffected by the four

CO ligands. These orbitals are directed between the Tigands.

Several Tobes of the xz orbital are directed toward the equatorial
ligands. The higher energy of this orbital reflects this antibonding
character. The remaining d orbital, the x2 - yz, is directed at

the axial CO Tigands and, as a result, possesses extreme antibonding
character. The x2 - y2 orbital is above some of the CO w* orbitals,
and it is not shown in Figure 2, The lowest unoccupied MO is a
hybrid (15% x2 - y2, 25% z, 45% w*) and is of a symmetry in Ru(CO)4.
This orbital is involved in the metal-metal bond network when the

Ru(CO)4 fragments combine to form Ru3(CO)]2.

The RuRu bond distance in Ru3(CO)]2 was taken to be 2.848 R (15).
The F parameters used were FM =F =1.50, F, =F =2.2,
o oo Mm kil
Fc - FMM = 2.0, i.e., the same used for MnZ(CO)]0 (1). Corrections

were applied (1) to the metal orbital Hii values. The calculation
was not iterative due to program limitations. Thus, VSIE values for
the metal Hii were adjusted to those from a charge-iterative
calculation on Mo(CO)6 (14). These values are d = -7.4, s = -6.4,
and p = -3.5 pm'].

A partial listing of the eigenvalues from the calculation is
given in Table 1. These results are represented as an MO scheme

in Figure 2. The metal orbitals in the cluster have been identified



12

Table 1. Selected Eigenvalues of Ru?)(CO)]2
-E (um_]) Symmetry Orbital Character
3. 27 e' ¥
3.39 a]' T
3.60 e' m*
4.98 (LUMO) az' xz (o*)
6.77 (HOMO) a,’ X -y, z,
7.14 e'' yz
7.18 e' 2 (o*')
7.20 | a]" Xy
7.41 e'! Xy
7.50 e' xz (o)
7.13 az" yz
8.32 a,’ 2% (o)
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by their d orbital parentage because these basis set orbitals remain
relatively unmixed in the cluster. The predicted ground state is
1 .2)

A (a]

1 , which accords with the diamagnetism of the compound (20).

The energy levels of the metal orbitals in the Ru,(CO)

3( 12
cluster are determined mainly by their energies in the Ru(CO)4
fragment (Figure 2). Every d atomic basis orbital in the fragment
can be combined into an a-type and an e-type basis set of molecular
orbitals in the cluster. Depending upon the d orbital involved,
one of these molecular orbitals will be bonding and the other

antibonding with respect to the metal-metal interaction, The a

(co)

1

LUMO in Ru(CO)4 forms a bonding a]' orbital in Ru this orbital

3 12%
is occupied in the ground state of the trinuclear carbonyl and
accounts for a significant fraction of the metal-metal bonding.

The following notation is introduced to simplify the electronic
spectral discussion. By analogy to Mn2(C0)]O (1), the e' (xz) bonding
orbital is o, whereas the a2' (xz) antibonding orbital 1s o* (o*

is the LUMO in Ru3(CO)]2); the a]' (22) bonding orbital is o' and

the e’ (22) antibonding orbital is o*', There are three allowed

one electron transitions from the d block of molecular orbitals to

g*y o » o® (]A]' > ]E'), o¥l -+ g¥ (] ;

1

A]' > 'E'), and a]" (xy) ~»

0*(]A]' > AZ"),

Electronic Spectra

The electronic spectra of Ru3(CO)12 at 300 and 77 K are shown

in Figure 3. The most interesting feature is an intense band at
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Figure 3

Electronic absorption spectra of Ru3(C0)]2 in 2-methylpentane

at 300 and 77 K.
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390 nm (2.56 um-]) that sharpens and blue shifts markedly upon cooling.
In the nematic liquid crystal solvent BPC, the 2.56 um—] band is
in-plane (X-Y) polarized (Table 2). This means that the transition
must be either o » o* or o*' » o*, either of which gives an E' excited
state and is thus X-Y polarized. The A term in the MCD spectrum

of this band confirms the degeneracy of the excited state (Table 2).
According to the calculation, the o*' orbital is higher in energy

than the o orbital (Figure 2). However, the calculated energy
separation between the o*' and o orbitals is too small (0,32 um"])

to predict with any confidence which of the ]A]' ¥ ]E' transitions
lies to lower energy. In order to decide this question, we found

it necessary to examine the spectra of several c]ose1y—re1ated
derivatives.

The spectra of Ru3(C0)9(PEtPh at 300 and 77 K are shown in

2)3
Figure 4. Spectral data for other Ruj(CO)g(PR3)3 complexes are
given in Table 2. All these complexes have bands near 390 nm
(~2.6 um"]) that sharpen and blue shift on cooling. But, unlike

Ru3(C0) the phosphine-substituted complexes have an additional

12°
band near 500 nm (~2.0 um—]). Since phosphine substitution occurs
at a site that is in the Ru3 plane, it is the energy of the xz
orbital that.is primarily affected (Figure 5). Replacement of

CO by a phosphine makes the xz orbital less antibonding. This
means that the xz - 22 energy separation in the Ru(CO)S(PR3)

fragment will be less than in the Ru(CO)4 fragment. As a result
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Figure 4

Electronic absorption spectra of Ru3(C0)9(PEtPh2)3 in EPA

at 300 and 77 K.
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Figure 5

Schematic of the interactions of xz and z2 fragment orbitals
to form trimer cluster orbitals (¢',o*' ,0,0%): (a) proposed
interaction scheme for Ru3(CO)]2; (b) the effect of increased
metal-metal overlap on the ¢ and o*' orbital energies, as
proposed for 053(C0)12; and (c) the effect of decreased

22 - xz energy separation on the o and o*' orbital energies,

as proposed for Ru3(C0)9(PR3)3.
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of the decreased separation, when the fraéments combine to form the

trimer, the z2 antibonding orbital (o*') is higher in energy than

the xz bonding orbital. Thus, the energy of the o*' -~ o* transition

should decrease on going from Ru3((20)]2 to Ru3(CO)9(PR3)3. Accordingly,

the "new" band at ~2.0 um"] in the Ru3(CO)9(PR3)3 complexes is assigned

to the o*' - o* transition. Both the ~2.0 and ~2.6 pm'] bands

exhibit MCD A terms (Figure 6), which is consistent with our assignment.
The above interpretation of the Ru3(C0)9(PR3)3 spectrum suggests

(co)

an assignment for the 2.56 um'] band in Ru In addition to

3 12°
having nearly the same energy, this band has the same temperature-

dependent behavior (sharpening and blue-shifting on cooling) as the
~2.6 um'] band in‘the Ru3(C0)9(PR3)3 complexes. These similarities
suggest that the same transition is involved in each case and hence

the 2.56 um—] band is assigned to ¢ > o* in the Ru (CO)]2 molecule.

3
We note that this ¢ » o* assignment is consistent with the inter-
pretation of the spectra of binuclear metal carbonyls (1). The
observed temperature dependence of the band shape in MZ(CO)]0

molecules is related to the substantial depopulation of excited

M, vibrational levels that occurs upon cooling the molecule to 77 K (Y3,
Similar temperature-dependent behavior is expected for o -+ o*

bands in trinuclear clusters, as the electronic transition will be
coupled to the low-frequency M3 stretching motions in these molecules.

Phosphine substitution lowers the energy of the o -~ o*

transition in MnZ(CO)IO' Thus, it is possible that the band
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Figure 6

MCD spectrum of Ru3(C0)9(PEtPh2)3 in 2-methylpentane at
25° C. The ordinate is in units of ellipticity gauss—].

104 wavenumbers (cm—]) 8 ] um—].
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assignments above are reversed, that is, phosphine substitution has

1

shifted the o » o* transition from 2.56 um'] in Ru3(C0) to ~2.00 um~

12
in Ru3(C0)9(PR3)3. Two lines of evidence suggest that the latter

has not happened. Firstly, the shifts in the an(CO) o~ o¥

10
transition energy with phosphine substitution are much smaller than

1 (2.56 to 2.00 um-]). Secondly, on cooling, the ~2.6 um_]

0.56 um
band sharpens and blue shifts, as is characteristic of a o > o*
transition.

Spectra of several Ru3(CO)9(ER3)3 (E = P, As, Sb) derivatives
show that the Towest band increases in energy according to
PPh

< PEtPh, < PEt,Ph < PEt and also PPh, < AsPh

3 2 2 3 ( 3 3
following the o-donor ability of the ligands, With increasing

< SbPh3) (5),

o-donor ability, the d22 - dxz ligand field splitting increases
in any given monomeric fragment, with a corresponding increase in
energy for the o*' » o* transition in the trimer. We also note
M3(CO)

that the colors of the compounds M3(CO)]]PR (PR3)2, and

3° 10
M3(C0)9(PR3)3 (M = Ru, 0s) are generally yellow, orange, and red,
respectively (21). Increasing phosphine substitution likely
results in a decrease in the average d_2 - d , (fragment) ligand
field splitting, thereby lowering the energy of the o*' - o*
transition in the trinuclear molecules,

Electronic absorption spectral data for 053((‘.0)12 are summarized

in Table 2, The peak at 330 nm (3.03 um"]) and the shoulder at

385 nm (2.60 um—]) give rise to MCD A terms (Figure 7), indicating
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Figure 7

MCD spectrum of 053(C0)]2 in 2-methylpentane at 25° C. The

ordinate is in units of ellipticity gauss—]. 104 wavenumbers

(cm—]) = um_].



27

SHIGWNNIABM NI AOY3N3
00081 00012 000he oooLe 0000€E O0DEE 0009€ 000BE 0002
_ _ 1 _ ~ _ T

=)

000° S- 0oo° 0ot

000°0-

01 = 401394 3W93S
000° S

S—

I | | | _ | I
C1(OJIESD

goo" ot



28

degenerate excited states., The band at 3.03 um'] sharpens and blue
shifts, and is assigned to o > o*., The weaker band at 2.60 um']

is assigned to o*' - o*, which is the other low—lying transition

to a degenerate excited state.

The o » o* transition was assigned to the lTowest energy band
in Ru3(CO)]2; however, in 053(C0)]2, the o*' > o* transition is
below o » o*. We suggest that this pattern of relative transition
energies is reasonable because the metal-metal orbital interactions
should be greater in 053(C0)]2 than in Ru3(CO)]2, causing a greater
bonding-antibonding energy splitting in the former molecule. As
a result, in 053(C0)]2 the z° antibonding MO(o*') moves above the
xz bonding orbital (o), as shown in Figure 5b, and the o » o*

1

transition occurs at higher energy (Ru3(CO)]2, 2.56 ym = < 0s,(C0)

3 12°
3.05 um']). The o*' » o* transition therefore falls at lower energy

than o » o* in 053(C0) Independent evidence that the metal-metal

12
interactions are stronger in 053(C0)]2 than in Ru3((2())]2 comes from
stretching force constants, which are 0.91 mdyn/ﬂ for the former
molecule and 0.82 mdyn/ﬁ for the latter (22). A similar correlation
of o >~ o* transition energies and stretching force constants has
been noted (1) for MZ(CO)]0 (M = Mn, Tc, Re) molecules.

The spectral data for 053((30)]2 show that the o*' » o* band
is much weaker than that associated with the o -~ o* transition.

Careful inspection of the Ru3(CO)]2 spectrum reveals a weak band,

which appears as a shoulder at 3,12 um"], and the MCD spectrum of
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the molecule (Table 2) indicates the presence of an A term positioned
at 305 nm (3.20 um‘]). We propose, therefore, that the weak band at
3.12 un”! in Ruy(C0);, s attributable to o*' » o*,

We turn next to the spectrum of FeRuZ(CO)]Z, which possesses a
triangular FeRu, cluster and only terminal CO groups in solution (6).
A band at 390 nm (2.56 um']) in the spectrum of this molecule
(Table 2) blue shifts and sharpens upon cooling. Owing to this
characteristic temperature-dependent behavior, this band is assigned
to the o » o* transition. The weaker band at 470 nm (2.13 um—])
is assigned to the o*' ~» 6* transition. The presence of Fe in the
FeRu2 triangle decreases the average ligand field splitting of the
xz and 22 orbitals (Figure 5c), thereby placing the o*' orbital
above o, as in the case of Ru3(C0)9L3. Consequently, the o*' - o*
transition falls lower than o - o%*.

Electronic absorption spectral data for Fe3((10)]2 are given in

Table 2, If the symmetry of CO-bridged Fe (CO)]2 is idealized to

3

oy? then the o » o* and o*' » o* (both e' ~ az') transitions
] 1

are no longer A{ +~ E', but are split into two transitions,

]A] ¥ ]A] and ]A] @ ]B]. Both transitions are polarized in the

C

plane of the triangle, one component of each in the Z (C2V)
direction ('A; > 'A}) and the other in the X (C,,) direction
(]A] - ]). Spectroscopic measurements on a single crystal of
Fe3(C0).]2 clearly show that the two lowest energy bands are

polarized in the plane of the Fe3 triangle (Figure 8). Dahl and
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Figure 8

Single crystal polarized electronic absorption spectra of
Fe:,’(CO)]2 at 25° C. The spectra are for the electric vector
of light perpendicular to the Fe3 plane (l) and in the

plane (|]).
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Rundle have discussed the disordering of the Fe3(C0)]2 molecules
in the unit cell (13). It is this disorder that prevents us from
distinguishing the Z and X polarizations. However, even our glass
spectra at 77 K revealed no splitting of either the 602 (1.66 ) or
the 437 nm (2,29 um-]) band.

As in the other M3(C0)]2 molecules and consistent with the
polarization data, we assign the two lowest energy bands in
Fe3((30)]2 to the o »~ o* and o*' > o* transitions. However, it is
possible that one or both of these bands are low-energy charge
transfer transitions involving the bridging CO ligands. To examine
this possibility, we studied the electronic spectrum of Fez(CO)g,

a molecule with three bridging CO groups. The spectrum showed only
rising absorption into the UV with no bands of appreciable intensity
in the visible region. Likewise, our study of the electronic
spectrum of COZ(CO)S did not reveal any bands in the visible region
attributable to metal - bridging-CO transitions (23), Further
evidence that the two low energy transitions in Fe3(CO)]2 are not
charge transfer is provided by the spectrum of (PPN)MnFeZ(CO)]Z.
The cluster structure of MnFeZ(CO)IZ* is the same (7) as that of
Fe3(CO)]2. The spectra of the two complexes are similar except
that the two lowest energy transitions in MnFeZ(CO)]Z— (1.74,

2.86 um-]) are blue-shifted with respect to their counterparts in
Fe4(C0);, (1.6, 2.29 um™'). Substitution of Mn(-I) for Fe(0)

should red shift metal-to-ligand charge transfer (MLCT) transitions.
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Such a shift has been observed for the MLCT transitions when Cr(-1)

is substituted for Mn in MnZ(CO) (1). Thus, it is unlikely that

10
the two lowest energy bands in Fe3((20)]2 are due to MLCT transitions.
It remains to assign the ¢ > o* and o*' » o* transitions in
Fe3(CO)]2. For this, a comparison of the spectra of the complexes

in the series FenRu3_n((ZO)]2 (n = 0-3) is useful (Table 3). We
discussed above why the o*' -» o* transition 15 lower in energy

than o » o* in FeRuz(CO)]z. Upon substitution of another Fe for

Ru to give FezRu(CO)]Z, the o*' > o* transition should fall to even
lower energy. Indeed, the lowest energy band is now at 1.79 um']
in comparison to 2.13 um'] in FeRuZ(CO)]Z. The band is at lower
energy still in Fe3(CO)]2 (1.66 pm-]). Thus, the o*' > o* transition
energy decreases as the average splitting of the xz and z2 orbitals
decreases. The o - o* transition is assigned to the 2.29 um’] band.
This band is unresolved in solution at room temperature, so it is
difficult to determine if the band blue-shifts and sharpens on

1

cooling. However, we note that the 1.66 ym = band red-shifts on

cooling, which indicates that a o » o* transition is not involved.

Charge Transfer Bands

Metal-to-1ligand charge transfer transitions in metal carbonyls
generally fall in the ultraviolet region of the spectrum (1). The
energies of such transitions are mainly determined (1) by the nature

of the central metal atom, i.e., the positions of d(Fe) ~ #*CO and
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d(Ru) - 7*CO charge transfers in Fe3((10)]2 and Ru3(C0)]2 may be
reasonably estimated from the MLCT band energies observed for
Fe(CO)5 and Ru(CO)S, respectively. The Towest MLCT band in the
spectrum of Fe(CO)5 falls at 242 nm (4.13 um']) (24), whereas that
in Ru(CO)5 occurs at 236 nm (4.24 um"]) (Table 2). Thus, we assign

the intense bands at 263 nm (3.80 um-]) in Fe3(CO) and at 238 nm

12

(4.20 umn™ 1) in Ru(C0),, to MLCT transitions. By analogy, the band
at 240 nm (4.17 pm']) in the spectrum of 053((30)]2 is attributed to

a similar MLCT transition,

Q4h_M2Fe(CO)]4 Complexes

Figure 9 illustrates the proposed MO scheme for D

an (2)
MZFe(CO)]4—type (M = Mn, Re) molecules. If Z is taken as the
internuclear axis, then metal-metal bonding is expected to involve
mainly the d orbitals. The 3d_p orbital on Fe transforms as
243 thus, in the trinuclear molecule the Fe 3d_p interacts with
the M2 a]g combination to form bonding and antibonding molecular
orbitals. The M2 a5, combination is stabilized by interaction
with the Fe 4pz orbital.

The dxz’ dyz’ and dxy orbitals, which are of 7 or § symmetry
in M2Fe(C0)]4, lie to lower energy. As the overlaps between the
m or & orbitals on different metal atoms are small, these orbitals

will Tlie below the d22 levels in the trinuclear molecules, The

dx2 _ y2 orbitals are strongly antibonding with respect to the CO
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Figure 9

MO scheme for a D4h M2Fe(C0)]4 molecule.
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donor orbitals; hence, they are higher in energy than the d2

levels. Thus, of the 22 d valence electrons in M,Fe(CO) 18

2 14°
occupy the low-lying dm and d§ orbitals, and the remaining 4

electrons fill the bonding a]g and a5, molecular orbitals. The

i 2. 2
ground state is A]g(la]g a5,

The crystal structure determination (24) of anFe(CO)]4 provides
evidence that the mixing of the M2 35, combination with the Fe
4pZ orbital is important. Without such interaction, the a5, level
would be nonbonding, implying weak metal-metal bonds relative to
M"Z(CO)]O' However, the MnFe bond length is 2.81 R (25), which
is slightly shorter than the MnMn bond length of 2.92 A in
Mn

o) 26).

10 (
The Towest allowed electronic excitation is predicted to be

1 . . " . .
1g > A2u (a2u > Za]g), which is a o = o* transition. This

X
Ia
transition should be polarized along the MFeM(Z) axis. Note that
the 1a]g # Za]g transition is not allowed. The spectra of
RezFe(CO)]4 at 300 and 77 K are shown in Figure 10. We have
found that the Towest enérgy band in RezFe(CO)]4 is polarized
along the ReFeRe axis in the nematic liquid crystal solvent BPC

(Figure 11). This finding is consistent with a o » o* (a2 > Za]g)

u
assignment for the band in question, A similar assignment is

made for the intense lowest energy band in anFe(CO)]4 (Table 2).
The o -~ o* band 1in MnFeRe(CO)-l4 (2.48 um']) falls between those of

Mn,Fe(C0),, (2.32 di and Re,Fe(C0),, (2.63 o g,
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Figure 10

Electronic absorption spectra of ReZFe(CO)]4 in 3-PIP at
300 and 77 K.
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Figure 11

Polarized spectra of RezFe(CO)]4 in BPC; the spectra are
corrected for the absorption of BPC and are for the electric
vector of light polarized parallel (||) and perpendicular
(]) to the long axis of the oriented BPC molecules (see

Ref. 12).
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The energy of the Ay Za]g band maximum increases by about
0.4 um-] in Mn,Fe(C0);, on going from 300 to 77 K, whereas in

Re,Fe(C0),,, it blue-shifts 0.1 ™V

This characteristic behavior
of a ¢ >~ o* band has now been demonstrated for MZ(CO)]O' bl
M2(C0)8- (23), M3(CO)]2-, and M4(CO)]2— (27) type compounds and

their derivatives.
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CHAPTER 2

The Photochemistry of 053((20)]2
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Abstract: 053(C0) reacts photochemically with CCl CHC13, or

12 4>
CH2C12 at room temperature to give Os(C0)4C12. No spectroscopic

evidence was obtained for the intermediate formation of either 053(C0)]2C12
or OSZ(C0)8C12. The quantum yields for these reactions are very low:

0.002 for the reaction with CCI4 at 313 nm. We suggest that 053(C0) C1

127°2
might not be observed because it is so photoreactive. This mo]eéule
reacts photochemically with CC]4 to give Os(CO)4C12 with a quantum yield
of 0.31 at 313 nm. Substitution of Os3(CO)]2 appears to be a much more
efficient photoprocess than fragmentation. Os3((10)]2 reacts photochemically
with PPh3 at room temperature to give 053(C0)]]PPh3. Os3(C0)]0(PPh3)2
and 053(C0)9(PPh3)3 are secondary and <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>