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Abstract

The nature of the E-E interaction in the electron-rich seven skeletal electron-pair mixed main-group/ transition metal tetrahedral
M,E, organometallic clusters of which the E, linkage is spanned by an ML, fragment, is analyzed with the aid of molecular
orbital calculations of extended Hiickel-type. The results show that the extra skeletal electron pair is housed in a non-bonding
molecular orbital of b, symmetry which is the HOMO of the systems. The nature and the peculiar position of this orbital are
mainly due to two parameters: the pinch effect of the ML, bridging unit and the electronegativity difference between the metal

and main-group atoms.
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1. Introduction

The rationalization of the structure and bonding of
clusters can be generally achieved within the frame-
work of simple electron counting schemes [1-4], the
more convenient of which being probably the so-called
polyhedral skeletal electron pair theory (PSEPT) [1,2],
which is widely used in organometallic cluster chem-
istry. However, exceptions to these rules can occur
when systems become complicated. Among these ex-
ceptions, there are several examples of mixed main-
group/ transition metal clusters which are considered
as being too electron-rich with respect to the structure
they adopt [5]. One of the simplest classes of these
electron-rich species consists of compounds with a te-
trahedral cluster core of general formula M,E, (M =
transition metal and E = Bi or Te) in which the E-E
edge of the tetrahedron is spanned cither by a carbene
or by an isolobal ML, organometallic fragment [11]. In
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the analysis developed below, the bridging entity is not
considered a vertex of the cluster [12*]. These com-
pounds with structure labeled A in Scheme 1 are listed
in Table 1, together with some of their structural
parameters. The E-E distances suggest that a direct
bonding interaction persists in these molecules.

All the compounds gathered in Table 1 are isoelec-
tronic and have seven skeletal electron pairs (SEP)
which may be used for bonding in the tetrahedral core,
i.e. an excess of two electrons with respect to the
effective atomic number (EAN) as well as to the PSEP
formalisms. In fact, species with seven SEPs are ex-
pected to adopt a butterfly-type arrangement for their
M,E,; core, such as B shown in Scheme 1, in which
direct E-E bonding would not be expected. The lack
of an E-E interaction is observed for isoelectronic and
structurally similar edge-bridged clusters where E=S§
[13,14] or Se [14]. These compounds have the same
geometry as A but the observed separation precludes
direct E-E bonding. [Fe,(CO)4(u-ER),] have the same
electron count but are not constrained by a bridging
group, and no direct E-E bond is proposed even for
E = Te [15,16]).
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In the compounds listed in Table 1, the E---E
separations are within the range of a standard single
bond (for E = Bi) or slightly longer (ca. 15%) as for
E = Te. The claw effect of the CR, or ML, bridging
units can be invoked to explain the fact that the two E
atoms are within bonding distance. However, this is not
observed when E =S or Se. Moreover, if there is a
forced E-E contact, a strong destabilization should
occur for the observed electron count, which could
easily be relieved by opening, some other bond (M-M
or M-E) of the tetrahedron, leading to alternative
butterfly structures such as those presented in C and D
of Scheme 1. Indeed, there are several examples of
unbridged 7-SEP clusters adopting these structures
[17,18].

The aim of this paper is to explain by means of
extended Hiickel calculations why the tetrahedral
structure is nevertheless maintained in the complexes
given in Table 1. The compound we have chosen to
model is the bismuth species 1, synthesized by one of
us [6] and which should give rise to the strongest E-E
interaction. Calculations on M,Te, clusters give the
same qualitative results. Computational details are
given in the Appendix.

2. The tetrahedron Fe,(CO)¢Bi,

In order to understand the possible role played by
the Co(CQ), bridging unit in 1, we present first the
electronic structure of the hypothetical unbridged te-
trahedral [Fe,(CO)4Bi,]*>~. Secondly, the -interaction
between the [Fe,(CO),Bi,]*~ tetrahedron and the
Co(CQ), bridging unit is considered. The molecular
orbital (MO) diagram of [Fe,(CO)4Bi,]*~ is shown in
Fig. 1, based on the interaction between the Fe,(CO)
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Fig. 1. Molecular orbital interaction diagram for the tetrahedral
model [Fe,(CO)¢Bi, >~

and Bi, fragments. Each Fe(CO); fragment bears three
frontier orbitals [11], giving rise to six frontier molecu-
lar orbitals (FMO) for the [Bi,Fe,(CO)4]*>~ unit. These
can be identified roughly as being the o, o*, ™ and
m* levels associated with the Fe-Fe bond. The Bi,
moiety exhibits the same types of o, o*, = and 7 *
FMOs, with additional in-phase and out-of phase com-
binations of two lone pair orbitals on each Bi atom,
which are expected to interact weakly with the metal
fragment.

The resulting MO diagram of the [Fe,(CO)sBi,]*~
unit is not discussed in detail here, since it is typical of

TABLE 1. Bridged mixed main-group /transition metal tetrahedral M, E, clusters characterized by X-ray diffraction

Compound SEP count 0 ® angle ®) ® d(E - E)(A) Ref.
[Fe,(CO)(Bi, Xp — Co(CO))]~ (1) 7 57 3.092(2) 6
[Fe,(CO)(Te)(n — CH,)I(2) 7 44 3.114(1) 7
[Fe,(CO)¢(Te),(p — Fe(CO),1(3) 7 54 3.111Q1) 8
[Fe(CO)¢(Te,Xu — Fe(CO);PPh3)) (4) 7 54 3.138(1) 9
[FeMoCp(CO)s(Te, X — MoCp(CO),)] (5) 7 68 3.146(1) 10

2 See text: ® Averaged.
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any tetrahedral framework resulting from the combina-
tion of four conical fragments, including tetrahedrane
[5¢,17,19]. In particular, it exhibits a large and unique
energy gap (2.2 eV) between the 4a, and 2b, levels
(see Fig. 1), strongly favouring the 6-SEP electron
count, with the following formal skeletal configuration
(a,)%@,)4(b,)*(b,)? [17]. In this way, the 6-SEP model
[Fe,(CO)¢Bi,]*~ is closely related to real tetrahedral
species, such as [Fe,(CO),E,] (E =S [20], Se [21], or
Te [22]), [Co,(CO)¢As,] [23], [Co,(CO)s(PPh;)As,]
[24], and [Cp,(CO),Mo, As,] [25]. Consistent with the
6-SEP favoured electron count, the computed overlap
populations associated with the Bi-Bi, Fe-Bi and Fe-
Fe bonds in [Fe,(CO)(Bi,]*~ are large (0.649, 0.358,
and 0.172, respectively). The addition of an extra elec-
tron pair to the 2b, LUMO leads to a negative Fe—Fe
(—0.028) and a smaller Bi-Bi (0.315) overlap popula-
tion, indicating that such a 7-SEP species would be
more stable in one of the structures C or D rather than
A, consistent with the EAN and PSEP rules.

We focus now on the cluster orbitals of symmetry
b,, which play a crucial role in the interaction of
[Fe,(CO)4Bi,}*~ with the bridging unit (vide supra). In
principle, for the count of 7 SEPs, there are formally
four skeletal molecular orbitals (SMO) of b, symmetry
{of which two are occupied and two unoccupied) and
one b, level associated with the Bi lone pairs. How-
ever, mixing occurs between these SMOs and the lone
pair orbital, as described below. The low-energy 1b,
level of the Fe,Bi, tetrahedron derives primarily from
the 1b, out-of-phase combination of the lone pairs of
the Bi, fragment, mixed in a bonding way with the 1b,
m-bonding FMO of the Fe,(CO)4 unit. The 2b, level of
the tetrahedron has an overall 54% localization on the
Bi, fragment. The contribution of the 2b; m-antibond-
ing FMO of Bi, is 38%, while the contribution of the
1b, lone-pair combination is 13%. These two Bi, levels
mix with the 1b, FMO of Fe,(CO); in such a way that
the resulting 2b; MO of the tetrahedron is bonding
between the Bi, and Fe,(CO), fragments. This three-
orbital mixing pattern is illustrated in Scheme 2(a). A
plot of this 2b, molecular orbital is given in Fig. 2(a).
The lowest unoccupied cluster orbital of b, symmetry,
namely 3b,, also has a substantial bismuth character
(72%). The major Bi, FMO contributions come from
2b, (46%) and 3b, (23%). They also mix mainly with
the 1b, FMO of Fe,(CO),, in such a way that the
resulting cluster 3b, level is antibonding. This three-
orbital mixing pattern is shown in Scheme 2(b). The
resultant MO is plotted in Fig. 2(b). Finally, the 4b,
cluster MO, situated at very high energy, derives largely
from the 3b,; o-antibonding FMO of the Bi, entity.

As discussed below, orbitals of a, and b; symmetry
are able to interact with the bridging fragment. Thus,
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Scheme 2.

from the above discussion we can see that the two
frontier orbitals of b, symmetry of the 6-SEP
[Fe,(CO)¢Bi,]* tetrahedral model with which we need
be concerned are the 2b, (highest occupied) and 3b,
(lowest unoccupied) levels. It is important to remember
in the following discussion that the main lobes of the
these two orbitals on the Bi, fragment are differently
oriented (see Scheme 2 and Fig. 2).

3. The bridged tetrahedral molecule [Fe,(CO)/Bi,{u-
Co(CO),}I- (1)

The MO diagram of the 7-SEP anionic compound 1
is given in Fig. 3, based on the formal interaction of the

(b)
Fig. 2. Contour maps of the 2b, (a) and 3b; (b) FMOs of the
tetrahedral [Fe,(CO)4Bi,]?~ species. Only the bismuth part is shown
and plotted in the plane passing through the two Bi atoms and the
middle of the Fe-Fe vector.
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Fig. 3. Molecular orbital interaction diagram for the bridged tetrahe-
dral molecule [Fe,(CO)¢Bi(1-Co(CO),)] .

[Fe,(CO)Bi,]*~ tetrahedron with the [Co(CO),]*
bridging moiety. The latter C,, ML, fragment pos-
sesses a set of two frontier orbitals, lying significantly
above the so-called “t,,” set [11]. One is a o-type
hybrid of a, symmetry, the other is a m-type hybrid of
b, symmetry. Usually, the presence of a bridging unit
on an edge of a cluster cage is not expected to change
the favoured electron count. In other words, each of its
frontier orbitals is expected to interact with the orbitals
of the cluster in such a way that the resulting number
of bonding and non-bonding orbitals is the same with
and without the bridge [11c]. As stated previously, this
is not the case for 1, which bears two electrons more
than the unbridged tetrahedral parent and conse-
quently is in disagreement with the count expected
from the PSEP rules. One can see in Fig. 3 that the

calculations are entirely consistent with the observed
etahility of 1 Indeed a laroe HOMO /TTIMON gon nf

stability of 1. Indeed, a large HOMQ/LUMO gap of
2.15 eV is computed for the actual 7-SEP count, while
a HOMO/LUMO gap which is too small (0.44 eV) is
found with the count of 6 SEPs.

According to Fig. 3, the a, FMO of the [Co(CO),]*
fragment is strongly destabilized by the 2a;, and 4a,
levels of the unbridged tetrahedron, giving rise to a
strongly antibonding and very high-lying combination.
It follows that the number of occupied a, levels is the
same in the bridged and unbridged clusters. In con-
trast, this is not the case for the number of b, levels.
The b; FMO of the [Co(CO),]* unit interacts, in turn,
principally with the 2b, and 3b; levels of the [Fe,
(CO)Bi,]*~ tetrahedron. Its. interaction with the
low-lying 2b, gives rise to a destabilizing contribution,
while its interaction with the high-lying 3b, induces a
stabilizing contribution. From an energy point of view,
one might expect that the destabilizing contribution
should largely dominate, since the 2b, cluster level is
closer in energy to the b, FMO of [Co(CO),]*. This is
not the case, as one can see in Fig. 3; this destabiliza-
tion is largely counterbalanced by stabilization due to
the interaction with the cluster 3b, level. The reason
lies in the overlap between the b, FMO of [Co(CO),]*
with 3b, (0.217) which is larger than that with 2b,
(0.148). It follows that the resulting 3b, MO combina-
tion of the bridged species [Fe,(CO)Bi{p-Co(CO),}1~
stays at low energy, being more non-bonding in charac-
ter than really antibonding. Therefore, it has to be
populated to provide some stability to the cluster.
Thus, the extra skeletal electron pair of 1 lies in the
3b;, MO, and the reason for this electron excess seems
obvious when we look at Scheme 2 and Fig. 2. The
main lobes of the 3b; FMO of the unbridged cluster
point towards the cobalt atom, leading to a strong
overlap with the latter, while they are badly oriented in
the 2b;, FMO. Clearly, the claw effect of the bridging
ligand is one of the parameters which favours the
electron excess in these species, by favouring the over-
lap with 3b,. This effect is analyzed in the next section.

The computed Bi-Bi, Fe-Bi, Fe-Fe and Co-Bi
overlap populations in the 7-SEP compound 1 are
0.429, 0.373, 0.177, and 0.234, respectively, indicative of
strong bonding. However, comparison of the Bi-Bi
value with the corresponding one in the 6-SEP un-
bridged [Fe,(CO)¢Bi,]*~ species indicates that the ad-
dition of the [Co(CO),]* bridge weakens the Bi-Bi
bond significantly (0.649 vs. 0.429). This is mainly due
to the occupation of the 3b, level in 1. Indeed, this
level has significant participation (14%) of the vacant
3b, FMO of [Fe,(CO)4Bi,}*~, which is strongly Bi-Bi
antibonding (see Figs. 1-3). The interaction of a; sym-
metry also contributes to the weakening of the Bi—Bi
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bond, since it produces a depopulation of the occupied
2a, and 4a, Bi-Bi bonding orbitals of the unbridged
cluster (by 0.17 and 0.63 electrons, respectively).

4. Angular analysis of the claw effect

The claw effect of the Co(CO), fragment in 1 can be
evaluated by replacing this bridging unit by two termi-
nal substituents (such as hydrogen atoms) on the bis-
muth atoms. Such a set of two terminal hydrogen
atoms is isolobal to Co(CO), [11] in that it also has a
set of two (a; and b,) frontier orbitals, namely the
in-phase and out-of-phase combinations of the two
hydrogen 1s atomic orbitals. The pinch effect can be
analyzed on the resulting 6/7-SEP [Fe,(CO),-
(BiH),]°/2~ model by varying the angle # as shown in
Scheme 3. The corresponding Walsh diagram and total
energy curves are shown in Fig. 4. The main feature of
this Walsh diagram is the strong stabilization of a level
of b, symmetry when 8 varies from 150° to about 70°.
Below 6 = 70°, its energy starts to increase strongly,
because of H---H and Bi---H steric interactions.
For the count of 7 SEPs, this 3b, level is occupied,
driving the total energy to be minimum around 8 = 75°.
In that case, the electronic structure of [Fe,(CO)4-
(BiH), >~ is similar to that of 1. For the count of 6
SEPs, the total energy curve shows a flat minimum
around 6 = 130°. For this value of 8, the H-Bi vectors
are pointing roughly towards the centroid of the tetra-
hedral core. This is the typical situation of the classical
6-SEP tetrahedral clusters of general formula
[M,L _(ER),], such as [Fe,(CO)s(NMe),]** and
[Fez(CO)G(PtBu)zl- [27]

The behaviour of the crucial b, level with variation
of @ can be understood from Fig. 5, which represents
the interaction between the frontier orbitals of b,
symmetry of the Fe,(CO), and H - -+ H fragments in
the [Fe,(CO)4(BiH),]°/>~ model. For large values of 6,
the H---H b, orbital overlaps mainly with the
low-lying 2b;, FMO of the Fe,Bi, tetrahedron, whose
main lobes are pointing towards the H atoms. Conse-
quently, the H---H b, level is strongly destabilized
and becomes too antibonding to be occupied, and the
favoured electron count is 6 SEPs, as predicted by the
PSEP rules. For small values of 6, the H:-:-H b,
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Fig. 4. Walsh diagram and total electronic energy variation as func-
tion of the (Bi-Bi—-H) angle (#) in the tetrahedral model
[Fe 2(CO)5(BIH)2 ]0/2 -

orbital overlaps principally with the high-lying 3b, FMO
of the tetrahedron, whose main lobes are now pointing
towards the H atoms. In this case, the strongly stabiliz-
ing interaction arising from the 3b; FMO of the tetra-
hedron prevents the H---H b, orbital from being
significantly raised in energy. Therefore, it remains
more or less non-bonding and can be occupied, leading
to the 7-SEP favoured electron count.

5. Related compounds

In compound 2 of Table 1, a carbene bridges the
Te, linkage. As stated previously, a CR, fragment is
isolobal to the [Co(CO),]* unit [11]). We checked their
related electronic effects by substituting the [Co-
(C0O),]* bridge in 1 by a methylene group, CH,. Calcu-
lations on the resulting [Fe,(CO)¢Bi,(u-CH,)*~
model lead to results qualitatively similar to that ob-
tained for 1. In particular, the calculated HOMO/
LUMO gap is large (1.87 eV), and the computed
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Fig. 5. Interaction diagram between the b, FMOs of the Fe,(CO),
and H - - - H moieties in the tetrahedral model [Fe ,{(CO)4(BiH),1%/2~
for 6 = 150° (on the left) and 6 = 70° (on the right).

Fe-Bi and Fe-Fe overlap populations (0.371 and 0.188,
respectively) compare well with the corresponding val-
ues found for 1 (0.373 and 0.177, respectively). This is
not the case for the Bi—-Bi overlap population, which is
significantly smaller in [Fe ,(CO)4Bi,(u-CH,)*~ (0.195
vs. 0.429 in 1). The weakening of the Bi-Bi bond
compared to 1, results primarily from a stronger inter-
action between the b; FMO of CH, and the 3b,
orbital of the unbridged tetrahedron, but also from a
stronger bonding interaction between the frontier or-
bitals of a, symmetry.

At this point of the discussion, it should be noted
that, in order to secure a significant HOMO/LUMO
gap in the 7-SEP bridged tetrahedron, the bridging
entity must have its b, FMO sufficiently low in energy.
This is indeed the case for all the compounds listed in
Table 1. For example, calculations on the hypothetical
[Fe,(CO)¢Bi,(u-CO)] model lead to a unique electron
count of 6 SEPs, because of the high energy of its b,
(m&o) frontier orbital.

As noted previously, the Te-Te separations in the
tellurium clusters in Table 1 are roughly 10-15% longer
than usual Te-Te single bonds and therefore, slightly
weaker than the Bi—-Bi bond in compound 1. Here
there is a second parameter which plays an important
role in the E-E bonding in the bridged mixed main-

group /transition metal M2E2 species electronegativ-

ity. Since Te ala thon Bi tha 1L
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FMO of the unbridged tetrahedron, which is strongly
E-E antibonding for the case of bismuth, has a lower
energy in the case of Te. Consequently, it interacts
more strongly with the bridge and its occupation will
be more important after interaction, leading to a
weaker E-E bond. With E = Se or S, this electronega-
tivity effect is even larger, and the E - -- E bonding
character is completely missing [13,14].

In the Introduction, we mentioned that the 7-SEP
unbridged [Fe,(CO)(u-TeMe),] [15,16] adopts the
butterfly structure B, in agreement with the EAN and
PSEP rules. Although in this compound the Te - - - Te
distance (3.26 A) appears to lie out of the range of
significant bonding contacts, one could argue that some
weak bonding interaction could remain, despite the
unbridged nature of the tetrahedron. The nature of
this through-space interaction has been investigated on
the idealized model [Fe,(CO),(TeH),]. The electronic
configuration is typical of any classical electron-precise
butterfly cluster. The calculated HOMO /LUMO gap
(24 eV) is large, consistent with the stability of
[Fe,(CO)¢(u-TeMe),] [15]. The computed Te - -- Te
overlap population is slightly positive (+0.033), indicat-
ing a weak bonding interaction. In the deprotonated
isoelectronic [Fe,(CO)¢(Te),]*>~ fragment, the Te - -
Te overlap population is slightly negative (—0.044),
because of the occupation of the 3b; FMO in this
7-SEP open tetrahedron. When the protons are added
to the Te atoms, their b, FMO interacts principally
with the 3b, level of [Fe,(CO)4(Te),]>~ which is higher
in energy, due to the electropositive nature of tel-
lurium. Consequently, the resulting antibonding vacant
combination bears a large Te contribution. As a result,
the somewhat Te---Te antibonding 3b, FMO of
[Fe,(CO)((Te),J*~ is partly depopulated under proto-
nation, leading to a weak Te - - - Te attraction. This
attraction is expected to disappear upon substitution of
Te by a more electronegative element such as S [17,18],
while it should increase upon substitution by a more
electropositive element such as Bi~.

The forrnation of a E - - - E interaction may be re-
sponsible for the experimental observation that donors
add to [Fe;(CO),E,] (E = Te) to give the bridged-te-
trahedral structure A, whereas for E=S or Se, this
does not happen.

6. Concluding remarks

To summarize, one can say that, because of the
small pinch angle 6, the b, FMO of the Co(CO),
bridge is prevented from interacting strongly with the
2b, orbital of the Fe,(CO)¢Bi, fragment. This 2b,
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Scheme 4.

orbital can be roughly identified as the out-of-phase
combination of the Bi lone pairs of the Fe,(CO)4Bi,
tetrahedron. However, this b; FMO interacts preferen-
tially with the 3b, orbital of the Fe,(CO),Bi, frag-
ment, which is Bi-Bi #/c-antibonding and therefore
can be identified as being a skeletal MO. This suggests
that the Co(CO), fragment could be considered as
being part of the cluster, and not simply as a bridging
ligand. In that way, compound 1 can be viewed alterna-
tively as an arachno-pentagonal bipyramidal cluster
(i.e. with two unoccupied vertices) as shown in Scheme
4. For such an arachno species of M;E, skeleton,
PSEP theory predicts a count of 8 SEPs. Accordingly,
compound 1 bears 8 SEPs with respect to the pentago-
nal bipyramid. Indeed, to the 7 SEPs associated with
the Fe,Bi, tetrahedron, one must add one “t,,” non-
bonding electron pair of b, symmetry deriving from the
Co(CO), unit, in order to render it isolobal with a
conical fragment [11].

We have described previously the structure, and
analyzed the bonding of, pentagonal bipyramidal
nido-type clusters (i.e. with one vacant vertex) of the
Co,Bi, skeleton, shown in Scheme 5(a). In particular,
we deduced the the “through-cluster” Bi-Bi bonding
in these species is related to a size effect and to the
electronegativity difference between Co and Bi [5¢c]. In
fact, these compounds have 9 SEPs, while only 8 are
expected from PSEP theory. Our calculations on the
[Co,(CO),,Bi,] and [Co,(CO),o(u-CO)Bi,]>~ showed
that the excess electron pair occupies a rather low-lying
Co-Co m-antibonding level. The possibility of a 9-SEP
count for a related arachno-type [Co,(CO)yBi,]™
species shown in Scheme 5(b) then arises. Calculations
on [Co,(CO)¢Bi,]™, generated from [Co ,(CO),,Bi,] by
simply removing one [Co(CO),]* group, indicate that
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an 8-SEP count is the only possibility. Indeed, the
low-lying Co-Co sr-antibonding level present in the
nido species disappears in [Co,(CO)Bi,] ™, due to the
loss of Co—Co contacts. In fact, the electronic structure
of this model is very similar to that of 1.

The size and electronegativity effects have been
invoked to explain the Bi-Bi bonding in the nido
[Co (CO),,(-CO)Bi,] and related species [5c]. These
parameters are also valid for the arachno species such
as 1, listed in Table 1. Indeed, the covalent radius of
the main-group atom E has to be large enough to
produce a pinch angle 8 small enough to interact with
the 3b; FMO of the unbridged tetrahedral core. More-
over, E must be significantly more electropositive than
M, so that the crucial 3b; FMO of the unbridged
tetrahedron, depicted in Fig. 2(b), has a preponderant

localization on the E-E hinge, not on the M—M bond.

The fact that E is electropositive also means that its
atomic orbitals are diffuse, able to provide significant
overlap in any direction. Clearly, the problem we are
dealing with in this paper is, in some ways, related to
hypervalency of main-group elements. From this point
of view, it is interesting to note that the coordination
sphere around each Bi atom in compound 1, resembles
that of sulfur in the typical hypervalent molecule SF,
for instance [28,29].
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Appendix

All computations were carried out within the ex-
tended Hiickel method [30] with use of the modified
Wolfsberg—-Helmholz formula [31]. The atomic param-
eters utilized are given in Table 2. Structural parame-
ters for the different models were taken from the
idealized crystallographic data of compound 1. In the
[Fe,(CO)sBi(1-CH,))*~ model, the Bi-C(H,) and
C-H separations were set equal to 2.68 A and 1.09 A
respectively. The Bi-H distance of 1.8 A was used in
the models [Fe,(CO)(BiH),]/?>~. The experimental
structure of [Fe,(CO),(TeMe), ] was idealized and used
for the model [Fe,(CO)¢(TeH),] [15]. A Te-H distance
of 1.65 A was used. The geometry of the model
[Co,(CO)¢Bi,]” was obtained from the idealized ex-
perimental structure of [Co,(CO),(u-CO)Bi,}>~ by
removal of a Co(CO), fragment [5c].

TABLE 2. Extended Hiickel parameters

Orbital  H; (eV) & ¢ ® cy®
H 1s —13.60 1.300
C 2 —2140 1.625
2p —~1140 1.625
0O s 3230 2275
2p  —14.80 2275
Te 5s —20.80 2.510
Sp —132 2.160
Bi 6s -15.75 2.653
6p —10.52 2092
Fe 4s -9.10 1.900
4p ~532 1.900
3d  —12.60 5350 1.80 05366  0.6678
Co 4s -921 2.000
4p -5.29 2.000
3d  -13.18 5550 190 05551  0.6461

2 Coefficients in the double-{ expansion.



