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Summary

The stoichiometries and geometries of gold and platinum tertiary phosphine
cluster compounds of the type M,(PR),*" (n = 3—6) have been analysed using
extended Hiickel molecular orbital calculations. The isolobal naiure of the
M(PH3) fragment depends critically on the nature of the metal atom M, and
may be used to provide a basis for predicting a wide spectrum of homo- and
hetero-nuclear metal cluster compounds.

In 1976 we reported a theoretical analysis of the bonding in high nuclearity
gold tertiary phosphine cations [1] which provided the basis for the prediction
and subsequent successful synthesis of the first example of an icosahedral metal
cluster compound [2,3]. This paper describes an extension of this theoretical
model to low nuclearity cluster compounds and mixed metal cluster compounds.

The M(PH;) fragment (M = Ni, Pd, Pt, Cu, Ag, or Au) is a common constitu-
ent of the cluster compounds of the platinum and Group Ia metals [4] and has
the frontier molecular orbitals represented schematically in Fig. 1a. For these
metals the orbitals with a predominance of d orbital character are filled and the
bonding characteristics of the fragment are determined primarily by the hy(s-2)
and higher lying degenerate pair of metal p,. and p, orbitals. In terms of isolobal
analogies [5—7] the M(PH,) fragment may be identified with either a C—H frag-
ment, which also has a set of hy(s-z), p, and p, frontier orbitals, or the conical
M(CO); fragment, which has the related set of frontier molecular orbitals illus-
trated in Fig. 1a. Such an analogy based on symmetry considerations ignores
possible differences in the bonding capabilities of the fragments arising from the
rather different energies and radial characteristics of the orbitals of the central
atom. The former is particularly important and Fig. 1b therefore compares the
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Fig. la. A comparison of the frontier molecular orbitals of M(PH3) and M(CO)3 fragments.

relative energies of the frontier molecular orbitals of M(PH;) and M(CO); [5]
fragments as derived from extended Hiickel calculations, which are described

in further detail in the Appendix. These calculations suggest that although the
M(PH;) fragments, when M = Cu or Ni, may be considered to be isolobal with
M(CQO); (M = Cr or Mn) Lecause their frontier orbital energies are approximately
the same the analogy is likely to be less reliable for M(PH;), when M = Au or Pt,
because both the hy(s-z) and p_, p, orbitals are significantly less stable than the
corresponding orbitals of the M(CO); fragments.

From Fig. 1b it is apparent that the following fragments may be considered
to a good approximation to be isolobal and pseudo-isoelectronic: Cu(PRj), -
Mn(CO);, CH?** and Ni(PR;), Cr(CO);, CH?**. This analogy is illustrated by the
series of compounds shown in Fig. 1c containing these fragments which are iso-
structural. The diminished role of the metal p, and p,, orbitals of the M(PHj3)
fragment when M is a third row transition element is demonstrated by the
structural determinations on related copper and gold cyclopentad.lenyl com-
plexes illustrated in Fig. 1d. .

In the copper complex [8] the observed n°-coordination mode maximises
the back donation of electron density from filled e,(w) molecular orbitals on the
cyclopentadienyl ligand to the empty and relatively low lying p_, p, orbitals of
the Cu(PH;)"* fragment. In the case of Au(PH,)* the p, and p,, orbitals are higher
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lying and cannot accept this electron density effectively. Consequently, for an
n°-geometry the e,(r)molecular orbitals enter into a pair of four electron
destabilising interactions with the lower lying and filled metal d,, and d,,

Cu Au
//,/
‘i 7
J
H
(C5H5)Cu(F’Ph3) (CsHPh4)Au(PPh3)
(sl [l Fig. 14.

orbitals. These destabilising interactions are relieved by a “slip”’ distortion which
leads to a coordination mode intermediate between i and 5> for the gold atom.
The way in which these “‘slip’’ distortions reduce the four electron destabilising
interactions in such situations has been discussed in some detail by us elsewhere
[12]. The extended Hiickel calculations which we have completed on these and
related systems suggest that the M(PHs) fragments (M = Au or Pt) approximate
to being isolobal with CH;, Mn(CO)s and Fe(n-CsH;)(CO), fragments since the
D, and p,, orbitals play only a secondary bonding role. The isolobal nature of
these fragments has been recognised for some time and is amply demonstrated



by the following series of related molecules: CH;—CHj;, CH;—Au(PPh;),
(OC)sMn—Mn(CO); and (OC):Mn—Au(PPh;). The isolobal nature of Au(PPh;)
and H is more interestingly illustrated by the following pair of cluster com-
pounds [13]:

PPh;
Au
H O o ©
? o9 g o
C < co
oc co oc .
oC Co oC o)
co co
C c
° c H ° C H
o o
Os3H,(CO), Os3H[AU(PPh )] (CO),
[13a] [i31]

The high lying nature of the hy(s-z) orbital of the Au(PHj3) fragment indi-
cated by the calculations and summarised in Fig. 1b, suggests that in complexes
of the type (OC)sMn—Au(PPhL;) the metal—metal bond will be polarised such
that the gold atom will bear a positive charge and the manganese atom a nega-
tive charge.

The isolobal relationships discussed above extend to homonuclear cations
derived from these fragments and may be used to account qualitatively for the
molecular orbitals of the [Au,,(PH,),,]** cations illustrated in Fig. 2. The sym-
metries, nodal characteristics and relative energies of the molecular orbitals
derived from the hy(s-z) orbitals of Au(PH;) fragments are entirely analogous
to those of the isostructural H,** aggregates [1,14]. From Fig. 2 it is apparent
that this analogy is valid because the molecular orbitals derived from the p, and
D, orbitals of the Au(PH;) fragments are considerably more higher lying and in
general will not make an important contribution to skeletal bonding in this type
of unbridged cluster.

The analogy between H and Au(PR,) fragments leads directly to the impor-
tant conclusion that the gold—gold bonding interactions in [ Au, (PR3),]*" are
maximised for metal polyhedral arrangements based on closed triangles of metal
atoms, because these arrangements provide for the maximum number of next
neighbour bonding interactions and thereby stabilise most effectively the lowest
lying totally symmetric molecular orbital. This generalisation is authenticated
by numerous structural studies on gold and platinum cluster compounds con-
taining the M(PR;) fragment [4]. The molecular orbital calculations which are
summarised in Fig. 2 suggest that for low nuclearity clusters the bonding is
dominated by the totally symmetric combination of Au(PH;) hy(s-z) orbitals
and predict the occurrence of the following stable species: Auz(PR;);", triangu-
lar, 88 valence electrons; Au,(PR;),2%", tetrahedral, 50 valence electrons;
Aus(PR,;):3*, trigonal, bipyramidal, 62 valence electrons; Aug(PR;3)e*", octa-
hedral, 74 valence electrons.

However, the presence of only a single bonding molecular orbital in each of
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these clusters carries with it the implication (confirmed by the Mulliken over-
lap population analyses reproduced in Fig. 2) of a diminution of gold—gold
bonding with increased cluster nuclearity. Therefore the formation of isoelec-
tronic compounds with bridging ligands shiould enhance the overall stabilities
of such compounds. This has been corroborated by extended Hiickel molecu-
lar orbital calculations on the hydridoclusters Pt,H,,(PH;),, and encouraged by
the recent report by Howard, Spencer and their coworkers [15] of the tetra-
hedral platinum cluster compound Pt4H,(PR,)s, which is isoelectronic with
Auy(PR,)4?* discussed above, These calculations also suggest that the bridging
ligands could result in the participation of the non-bonding cluster molecuw.ar
orbitals in Fig. 2 and thereby influence the total electron count. Thus it is
possible to predict the occurrence of two platinum octahedral hydridocluster
compounds, viz. Pt¢H,(PR;)e and PtHgz(PR,)¢ with the latter arising from the
involvement of the non-bonding t,, molecular orbitals of the octahedral cluster
shown in Fig. 2. The role of the briding ligands is discussed in more detail
below.

Alternative ways of involving the non-bonding t,, molecular orbitals of the
octahedral Au,(PR;,), cluster result from distortions of the polyhedron which
stabilise preferentially certain components of the t,, set of non-bonding melec-
ular orbitals and thereby improve the gold—gold bonding. Two distortional
modes which reduce the symmetry of the octahedron from O, to either D,, or
C,, are illustrated below. The resultant ,, polyhedron may be described in
terms of two tetrahedra which have been fused along a common edge. The C,,
polyhedron may alteratively be described as a bicapped tetrahedron. These
polyhedra are closely related and the bicapped tetrahedron may be generated
from the fused tetrahedra by the formation of an additional bonu between non-
adjacent vertices of the tetrahedra.

EDGE SHARING TETRAHEDRA

OCTAHEDRON

BICAPPED "+ ,RAHEDRON

The offects of such distortions on the fronticr molecular orbitals of the octa-
hedral Aug(PH,), cluster are illustrated in Fig. 3a and 3b. In each case the lowest
lying a,4 molecular orbital is essentially unaffected, but the t,, set of molecular
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orbitals is split into three components with aramatically different energies. For
the D,,, fused tetrahedra the b,, component is stabilised by approximately 1 eV,
the by, component is destabilised by approximately 0.5 eV and the b,, compo-
nent is destabilised by more than 1.5 eV. These energy changes can readily be
unaerstood in terms of the changes in overlap integrals between the orbitals on
adjacent atoms, which accompany the polyhedral transformation from octa-
hedral to fused tetrahedral. These changes are represented in a schematic fashion
in Fig. 3a. For the bicapped tetrahedron the b, component of the t,, set of
octahedral molecular orbitals (see Fig. 3b) is stabilised by only 0.6 eV, the a,
component is slightly destabilised (0.2 eV) and the b, component is destabilised
by 1.0 eV. Therefore, qualitatively the removal of the degeneracy of the t,, set
is similar for the fused tetrahedra and the bicapped tetrahedron, but the magni-
tudes of the splittings are larger in the former case. This difference can be easily
understood by comparing the nodal characteristics of the b,, and b, compo-
nents of the t,, set in Fig. 3a and 3b respectively. The latter has an additional
out-of-phase overlap between the gold 6p orbitals across the additional edge of
the bicapped tetrahedron.

It follows from the Walsh diagrams in Fig. 3a and 3b that the bicapped tetra-
hedral and fused tetrahedral structures are most effectively stabilised compared
to the parent octahedral structure when the a, and b, (or g, and b,, ) compo-
nents are simultaneously occupied by electron pairs, i.e. for the stoichiometry
{Aug(PH;)61?*. It also follows from the thieoretical analysis presented in Fig. 3a
and 3b that for such an ion the preferred geometry is fused tetrahearal rather
than bicapped tetrahedral. This conclusion follows directly from the greater
stabilisation of the b,, component in the former case than tlie b; component in
the latter. This conclusion provides an interesting comparison with osmium
carbonyl cliemistry where for example in Osg(CO)4 the bicapped tetrahedral
geometry is preferred.

The computed total energies for the Aus(PH;)s** polyhedra summarised in
Table 1 suggest that the fused tetrahedral geometry is also preferred for the
neutral Aug(PH;)s molecule, but the margin of stability compared to the octa-
hedron and bicapped tetrahedron is much smaller. The reasons for this lie in
the higher energy of the by, component in Fig. 3a. For the Aug(PH;)e** ion the
octahedral geometry is the most stable, but the energy differences separating
the alternative geometries is so small that such an ion might be stereochemically
non-rigid.

Interestingly, Bour et al. [16] have recently reported the characterisation of
Aug(PPh;),{ Co(CO),} 2, which is isoelectronic with Au(PR;)¢*", and demon-
strated that it has the fused tetrahedral structure described above. The com-

TABLE 1
SUM OF TUE ONE ELECTRON ORBITAL ENERGIES FOR Au(,(l‘llg)(,'“ (eVy

Aug(PH3)e%* Aug(Pliz)e?* Aug(PHy)g
Octahedron —1582.3 —~1600.8 —-1610.4
Bicapped tetrahedron —1582.1 --1606.8 --1619.9

Fused tetrahedra —1582.0 —16807.8 -1820,2
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puted overlap populations for the Auy,(PH;),** ion which are reproduced in the
figure below demonstrate clearly the bonding advantage gained in terms of
metalmetal bonding compared to the related Augs(PH;)s** ion with an octa-
hedral geometry, where the Au—Au overlap population is computed to be only
0.134. Qualitatively, the preference for a fused tetrahedral structure can be
appreciated in terms of forming two tetrahedral entities each with a totally
symmetric and filled bonding molecular orbital rather than the parent octa-
hedral structure which has only a single in phase bonding molecular orbital.

2+
PH5 ‘ Co(CO),
PH, PPhy
0.299 262
0.177 2.79
66
HiP \0'2" PHy PhyP 2 PPhs
PHy PPN,
FHs Co(cO),
2+ .
[AugtPHy) ] Aug(PPhy) {cotco) }

Bond lengths (&)

The trenas in the computed overlap populations reproduced above account
nicely for the range of metal—metal bond lengths reported for Au,(PPh;),-
{Co(CO),}, [16] and summarised above. The computed overlap populations
and bond lengths given above reflect the nodal characteristics of the highest
occupied molecular orbital, b,,, in Fig. 3a. This molecular orbital is localised
extensively on the three edges of the fused tetrahedra wkhkich are bisected by
the major two-fold axis of the ion. Furthermore, it is strongly o-Londing along
the outer two edges and mw-bonding along the common edge of the fused tetra-
hedra (see Fig. 3a). This type of asymmetry in bonding readily accounts for
the observed trends in overlap populations.

There has been a report of an octahedral cluster with the stoichiometry
Aug(PPhj3),%*, which as we have pointed cut previously does not conform to
the bonding ideas developed above [1]. Since this compound was only prepared
in very small quantities and characterised by means only of a single crystal
X-ray analysis [17] these calculations reinforce the doubts expressed previously
concerning the charge on this cation.

The isolobal nature of Au(PR;) and the M(CO); fragment as illustrated in
Fig. 1b may be used profitably in conjunction with the cluster molecular
orbital calculations deseribed above to predict the occurrence of the following
series of tetrahedral and triangular mixed metal compounds, which have a single
skeletal electron pair.
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\I/(CO)5 MolCO)y
Au /J\
AN, avZ 'u\Mo(CO)
R o | ~ - | >
3 PR, PR3 R3P PRy
Auy(PR,),V(CO), AU,(PR4),M0,(CO),
PR,
Au Mo(CO),,—I-
_Au Mo(CO)y _Au Mo(CO)q
R3P R4yP
Auz(PRy), MO(CO), [autPRyYMogtCO)]"

The synthesis and structural characterisation of the complex (OC)VAu,-
(PPh;); has been reported recently and the compound shown to have the tetra-
hedral structure illustrated above, rather than the altemative 8-coordinate
vanadium(I11) compound which would have been predicted on the basis of
simple valency considerations [18].

The secondary bonding role of the p, and p, orbitals of the Aw(PH,) frag-
ment discussed above in the context of the polyhedral transformation from
octahedral to fused tetrahedral, is also discernible in tetrahedral clusters of
these fragments with bridging ligands. The utilization of these orbitals is particu.-
larly important for understanding why in closely related tetrahearal cluster com-
pounds of the type M4(PR;),X;, where X is a monoanionic bridging ligand, the
total electron count can vary from 50, for example in PtH (PR ), [14],to 54,
for example in Aual;(PPhy), [19].

The structure of PtyH,(PBu'), reported by Howard, Spencer and their co-
workers [15] involves a Pt P, core which deviates only slightly from T, sym-
metry, which implies that the hydride ligands occupy bridging rather than ter-
minal coordination sites, but the hydride ligands were not located. In the cal-
culations described here the hydride ligands have been located on opposite
edges of the metal tetrahedron, thereby effectively lowering the symmetry to
Dld .

Figure 4 illustrates the interaction diagram for the platinum cluster com-
pound PtyH,(PH,), with the bridged geometry described above, The a, and b,
combinations of the hydrogen 1s orbitals interact primarily with cluster molec-
ular orbitals with matching symmetrics derived from the d band. The resultant
interaction diagram thereby maintaina the electron count nredicted for the un-
bridged tetrahedron, i.c. Pt4(PR;)s1", which has molecular orbitals similar to
those illustrated in Fig. 2 for the isoclectronic gold compour.d,

Hydrido complexes of golu are not particularly stable and congequently with-
in the province of gold cluster chemistry the cluster compounds are stabilised
by alternative bridging groups. The location of ligands such as | along the same
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Fig. 4. Interaction diagram for the formation of the edge bridged hydrido- cluster compound PtqHs(PH3)4.
For the parent Pt4(PH3)4 cluster the a; molecular orbitat derived from hy{(s-z) is more stable than the
comparable orbital in the gold complex and lies within the d band of molecular orbitals. It interacts little
with the hydrogen 1s orbitals of the bridging hydrido- ligands. In Pt4(PH3)3H; the electronic configura-
tion is (1 bz)2 (lal)2 (d-band)36(a 1-hy(s-z ))“", i.e. a total of 50 valence electrons if the Pt—P bonding molec-
ular orbitals are included.

edges as those occupied by the hydrido- ligands in the cluster above requires the
D,, distortion of the Au,P, skeleton illustrated below. For the calculations
described in this paper the phosphine ligands were distorted in this fashion until
the Au—Au—P bonda angle was equal to 180°.

This distortion has the effect of raising the energy of the totally symmetric
combination of molecular orbitals derived from hy(s-z) of the isolated Au(PH,)
fragments. The distortion also raises the degeneracies of the higher lying ¢, and
e molecular orbitals. The b, component of the ¢, set is stabilised by a large
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P

amount and the e component destabilised. The changes in interatomic overlap
integral which give rise to the observed energy changes are illustrated schemati-
cally in Fig. 5. The b, component is bonding along those edges of the tetra-
hedron which are intersected by the S, axis and has the appropriate radial ci.ar-
acteristics to interact effectively with the donor orbitals of bridging ligands
located along these edges. The importance of the D,, distortion in stabilising
the Au,l,(PH;), structure is underlined by calculations on this molecule with
Au—Au—P equal to 145 and 180°. The structure with this angle equal to 180°
was found to be 2.8 eV more stable than the undistorted structure. In part this
difference can be attributed to steric effects (within the context of this type of
calculation four electron destabilising interactions between the filled orbitals
of the iodine and phosphorus and hydrogen atoms), but approximately 25% of
the energy difference can be attributed to electronic effects originating pri-
marily from the stabilisation of the b, component of the ¢; set.

Figure 6 illustrates the interaction diagram for the Au,(PH,); moiety with a
D,, distorted geometry and two iodide li sands located in bridging positions
along the S, axis. The a, combination of iodide lone pair orbitals interact pri-
marily with the cluster a, bonding molecular orbital derived from hy(s-z), and
the b, combination with the b; cluster molecular orbital derived from the ¢,
set in the undgistorted structure. The bonding components which result from
these interactions, 1a, and 1b, in Fig. 6, are localised predominantly on the
iodide ligands. Simple frontier orbital ideas would suggest that the most stable
electronic situation for the Augly(PH;)4 species would result from the occupa-
tion of the bonding 1a; and 1b, molecular orbitals, i.e. for the Augl,(PH,)4"

_|2+ 1

I
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AUL(pH3)L (DZG) AuA(PH3)L 12

Fig. 6. Illustration of the orbital interactions between Augq(PH3)4 and the frontier molecular orbitals of
the bridging iodide ligands. The highest occupied molecular orbital in AugI,(PH3); is 2a;. This leads to a
total electron count of 54 if the iodides are viewed as 1 electron bridging ligands.

cation. However, the overlap populations computed for such an ion and repro-
duced above suggest that there is little effective gold—gold bonding in such an
ion. This results because the 1a, and 1b, molecular orbitals are so intensively
localised on the iodide ligands that little bonding electron density remains
between the gold atoms.

The situation is improved significantly by the population of the higher lying
2a, molecular orbital in Fig. 6. The computed overlap populations for the
resultant neutral molecule, AusI,(PH;)s, summarised above indicate that the
additional electron pair resides in a molecular orbital which is considerably
more bonding between the gold atoms and only slightly antibonding between
gold and iodide. The fact that this molecular orbital is not strongly gold—iodide
antibonding is at first sight surprising since this molecular orbital may be iden-
tified as the antibonding partner to la, in Fig. 6. However, the antibonding
character of 2a, is significantly diminished by a contribution from the higher
lying and empty cluster molecular orbital of ¢, symmetry derived from the e
set of the undistorted tetrahedron (see Fig. 5 and 6). The manner by which this
mixing diminishes the antibonding gold—iodide character of the 2a; molecular
orbital is illustrated schematically overleaf.

At the same time population of this orbital leads to a substantial strengthen-
ing of the gold—gold bonding within the tetrahedron. Therefore the calculations
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-/ {e)

suggest that the neutral gold cluster Au,I.(PR;), with 54 valence electrons is the
more stable cluster species.

Such a molecule has recently been synthesised and structurally characterised
by Manaserro, Naldini and Sansoni [19], who noted that the Au—Au bond
lengths in the cluster were shorter for those edges bridged by iodide than the
remaining four edges. The nature of this structural asymmetry is clearly indi-
catea in tlie figure below.

2.95
PhaP 285 N PPy
\ 27
Phs
/P
/
F’l"l:;P
I b

AugIx(PPhs), -Bond lengths (&)
4 9

The calculations which we have completed on this molecule suggest that this
asymmetry can be attributed primarily to the bonding contribution of the clus-
ter b, molecular orbital, which is more strongly bonding along the two bridged
edges (see Fig. 5 and 6). The computed overlap populations which reproduce
this trend are summarised on p. 191.

In Au,l,(PH;),, which has a total of 54 valence electrons, the ligand e, com-
bination enters into a 3 orbital 4 electron interaction with the cluster a; molec-
ular orbitals derived from hy(s-z) and the e set. This situation is possible because
the middle component of such an interaction (2a, in Fig. 6) is reasonably low
lying, non-bonding with respect to the bridging ligands, and bonding with res-
pect to the cluster. If the energies of the @, and b, combinations of the ligand
orbitals match those of the cluster skeletal molecular orbitals more closely then
the situation alters dramatically and the a; orbitals enter into a two electron
three orbital interaction, rather than a four electron three orbital interaction.
The reasons for this can be clearly appreciated from Fig. 7 which illustrates the
effect of bridging the tetrahedral cluster with two angular Au(PH3)2 fragments
in the following fashion:
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The frontier molecular orbitals of the M(PH,), fragment, which have been
discussed in some detail by us previously |12,20], are reproduced in Fig. 7.
From the point of view of the present bonding analysis the important feature
of this fragment arises from the fact that the odd electron resides in the highest
occupied molecular orbital which is a hybrid hy(s-z) orbital similar to that
described above for Au(PH,). It also resembles the lone pair orbital of the bridg-
ing iodide ligand.

Figure 7, which illustrates the important interactions in the Aus(PH;);- p-Au-
(PH,),} ; cluster, suggests that the a, and b, combinations derived from this
molecular orbital are higher lying than the bonding a, cluster molecular orbital
derived from hy(s-z) of the isolated Au(PH,) fragments, Therefore, the bonding
molecular orbitals derived from the in phase combination of a, orbitals (1la, in
Fig. 7) is localised predominantly on the tetrahearal cluster. The energy match
between the b, molecular orbitals is good and therefore the bonding 15, molec-
ular orbital is strongly bonding Letween cluster and bridging golu atoms. The
occupation of 1a, and 1b, in Fig. 7 therefore leads to effective bonding between
all six gold atoms and diminishies the necessity of occupying the 2a; molecular
orbital, which is much higher lying than the corresponding molecular orbital in
Augly(PH;), illustrated in Fig. 6. The 1a,, 1b, and 2a, molecular orbitals of
Aus(PH,), ¢ u-Au(PH,), ' 5 are illustrated schematically in Fig. 8.

If the Au(PH;), fragments are viewed as 1 electron bridging liganas then the
occupation of 1a, and 1b, corresponds to a total electron count of 52 valence
electrons, i.e. the stoichiometry [ Au,(PH;)s)%".

The computed overlap populations for Aug(PH,),: m-Au(PHy)s - 2** summar-
ised below suggest that the degree of asymmetry in cluster bonding should be
more pronounced in this type of cluster than that noted above for Augl;(PH;)s.
This conclusion results from the b, molecular orbital being more localised on
the tetrahedral cluster in the former case.

Overiap populations
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Fig. 7. Illustration of the orbitzal interactions between Aug(PH3)4 and two edge bridging Au(PH3)2
ligands. The highest occupied molecular orbital is 1b5. i

Although this analysis has been undertaken for the Au(PH;), fragment as a
bridging ligand in order to get the most suitable match in cluster and bridging
ligand orbitals similar arguments are relevant to other fragments which are
isolobal with Au(PHj;),, e.g. Mn(CO);s and Co(CO),. The Au(PH;) fragment
could also be viewed as being isolobal with Au(PHj;), and therefore it could be
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argued that it could function in a similar fashion leading to an isostructural
derivative of stoichiometry Auy(PH;)6**. This structure tlierefore provides an
alternative geometry to the fused tetrahedral and bicapped tetrahedral struc-
tures discussed previously for Aug(PH;)s?*. Indeed calculations for this stoichio-
metry have shown that the fused tetrahedral and edge bridged tetrahedral struc-

—H—

Fig, 8, Schematic ustration of the fronticr molreular orbitals of Aug(Pity)g {u-Au(PHy)z } 3. 1L is the
nodal characteristics of the 1b3 malecular orbitsl which leads to the observed asymmetey in computed
averlap populations,

tures of Aug(PH;),?* have almost identical energies. Close inspection of the
charge distributions and overlap populations for the two alternative structures
have failed to indicate good reasons for the adoption of the fused tetrahedral
structure in the case of Auy(PPh,)s{Co(CO),},[80].

Conclusion

Although to a first approximation the Au(PH,) fragment can be considered
to be isolobal with fragments such as CH;, Mn(CO), and Co(CO), which have
only a single frontier orbital available for bonding it is necessary to also take
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into account the secondary contribution made by the 6p, and 6p,, orbitals of
gold in order to satisfactorily account for the stoichiometries and bond lengths
of small gold cluster compounds derived from this fragment. Condensed poly- -
hedral structures based on the tetrahedron appear to be particularly favourable
for small gold phosphine cluster compounds, because they provide for the
maximum number of nearest neighbour gold—gold interactions and a pair of
bonding cluster molecular orbitals derived from the hy(s-z) orbitals of the iso-
lated Au(PH;) fragment.
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Appendix

All the calculations were performed using the extended Hiickel method
[21,22] and the relevant orbital parameters are given in the Tables below.

The H;; for the bridging hydrido ligands were set equal to —10.0 eV rather
than the usual value of —13.60 eV in order to model more effectively the
hydridic nature of these ligands [24]. The conclusions reached in the paper are
not altered when the usual H;; is used, but the resultant charge distributions
conform more closely to electroneutrality when the lower values are used.

TABLE 1A
PARAMETERS FOR NON-METAL ATOMS

Atom Orbital Slater exponent H;; ref.
(eV)

H 1s(in PH3) 1.30 —13.60 21

H 1s(Bridging) 1.30 —10.00 24

P 3s 1.60 —18.60 25
3p 1.60 —14.00 25

1 : 5s 2.63 —22.30 26
Sp 2.20 —11.00 26

TABLE 24A

PARAMETERS FOR METAL ATOMS

Atom Orbital Hj; E; c1 Ea ca ref.
eV)
Pt 6s —9.80 2.55 27
6p —5.3% 2.55 27
5d —10.61 6.01 0.623 2.70 0.551 27
Au 6s —9.22 2.60 1
6p —4.27 2.58 1

5d —11.85 6.16 0.648 2.73 0.539 1
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All the parameters conform to those which have been used to give reliable

conclusions for organo-transition metal compounds [6,28]. The off diagonal
terms in the extended Hiickel calculations were estimated from the expression

Hj;
The following bond lengths were used for the calculations: Au—Au 2.70 A,

=1.758;(H;; + H;;)/2 [21,29].

Pt—Pt 2.70 A, Au—P 2.27 &, Pt—P 2.27 A, Au—1 2.90 A, Pt—H 1.80 &, P—H
1.42 A. The calculations were performed on the ICL 2980 Computer at this
University using the programs ICON8 and FMO [22].
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