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The M3X,3 type of metal atom cluster (Fig. 1) was
discovered as a non-discrete component of the com-
pound Zn,Mo;0g and occurs also in several closely
similar mixed metal oxides [1]. A simple but effec-
tive analysis of the metal-to-metal (M—M) bonding
[2] showed that the MO’s concerned are as follows:

1a, le 2a, 2¢ 3e la
bonding anti bonding

This implies that the predominent tendency in such
systems will be to use six electrons in a (la,)*(le)*
configuration to form three M-M single bonds.
Zn,Mo;0; exactly satisfies this prescription. Nb;Clg,
characterized shortly thereafter as another non-
discrete M3X ;3 structure, has 7 electrons, but can be
understood readily on the above bonding picture
by assigning the additional electron to the non-bond-
ing 2a, orbital.

Only very recently has the M3X,; structure been
discovered in discrete form. The first example [3]
was the [W304F,]°” ion [4] and we recently
reported [5] the very stable and easily prepared com-
pound Cs2[M0304(C,04)3(H,0)3] -4H,0°1/2H,-
C,04. In both of these there is a set of M—M single
bonds based on the (1a,)?(le)* configuration. We
now report the first example of an M;X 3 structure
with an 8-electron M—M bond system; it is also the
first example of a discrete M;X;3 entity deviating
from the simple 6-electron system of M-M single
bonds.

Experimental

Dichlorotetracarbonylmolybdenum was dissolved
in a 1:1 mixture of acetic acid and acetic anhydride
under nitrogen and the solution was stirred for 4 h at
room temperature. The red solution was diluted with
water, absorbed on a DOWEX 50W cation exchange
column and eluted with 2 M HClO,4. As the orange
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Figure 1. The M3X,3 structure. Small black circles represent
the three metal atoms, which are bonded to one another to
form an equilateral triangle.

Figure 2. The structure of the [M0304(0,CCH3)3(H20)3]%"
ion.

eluate was allowed to evaporate slowly, the color
changed to deep blue and dark blue crystals were
deposited.

These crystals were found to belong to space
group P63 with a = 8.906(6) &, ¢ = 15.162(4) A and
Z = 2. The structure was solved and showed the
formula to be [MO30Cl3(02,CCH;)3(H,0)3] (Cl04)-
Cl. The trinuclear cation, 1, has the structure shown
in Fig. 2. Crystallographic symmetry Cj is imposed,
but effectively the symmetry is Cs,. Thus, there are
two crystallographically independent Mo—Cl dis-
tances, but these are equal within the experimental
uncertainties with values of 2.428(5) and 2.425(5) A.
Similarly the Mo—O(2) and Mo-O(3) distances are
essentially equal with values of 2.06(1) and 2.07(1)
A, respectively. The Mo—O(4) distances are 2.03(1)
A, while Mo—0O(1) = 2.13(1) A.



L134

This structure closely resembles that of the anion
[M0304(C204)3(H,0)3]%", 2, but shows several
significant and interesting differences: (1) instead of
chelating oxalato ions there are bridging acetato ions;
(2) in place of three u,—Q atoms there are three
#5—Cl atoms. These qualitative differences indicate
further the inherent stability of this type of structure
despite changes in detail. (3) The one truly significant
quantitative difference between the structures of 1
and 2 is in the Mo—Mo distances which have the
values 2.550(2) and 2.486(1) A, respectively. This
difference may be in part due to the replacement of
the u,—O atoms by the larger u,~—Cl atoms. However,
there is another possible cause.

A reckoning of metal valences in 1 and 2 quickly
shows that there are eight electrons available for M-M
orbitals in the former, in contrast to the six available
in the latter. The persistence of the M;X,3 type struc-
ture despite this change in the number of electrons is
simply and satisfactorily explained by the availability
of the essentially non-bonding 2a, orbital. It is there-
fore possible to assign eight instead of six electrons
without any major disturbance of the metal-to-ligand
or metal-to-metal bonding. It is possible that the 2a,
orbital might have slightly antibonding character in
the M-M sense, thus providing an additional explana-
tion for the small increase in Mo-Mo distances in
1 as compared to 2.
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Our studies of this and related systems are
continuing and this compound will be more fully
described at a later time.
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