[3]1 G. Himbert, J. Chem. Res. (§) 1978. 104.

[4} V. Jager, H. G. Viche, Angew. Chem. 82 (1970) 836: Angew. Chem. Ini. Ed.
Engl. 9 (1970) 795.

[51 J. J. Eisch, J. E. Galle, L. E. Hallenbeck, J. Org. Chem. 47 (1982) 1608.
The authors quote only 'H-NMR data, and report that the hydrolysis of
the “adduct™ furnishes unidentified products.

[6] Although we could confirm most of the 'H-NMR data quoted in [5] we
still cannot give a definite statement about the structure of the adduct or
the new compound formed from it on distillation.

(7] Part of a Diplomarbeit by S. K.: X-ray structure analysis by G. M.

[8] The formation of cyclobutadienes as intermediates cannot be ruled out,
but, in our opinion, seems highly unlikely for energetic reasons.

[9] 4a: Orthorhombic, a=9.446(3), b=19.937(4), c=21416(7) A,
a=f=y=90°; space group Pcal,, Z=8 (two independent molecules),
Paic=1.276 g cm ~*, Data collection: Enraf-Nonius CAD4 diffractomet-
er, 2633 independent reflections with 2.00<#<22.00°. Refinement:
R=0.087, R.=0081 (2279 reflections with [>20(/), w=1/
(o +(0.023 Fy)°), heavy atoms anisotropic, dlsordered O atoms of the sul-
foxide group isotropic, H atoms with B=7. 0A2 (only in calculation of
structure factors). Further details of the crystal structure investigation are
available on request from the Fachinformationszentrum Energie Physik

Mathematik, D-7514 Egg in-Leopoldshafen 2, on q g the deposi-
tory number CSD 50698, the names of the authors, and full citation of
the journal.

Synthesis and Crystal Structure of the
Dicarbido Bimetallic Cluster [CogNi,Co(CO)q6)* ~**

By Aurora Arrigoni, Alessandro Ceriotti,
Roberto Della Pergola, Giuliano Longoni*,
Mario Manassero*, Norberto Masciocchi, and
Mirella Sansoni

Recently, we reported the synthesis and structural char-
acterization of the carbido cluster [Co;NigC(CO).0)*~
12, We report here the synthesis and crystal structure of
a chemically related bimetallic dicarbido cluster, namely
the dianion [CoeNi,C(CO),e]*~ 2, which is the first sim-
ple-hexagonal array of metal atoms whose cavity is com-
pletely filled by carbido C atoms.

The dicarbido cluster 2 was originally detected by IR
spectroscopy, together with several other species, in the
reaction of [Cos(CO)yCCl] 3 with [Nig(CO),,)*~ 4 when 3
and 4 are allowed to react in a molar ratio greater than
that used previously to synthesize 17, 2 can be synthe-
sized selectively from 1 and 3 according to equation (a) or
by slow addition of 4 to 3 (ca. 1:2 molar ratio) in tetrahy-
drofuran (THF) [equation (b)]. The dianion 2 has been iso-

2 1Co3§i,C(CO),D]°‘ + 4 [Cos(CO)gCCl] —>
3 [CogNiCo(CO) 16} ¥ + 2 NiCly + 7 Ni(CO)4 + 3 Ni
2

2 [Co3(CO)gCCl) + [Nig(CO) 2] ¥ —>
3 4 (b)

[CogNizCa(CO) ) ¥ +
2

NiClz + 3 Ni(CO)4 + 2 CO
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lated in more than 70% yield with several tetrasubstituted
ammonium or phosphonium counterions; the Et,N? salt
has been crystallized from acetone/heptane!®!,

The structure of the Et,N® salt of 2 has been elucidated
by X-ray diffraction (Fig. 1)'*. Dianion 2 has a crystallo-
graphic C;-T and an idealized C.,-2/m symmetry and orig-
inates from the condensation of two trigonal-prismatic
moieties sharing a common square face. An idealized mir-
ror plane is defined by atoms Col, Col’, Ni3, and Ni3".
The metal framework of 2 represents a fragment of a sim-
ple hexagonal metal lattice, which is stabilized by filling
each of the two trigonal prismatic cavities with two car-
bido C atoms®. Previously described clusters having this
type of trigonal prismatic building unit are, for instance,
[RheC(CO),s)>"*, and the pseudo one-dimensional olig-
omers [Pty(CO))2~ (n=2—35)"1

Fig. 1. ORTEP view of the structure of 2 in the crystal. Complete dianion
(top) and naked metal framework with the two interstitial C atoms (bottom).
Most important distances [A]l: M-M: Col-Co2=2.577(1), Col-Co4
=2.528(1), Col-Ni3=2.548(1), Co2-Cod=2.775(1), Co2-Cod'=2.55%1),
Co02-Ni}' = 2.647(1), Ni3-Cod'=25901). - M—=Cepigo: Col-C=1.953(5),
Co2-C=2.048(6), Ni3-C=1.885(5), Cod-C=2.031(5), Col2-C=2.017(6),
Cod'-C=2.023(6). - M—CO\rmina: Col-Cl=1.755(8), Co2-C2=1.753(8B),
Co4-Cd=1.739%(8), Ni3-CI=1.7748). - M—COyigging: Co1-Cl1,3 = 1.845(8),
Co1-C1,2=2317(8), Col-Cl,4=2.0347), Co2-C1,2=1.797(8), Co2-C2,4=
1.956(7), Ni3-C1,3=1.967(7), Cod-Cl4=1.866(7), Cod-C2,4=192%7). -
C-0: Cl1-01=1.131(8), C2-02=1.1608), C3-03=1.117(8), C4-04=
1.149(8), C1,3-01,3 = 1.142(8), C1,2-01,2 = 1.16%(8), Cl40l4=
1.163(8), C2,4-02,4 = 1.157(8). - C—-C'=1.494(11).

In accord with analytical data®, two atoms of 2 are less
coordinated by CO ligands, and we presume that they are
Ni atoms. The distance between the two carbido C atoms
of 1.49 A is shorter than typical CC single bonds in hydro-
carbons (1.54 A) and than most C- - - C interatomic separa-
tions in other dicarbido clusters®®. Only the neutral Rh
cluster [Rh,;C,(CO),s] and the [Co,,Cx(CO),)*~ trian-
ion!'""""! whose metal frameworks originate from conden-
sation of square-antiprismatic and trigonal prismatic moie-
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ties, respectively, show comparably short CC interatomic
separations (1.48 and 1.62 A. respectively); an even shorter
distance (1.41 A) is exhibited by the trianion
[CosNi-CCO)sl* 1", In both [Rh;;C;(CO);s] and
[C0,;CCO).J*~, the calculated distances between the
centers of the two idealized cavities (with edge length
equal to the overall mean value of the M—M bonds) are
longer than the experimentally determined CC distances
(1.98 and 1.80 A, respectively)}'''\. In contrast, in 2 the cor-
responding calculated and experimental distances
(1.49 A) almost coincide. Such a short interatomic CC sep-
aration would be in keeping with the presence of a local-
ized CC bonding interaction in 2. However, the number of
valence electrons (ncve) of the known carbonylmetal clus-
ters of the first transition series systematically conforms to
the relationship ncve > 18 N—2ny_n (where N and ny
are, respectively, the number of metal atoms and M—M
bonds). Furthermore, EHMO calculations on a naked clus-
ter having the idealized metal geometry of the title com-
pound predict 58 cluster valence MOs!'?. 2 would there-
fore require at least 116 cluster valence electrons, which is
fulfilled only if each interstitial C atom contributes four
skeletal electrons. In accord with this, the thermal ellip-
soids of the two carbido C atoms elongated in the CC di-
rection appear to argue against the presence of a localized
C—C bond in 2 and suggest a delocalized CC interaction
supported by the metal atoms.
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X-Ray Spectroscopic Studies of the Surface Species
in Co—Mo—Al;O; Hydrodesulphurization Catalysts

By P. R. Sarode, G. Sankar, A. Srinivasan,
S. Vasudevan, C. N. R. Rao*, and J. M. Thomas*

Despite a number of investigations of Co—Mo—Al,O;
hydrodesulphurization catalysts carried out in recent

~years'”, a clear understanding of the active sites in these

catalysts has not emerged. Accordingly, we have carried
out a systematic study of Al,O,-supported, sulphided co-
balt-molybdenum (Co—Mo) catalysts and their oxide pre-
cursors over a wide range of compositions together with a
number of model oxides and sulphides of cobalt and mo-
lybdenum, including several samples of Co-MoS;. For this
purpose, we have employed X-ray photoelectron spectros-
copy (XPS) and X-ray absorption spectroscopy; in the lat-
ter, use was made of both X-ray absorption near edge
structure (XANES) and extended X-ray absorption fine
structure (EXAFS) to determine coordination numbers
and bond distances. The present study shows that Co'' and
Mo'Y are present as sulphides on the surfaces of the active
catalysts, each in octahedral coordination; furthermore,
our results indicate the presence of disulphide bonds
which may play a significant role in the hydrodesulphuri-
zation processes.

Co—Mo—Al,0, precursors with Co : Mo ratios between
3:12 and 6:12 exhibit Mo(3ds,;) binding energies of
232.3+0.1eV (XPS) and a 3d spin-orbit splitting of
3.1+0.1 eV, characteristic of Mo"" species. The Co(2p;,2)
binding energy is 781.7+0.1 eV with a 2p spin-orbit split-
ting of 16.0+0.1 eV and a satellite structure separated by
ca. 6.2 eV from the main peak, showing that cobalt occurs
as Co'". The spectroscopic transition energies determined
by XANES spectroscopy are similar to those of Co" and
Mo"! oxides. The 1s—nd transitions show that Co is tetra-
hedrally coordinated whereas Mo is octahedrally coordi-
nated in these oxide precursors. EXAFS spectra of the
4:12 and 6:12 oxide precursors confirm these coordina-
tions and yield Co—O and Mo-O distances close to 2.0
and 1.80 A, respectively (corresponding distances in CoO
and MoO, are 2.12 and 1.86 A).

Sulphided Co—Mo—Al,O, catalysts with Co :Mo ratios
between 2:12 and 12:12 show Mo(3ds,;) and Co(2ps,2)
binding energies (228.9+0.1 eV and 778.8 £0.1 eV, respec-
tively) characteristic of Mo'” and Co". The Co" spectrum
shows no satellites. In addition to these Mo' and Co"
species, the sulphided samples generally exhibit additional
features due to Mo"' and Co" which are similar to those
found in the oxide precursors. The S(2p)/Mo(3d) intensity
ratio in XP spectra in the sulphided catalysts increases
with increasing Co concentration. The Mo(3d)/Al(2p) in-
tensity ratio also increases as the Co concentration in-
creases, in contrast to the oxide precursors.

XANES spectroscopy suggests an octahedral coordina-
tion for both Co and Mo in their catalytically active sul-
phided state, the spectral transition energies being close to
those of CoS and MoS,. These coordinations are also cor-
roborated by our EXAFS measurements. The Co—S and
Mo-S distances found by EXAFS spectroscopy are 2.32
and 2.29 A, respectively (the Co—S and Mo-S distances in
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