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Redox Chemistry of Niobium Chalcogenide Halides: a Mixed Valency

NbIII/NbIV Tetramer.

Preparation and Crystal Structure of a

(n-Diselenido-p.-selenido)-tetraniobium Complex,
Nb,Br,,Se,(NCMe),

By A. Jou~n BenTON, MicHAEL G. B. DREW,* and Davip A. Rice*
(The Department of Chemistvy, The University, Whiteknights, Reading RG6 2AD)

Summary The reaction of NbBr,(NCMe), with Sb,Se,; in
MeCN solution yields a tetranuclear adduct Nb,Br,,Se,-
(NCMe),, in which two of the metal atoms have a valence
state of four, the remaining two being tervalent; in the
adduct the niobium(i1z) atoms are not involved in any
metal-metal interaction and, since the compound is
diamagnetic, they must have a doubly occupied d,,
ground state electronic configuration.

Few reports exist of single crystal studies of halogeno-
niobium-(111) or -(1v) adducts. Recently we reported the
synthesis of the cyanomethane adducts of the niobium(iv)
compounds NbX,S (X = Cl or Br) and the crystal structure
of the chloro-compound, which exists as a sulphur-bridged
dimer of formula [{NbCL,S(NCMe),},].* I.r. evidence sug-

gests that the bromo-complex possesses the same type of
structure. In an attempt to prepare the selenium analogue
we allowed NbBr,(NCMe), to react with Sb,Se, (3:1 molar
ratio) in MeCN solution. We noted that even after stirring
the mixture for some weeks at room temperature there
appeared to be some unchanged Sb,Se; left in the reaction
mixture. Even heating the system for a prolonged period
(50 °C for 7 days) did not produce any visible diminution
in the quantity of Sb,Se,. Crystals of the niobium product
from the reaction mixture were obtained, free from the
antimony products, by the use of vacuum filtration and
anaerobic recrystallisation techniques. Examination of
these crystals by single crystal X-ray methods showed that
they contained a tetranuclear niobium compound in which
the metal exhibited valence states of plus three and plus
four.
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Crystal data: Nb,Br,,Se,C{H,,N, M = 1571-7, ortho-
rhombic, space group Pemn (No. 62), a = 10-66(1), b =
15-03(1), ¢ = 23-34(1) A, U = 3739-37 A3, Dy, = 2-82gcm—3,
D, = 2:81gcm™3, Z = 4. 1451 independent reflections
above background with 20 < 45° and I > 20(I) were
collected on a diffractometer and refined to R 0-104.%
Heavy atoms were refined anisotropically, while the
nitrogen and carbon atoms were refined isotropically.
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The structure consists of four discrete tetranuclear adducts
[formula Nb,Br,,Se,(NCMe),] in the unit cell and their
structure is given in the Figure along with the atomic
numbering scheme. The adduct has a crystallographically
imposed mirror plane that passes through the three selenium
atoms, Nb(2), Nb(3), Br(21), and Br(31). The molecule is
best visualised as consisting of a central (MeCN),Br,Nb-u-
(Se,)-u-Se-NbBr,(NCMe), fragment linked by bridging atoms
to two NDbBr, units. In the central fragment the two
niobium atoms are bridged by a selenium atom [Nb-Se(3)
2-469(12)] and an Se, group [Nb-Se 2-585(13), 2-574(14) A).
The arrangement about each metal atom of the mid-point
of the Se, group, the bridging Se atom, the two Br atoms,
and the two MeCN nitrogen atoms is approximately octa-
hedral. The shared octahedral edge between the two metal
atoms is defined by the mid-point of the Se, group and the
Se atom. The niobium-niobium distance is 2-886(1) A
indicative of a niobium—niobium single bond [¢f. Nb,Cl,(Y,),
2:871(4) Y = S,2 2:973(4) Y = Se,2 and 2-837(1) A in
Nb,Br,S,(tht),,® (tht = tetrahydrothiophen)]. Thus this
central fragment contains two Nb' atoms and so is the
first reported species in which two Nb' atoms are linked
by a metal-metal bond together with Se, and Se bridging

J.C.S. Cuem. CommM., 1981

atoms. However, a related sulphur system is seen in
[Nb,Br,(S,;)S(tht),].2 The most interesting aspects about
the structure reported here are presented by the two NbBr,
groups that are linked to the central fragment via long
bridging bonds formed by the bromine atoms of (MeCN),-
Br,Nb™-u-(Se)y-u-Se-Nb Br,(MeCN), [3-125(11)  and
3-195(11) A] and Se(3) [3-086(17) to Nb(2), 3-:095(17) A to
Nb(3)]. Thus Se(3) is bound to all four niobium atoms
within the cluster, being also 2:469(12) A from Nb(1).
Around NDb(2) and Nb(3) the bridging bromine atoms and
Se(3) form a fac arrangement in the approximate octahedral
geometry exhibited by these metal atoms. The remaining
three positions in the co-ordination sphere of these atoms
are filled by terminally bonded bromine atoms [Nb-Br
range 2-504(25) to 2-545(17) A]. As expected, the angles
within the fac Nb-Bry(terminal) groups [95-0(5) to 96-2(5)°]
are larger than those within the Nb-Br,Se unit [71-2(3) to
80-0(3)°]. Neither Nb(2) nor Nb(3) is within bonding dis-
tance of another metal atom, so this structure represents
the first characterised niobium(1rr) halogeno-complex with-
out metal-metal interaction.

Having accidently synthesised Nb,Br,,(Se,) Se(NCMe),, we
attempted a direct synthesis under the conditions given in
equation (1).

MeCN
4NbBr,(NCMe), + Sb,Seg ————
50°C, 7d
Nb,Br;((Se,;)Se(NCMe), + 2SbBr; (1)

The product from the reaction was shown to be iso-
morphous with the sample whose structure had been de-
termined, and its elemental analysis agreed with the pro-
posed formulation. The sample was e.s.r.-inactive over the
temperature range —195-8 to 20-0 °C and diamagnetic.
These observations are in accord with the two niobium(11r)
atoms being in an approximately C,, environment and
having a low lying and doubly occupied d,: orbital, and the
two niobium(1v) atoms exhibiting a metal-metal interaction.

The preparation reported here provides further insight
into the redox chemistry of the niobium chalcogenide
halides; while Sb,S; reacts with NbBr,(NCMe), to yield the
niobium(rv) compound (MeCN),Br,Nb—(S),~NbBr,(NCMe),,
with no change in oxidation state of the sulphur atoms,
Sb,Se, and NbBr,(NCMe),, in contrast, are involved in a
redox process in which formally two Se?- ions form an
(Se,)?~ ion with the concomitant release of two electrons
that reduce two niobium(1v) atoms to niobium(1r).
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