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There has been much recent interest in bismuth alkoxides as
potential precursors for sol-gel and chemical vapor deposition
preparations of bismuth-containing superconductors1,2 and fer-
roelectrics, notably Bi3Ti4O12.3-5 We have sought to synthesize
films6,7 of Bi2VxMe1-xO5.5-δ (Me ) Cu, Fe, Mn, Ti, Nb, Ta,
..., 0.1< x< 0.5),8-11which exhibit high oxide ion conductivity,
for use in air separation and partial oxidation membrane reactor
applications.12-14 Heterometallic alkoxides with the correct
metal ratios for the final product are especially sought after.
There is, however, a dearth of information about even the
homometallic alkoxides of bismuth. Insoluble bismuth alkox-
ides have been known since 1966,15 and recently a number of
soluble bismuth alkoxide complexes have been isolated.1,2,16-21

While several groups have claimed the existence of a bismuth-
transition metal precursor in their sol-gel processes,4,5,22,23no
such species have been isolated.24 In this communication, we
report the synthesis and structure of [BiCl3(µ-O)(µ-OC2H4-

OCH3)2(OC2H4OCH3)V]2 (1), which to our knowledge repre-
sents the first structural description of a heterobimetallic
bismuth-containing alkoxide complex.
The bismuth-vanadium complex was prepared under argon.

Vanadium triisopropoxide oxide (6.8 mmol, 10% w/v in
2-propanol) was mixed with bismuth chloride (2.1 g, 6.5 mmol),
and 10 mL of 2-methoxyethanol (2MOE) was added. On
stirring of the mixture at room temperature, a clear yellow
solution was obtained. Solvent was removed under vacuum
with mild warming to yield an oily orange precipitate. This
was redissolved in 5 mL of 2MOE. Orange crystals were
obtained in 35% yield (first crop, based on bismuth) after 2
weeks at 2°C. Single-crystal XRD indicated a dimeric complex
(Figure 1).25-28 The crystals were stable under argon but
darkened after 1 h in air.
There are relatively few compounds available with which to

compare [BiCl3(µ-O)(µ-OC2H4OCH3)2(OC2H4OCH3)V]2. The
asymmetric unit contains one bismuth and one vanadium atom
(Figure 1). The vanadium atom is located in a distorted
octahedral environment that is unusual among vanadium(V)
alkoxides, which prefer a square pyramidal geometry. The
shortest V-O distance of 160 pm, belonging to the bridging
oxide atom O(4), compares well with the usual vanadyl distance
of 158 pm.29-31 A band at 945 cm-1 confirms a weakening of
the vanadyl bond (usually 950-990 cm-1).30 Taking O(4) as
the “top” vertex of the octahedron, the equatorial plane (defined
relative to O(4)) is deflected slightly downward. The trans
oxygen, O(2), and V form an angle of 170° with O(4), the
deviation from 180° presumably caused by the short reach of
the 2MOE group. Two of the 2MOE groups are bidentate on
vanadium, in contrast with the cases found in lead(II) 2-meth-
oxyethoxide32 and bismuth 2-methoxyethoxide,17 where the
ligand is monodentate; bidentate 2MOE has been observed in
a barium-titanium complex.33
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The coordination environment around the bismuth atom is a
distorted capped octahedron with the chlorine atoms and O(4),
O(6), and O(14) as octahedral vertices. The alkoxy oxygen O(1)
caps the O(4)-O(6)-O(14) face at 284.9 pm. This atom
connects nearly at the equator (taking the bridging oxygen O(4)
as the top vertex), distorting O(6)-Bi-O(14) to 114° and
pinching O(6)-Bi-Cl(3) and O(14)-Bi-Cl(1) to 82 and 75°,
respectively. The Bi-O(1) bond may be designated as a
secondary bond.34

The examples of other bismuth alkoxides suggest that a
stereochemically active lone pair should be sought.17,19,20 The
distortion around the bismuth center implies that such a lone
pair would be directed toward the O(6)-O(14)-O(4) face. In
this case, it is expected that the Bi-O(1) bond would be weak;
however, this bond is only slightly longer than the complex’s

other Bi-O bond distances. The distortion in the octahedron
is small, indicating no real gap in the coordination geometry;
and the Bi-Cl(3) and Bi-Cl(2) bonds, which are trans to the
expected location of a lone pair, are not significantly shorter
than Bi-Cl(1). Thus we conclude that a stereochemically active
lone pair is absent.
Combined TGA/DTA of the compound in oxygen shows an

endotherm at 144°C with no attendant weight change, which
is assigned to a separation of the complex into the original BiCl3

and VO(OC2H4OCH3)3 parts. If this is indeed the case, the
complex is surprisingly stable. Stepped exothermic weight
losses up to 328°C correspond to the removal of the-OC2H4-
OCH3 groups, while the weight loss from 375-450 °C is
assigned to the dissociation of the six chlorine atoms. The final
product was identified by powder XRD to be primarily BiVO4
(JCPDS No. 14-688), with some V2O5 (JCPDS No. 9-387) and
Bi4V2O11 (JCPDS No. 42-135).
The complex is soluble only in donor solvents.51V NMR

of the complex and parent V alkoxide both gave a single
peak.26,29 In the13C and1H NMR spectra,26 peaks correspond-
ing to the bidentate ligands are shifted only slightly from the
corresponding peaks of the parent vanadium alkoxide, while
additional peaks arise from the bridging 2MOE group. This
suggests that the heterometallic complex maintains its structure
in DMSO solution. In alcohols (methanol, diglyme), the
complex appears to break apart.
To our knowledge, [BiCl3(µ-O)(µ-OC2H4OCH3)2(OC2H4-

OCH3)V]2 is the first example of a heterobimetallic alkoxide
involving bismuth. The presence of chlorine in the structure
allows for further substitution by alkali metal-containing alkox-
ides, with the potential for increasing the number of metals
present. Chemistry similar to that described in this communica-
tion could lead to the synthesis of other single-source alkoxide
precursors for bismuth-containing ceramics.
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Figure 1. ORTEP representation of the Bi-V alkoxide. Protons have
been omitted for clarity. Selected bond distances (pm): Bi-Cl(1) 257.1,
Bi-Cl(2) 251.7, Bi-Cl(3) 250.8, Bi-O(6) 259.7, Bi-O(1) 284.9, Bi-
O(4) 270.3, Bi-O(14) 279.8, V-O(1) 178.9, V-O(2) 236.0, V-O(3)
180.0, V-O(4) 160.3, V-O(5) 216.8, V-O(6) 190.7, Bi(1A)-V(0A)
368.8. Selected bond angles (deg): Cl(3)-Bi-Cl(2) 93.81, Cl(3)-
Bi-Cl(1) 87.44, Cl(2)-Bi-Cl(1) 94.35, Cl(3)-Bi-O(6) 82.28, Cl(2)-
Bi-O(6) 88.46, Cl(1)-Bi-O(6) 169.51, Cl(3)-Bi-O(4) 89.31, Cl(2)-
Bi-O(4) 176.74, Cl(1)-Bi-O(4) 86.73, O(6)-Bi-O(4) 91.02, O(14)-
Bi-O(4) 89.37, O(14)-Bi-O(6) 114.19, O(14)-Bi-Cl(1) 75.8,
O(14)-Bi-Cl(2) 91.94, O(14)-Bi-Cl(3) 162.69.
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