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Abstract: The niobium oxide cluster compound Ti2Nb6O12 was synthesized from NbO, NbO2, and TiO2 in
the presence of NaF melt at 950°C. It crystallizes in an original structure type based on octahedral cluster
units (Nb6O12

i )O6
a. The clusters connect to each other through outer-inner linkages to form a three-

dimensional framework containing cubeoctahedral cavities. The cluster connectivity pattern in Ti2Nb6O12 and
intercluster metal-metal distances are similar to those found in the “Chevrel phases”. The Ti4+ ions have a
distorted octahedral environment formed by the oxide ligands belonging to the clusters. Band structure
calculations indicate that the lowest unoccupied band in Ti2Nb6O12 resembles the conduction band in the
superconducting “Chevrel phases”.

Introduction

The formation of metal-metal bonds is a characteristic
feature of compounds containing early transition metals in low
oxidation states.1,2 In these metal-rich compounds, discrete or
condensed octahedral metal clusters are commonly encountered.3

The M6 octahedron can be surrounded by ligands in two ways,
giving M6L14 or M6L18 cluster units. In M6L14-type clusters,
typical for molybdenum and rhenium halides, chalcogenides,
and chalcohalides,4 eight “inner” ligands (Li) cap the octahedron
faces and six “outer” ligands (La) are located in the apical
positions.5 For metals with a smaller number of valence
electrons, the M6L18-type clusters in which 12 “inner” ligands
bridge the edges of the M6 octahedron and 6 “outer” ligands
occupy apical positions predominate. These units are found in
reduced zirconium, niobium, tantalum, and rare earth halides,6

molybdenum and tungsten oxides,7,8 and niobium and tantalum
oxides9,10and oxochlorides.11,12The clusters can connect to each
other through inner and/or outer ligands, or by direct condensa-
tion of the metal octahedra, to form a variety of frameworks
with different degrees of metal-metal bonding.

“Chevrel phases”, which are molybdenum chalcogenides with
the general formula AxMo6L8 (A ) Pb, Sn, Cu, Li, La, Eu,

etc.; L ) S, Se, Te),13,14constitute one of the most remarkable
series of cluster compounds due to their unusual physical
properties. They exhibit superconductivity at high critical
magnetic fields, and simultaneous existence of magnetic order
and superconductivity.15 Their three-dimensional frame-
works are based on Mo6L14 cluster units connected through
“outer-inner” linkages (La-i) to give the connectivity pattern
(Mo6S6/2

i-aS2
i )S6/2

a-i. This type of linkage leads to short inter-
cluster Mo-Mo distances (3.1-3.6 Å) that allow for weak
metal-metal intercluster interactions. Extensive investigations
of the “Chevrel phases” show that their structural and physical
properties can be tuned by changing the nature and concentration
of the metal atoms A, ligand substitution,14 and molybdenum
substitution by other transition metals.16-18 The “outer-inner”
type linkages also exist in compounds containing M6L18-type
clusters;19-26 however, in contrast to the “Chevrel phases”, the
intercluster metal-metal separation is large (4.0-4.9 Å) due
to ligand steric effects.27

The motivation for our research program in this area is the
preparation and characterization of materials with short inter-

(1) Simon, A.Angew. Chem., Int. Ed. Engl.1988, 27, 159-183.
(2) Hughbanks, T.J. Alloys Compd.1995, 229, 40-53.
(3) Perrin, C.J. Alloys Compd.1997, 262-263, 10-21.
(4) Perrin, A.; Perrin, C.; Sergent, M.J. Less-Common Metals1988,

137, 241-265.
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cluster separation. Reduced niobium oxides are suitable target
systems due to the small ligand size and the variety of cluster
connectivity previously found in these systems. Here, we report
the synthesis, crystal structure, physical characterization, and
band structure of the compound Ti2Nb6O12, which crystallizes
in an original structure type based on Nb6O18 clusters and
exhibits intercluster connectivity similar to that found in the
“Chevrel phases” (Figure 1). The effect of the basic cluster type
and cluster connectivity on the band structure of these materials
is discussed.

Experimental Section

Synthesis. (a) Single Crystal Preparation.The title compound was
initially obtained as black octahedral crystals from a reaction aimed at
the synthesis of LiTi2Nb6Cl14O4. A stoichiometric mixture of Nb
powder, NbCl5, Nb2O5, Ti foil, and LiCl, handled in a dry atmosphere,
was sealed under vacuum, in a quartz tube. The tube was heated in a
tubular furnace at 950°C for 96 h, followed by cooling to 500°C in
96 h. The composition of the octahedral crystals was determined by
energy-dispersive X-ray analysis (EDAX) with use of a Philips 515
scanning electron microscope equipped with a microprobe capable of
detecting elements as light as carbon. The analysis indicated the
presence of niobium, titanium, and oxygen in a 3:1:6 ratio.

(b) Quantitative Preparation. After the composition of the new
phase was established by the crystal structure analysis, the compound

Ti2Nb6O12 was synthesized in high yield (>98%) from a stoichiometric
mixture of NbO, NbO2, and TiO2 in the presence of NaF melt (20%
by mass). The powders were mixed thoroughly, pressed into a pellet,
placed in an alumina boat, and sealed under vacuum in a quartz tube
to protect the mixture from oxidation. The mixture was heated at 950
°C for 96 h, then cooled to room temperature in 4 h. Extensive reaction
of the NaF melt with the alumina and quartz containers was observed,
which resulted in the presence of silicon, aluminum, and sodium in
the raw product (as determined by EDAX analysis). The product was

Figure 1. Cluster framework in Ti2Nb6O12 generated by “inner-outer” linkages of Nb6O18 clusters (a) and cluster framework in “Chevrel phases”
generated by “inner-outer” linkages of Mo6S14 clusters (b).

Table 1. Crystal Data and Structure Refinement for Ti2Nb6O12

empirical formula Ti2Nb6O12

formula wt 845.26 g•mol-1

crystal size 0.1× 0.1× 0.1 mm3

wavelength Mo KR (0.71073 Å)
crystal system trigonal
space group R3h (No. 148), hexagonal setting
unit cell dimensions a ) 7.9364(5) Å,c ) 14.4339(10) Å
volume 787.34(9) Å3

Z 3
density (calcd) 5.348 g•cm-3

absorption coeff 7.807 mm-1

absorption corr empirical,Tmin ) 0.86;Tmax) 0.99
no. of reflcns collected 795
no. of independent reflcs 562 (Rint ) 0.0138)
no. of data/restraints/

parameters
562/0/33

goodness-of-fit onF2 1.116
final R indices (I > 2σ(I)) R1 ) 0.0180,wR2 ) 0.0342
R indices (all data) R1 ) 0.0219,wR2 ) 0.0349

Figure 2. A projection of a primitive unit cell of Ti2Nb6O12

perpendicular to the 3-fold axis.
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subsequently washed with concentrated HF, 3 M KOH, and distilled
water to remove these impurities. X-ray powder diffraction analysis
showed the final product to consist of about 98% Ti2Nb6O12 and 2%
NbO. A combination of Energy and Wave Dispersive X-ray analyses
of the final product confirmed the presence of titanium, niobium, and
oxygen in a 1:3:6 ratio, the absence of fluorine, and the presence of
NbO as an impurity (estimated at 2%).

Crystal Structure Determination. The crystal structure of Ti2-
Nb6O12 was determined by using single-crystal X-ray diffraction. Three-
dimensional intensity data were collected on an octahedral crystal with
dimensions of about 0.1× 0.1 × 0.1 mm3 with a Siemens P4 X-ray
diffractometer. The unit cell parameters were refined based on 47
centered reflections to give a rhombohedral unit cell witha ) 7.9364-
(5) Å andc ) 14.4339(10) Å (hexagonal setting). The intensity data

were corrected for Lorentz and polarization effects, and an empirical
absorption correction based onψ scans was applied. Extinction
conditions suggestedR3h andR3 as possible space groups. The crystal
structure was solved in the centrosymmetric space groupR3h using direct
methods, and refinement of all atoms with anisotropic thermal
parameters was carried out with use of the full-matrix least-squares
techniques againstF2 (Shelxtl).28 Subsequent refinement in the acentric
space groupR3 did not lead to statistically significant changes in
reliability factors or GOF. Details of data collection and structure
refinement are summarized in Table 1. Atomic positions and important
bond distances and angles are shown in Tables 2 and 3, respectively.

Band Structure Calculations. The band structure calculations
were carried out on the primitive unit cell using the extended Hu¨ckel
tight-binding method.29-31 The atomic parameters used in the calcula-
tions are given in Table 4. The density of states and overlap populations

(28) Sheldrick, G. M. SHELX86 and SHELXL93, University of Go¨t-
tingen

(29) Hoffmann, R.J. Chem. Phys.1963, 39, 1397.

Figure 3. Titanium environment in Ti2Nb6O12 (90% probability thermal ellipsoid view) (a) and linkages between the titanium ions and niobium
clusters (b).

Table 2. Atomic Coordinates and Equivalent Isotropic
Displacement Parameters (Å2) for Ti2Nb6O12

x y z Ueq
a

Nb 0.2174(1) 0.0218(1) 0.0780(1) 0.004(1)
Ti 0.6667 0.3333 0.0593(1) 0.004(1)
O1 0.0275(3) -0.1796(3) 0.1733(1) 0.005(1)
O2 0.7429(3) 0.1723(3) -0.0006(1) 0.007(1)

a Ueq is defined as one-third of the trace of the orthogonalizedUij

tensor.

Table 3. Selected Bond Lengths (Å) and Angles (deg) for
Ti2Nb6O12

(Nb6O18) Cluster Unit
Nb-Nb

Nb-Nb(∆) 2.8502(4) 2× Nb-Nb′-Nb′′ 61.441(12)
Nb-Nb(∆-∆) 2.7896(4) 2× Nb-Nb′-Nb′′′ 59.279(6)

Nb′′-Nb-Nb′ 60
Nb-Oa

Nb-O(1) 2.212(2) Nb-O(1)-Nb′ 161.85(10)
Nb-O(1)-Nb′′ 99.17(8)

Nb-Oi

Nb-O(1) 2.076(2) Nb-O(1)-Nb′ 85.02(7)
Nb-O(1)′ 2.142(2) Nb-O(2)-Nb′ 84.11(7)
Nb-O(2) 2.051(2)
Nb-O(2)′ 2.113(2)

Titanium Environment
Ti-O(2) 1.876(2) 3× O(2)-Ti-O(2)′ 100.47(8)
Ti-O(1) 2.122(2) 3× O(2)′-Ti-O(1) 83.60(8)

O(2)-Ti-O(1)′ 96.23(8)
O(1)-Ti-O(1)′ 78.24(8)

Other Important Distances
Nb-Ti 3.1758(3)
Nb-Ti′ 3.2731(7)
Nb-Nb (intercluster) 3.3154(5)

Table 4. Parameters Used in Extended Hu¨ckel Calculations

orbital Hii, eV ú1 ú2 C1 C2

Tia 3d -10.81 4.55 1.40 0.42061 0.78391
4s -8.97 1.08
4p -5.44 0.68

Nbb 4d -9.55 2.955 1.333 0.68585 0.46190
5s -8.27 1.428
5p -5.31 1.035

Oa 2s -32.3 2.28
2p -14.8 2.28

a EHMACC built-in parameters.b Kennedy, J. R.; Adler, P.; Dron-
skowski, R.; Simon, A.Inorg. Chem.1996, 35, 2276-82.

Figure 4. Molar magnetic susceptibilityøM (emu/mol) of Ti2Nb6O12

over the temperature range 300-2 K.
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were calculated by using a set of 12 k-points uniformly distributed
over the asymmetric unit of the Brillouin zone, and a set of 88 k-points
was used to verify the convergence. For the band dispersion curves
calculations, the k-point sets used contained 30 points per line.

Magnetic Measurements.The magnetic susceptibility of a Ti2-
Nb6O12 powder sample was measured with a Quantum design SQUID
magnetometer at 4 T, in the temperature range of 2-300 K. The data
were corrected for the contribution of 2 mass % NbO impurity. The
magnetic susceptibility of the NbO powder used in the synthesis of
Ti2Nb6O12 was measured and used to account for the correction. The
measured susceptibility of NbO was found to be within the range of
the previously reported data.32

Resistivity Measurements.The electrical resistivity was measured
in the temperature range 10-300 K by using the four-probe technique
on a powder sample of Ti2Nb6O12 pressed into a pellet of 0.07× 2.00
× 3.70 mm3.

Results

Crystal Structure Description. Ti2Nb6O12 crystallizes in an
original structure type (Figure 2), with one formula unit in the
primitive rhombohedral unit cell (space groupR3h).

The main building block of this structure is an octahedral
(Nb6O12

i )O6
a cluster unit. The cluster has crystallographically

imposed S6 symmetry, and the Nb6 octahedron is slightly
compressed along the 3-fold axis (Nb-Nb(∆) ) 2.8502(4) Å,
Nb-Nb(∆-∆) ) 2.7896(4) Å). The average Nb-Nb distance
(2.8199 Å) is typical for niobium oxides containing octahedral
clusters.9 The Nb-O distances also correspond to the typical
values for these systems (Nb-Oa ) 2.212(2) Å, Nb-Oi

ave )
2.096 Å). The clusters connect to each other via “outer-inner”

linkages to form a three-dimensional network (Figure 1a). Every
cluster unit shares all its outer and six inner oxygens with six
neighboring clusters, thus the framework connectivity formula
can be written as (Nb6O6/2

i-a O6
i )O6/2

a-i. Every two clusters are
connected by two niobium-oxygen bonds resulting in a
relatively short Nb-Nb intercluster distance (3.3156(5) Å).

The titanium atoms in Ti2Nb6O12 are located on a 3-fold axis
above and below each cluster, and have a distorted octahedral
environment (Figure 3a). The TiO6 octahedron is formed by
three “inner” oxide ligands belonging to three clusters, and three
“outer-inner” oxide ligands belonging to another cluster (Figure
3b). The shortest Nb-Ti distance is 3.1757(3) Å.

The crystal structure of Ti2Nb6O12 is characterized by the
presence of large cubeoctahedral cavities formed by 6 “inner”
and 6 “outer-inner” oxide ions. The centers of these cavities
lie on the 3-fold axes, between the titanium ions (Figure 2).
The distance from the center of the cavity to the nearest oxygen
ligand is 2.92 Å.

Magnetic Properties.The molar magnetic susceptibility of
Ti2Nb6O12 as a function of temperature is shown in Figure 4.
The compound exhibits temperature-independent paramagnetism
between 100 and 300 K, withø290 ) 3.7× 10-4 emu/mol. An
increase of magnetic susceptibility below 100 K results from
Curie-Weiss contribution with an effective magnetic moment
corresponding to ca. 0.18 unpaired electrons per formula unit.
This value is probably caused by other impurities rather than
by the presence of localized unpaired electrons in the bulk
material.

Electrical Resistivity Properties. The electrical resistivity
of Ti2Nb6O12 increases exponentially with decreasing temper-
ature, indicating a semiconducting behavior. The resistivity at
room temperature is approximately 2Ω‚cm. The thermal
activation energy for conduction, estimated from the linear
portion of the plot of lnF vs 1/T in the temperature range 100-
300 K, is 0.052 eV.
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Crystal, and Properties Package; Quantum Chemical Program Exchange,
1989.

(32) (a) Khan, H. R.; Raub, C. J.; Gardner, W. E.; Fertig, W. A.; Johnson,
D. C.; Maple, M. B.Mater. Res. Bull.1974, 9, 1129-1136. (b) Brauer, G.
Z. Anorg. Chem.1948, 256, 10-14.

Figure 5. Total density of states (DOS) and Nb and Ti contributions to the DOS around the Fermi level (a) and intracluster Nb-Nb and Nb-O
COOP curves for Ti2Nb6O12 (b).
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Band Structure Description. The density of states (DOS)
curve in the energy region near the Fermi level is shown in
Figure 5a. The bands at about-11.6, -10, and -9.2 eV
correspond to niobium-niobium bonding states. The band at
-9.2 eV is not occupied because for this band, in contrast to
the lower Nb-based states, the antibonding niobium-oxygen

interactions present in all these states dominate over niobium-
niobium bonding contribution (Figure 5b). The position of the
Fermi level corresponds to 14 valence electrons per cluster.
Titanium d states are located higher in energy and are empty,
which indicates that titanium is present in the+4 oxidation state.
This result is also supported by bond valence sum calculations33

that give a bond order of 3.85 for titanium. The band structure
calculation suggests that the title compound is expected to be
an indirect gap semiconductor with a gap of about 0.3 eV, which
is quite consistent with the experimental results.

The overlap populations corresponding to Nb-Ti and Nb-
Nb intercluster interactions are 0.037 and-0.008, respectively,
which can be neglected compared to the average Nb-Nb
intracluster overlap population found to be 0.278.

An important feature of the band structure of the title
compound is the narrowness of the frontier band “a2u” that
originates from the “a2u” molecular orbital of the cluster. It has
δ-symmetry with respect to the outer ligands, which leads to
the absence of significant interactions between the neighboring
clusters (Figure 6), resulting in small dispersion of the band
and high density of states. Band structure calculations on the
cluster framework alone (excluding titanium atoms) result in a
narrower “a2u” band, indicating that the slight broadening of
this band upon inclusion of titanium is caused by interactions
between the titanium d states and the clusters.

Discussion

Structural Relationships between Ti2Nb6O12 and AnM6L12-
(Z). These compounds are based on cluster frameworks in which
the clusters are connected exclusively by “inner-outer” linkages
in three dimensions. The structural relationships between Ti2-
Nb6O12 and the AnM6L12(Z) series which contain interstitially
stabilized M6L18(Z) clusters are summarized in Tables 5 and 6.
The majority of the AnM6L12(Z) phases have structures that can
be derived from the parent “Zr6L12” structure type originally
reported by Corbett et al. in 1978.34 This structure is based on
a three-layer cubic close packing of anions in which each layer
is formed by both “inner” and “inner-outer” ligands. One out
of every 13 anionic sites within each layer is vacant and
coincides with the cluster center. MM6L12(Z) phases,20-23 also
based on this cluster framework, contain M3+ ions in the

(33) Brown, I. D.; Altermatt, D.Acta Crystallogr. Sect. B1985, 41, 244-
247.

(34) Corbett, J. D.; Daake, R. L.; Poeppelmeier, K. R.; Guthrie, D. H.J.
Am. Chem. Soc.1978, 100, 652-654.

Table 5. Comparison between Cluster Frameworks of the
Compounds AnM6L12(Z)

Figure 6. Schematic representation of orbital contributions to the “a2u”
band at theΓ point. No significant interactions between the clusters
are expected due to theδ symmetry of niobium orbitals with respect
to the outer ligands.
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octahedral site at the center of the rhombohedral unit cell. Large
cations such as Cs+ lead to a new structure type CsEr6I12(C),24

in which the cluster linkage pattern is the same, but different
anion packing leads to one additional cubeoctahedral cavity per
cluster. In contrast to MM6L12(Z), the layer sequence in CsEr6I12-
(C) can be written as AIBIICIAIIBICII..., where the subscript I
refers to layers formed by “outer-inner” ligands and the
subscript II refers to layers formed by “inner” ligands. One out
of every seven anionic sites is vacant in each layer. The Er6

clusters occupy only the vacancies in type I layers, while cesium
ions occupy only the vacancies in type II layers. Despite the
similarity in their cluster linkage patterns and symmetry, the
cluster frameworks of MM6L12(Z) and CsEr6I12(C) cannot be
transformed into each other without bond breaking due to the
different arrangement of “inner” and “outer-inner” ligands in
the basic cluster units of these compounds. Further addition of

cesium ions results in the formation of the Cs2Pr6I12(C2) structure
type,25 which contains two additional cubeoctahedral cavities
per cluster, occupied by the cesium ions. In this compound, the
cluster linkage pattern is no longer isotropic. The clusters are
connected in the (ab) plane to form a pseudosquare net, while
the clusters linkage pattern in (bc) and (ac) planes is the same
as that in the MM6L12(Z) structure type. The pseudosquare
cluster arrangement resembles that observed in the “Chevrel
phases” and leads to the formation of channels along the [001]
direction where the cesium ions are located. In contrast, the
cesium sites in CsEr6I12(C) are shielded by anions and are not
accessible. Recently, Uma and Corbett reported the structure
of K2La6I12(Os),26 which is significantly different from that of
Cs2Pr6I12(C2). The clusters in K2La6I12(Os) are connected to each
other via one La-I bond (in the (100) plane), while in all other
structure types described here the clusters are connected via two

Table 6. Relationship between the Structures of AnM6L12(Z) in Terms of Anionic Close Packinga

a Light gray spheres represent “inner” ligands, medium gray represent “outer-inner” ligands, and dark gray represent cesium ions or the centers
of cubeoctahedral cavities.
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M-L bonds. In addition, the structure of K2La6I12(Os) is not
based on iodide close packing, presumably due to the size of
the potassium ion ,which is too small to occupy the cubeocta-
hedral cavity and too large to occupy the octahedral cavity.

The new niobium cluster oxide Ti2Nb6O12 is based on a
cluster framework similar to that found in CsEr6I12(C). However,
these structure types differ in cation distribution. The framework
of Ti2Nb6O12 contains empty cubeoctahedral cavities similar to
those occupied by Cs+ in CsEr6I12(C). Titanium ions in Ti2-
Nb6O12 occupy octahedral cavities, which are empty in CsEr6I12-
(C). The stability of the CsEr6I12(C)-type framework in the case
of Ti2Nb6O12 is somewhat surprising because it does not contain
a large cation that requires the presence of a cubeoctahedral
cavity.

Similarities and Differences between Ti2Nb6O12 and the
“Chevrel Phases”.The key feature of the new niobium cluster
oxide is its structural relationship to the “Chevrel phases”. The
similarities can be seen in the connectivity patterns (Figure 1),
and in the relationships between the average intra- and inter-
cluster metal-metal distances. The respective distances are
2.8199 and 3.3154 Å in Ti2Nb6O12 and 2.7021 and 3.2673 Å
in PbMo6S8.35 It is interesting to note that the intercluster Mo-
Mo distance is smaller than the intercluster Nb-Nb distance,
even though the Mo-S bond distance is larger than the Nb-O
distance (Figure 7). This can be explained by the fact that in
the Mo6S8

i S6
a cluster, the molybdenum atoms are located

slightly above the plane formed by “inner” sulfur atoms, and
the Si-a-Mo-Si-a angles are greater than 90° allowing for
closer contacts between molybdenum atoms.27 In the case of
Ti2Nb6O12, the Oa-i-Nb-Oi-a angle is smaller than the Nb-
Oi-a-Nb angle, and ligand steric effects force the niobium
atoms to be further apart.

In addition to their structural similarities, Ti2Nb6O12 and the
“Chevrel phases” show comparable features in their band
structures. The highest occupied band in PbMo6S8 originates
from the “eg” MO of the Mo6S8 cluster unit, and hasδ symmetry
with respect to the outer ligands, similar to the “a2u” orbital in
the Nb6O12 cluster. Thus, when the Mo6S8 units are assembled
in the extended structure, the “eg” MO leads to a weakly
dispersed band.36 In PbMo6S8, this band is half filled resulting
in a high density of states at the Fermi level, presumably one
of the factors responsible for superconductivity in the “Chevrel
phases”.14 One of the main results of our calculations is the
prognosis that populating the “a2u” orbital in the Nb6O12 cluster
in the Ti2Nb6O12 structure type would lead to a compound whose

highest occupied band is similar to the highest occupied band
in PbMo6S8. The 14-electron cluster configuration present in
Ti2Nb6O12 is the most stable cluster electronic configuration
for niobium oxides containing octahedral clusters; however,
compounds with 15 electrons per cluster, such as NaNb10O18

37

and LaNb8O14,38 have been reported. We are currently inves-
tigating whether 15-electron compounds can be obtained in the
Ti2Nb6O12 structure type by insertion of monovalent cations in
the cuboctahedral cavities present in the cluster framework.
Comparative analysis of AnM6L12(Z) structures and investigation
of the role of the cation in the stability of different frameworks
can be advantageously used to design and prepare new open-
framework niobium and/or molybdenum oxide cluster com-
pounds which mimic the “Chevrel phases” in terms of inter-
cluster bonding.

Conclusions. Ti2Nb6O12 can be considered a structural
analogue of the “Chevrel phases” in terms of intercluster
connectivity and metal-metal distances. As the basic cluster
unit is changed from M6L14 to M6L18, the highest metal-metal
bonding states maintainδ symmetry with respect to the “outer”
ligands, which leads to narrow bands in the electronic structure
of these compounds. However, in the superconducting “Chevrel
phases” this band is partially occupied, while in Ti2Nb6O12 it
is the lowest unoccupied band. Similarities between frontier
bands can lead to interesting physical properties of the title
compound, if a one-electron reduction can be achieved. The
presence of empty crystallographic sites in the structure and
the small band gap indicate that the reduction could be achieved
through insertion of monovalent cations.
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(38) Köhler, J.; Tischtau, R.; Simon, A.J. Chem. Soc., Dalton Trans.

1991, 829-832.

Figure 7. Bond distances and angles around intercluster linkages in Ti2Nb6O12 (a) and in PbMo6S8 (b).
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