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The Crystal Structures of NbTe; and TaTe;
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The crystal structures of the isostructural compounds, NbTe; and TaTe,, have been solved by Patterson
methods. Single crystals were grown by vapor transport methods. Cell dimensions, as measured on
precession photographs, are for NbTez, a=19-39, b=3-642, ¢=9-375 A, p=134°35', and for TaTe,,
a=1931, b=3-651, c=9-377 A, $=134°13'. Both compounds belong to the space group C2/m.

Refinement of the 40/ intensities by least-squares methods gave R values of 13 % and 10 % for NbTe;
and TaTe respectively. The compounds are layer structures with distorted octahedral coordination of
the metal atoms by tellurium atoms. The distortion is a response to a pattern of metal-metal bonding
in which the metals are grouped into triple rows parallel to the y axis. This grouping puts two-thirds
of the metal atoms in distorted octahedra and one-third in relatively regular octahedra.

Introduction and experimental

During the course of study of possible thermoelectric
materials, crystals of the ditellurides of niobium and
tantalum were prepared by vapor transport methods
(Nitsche, Bolsterli & Lichtensteiger, 1961). The crys-
tals were grown using an iodine carrier for the niobium
or tantalum and a gradient of 925 to 650°C between
the hot and cold ends of the evacuated quartz tube.
The crystals grow in elongated plates or laths whose
long dimension is parellel to the short b axis and whose
short dimension is perpendicular to the layering of the
structure. The cell dimensions, as measured from pre-
cession photographs with Mo Ka radiation, are for
NbTe;: a=19-39, b=3-642, c=9-375 A, and f=134°
35, and for TaTe,: a=19:31, b=3-651, ¢=9-377 A,
and f=134°13'". The systematic absence of reflections
with A+k=2n+1 indicated a C-centered monoclinic
cell with the possible space groups C2/m, Cm, or C2.

A summary of the crystallographic data on the tel-
lurides of tantalum and niobium, as reported by other
workers, is given in Table 1. Powder data published
by these workers match closely our powder data and
show our material and theirs to be essentially identical.
Table 1 contains the approximate relations between
the monoclinic lattice parameters determined from our
precession photographs (subscripted #) and other pub-
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lished parameters. The pseudotrigonal symmetry of
the lattice, apparent on precession photographs, is ap-
parently responsible for the choice of hexagonal and
orthohexagonal cells.

Chemical analyses from the vapor-transported batch-
es of the two compounds give the formulas Nb;.g,Te,
and Tag.g4Te; if two tellurium atoms per formula unit
are assumed. Additional studies made in this labor-
atory (Revolinsky, Brown, Beerntsen & Armitage,
1965) indicate a small homogeneity range for NbTe,
but TaTe, is homogenous up to a composition of TaTe.

Densities measured by pycnometric methods are
lower than theoretical densities, and lower than den-
sities for these compounds measured by Brixner (1962)
and Chaigneau & Santarromana (1963). The tabulated
values are, in g.cm™3:

Brown Brixner Chaigneau Theoretical
NbTe, 68 7-6 7-4 7-37
TaTe, 84 9-4 - 9-16

Our density measuiements, if correct, correspond to
about 5-6 formula units per cell rather than the ideal
6 units. The low density values are not understood,
although density measurement on these thin crystals
is difficult and subject to error. The structures were
solved and refined with the assumption of six formula
units per cell.

Peak intensity measurements were made on A0/
Weissenberg photographs using a standard visual scale.
These were first corrected for absorption using the

Table 1. Published parameters for NbTe, and TaTe, derived from powder photographs, and their approximate re-
lations to the monoclinic cell parameters measured from NbTe, and TaTe, single crystals

Ukrainskii, Kovba, Simanov &
Novoselova (1959)

Brixner (1962)

Chaigneau &

Orthorhombic Rhombohedral Santarromana (1963)
(pseudohexagonal) (hexagonal axes) Hexagonal
TaTe;.s—TaTe; TaTe; NbTe, NbTe;
a=641 kX=4%am
b=10'9 kX=3bn a=109 A, 109 A=3bn a=106 A=3bn
c=664 kX=cn sin ¢=20-08 A, 19-88 A=3cn sin # ¢=20-0 A=3cn sin §
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program ORABS of Wehe, Busing & Levy (1962).
Both the NbTe, and TaTe, crystals were thin laths with
dimensions 0-005x0-2x1 mm. The longest (1 mm)
dimension was parallel to the rotation axis and so had
no effect on the zero-level absorption calculations. Fol-
lowing the absorption corrections the intensities were
corrected for Lorentz and polarization effects. A scale
factor, [0-378 (sin 8/A)2+ 1-0], was applied to each F,
up to (sin #/4)2=0-6 in order to allow for the effect of
o~ splitting. Beyond (sin 8/4)2=0-6 splitting is judged
complete for Mo Ka radiation and the factor was
assumed constant at (1-5)*=1-226.

Solution of the structure

The short b axis was used as the rotation axis for the
Weissenberg zero- and upper-level photographs. In-
spection of these showed that all levels with &k even
had sensibly identical intensities and all levels with &
odd were likewise similar. This indicates that all atoms
are located on planes with y equal to either O or 3.
The Patterson projection P(u, w) showed an arrange-
ment of peaks suggesting a distorted octahedral co-
ordination of the metal atoms. Several types of dis-
tortion were tried without success. About this time,
work on the WTe, structure was completed, this also
being a layer structure with distorted octahedral co-
ordination of metal atoms. Similarities between the
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Fig.1. Projection of a single tellurium-metal-tellurium layer
onto the (001) face in a direction perpendicular to (001).
Open circles: tellurium; closed circles: niobium or tantalum.
Tellurium atoms marked with a plus and minus are above
and below the metal atom sheet respectively.
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NbTe, and WTe, compounds encouraged us to look
for short metal-metal distances between the distorted
octahedra. A minimum function solution using these
supposed metal-metal vectors gave a consistent trial
model. This model is centric with space group C2/m.

Refinements of both structures were carried out with
the full-matrix least-squares program of Busing &
Levy (1959). The scattering factors of Thomas &
Umeda (1957) were used in the refinement of both
compounds. The reflections were weighted according
to the relation w*=1-0/0-1(|F,|). Very weak reflect-
ions were given reduced weight and unobserved re-
flections were given zero weight. For NbTe, the max-
imum parameter shift on the final cycle was 0-07¢. The
average positional parameter shift was 0-04¢0 and the
average temperature factor shift was 0-03¢. The final
R value is 12:7% and the weighted R is 15-8%;. For
TaTe, the maximum parameter shift on the final cycle
was 0-0080, the average positional parameter shift
0-0040, and the average temperature factor shift
0:0040. The final R value is 10-4%; and the weighted R
value is 12:2%.

Description of the structures

The nature of the distortion of the coordinating octa-
hedra in these layer structures is illustrated in Figs.1

Table 2. Final parameters for NbTe, and TaTe,

NbTe;
Atom x(ox) y 2(02) B(os)
Nb(1) 0 0 0-68(11)
Nb(2) 0-1397(4) 3 —0-0118(8) 0-72(8)
Te(ly  0-1497(3) it 0-2898(6) 0-61(5)
Te(2)  0-2970(3) 0 0-2148(6) 0-63(6)
Te(3) 0-4961(3) 4 0-3020(6) 0-60(5)
TaTe;
Ta(l) 0 0 0 0-30(9)
Ta(2)  0-1396(3) 3 —0-0111(6) 0-32(6)
Te(1) 0-1483(5) % 0-2851(10) 0-79(11)
Te(2) 0-2972(4) 0 0-2179(9) 0-59(11)
Te(3) 0-4944(4) ¥ 0-2975(10) 0-84(11)
Table 3. Bond distances for NbTe, and TaTe, (A)
NbTe; TaTe;
Atom l-atom 2  d(0a) Atom l-atom 2 d(oq)
Nb(l) Nb(2)(4) 3-329(5) Ta(l) Ta(2)4) 3-317(4)
Nb(2) Nb(Q2) 4:510(10) Ta(2) Ta(2) 4-507(8)
(M-X distances in centric octahedron)

Nb(1) Te(1)(4) 2-836(4) Ta(l) Te(1)(4) 2-828(6)
Nb(1) Te(3)(2) 2-880(5) Ta(l) Te(3)(5) 2-866(7)
(M-X distances in acentric octahedron)

Nb(2) Te(1)1) 2-690(7) Ta(2) Te(1)(1) 2-663(8)
Nb(2) Te(2)(2) 2-835(6) Ta(2) Te(2)(2) 2-845(6)
Nb(2) Te(2)(1) 2-908(7) Ta(2) Te(2)(1) 2-923(7)
Nb(2) Te(3)(2) 2-754(6) Ta(2) Te(3)(2) 2:747(7)
(X-X distances parallel to layering)

Te(1) Te(2) 3-837(6) Te(1) Te(2) 3-811(8)
Te(2) Te(3) 3-808(6) Te(2) Te(3) 3-798(8)
Te(l) Te(3) 3-560(5) Te(l) Te(3) 3-558(7)
(X-X distances between layers)

Te(1) Te(l) 3-527(8) Te(1) Te(l) 3:595(12)
Te(1) Te(2) 3-967(7) Te(1) Te(2) 3-999(10)
Te(2) Te(3)  3-788(7) Te(2) Te(3) 3-798(8)
Te(3) Te(3) 3-600(9) Te(3) Te(3) 3-651(14)
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Table 4. Bond angles for NbTe, and TaTe, (°)

NbTe; TaTe;
Angle (o) Angle (o)
Nb(2)-Nb(1)-Nb(2) 66-3(1) Ta(2)-Ta(1)-Ta(2) 66-8(1)
(Angles in centric octahedron)

Te(1)-Nb(1)-Te(1) 79-9(2) Te(1)-Ta(1)-Te(1) 80-4(2)

Te(1)-Nb(1)-Te(3) 77-0(1) Te(1)-Ta(1)-Te(3) 77-3(2)

Te(1)-Nb(1)-Te(1) 100-1(2) Te(1)-Ta(1)-Te(1) 99-6(2)

, Te(1)-Nb(1)-Te(3) 103-0(1) Te(1)-Ta(1)-Te(3) 102-7(2)

(Angles in acentric octahedron)

Te(2)-Nb(2)-Te(2) 79-9(2) Te(2)-Ta(2)-Te(2) 79-8(2)

. Te(1)-Nb(2)-Te(2) 87-9(2) Te(1)-Ta(2)-Te(2) 87-5(2)
Te(1)-Nb(2)-Te(3) 110:5(2) Te(1)-Ta(2)-Te(3) 110-5(2)

Te(2)-Nb(2)-Te(2) 76-5(2) Te(2)-Ta(2)-Te(2) 77-2(2)

Te(2)-Nb(2)-Te(3) 95-5(1) Te(2)-Ta(2)-Te(3) 95-4(2)

Te(2)-Nb(2)-Te(3) 84-5(2) Te(2)-Ta(2)-Te(3) 84-0(2)

(X-X-X angles)

Te(1)-Te(2)-Te(3) 120-5(1) Te(1)-Te(2)-Te(3) 120-4(2)

Te(3)-Te(1)-Te(2) 120-5(1) Te(3)-Te(1)-Te(2) 120-2(1)

Te(2)-Te(3)-Te(1) 119-7(1) Te(2)-Te(3)-Te(l) 119-5(1)

Te(2)-Te(2)-Te(2) 61-6(2) Te(2)-Te(2)-Te(2) 60:9(2)

Table 5. F, and F, values for NbTe, and TaTe,
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Fig.2. Projection of the NbTe; structure onto the (010) face. Open circles: tellurium atoms; closed circles: niobium atoms. The
fractional y coordinates are denoted by O or 4.

and 2. Fig.1 is a projection of a single tellurium-
metal-tellurium layer onto the (001) face and shows
the two environmentally distinct types of metal atom.
The rows of metal atoms parallel to y are not spaced
at equal intervals along x but have been shifted so that
groups of three rows each are formed, that is, two
outer rows (containing Nb(2) atoms inside distorted
octahedra of Te atoms) have shifted towards a central
row (containing Nb(l) atoms within relatively un-
distorted octahedra). The metal atoms in the central
row of relatively undistorted octahedra have four near
metal neighbors at approximately 3-3 A while the
metal atoms in the two outside metal rows, in octa-
hedra distorted by their off center position, have two
near metal neighbors. Fig.2, a (010) projection of the
structure, illustrates the distortion parallel to z. The
rippling of the tellurium sheets is apparently a response
to the asymmetric character of the metal-metal dis-
tances. Where metal-metal distances are short, tel-
lurium—tellurium distances transverse to the layering
are lengthened; where metal-metal distances are long,
the transverse tellurium distances are shortened. The
tellurium surface thus appears as a series of troughs
and crests, the ‘wave length’ of which is a/2. The metal
atoms also do not fall exactly into perfect plane layers
as can be seen in Fig.2. The stacking of adjacent layers
is keyed by an association of the troughs and crests
as is evident from examination of Fig.2. The preferred
growth direction of these crystals is parallel to the
troughs and crests of this wave system.

Discussion

Asin MoTe,, WTe, (Brown, 1966) and numerous other
transition metal compounds (Marinder & Magnéli,
1957) exhibiting less than their maximum valence,
TaTe, and NbTe, have metal-metal bonding. The pat-
tern of metal-metal bond lengths shown by these com-
pounds emphasizes the relation between the number of
electrons available for bonding and the bond length,
a relation pointed out by Marinder & Magnéli (1957).
Thus the metal-metal bond lengths in the molybdenum

AC20-8*

and tungsten tellurides are shorter with respect to the
elemental length than in the tantalum and niobium
tellurides.

In the molybdenum and tungsten tellurides the
metal-metal bonds occur between atoms on a zigzag
chain formed by staggering two parallel rows of metal
atoms. Each metal atom forms two metal-metal bonds
in this arrangement. The three-row arrangement des-
cribed above for the niobium and tantalum tellurides
allows an average of 24 metal-metal bonds per atom
(two atoms with four such bonds, and four atoms with
two). These differences in metal-metal coordination
do not result in differences in bond lengths relative to
the corresponding dioxides (where metal-metal bonds
occur between isolated pairs). Thus the ratios of the
distance, metal-metal (telluride)/metal-metal (dioxide),
are almost the same for the moiybdenum-tungsten
compounds as for the niobium-tantalum compounds.

The Nb;Te, and Nb;Se, phases studied by Selte &
Kjekshus (1964), although not structurally identical,
are similar to the NbTe, and TaTe, phases since all
these phases exhibit distorted octahedral coordination
of metal atoms in response to metal-metal bonding.
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