The Crystal Structure of WC Type ZrTe. Advantages in
Chemical Bonding as Contrasted to NiAs Type ZrTe
Gissur Örlygsson and Bernd Harbrecht*
Department of Chemistry and Materials Science Centre, Philipps University,
D-35032 Marburg, Germany
* Reprint requests to Prof. Dr. B. Harbrecht. E-mail: fkc@chemie.uni-marburg.de
Z. Naturforsch. 54 b, 1125-1128 (1999); received May 20, 1999
Zirconium, Telluride, Crystal Structure, Electronic Structure, WC Type Structure
Single crystals of WC type ZrTe were prepared from the elements. A single crystal structure
determination of this structure type was performed for the first time: ZrTe (WC) crystallizes
in the hexagonal space group P6m2 (No. 187), hP2, Z - 1, a - 377.06(5), c = 386.05(8) pm;
84 reflections, 5 variables, R(F) = 0.037. The distinctions in bonding for ZrTe (WC) and a
hypothetical stoichiometric ZrTe crystallizing in the NiAs type structure were analyzed on the
basis of extended Hiickel calculations. Heteronuclear interactions contribute most strongly to
the stability of both structures. Attractive Zr-Zr interactions energetically favour ZrTe (WC)
relative to ZrTe (NiAs). The Fermi level of ZrTe (WC) resides in a local minimum of the DOS,
whereas that of ZrTe (NiAs) intersects a local DOS maximum, and is pushed up by about 0.5 eV,
expressing the decisive destabilization of NiAs type ZrTe. As a consequence, metal deficiency
is observed for ZrTe (NiAs), in contrast to ZrTe (WC).

Recent investigations of the Zr-Te system have
brought to light several new compounds, among
them two metal-rich phases Zr?Te [ 1] and Z nT e [2],
ZrsTeö [3], adopting a NiAs type-related structure,
and Z n 3oTe2 [4], In the course of an extensive study
of the system, a phase adopting the WC type struc
ture awoke our interest. A WC type zirconium tel
luride was first reported by Hahn and Ness [5], with
a range of homogeneity assigned to it. The existence
of the phase was confirmed later on [6 - 8 ], however,
with an equiatomic composition, practically exclud
ing a homogeneity range. DTA measurements indi
cated a decomposition of ZrTe (WC) at 1505 K into
ZrsTe 4 [6 , 9] and a phase richer in tellurium [8 ]. In
every case the phase was identified by its lattice pa
rameters as determined by powder X-ray diffraction
means. To our knowledge [10], a complete single
crystal diffraction study of a compound crystalliz
ing in the WC type structure has not appeared in the
literature. Exceptions hereto are TiS [11], ZrS [12]
and HfS [13], where film methods were used. As
there exist reports on nonstoichiometry and a homo
geneity range for compounds adopting this structure
type, e. g. ZrS [14], we found it worthwhile to deter
mine the crystal structure of ZrTe (WC), especially
with respect to a possible partial occupation of atom
positions.

A remarkable feature of ZrTe is its apparent di
morphism, with high and low temperature modifi
cations crystallizing in the NiAs and WC type struc
tures, respectively. However, for the high tempera
ture phase, metal deficiency is observed [7, 8 ]. In
an attempt to gain some understanding of this phe
nomenon, extended Hiickel calculations were car
ried out. Similar calculations dealing with the NaClWC type dimorphism have been performed [15, 16],
Apart from ZrTe, NiAs-WC type dimorphism has
been reported for NbS, NbN and TiS [10],
Crystals of ZrTe were synthesized from a mixture
of the elements (Te: 99.999%, Fluka; Zr: 99.8%,
ChemPur, nzr : nxe = 1 : 1) in a sealed, argonfilled tantalum tube, which in turn was contained
in an evacuated quartz glass ampoule. The temper
ature of the reaction mixture was uniformly raised
over 24 h from room temperature to 1270 K, and
maintained for 8 d. It was then lowered to 955 K
over 7 h and held at 955 K for 12 d. Subsequently,
the reaction vessel was quenched to room tem
perature. By means of energy dispersive analysis
of emitted X-rays (CamScan CS 4DV, EDX sys
tem, Noran Instruments; detection limit: Be) no
other elements than Zr and Te were found. The se
lected crystal was mounted in an argon-filled glass
capillary.
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Table I. Selected crystallographic data for ZrTe*
Chemical formula
Fw. [g mol-1 ]
Crystal system
Space group; Z
a [pm]
c [pml
V[1(T pm3]
Peak [g cm-3 ]
Colour, shape
Size [mm3]
T[ K]
A (Mo Kq ) [pm]
p [cm-1 ]
Diffractometer
2 0 ma* [°]

Total reflections
Unique reflections
Observed reflections
Parameters refined
R&(F), RAF2)
Goodness of fit
A p max 9 A p min
Programs

Table III. Interatomic distances and Mulliken Overlap
Populations (MOP) for ZrTe (WC). Values in square
brackets refer to hypothetical stoichiometric ZrTe (NiAs).

ZrTe
218.824
hexagonal
P6m2 (No. 187); 1
377.06(5)
386.05(8)
47.53
7.644
silver lustre, needle-like
0.019x0.023x0.126
293
71.073

d (in pm)

MOP

MOP/“bond”

Zr-Te
6 x 290.95 [283.4] 2.152 [2.279] 0.359 [0.380]
Zr-Zr in plane 3x 377.06 [396.2] 0.309 [0.125] 0.103 [0.042]
Zr-Zr along c lx 386.05 [334.7] 0.046 [0.108] 0.046 [0.108]

202.6

STOE & Cie, IPDS
65.8
1208
85
84 (I > 2 a(I))
5
0.0369; 0.0722
1.291
2.76; -3.32 [10-6 e pm-3 ]
SHELXS-97, SHELXL-97 [17],
X-RED, X-SHAPE [18]

* Further details of the crystal structure investigation may
be obtained from the Fachinformationszentrum Karls
ruhe, D-76344 Eggenstein-Leopoldshafen, Germany, on
quoting the depository number CSD-410867.

Relevant data for the single crystal X-ray struc
ture investigation of ZrTe are given in Table I. Posi
tional parameters and anisotropic temperature fac
tors are given in Table II. A numerical absorption
correction resulted in a minor improvement of the
residual factors (before correction: Rgt(F) = 0.0379;
RW(F2) = 0.0749). The lattice parameters deter
mined for the single crystal and from Guinier pow
der diffraction data (a = 376.26(4), c = 386.18(4)
pm) are in good agreement with those published
[6 , 7]. No signs of a partial occupation of the atom
sites were found. The WC type structure consists
of layers of close packed atoms stacked according
to the sequence AbAb. In contrast, the NiAs type
structure is based on a hexagonal close packed ar
rangement of the non-metal atoms (A, B) according
to the sequence AcBcAc. Hence, ZrTe {WC) and

ZrTe (NiAs) comprise condensed trigonal prismatic
Zr 6 clusters, every second of which is stabilized
by an interstitial Te atom. In ZrTe (WC) the ZrZr distances along the threefold symmetry axis are
stretched (386.05 pm) compared to the contacts in
the triangular plane (377.06 pm). The dense pack
ing of the Te atoms in Z ri_ vTe (NiAs), however,
favours a reversed distortion of the TeZrö clusters:
The Zr-Zr distances are compressed along [001]
(334.7 pm) and extended in the plane (396.2 pm).
In order to uncover the distinctions in bond
ing for the two tellurides we performed extended
Hiickel calculations [1 9 -2 1 ] for ZrTe (WC) and
hypothetical stoichiometric ZrTe (NiAs) [22]. Tak
ing the Mulliken overlap population (MOP) for a
given atom pair as a measure of the bond strength
[24], the heteronuclear interactions contribute most
strongly to the stability of both structures. Judged
by the normalized integral MOP (Zr-Te) values (Ta
ble III), this contribution is somewhat higher for the
NiAs (2.28) than for the WC type structure (2.15).
Additional stabilization comes from attractive ZrZr interactions, which are significantly stronger in
ZrTe (WC) (0.36) than they would be in ZrTe (NiAs)
(0.23). The better tuning of the Zr-Zr bonds in ZrTe
(WC) is also clearly reflected in the DOS and COOP
curves shown in Fig. 1: The Zr d states utilized
for homonuclear bonding are mainly localized in
less dispersed valence bands at energies about 1 eV
below the Fermi level, which in turn resides in
a deep local DOS minimum. All available Zr-Zr
bonding states are filled. This is also true for hy
pothetical ZrTe (NiAs), however, there are about
30% less bonding states available. Moreover, the Zr
d electrons, which do not enter into heteronuclear

Table II. Atomic coordinates and displacement parameters for ZrTe (in pm2).
Atom

Site

X

y

Z

Uu

U22

C/33

C/23

Un

U |2

Te
Zr

Id

1/3

2/3

1/2

1a

0

0

0

67(6)
43(9)

Un
Uu

37(9)
47(18)

0
0

0
0

33(3)
22(5)
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DOS

COOP

bonds, occupy energetically less favourable states.
The Fermi level, intersecting a local DOS maxi
mum, is pushed up by about 0.5 eV, expressing - in
spite of the strong heteronuclear bonding interac
tions - the decisive destabilization of ZrTe (NiAs).
The Zr-Te interactions would give rise to an increase
in density by 4.5% compared with 7.644 g cm ~ 3 for
ZrTe ( WC) and would leave ZrTe (NiAs) as the dens
est of all known compounds in the Zr-Te system. In
view of the weaker Zr-Zr interactions on one hand
and the particularly well tuned heteronuclear inter
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Fig. 1. Densities of states (DOS) and crystal or
bital overlap population (COOP) curves for ZrTe
(WC) and a hypothetical stoichiometric ZrTe
(NiAs). Levels up to the Fermi level (broken,
horizontal line) are filled; in the COOP curves,
levels to the right of the vertical line are bond
ing, to the left antibonding. The Fermi level for
ZrTe (WC) lies at -7.49 eV, for ZrTe (NiAs) at
-7.03 eV.

actions on the other hand, a reduction in zirconium
content at high temperatures - as actually observed
[7, 8 ] - would come as a natural response to lower
the density and to gain configurational entropy with
out a substantial loss of bonding interactions.
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