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Reactions of europium with copper or silver in molten
alkali metal/polytelluride ¯uxes have produced the new
polytelluride compounds, Cu0.66EuTe2, KCu2EuTe4 and
Na0.2Ag2.8EuTe4. All three compounds are stable in air
and crystallize as red±brown plates in tetragonal space
groups. Cu0.66EuTe2 crystallizes in the space group
P4/nmm with a~4.481(2), c~10.260(3) AÊ (at 23 ³C) and
Z~2. KCu2EuTe4 and Na0.2Ag2.8EuTe4 are isostructural
and crystallize in the space group P4mm with
a~4.4365(6), c~11.365(2) AÊ (at 23 ³C) for KCu2EuTe4,
and a~4.4544(6), c~11.106(2) AÊ (at 23 ³C) for
Na0.2Ag2.8EuTe4. Cu0.66EuTe2 adopts the CaMnBi2
structure-type with square antiprismatic europium atoms
sandwiched between an anti-PbO type layer of [CuTe]2

and a ¯at square net of tellurium. The structure of
KCu2EuTe4 can be derived from that of Cu0.66EuTe2 by
systematically replacing half of the europium atoms in
the framework with potassium. Electron diffraction
studies on KCu2EuTe4 and Na0.2Ag2.8EuTe4 suggest a
1a67b superlattice, the result of a charge density wave
(CDW) distortion in the square Te net of these
compounds. KCu2EuTe4 exhibits semimetallic behavior
while Na0.2Ag2.8EuTe4 is a p-type semiconductor with a
bandgap of 0.24 eV.

Recently, we have used molten alkali metal/polytelluride ¯uxes
for the synthesis of new quaternary phases with the general
formula AwMxLnyTez (A~alkali metal, M~coinage metal,
Ln~lanthanide or actinide metal). While our own investiga-
tions into this system with Ce and Nd have led to the discovery
of ALn3Te8 (A~Cs, Rb, K; Ln~Ce, Nd),1 KCuCeTe4,2

K2Ag3CeTe4,3 Rb2Cu3CeTe5
4 and K2.5Ag4.5Ce2Te9,5 other

investigators have described the related phases BaDyCuTe3,6

K1.5Dy2Cu2.5Te5
6 K0.5Ba0.5DyCu1.5Te3

6 and CsCuUTe3.7±9

Some of these compounds have new structure types, but
many still retain components of the known binary rare earth
tellurides (NdTe3

10 and ZrSe3
11-type). Since both of these

binary structure types require a metal with an oxidation state
¢z3, we decided to circumvent their formation completely by
investigating reactions with a divalent lanthanide metal. Only a
few lanthanides are stable as z2 ions, however, including Sm
(4f6), Eu (4f7), Tm (4f13) and Yb (4f14). Of these, europium was
selected ®rst because it is one of the most stable.12 Prior to our
work, the only reported quaternary europium chalcogenide of
this type was KCuEu2S6.13 However, the authors concluded
that the europium in this compound is trivalent based on the
Eu±S bond distances. However, no magnetic or electrical
measurements were provided. Here, we report on the discovery
of Cu0.66EuTe2,14 KCu2EuTe4

15 and Na0.2Ag2.8EuTe4,16 all of
which are best described as Eu2z compounds. They all possess
what appears to be perfect square Te nets. With the aid of

electron diffraction, however, we ®nd them to be modulated.
The crystallographic data for all three compounds are
summarized in Table 1.{

The structure of Cu0.66EuTe2 is shown in Fig. 1. It adopts the
CaMnBi2 structure-type and features eight-coordinate euro-
pium atoms in a square-antiprismatic coordination environ-
ment of tellurium. The europium atoms are sandwiched
between a [CuTe]2 anti-PbO type layer and a ¯at square net
of Te atoms. The Te±Te distances in the net are all equal at
3.168(1) AÊ , a value substantially longer than the normal Te±Te
bond of 2.8 AÊ yet much shorter than the van der Waals contact
of 3.8±4.0 AÊ . The bonds around the europium atoms have been
omitted in Fig. 1 to highlight the stacking of each individual
layer. The copper site is only partially occupied and re®nes to a
value of 0.66. Since partial occupancy on copper is unusual and
the crystals were originally isolated from a Rb2Tex ¯ux, careful
elemental analysis was performed on the single crystal after
data collection was complete. This analysis not only con®rmed
the absence of rubidium, but veri®ed the copper composition to
be exactly 0.66. Interestingly, this structure type has been
encountered in the family of antimonides MxLaSb2 (M~Zn,
Co, Mn and Cu; x~0.52±0.87).17 In all of these phases, the
transition metal site is partially occupied (although the reason
for this has yet to be addressed). Cu0.66EuTe2 appears to be the
®rst telluride member of this family.

The structure of KCu2EuTe4 is actually polar, see Fig. 2. The

Fig. 1 ORTEP representation of the structure of Cu0.66EuTe2 as seen
down the b-axis (70% ellipsoids). The ellipses with octant shading
represent Eu atoms. The crossed ellipses represent Cu atoms and the
open ellipses represent Te atoms. Selected distances (AÊ ) and angles (³):
Eu1±Te1 3.482(4), Eu1±Te2 3.326(3), Cu1±Te2 2.671(4), Te1±Te1
3.168(1); Te2±Cu1±Te2 114.1(2) and 107.23(11).
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bonds to europium have now been included to highlight
its particular coordination environment. The structure of
KCu2EuTe4 can be derived from that of Cu0.66EuTe2 by ®rst
restoring the Cu site to full occupancy and then replacing every
other layer of europium atoms with potassium. This replace-
ment of atoms is reasonable if we compare the effective ionic
radii of Eu2z (1.17 AÊ ) to that of Kz (1.38 AÊ ). Thus, we can
expect the europium to be truly divalent since a trivalent
europium (ionic radius 0.947 AÊ ) is too small for such a site. As
a result, this replacement has caused the n-glide plane to be lost
in moving from Cu0.66EuTe2 to KCu2EuTe4 and the symmetry
to change from centrosymmetric to non-centrosymmetric.
Na0.2Ag2.8EuTe4 is isostructural to KCu2EuTe4, but now
there exists some disorder on the Na site with Ag, which can be
explained again by comparing the effective ionic radii of the
two metals. Naz and Agz have ionic radii of 1.02 and 1.15 AÊ ,
respectively, similar enough to allow the two metals to occupy
the same site. The Te nets in both KCu2EuTe4 and
Na0.2Ag2.8EuTe4 appear perfectly square with all shortest
Te±Te distances at 3.1371(4) and 3.1497(4)AÊ , respectively. This
may be an artifact, however, since we know that superstructure
modulations (i.e., charge density waves) are frequently
observed in compounds with perfectly square nets of atoms
and are usually electronically driven.18,19

Fig. 2 ORTEP representation of the structure of KCu2EuTe4 (70%
ellipsoids). The ellipses with octant shading represent Eu atoms, the
crossed ellipses represent Cu atoms and the open ellipses represent Te
and K atoms. The Te3 atoms make the square Te net. Selected
distances (AÊ ) and angles (³): Eu1±Te2 3.314(2), Eu1±Te3 3.467(4), Cu1±
Te1 2.631(5), Cu1±Te2 2.781(5), Te3±Te3 3.1371(4); Te1±Cu1±Te1
114.9(3), Te1±Cu1±Te2 108.93(6).

Fig. 3 (a) Selected area electron diffraction pattern of KCu2EuTe4

with the electron beam perpendicular to the layers ([001] direction)
showing a twinned 7asub67bsub domain (i.e., two 1asub67bsub

supercells that are rotated 90³ with respect to one another and
superimposed). (b) Selected area electron diffraction pattern of
Na0.2Ag2.8EuTe4 with the electron beam perpendicular to the layers
([001] direction) showing the 1a67b superlattice of a single crystal
region. (c) Densitometric intensity scan along the b*-axis of the electron
diffraction pattern of Na0.2Ag2.8EuTe4 (Fig. 3b) (boxed area in
photograph) showing the (23 k 0) family of re¯ections. The three
re¯ections from the sublattice of KCu2EuTe4 are indexed. The four
weak peaks are from the 1a67b superlattice.

Table 1 Crystallographic data and details of crystal structure solution and re®nement

Cu0.66EuTe2 KCu2EuTe4 Na0.2Ag2.8EuTe4

Diffractometer Rigaku AFC6S Rigaku AFC6S Siemens SMART Platform CCD
Radiation Mo-Ka (0.71073 AÊ ) Mo-Ka (0.71073 AÊ ) Mo-Ka (0.71073 AÊ )
Temperature/K 293 293 293
Space group (no.) P4/mmn (129) P4mm (99) P4mm (99)
a/AÊ 4.4810(16) 4.4365(6) 4.4544(6)
c/AÊ 10.260(3) 11.365(2) 11.106(2)
V/AÊ 3 206.02(12) 223.69(6) 220.37(6)
Z 2 1 1
m/mm21 32.196 24.789 26.044
Total data 1169 1597 1941
Unique data 141 295 361
Rint 0.1083 0.1473 0.1114
No. parameters 61 23 23
Final R1/wR2 (%) 7.94/25.07 7.35/17.88 7.30/20.35
aAll structures were solved and re®ned using SHELXTL-5. An empirical absorption correction was performed during the initial stages of each
re®nement (based on y-scans for Cu0.66EuTe2 and KCu2EuTe4 and SADABS for Na0.2Ag2.8EuTe4). The relatively high R values are mostly due to
the existence of supercell re¯ections which distort the subcell intensities.
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For this reason, we examined both KCu2EuTe4 and
Na0.2Ag2.8EuTe4 by electron diffraction and found evidence
for a superstructure arising from a distortion within the square
Te net. Fig. 3a shows a typical electron diffraction pattern for
KCu2EuTe4 depicting the (hk0) plane. The weak spots that
appear in this micrograph occur along both the a* and b*
directions and correspond to a 0.286a*60.286b* superlattice.
This value is close to (2/7) and therefore the supercell can be
modeled as 7asub67bsub. However, many of the crystals
examined under the electron beam were highly microtwinned
and although the modulation seems to appear along both the
a* and b* axes, it is unlikely that the superlattice is that of a
7asub67bsub. This pattern probably arises from the super-
imposition of two 1asub67bsub patterns that are rotated 90³
with respect to one another, as has been found for
K0.33Ba0.67AgTe2.20,21 The electron diffraction pattern of
Na0.2Ag2.8EuTe4, shown in Fig. 3b, was taken from a very
thin region of a single crystal and contains superlattice spots
along only one direction. Owing to the tetragonal symmetry of
the subcell, the propensity of these crystals to twin is seemingly
high and a micrograph of this sort is dif®cult to obtain, since
most showed superlattice spots along both the a* and b*
directions. The spots in this micrograph correspond again to a
1a67b superlattice and it can therefore be concluded that both
of these compounds exhibit the same superlattice. Fig. 3c is a
densitometric intensity scan along the b*-axis of the electron
diffraction pattern of Na0.2Ag2.8EuTe4 (Fig. 3b). The three
re¯ections from the tetragonal sublattice are indexed. The four
weak peaks are from the seven-fold supercell along this axis.

Variable temperature magnetic susceptibility data for
KCu2EuTe4 were measured over the range 5±300 K at
6000 G. A plot of 1/xM vs. T shows that this material exhibits
near perfect Curie±Weiss behavior with a meff value of 7.58 mB.
Analogous data collected for Na0.2Ag2.8EuTe4 at 3000 G gave
a meff of 8.59 mB. These values are consistent with an f7

con®guration for Eu2z (7.9±8.0 mB) and are very different from
that expected for Eu3z (3.3±3.5 mB).22

The issue of charge balancing in all three cases is anything
but trivial. The non-stoichiometry in Cu0.66EuTe2 must be
taken into consideration, in addition to the superstructures of
KCu2EuTe4 and Na0.2Ag2.8EuTe4, when assigning formal
charges. Since the actual superstructures have not yet been
determined, only the average charge per tellurium atom in the

net can be calculated, assuming Cuz, Agz and Eu2z. For
Cu0.66EuTe2, it is best to keep the structure in mind when
balancing the charges. Since the structure is described as the
packing of three layers, the formula can best be described
as [(Cuz

0.66Te22)(Eu2z)(Te0.662)]. The formal charges on
KCu2EuTe4 and Na0.2Ag2.8EuTe4 can be assigned using
the same approach; [(Kz)(CuTe2)2(Eu2z)(Te0.52)2] and
[(Naz

0.2Agz
0.8)(AgTe2)2(Eu2z)(Te0.52)]. Based on these for-

mulations, the average charge per Te atom in the square net
changes from 20.66 in Cu0.66EuTe2 to 20.5 in KCu2EuTe4.

Electrical conductivity and thermoelectric power data were
measured as a function of temperature for pressed pellets of
KCu2EuTe4 and Na0.2Ag2.8EuTe4, see Fig. 4. For KCu2EuTe4,
the data suggest p-type metallic or semimetallic behavior with a
room temperature conductivity of 165 S cm21 and a Seebeck
coef®cient of z23 mV K21. No optical bandgap could be
detected for this material in the region 0.1±1.0 eV. The data for
Na0.2Ag2.8EuTe4 suggest p-type semiconducting behavior with
a room temperature conductivity value of 12 S cm21 and a
Seebeck coef®cient of z70 mV K21. A sharp absorption band
in the IR region suggests a narrow gap semiconductor, with Eg

of #0.24 eV.
The results reported reinforce the conclusion that perfect

square Te nets are not stable and distort in various ways
depending on the charge per Te atom. Further experimental
and theoretical work is needed to determine the nature of these
distortions and to develop systematic relationships between
electron count and distortion type.21
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