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Six rare-earth arsenic tellurides have been synthesized by the reactions of the rare-earth elements (Ln) with As
and Te at 1123 K. LaAsTe (a ) 7.8354(11) Å,b ) 4.1721(6) Å,c ) 10.2985(14) Å,T ) 153 K), PrAsTe (a )
7.728(2) Å,b ) 4.1200(11) Å,c ) 10.137(3) Å,T ) 153 K), SmAsTe (a ) 7.6180(16) Å,b ) 4.0821(9) Å,c
) 9.991(2) Å,T ) 153 K), GdAsTe (a ) 7.5611(15) Å,b ) 4.0510(8) Å,c ) 9.920(2) Å,T ) 153 K), DyAsTe
(a ) 7.4951(13) Å,b ) 4.0246(7) Å,c ) 9.8288(17) Å,T ) 153 K), and ErAsTe (a ) 7.4478(1) Å,b )
4.0078(1) Å,c ) 9.7552(2) Å,T ) 153 K) crystallize with four formula units in the orthorhombic space group
D2h

16-Pnma. These compounds are isostructural and belong to theâ-ZrSb2 structure type. In each compound, the
Ln atoms are coordinated by a tricapped trigonal prism of four As atoms and five Te atoms. The entire three-
dimensional structure is built up by the motif of the LnAs4Te5 tricapped trigonal prisms. Infinite nonalternating
zigzag As chains are found along theb axis, with As-As distances in these compounds ranging from 2.5915(5)
to 2.6350(9) Å. Conductivity measurements in the direction of these As chains indicate that PrAsTe is metallic
whereas SmAsTe and DyAsTe are weakly metallic. Antiferromagnetic transitions occur in SmAsTe and DyAsTe
at 3 and 9 K, respectively. DyAsTe above 9 K follows the Curie-Weiss law.

Introduction

The study of low-dimensional solids is an important aspect
of solid-state chemistry.1,2 Such solids can exhibit interesting
physical properties, including superconductivity and charge
density waves.3-5 One subgroup of low-dimensional solids
comprises compounds in which there are one-dimensional chains
of closely spaced atoms. Such systems display a variety of
specific physical phenomena. These very simple systems are
especially interesting because chemical correlations between
structure and properties are more easily arrived at than in more
complex topologies.6 A number of structure types are known
that contain infinite zigzag chains of groups IIIA-VA elements.
These include the structure types CrB,7-10 FeB,7,8,11MoB,7,12,13

ZrSi2,7,14-16 CeNiSi2,7,17,18SmNiGe3,19 â-ZrSb2,20,21HoSb2,22,23

CaSb2,7,24-26 and CeAsS.27-29

Consider now infinite zigzag chains of group VA atoms. In
some of these chains the atoms are equidistant. For example,
in â-ZrSb2 each Sb atom in the zigzag Sb chain has two Sb
neighbors at a distance of 2.890(1) Å.20 But in others, the chains
are distorted. For example, in the CaSb2 structure, each Sb atom
has Sb neighbors at 2.915(1) and 2.939(1) Å.24 Distorted zigzag
As chains are found in the CeAsS family, which includes the
LnAsS and LnAsSe phases (Ln) rare-earth element).27-29

Distorted zigzag P chains are found in the structures of PdP2
30
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and LaP2,31 whereas in the GdPS family, which includes the
LnPS phases,32,33 distorted cis-trans chains of P atoms are
found. The formation of such chains is considered to be caused
by the distortion of a square net.34,35

The present study is concerned with the Ln-As-Te system.
There appear to be no known examples of this system except
for Eu4As2Te, which has the anti-Th3P4 structure type.36 Here,
we present the syntheses, structures, and physical properties of
LnAsTe (Ln ) La, Pr, Sm, Gd, Dy, Er). These compounds,
which belong to theâ-ZrSb2

20,21 (or PbCl2) structure type,
contain undistorted zigzag As chains.

Experimental Details

Syntheses.The compounds LnAsTe (Ln) La, Pr, Sm, Gd, Dy, Er)
were prepared by the reactions of the rare-earth elements La (Reacton,
99.9%), Pr (Alfa, 99.9%), Sm (Alfa, 99.9%), Gd (Alfa, 99.9%), Dy
(Aldrich, 99.9%), and Er (Alfa, 99.9%) with As (Alfa, 99.999%) and
Te (Aldrich, 99.8%) in a KCl/LiCl flux (55:45 molar ratio). Mixtures
of 1.0 mmol of Ln, 1.0 mmol of As, 1.0 mmol of Te, and 500 mg of
KCl/LiCl were loaded into fused-silica tubes under an argon atmosphere
in a glovebox. These tubes were sealed under 10-4 Torr and then placed
in a computer-controlled furnace. The samples were heated to 1123 K
at 1 K/min, kept at 1123 K for 3 days, slowly cooled at 0.05 K/min to
573 K, then cooled to room temperature. The reaction mixtures were
washed free of chloride salts with water and then dried with acetone.
In each reaction the major component consisted of black needles.
Analysis of these needles with an energy dispersive X-ray (EDX)-
equipped Hitachi S-4500 scanning electron microscope showed only
the presence of Ln, As, and Te in the approximate ratio of 1:1:1. These
compounds are stable in air.

Structure Determinations. Single-crystal X-ray diffraction data
were collected with the use of graphite-monochromatized Mo KR
radiation (λ ) 0.710 73 Å) at 153 K on a Bruker Smart-1000 CCD
diffractometer with the program SMART.37 The crystal-to-detector
distance was 5.023 cm. Crystal decay was monitored by re-collecting
50 initial frames at the end of data collection. Data were collected by
a scan of 0.3° in ω in groups of 606 frames atæ settings of 0°, 120°,
and 240°. The exposure times were 20 s/frame for LaAsTe, SmAsTe,
GdAsTe, and ErAsTe, 15 s/frame for PrAsTe, and 25 s/frame for
DyAsTe. Cell refinement and data reduction were carried out with the
use of the program SAINT,37 and face-indexed absorption corrections

were performed numerically with the use of XPREP.38 Then the
program SADABS37 was employed to make incident beam and decay
corrections.

All the structures were solved by means of the direct methods
program SHELXS of the SHELXT.PC suite of programs38 and were
refined by full-matrix least-squares techniques.38 The final refinements
included anisotropic displacement parameters and secondary extinction
corrections. These displacement parameters do not suggest the presence
of significant nonstoichiometry. Additional experimental details are
shown in Table 1 and in Supporting Information. Table 2 presents
selected bond distances and angles.

Electrical Conductivity. Conductivity measurements were made
along theb axis (the direction of the infinite zigzag As chains) as a
function of temperature for PrAsTe, SmAsTe, and DyAsTe. For each
of these compounds the composition of two single crystals was
confirmed with EDX measurements. The electrical conductivity of each
single crystal was measured with the use of a computer-controlled, four-
probe technique.39 Electrical contacts consisted of fine gold wire (25
and 60µm in diameter) attached to the crystals with gold paste. Samples
were placed under vacuum for at least 24 h to allow the gold paste to
dry completely, which improved contact performance. Excitation
currents were kept as low as possible, typically below 1 mA, to
minimize any nonohmic voltage response and thermoelectric effects
at the contact-sample interface. Measurements of the sample cross-
sectional area and voltage probe separation were made with a calibrated
binocular microscope.

Thermopower Measurements.Variable-temperature thermopower
data were taken with the use of a slow-ac measurement technique.40
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Table 1. Crystal Data and Structure Refinement for LaAsTe, PrAsTe, SmAsTe, GdAsTe, DyAsTe, and ErAsTea

compd LaAsTe PrAsTe SmAsTe GdAsTe DyAsTe ErAsTe

fw 341.43 343.43 352.87 359.77 365.02 369.78
a (Å) 7.8354(11) 7.728(2) 7.6180(16) 7.5611(15) 7.4951(13) 7.4478(1)
b (Å) 4.1721(6) 4.1200(11) 4.0821(9) 4.0510(8) 4.0246(7) 4.0078(1)
c (Å) 10.2985(14) 10.137(3) 9.991(2) 9.920(2) 9.8288(17) 9.7552(2)
V (Å3) 336.66(8) 322.74(15) 310.71(11) 303.84(10) 296.48(9) 291.186(10)
dcalcd (g/cm3) 6.736 7.068 7.598 7.865 8.178 8.435
linear abs coeff (cm-1) 306.30 338.11 386.13 417.06 455.74 495.63
R(F)b (Fo

2 > 2σ(Fo
2)) 0.0261 0.0246 0.0270 0.0354 0.0237 0.0279

Rw(Fo
2)c (all data) 0.0862 0.0599 0.0670 0.0819 0.0620 0.0706

a For all compounds: space groupD2h
16-Pnma, Z ) 4, T ) 153(2) K, andλ (Mo KR) ) 0.710 73 Å.b R(F) ) ∑||Fo| - |Fc||/∑|Fo|. c Rw(Fo

2) )
[∑w(Fo

2 - Fc
2)2/∑wFo

4]1/2, w-1 ) σ2(Fo
2) + (0.04Fo

2)2 for Fo
2 g 0; w-1 ) σ2(Fo

2) for Fo
2 < 0.

Table 2. Selected Bond Lengths (Å) and Angles (deg) in the Structures of LaAsTe, PrAsTe, SmAsTe, GdAsTe, DyAsTe, and ErAsTe

compounda LaAsTe PrAsTe SmAsTe GdAsTe DyAsTe ErAsTe

Ln-As (1) 3.1235(9) 3.0780(10) 3.0351(9) 3.0143(9) 2.9885(8) 2.9668(4)
Ln-As × 2 (2) 3.2493(7) 3.1951(7) 3.1474(7) 3.1198(6) 3.0889(6) 3.0671(3)
Ln-As (3) 3.3100(9) 3.2474(10) 3.1924(9) 3.1620(9) 3.1282(8) 3.1033(4)
Ln-Te× 2 (1) 3.2256(5) 3.1805(6) 3.1406(6) 3.1173(5) 3.0920(5) 3.0731(2)
Ln-Te× 2 (2) 3.2360(6) 3.1900(7) 3.1506(6) 3.1291(6) 3.1043(6) 3.0873(2)
Ln-Te (3) 3.3151(7) 3.2816(9) 3.2494(8) 3.2301(8) 3.2088(7) 3.1922(3)
As-As × 2 2.6350(9) 2.6206(9) 2.6098(9) 2.6035(9) 2.5982(8) 2.5915(5)
As-As-As 104.68(5) 103.64(4) 102.90(5) 102.15(5) 101.52(4) 101.29(3)

a The numbers in parentheses correspond to those in Figure 4.

LnAsTe (Ln ) La, Pr, Sm, Gd, Dy, Er) Inorganic Chemistry, Vol. 39, No. 15, 20003177



The measurement apparatus featured Au(0.07% Fe)/Chromel differential
thermocouples for monitoring the applied temperature gradients.
Samples were mounted on 60µm gold wire by means of gold paste.
Fine gold wire (10µm in diameter) was used for sample voltage
contacts, which were made as long as possible in order to minimize
thermal conduction through the leads. The sample and thermocouple
voltages were measured with the use of Keithley model 181 and
Keithley model 182 nanovoltmeters, respectively. The applied tem-
perature gradient was in the range 0.1-0.4 K. Measurements were taken
under a turbopumped vacuum maintained below 10-5 Torr. The sample
chamber was evacuated for 1-3 h prior to cooling to remove any
residual water vapor or solvents in the gold paste.

Magnetic Susceptibility. An 18 mg sample of SmAsTe and a 27
mg sample of DyAsTe containing single crystals were used for magnetic
susceptibility measurements over the temperature range 2-300 K. The
composition of each sample was verified by EDX measurements. The
magnetization was measured at 200 and 100 G for SmAsTe and
DyAsTe, respectively, between 5 and 300 K with the use of a Quantum
Design superconducting quantum interference device (SQUID) mag-
netometer. All measurements were corrected for core diamagnetism.41

Extended Hu1ckel Calculations. All calculations were performed
on LaAsTe with the use of the YAeHMOP package.42-44 The atomic
parameters are listed in Table 3. Band structure calculations were carried
out for a zigzag As chain and for the entire LaAsTe structure.

Results and Discussion

The compounds LnAsTe (Ln) La, Pr, Sm, Gd, Dy, Er) are
isostructural; the unit cell of ErAsTe is displayed in Figure 1.
LnAsTe adopts theâ-ZrSb2 structure,20 which is of the PbCl2
type. The three crystallographically independent atomssZr, Sb1,

and Sb2sin â-ZrSb2 are replaced by Ln, As, and Te, respec-
tively, in LnAsTe. In each of the present structures the Ln atom
is coordinated by five Te atoms and four As atoms at the vertices
of a tricapped trigonal prism in which two As atoms and one
Te atom constitute the cap (Figure 1 and Figure 2a). This LnAs4-
Te5 tricapped trigonal prism is the motif from which the three-
dimensional structure of LnAsTe is constructed. In this prism
three of the four As atoms are bonded neighbors (Figure 2a).
These prisms are joined in such a way to result in a one-
dimensional zigzag chain of As atoms along theb direction
(Figure 3a). Note that the tricapped trigonal prisms UPn4Q5 and
LnPn4Q5 are also the motifs in the structures of UPnQ,45

LaSbTe,46 and LnPnQ (Pn) P, As; Q) S, Se).27,29,32,33In the
structures of UPnQ and LaSbTe, four Pn atoms in the tricapped
trigonal prism form a Pn square net. In the structures of LnPnQ,
four Pn atoms are also neighbors and lie in a plane, but they
form zigzag As chains in LnAsQ or cis-trans P chains in LnPQ.
Although LnAsTe and LnAsQ (Q) S, Se) both comprise
infinite zigzag As chains, their structures are completely different
because the motifs from which they are constructed are different
(Figure 2). Figure 3 displays structural fragments of LnAsTe
and LnAsQ (Q) S, Se). All the zigzag As chains in LnAsQ
(Q ) S, Se) are parallel to each other, but the zigzag As chains
in LnAsTe are not.

The Ln-Te, Ln-As, and As-As distances in LnAsTe are
normal. To take GdAsTe as an example, the Gd-Te distances
that range from 3.1173(5) to 3.2301(8) Å are comparable with
Gd-Te distances in Gd2Te3 of 3.104(1) to 3.683(1) Å;47 the
Gd-As distances of 3.0143(9) to 3.1620(9) Å are close to those
in GdAsSe of 3.088(2) to 3.164(2) Å;28 the As-As distance of
the zigzag As chain of 2.6035(9) Å may be compared with the
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Figure 1. Unit cell of ErAsTe. The 90% displacement ellipsoids are
displayed.

Table 3. Atomic Parameters Used for the Extended Hu¨ckel
Calculations

element orbital Hii (eV) ú1 ú1 C1 C2

La 6s -7.67 2.14
6p -5.01 2.08
5d -8.21 3.78 1.381 0.7765 0.4586

As 4s -16.22 2.23
4p -12.16 1.89

Te 5s -21.20 2.51
5p -12.50 2.16

Figure 2. (a) LnAs4Te5 polyhedral motif of LnAsTe. (b) LnAs4Se5

polyhedral motif of LnAsQ (Q) S, Se).

Figure 3. Part of the structures of (a) LnAsTe and (b) LnAsQ
(Q ) S, Se).
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distances of 2.656(3) and 2.662(3) Å in GdAsSe28 and the
As-As single bond distance in elemental As of 2.516(1) Å.48

As shown in Table 2, the As-As distance in the chain decreases
from 2.6350(9) to 2.5915(5) Å across the series from La to Er,
and the As-As-As angle decreases from 104.68(5)° to 101.29-
(3)°. Other bond lengths involving Ln in Table 2 decrease almost
linearly across the series from La to Er (Figure 4), a manifesta-
tion of the lanthanide contraction.

In â-ZrSb2, the Sb1-Sb2 distance (3.146(1) Å) falls in the
Sb-Sb bonding range.20 In LnAsTe, the As‚‚‚Te distance ranges
from 3.4425(8) Å in LaAsTe to 3.2820(4) Å in ErAsTe.
Although we can find no structural data on other compounds
that contain both As1- and Te2- ions, this distance appears to
be short and suggestive of an interaction. For example, the
As3+-Te2- distances in As2Te3 are 2.75 and 3.12 Å.49 However,
the band structure calculation described below does not support
such an interaction.

The conductivity along theb axis (the direction of infinite
zigzag As chains) as a function of temperature for PrAsTe,
DyAsTe, and SmAsTe is shown in Figure 5. The compound
PrAsTe exhibits good metallic behavior in this direction,
whereas DyAsTe and SmAsTe have lower conductivities. The
conductivities of PrAsTe, DyAsTe, and SmAsTe at room
temperature are about 1.4× 104, 5.7 × 102, and 4.2× 101

S/cm, respectively, and that ofâ-ZrSb2 is about 8.3× 103

S/cm.20 The metallic nature of PrAsTe was confirmed by the
thermopower measurements, as shown in Figure 6, which
indicate that PrAsTe is an n-type conductor.

Plots of 1/ø versusT for SmAsTe and DyAsTe are shown in
Figure 7. SmAsTe shows an antiferromagnetic transition at 3
K, and DyAsTe shows one at 9 K; transition temperatures are
2.0 K in NdAs1-xSe and 9.8 K in DyAs1-xSe (x < 1), which
belong to the CeAsS family.28 Above these transition temper-
atures SmAsTe and DyAsTe are paramagnetic. The magnetic
susceptibility of SmAsTe does not follow a Curie-Weiss law
because the effective magnetic moment of the 4f electrons has
a temperature dependence arising from low-lying multiplets.50

(48) Schiferl, D.; Barrett, C. S.J. Appl. Crystallogr.1969, 2, 30-36.
(49) Shu, H. W.; Jaulmes, S.; Flahaut, J.J. Solid State Chem.1988, 74,
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Figure 4. Plots of the Ln-As and Ln-Te distances vs ionic radii52 of
nine-coordinated Ln3+.

Figure 5. Semilog plot of conductivity (σ) vs temperature (T) for
PrAsTe, SmAsTe, and DyAsTe.

Figure 6. Thermopower vs temperature for PrAsTe.

Figure 7. Plot of 1/ø vs T for (a) SmAsTe and (b) DyAsTe.
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The magnetic susceptibility of SmAsTe at room temperature is
1.4(2) µB, which is in good agreement withµeff ) 1.66 µB

calculated from Van Vleck’s formula for Sm3+ with a screening
constantσ ) 34 for 300 K.50 DyAsTe follows the Curie-Weiss
law ø ) C/(T - θ), with C ) 13.33(11) emu/mol andθ )

-7.53(15) K. The calculated effective magnetic moment of
10.33(5)µB for DyAsTe agrees with the theoretical value of
10.65µB for Dy3+.51

Given that there are no Te‚‚‚Te interactions in these structures
(the shortest Te-Te distances are 4.0084(9) Å in LaAsTe and
3.7361(4) Å in ErAsTe), that the As-As bond lengths cor-
respond to single-bond distances, and that the effective magnetic
moments are consistent with Ln3+, formal oxidation states of
3+, 1-, and 2-, respectively, may be assigned to Ln, As, and
Te in LnAsTe. Thus, each As atom carries one negative charge,
makes two single bonds with two neighboring As atoms in the
chain, and has a stable electronic configuration. To confirm this,
an extended Hu¨ckel tight binding calculation was made on an
infinite undistorted zigzag As chain (Figure 8a) in LaAsTe. The
band structure is displayed in Figure 8b. Theσ1 band (mainly
4s orbitals) is at low energy, the bondingσ2 band (mainly 4px
and 4py) and theπ band (4pz) are at about the same intermediate
energy, and the antibondingσ3 band (mainly 4px and 4py) is at
high energy. If we fill all the bands except the antibondingσ3

band, six electrons are needed and the As atom carries a charge
of -1, as deduced above from geometrical considerations. The
entire band structure of LaAsTe is shown in Figure 9. The band
gap does not vanish with the introduction of La and Te. The
overlap between As and Te is-0.03 (!), as opposed to that of
about 0.16 between atoms Sb1 and Sb2 inâ-ZrSb2.20 Nor is an
As‚‚‚Te interaction indicated in a TB-LMTO calculation.
Nevertheless, if there were some interaction, then the metallic
nature of these compounds could be rationalized, but not the
striking differences so evident in Figure 5.
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Figure 8. (a) Zigzag As chain in the local coordinate system. (b) Band
structure of the zigzag chain based on the bond length and bond angle
in LaAsTe, whereΓ and Y are (0,0,0) and (0,1/2,0), respectively.

Figure 9. Band structure of LaAsTe, whereΓ, X, Y, Z, and M are
(0,0,0), (1/2,0,0), (0,1/2,0), (0,0,1/2), and (1/2,1/2,1/2), respectively.
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