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Abstract

EuPnSe3 (Pn ¼ Sb, Bi) have been synthesized through the reaction of Eu with Pn2Se3 (Pn ¼ Sb, Bi) and Se at 850–900 1C. These

compounds are isotypic with SrPnSe3 (Pn ¼ Sb, Bi) and consist of square pyramidal PnSe5 units and distorted PnSe6 octahedra that form

hollow columns that extend along the c-axis. These columns are separated by Eu2+ cations that occur as nine-coordinate tricapped trigonal

prisms. There are also additional V-shaped triselenide Se3
2� anions between the columns that bind the Eu2+ cations. The Se?Se contacts (in

EuSbSe3) in these units are 2.4584(11) and 2.4359(11) Å, which are consistent with Se–Se single bonds. The overall structure is chiral. Bond-

valence sum calculations indicate that these compounds contain Eu2+. Magnetic susceptibility measurements provide values of 7.66mB/Eu
for EuSbSe3 and 7.64mB/Eu for EuBiSe3, which are close to the expected free-ion moment for Eu2+. These compounds follow essentially

Curie behavior from 300 to 5K, and undergo an apparently antiferromagnetic transition below 5K. Crystallographic data: EuSbSe3,

orthorhombic, space group P212121, a ¼ 32:936ð2Þ Å, b ¼ 15:406ð1Þ Å, c ¼ 4:2622ð3Þ Å, V ¼ 2162:7ð2Þ Å3, Z ¼ 16, RðF Þ ¼ 2:63% for 183

parameters and 5095 reflections with I42sðIÞ; EuBiSe3, orthorhombic, space group P212121, a ¼ 33:307ð2Þ Å, b ¼ 15:5804ð9Þ Å,

c ¼ 4:2274ð2Þ Å, V ¼ 2193:7ð2Þ Å3, Z ¼ 16, RðF Þ ¼ 2:68% for 183 parameters and 4895 reflections with I42sðIÞ.
r 2006 Elsevier Inc. All rights reserved.
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1. Introduction

Ternary europium pnictogen chalcogenide compounds
form a rich group that is currently represented by EuPn2Q4

(Pn ¼ Sb, Bi; Q ¼ S, Se, Te) [1,2], EuSb4S7 [2], Eu3Sb4S9 [3],
Eu1.1Bi2S4 [4], Eu2BiS4 [5], EuPn4Q7 (Pn ¼ Sb, Bi; Q ¼ S, Se)
[6], Eu3Pn4Q9 (Pn ¼ Sb, Bi; Q ¼ S, Se, Te) [6], Eu6Sb6S17 [7],
and the metal-rich phase Eu4Bi2Te [8]. The structures and
properties of many of these compounds have been reviewed
by Carré and co-workers [9]. In addition to adopting novel
structure types, these compounds possess interesting electro-
nic properties that are often associated with the divalent or
mixed-valent character of the Eu ions. Many of the
aforementioned compounds contain Eu(II), which can be
rationalized by the stability of the half-filled 4f7 shell. Eu2BiS4
contains both Eu(II) and Eu(III) in different crystallographic
e front matter r 2006 Elsevier Inc. All rights reserved.
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sites [5]. The transport and magnetic properties of many of
these compounds have been measured. In this regard, one of
the more interesting phases is Eu2BiS4, which displays semi-
metallic behavior ascribed to the mobility of electrons inside
hexagonal channels within the structure [9].
While europium pnictogen sulfides have good represen-

tation, less is known about selenides and tellurides. In an
effort to better understand this system we have prepared
the new phases EuPnSe3 (Pn ¼ Sb, Bi), which proved to be
isotypic with SrPnSe3 (Pn ¼ Sb, Bi) [10,11], determined
their crystal structures, and measured their magnetic
properties, which are reported herein.

2. Experimental

2.1. Syntheses

Eu (99.9%, Alfa-Aesar), Sb (99.5%, Alfa-Aesar), Bi (99.5%,
Alfa-Aesar), and Se (99.5%, Alfa-Aesar) were used as received.

www.elsevier.com/locate/jssc
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Table 2

Atomic coordinates and equivalent isotropic displacement parameters for

EuSbSe3

Atom (site) x y z Ueq (Å2)a

Eu(1) 0.576979(10) 0.57063(2) 0.49241(10) 0.01218(8)

Eu(2) 0.296366(10) 0.13685(2) 0.02213(11) 0.01185(8)

Eu(3) 0.328241(11) 0.78806(2) 0.55498(9) 0.01190(8)

Eu(4) 0.540637(11) 0.22202(3) 0.98005(11) 0.01640(9)

Sb(1) 0.863350(19) 0.94069(4) 0.97073(16) 0.02636(13)

Sb(2) 0.73758(2) 0.87685(4) 0.95831(17) 0.03376(17)

Sb(3) 0.522404(14) 0.96358(3) 0.48936(14) 0.01751(11)

Sb(4) 0.612807(16) 0.80824(3) 0.95840(15) 0.01861(12)

Se(1) 0.58106(2) 0.02102(6) 0.9515(3) 0.0280(2)

Se(2) 0.68091(2) 0.84877(5) 0.4793(3) 0.0260(2)

Se(3) 0.80227(2) 0.91220(6) 0.4644(4) 0.0344(3)

Se(4) 0.28659(2) 0.98044(4) 0.5007(2) 0.01259(14)

Se(5) 0.63578(2) 0.65000(4) 0.9772(2) 0.01173(14)

Se(6) 0.26013(2) 0.78192(5) 0.03648(19) 0.01229(15)

Se(7) 0.43833(2) 0.27777(5) 0.0203(2) 0.01714(16)

Se(8) 0.38870(2) 0.71799(5) 0.0379(2) 0.01347(15)

Se(9) 0.39990(2) 0.92243(5) 0.5091(2) 0.01271(14)

Se(10) 0.51079(2) 0.61894(5) 0.0084(2) 0.01391(14)

Se(11) 0.47580(2) 0.89768(5) 0.9407(2) 0.0219(2)

Se(12) 0.34292(2) 0.94859(5) 0.14871(18) 0.01230(16)
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Sb2Se3 and Bi2Se3 were prepared from the direct reaction of
the elements in sealed fused-silica ampoules at 850 1C.

2.2. EuPnSe3

EuSbSe3: Eu (0.0595 g, 0.392mmol), Sb2Se3 (0.0941 g,
0.196mmol), and Se (0.0464 g, 0.588mmol) or for EuBiSe3:
Eu (0.0508 g, 0.334mmol), Bi2Se3 (0.1095 g, 0.167mmol),
and Se (0.0396 g, 0.501mmol) were loaded into fused-silica
ampoules that were then sealed under vacuum. The
following heating profiles were used: EuSbSe3—2 1C/min
from room temperature to 500 1C where it was held for 1 h,
0.5 1C/min to 850 1C where it was held for 6 d, 0.04 1C/min
to 400 1C where it was held 2 d, and 0.5 1C/min to 24 1C;
EuBiSe3: 2 1C/min to 600 1C where it was held for 1 h,
0.5 1C/min to 900 1C where it was held for 4 d, 0.03 1C/min
to 500 1C where it was held for 1 d, and 0.5 1C/min to 24 1C.
In both cases the products consisted of thin black needles
up to 2mm in length. PXRD measurements confirmed
phase purity by comparison with powder patterns calcu-
lated from the single crystal X-ray structures. Semi-
quantitative SEM/EDX analyses were performed using a
JEOL 840/Link Isis instrument. Eu, Sb, Bi, and Se
percentages were calibrated against standards. The
Eu:Pn(Sb, Bi):Se ratio determined from EDX analyses
were approximately 1:1:3.

2.3. Crystallographic studies

Single crystals of EuSbSe3 and EuBiSe3 were mounted
on glass fibers and aligned on a Bruker SMART APEX
Table 1

Crystallographic data for EuSbSe3 and EuBiSe3

Formula EuSbSe3 EuBiSe3

Formula mass 510.59 597.82

Color and habit Black needle Black needle

Crystal system Orthorhombic Orthorhombic

Space group P212121 (No. 19) P212121 (No. 19)

a (Å) 32.936(2) 33.307(2)

b (Å) 15.406(1) 15.5804(9)

c (Å) 4.2622(3) 4.2274(2)

V (Å3) 2162.7(2) 2193.7(2)

Z 16 16

T (K) 193 193

l (Å) 0.71073 0.71073

Maximum 2y (deg.) 56.74 56.58

R(int) 0.0430 0.0494

Reflections (total) 21782 22502

Reflections (ind.) 5410 5470

Parameter 182 183

Weighting scheme 0.0298 0.0190

Res. electron den. (min,max) �3.029, 2.044 �1.721, 2.856

rcalcd (g cm�3) 6.273 7.240

m (Mo Ka) (cm�1) 365.10 631.10

R(F) for Fo
242s(Fo

2)a 0.0263 0.0268

Rw(Fo
2)b 0.0612 0.0538

aRðF Þ ¼
P
jjFoj � jF cjj=

P
jFoj.

bRwðF
2
oÞ ¼ ½

P
½wðF 2

o � F2
c Þ

2
�=
P

wF 4
o�

1=2.
CCD X-ray diffractometer and cooled to 193K using an
Oxford Cryostat. Intensity measurements were performed
using graphite monochromated MoKa radiation from a
sealed tube and monocapillary collimator. SMART
(v 5.624) was used for preliminary determination of the
cell constants and data collection control. The intensities of
reflections of a sphere were collected by a combination of 3
sets of exposures (frames). Each set had a different f angle
aUeq is defined as one-third of the trace of the orthogonalized Uij tensor.

Table 3

Atomic coordinates and equivalent isotropic displacement parameters for

EuBiSe3

Atom (site) x y z Ueq (Å2)a

Eu(1) 0.423100(13) 0.43651(3) 0.50871(15) 0.01152(10)

Eu(2) 0.703237(13) 0.86713(3) 0.97886(15) 0.01120(10)

Eu(3) 0.673097(14) 0.21559(3) 0.44798(12) 0.01090(11)

Eu(4) 0.457513(14) 0.78660(3) 0.01679(16) 0.01635(11)

Bi(1) 0.139593(10) 0.05145(2) 0.01155(12) 0.01252(8)

Bi(2) 0.265127(10) 0.12156(2) 0.01405(12) 0.01250(8)

Bi(3) 0.478387(10) 0.04741(2) 0.51028(11) 0.01252(8)

Bi(4) 0.389701(10) 0.19634(2) 0.01923(12) 0.01215(8)

Se(1) 0.41803(3) 0.98808(6) 0.0436(3) 0.0124(2)

Se(2) 0.32141(3) 0.15262(6) 0.5316(3) 0.0127(2)

Se(3) 0.20035(3) 0.08477(6) 0.5422(3) 0.0118(2)

Se(4) 0.71366(2) 0.02172(6) 0.5002(3) 0.01103(18)

Se(5) 0.36444(3) 0.35747(6) 0.0229(3) 0.01081(19)

Se(6) 0.74097(3) 0.21586(6) 0.9655(3) 0.0109(2)

Se(7) 0.55806(3) 0.73215(6) 0.9767(3) 0.01188(19)

Se(8) 0.61263(3) 0.28598(6) 0.9668(3) 0.0116(2)

Se(9) 0.60217(3) 0.08292(6) 0.4901(3) 0.01185(19)

Se(10) 0.48925(3) 0.38643(6) �0.0049(3) 0.01159(18)

Se(11) 0.52751(3) 0.11325(6) 0.0509(2) 0.0119(2)

Se(12) 0.65795(3) 0.05528(7) �0.1459(2) 0.0106(2)

aUeq is defined as one-third of the trace of the orthogonalized Uij tensor.
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for the crystal and each exposure covered a range of 0.31 in
o. A total of 1800 frames were collected with an exposure
time per frame of 30 s for both compounds.

For EuSbSe3 and EuBiSe3 determination of integrated
intensities and global refinement were performed with the
Bruker SAINT (v 6.02) software package using a narrow-
frame integration algorithm. A face-indexed numerical
absorption correction was initially applied using XPREP
[12]. These files were subsequently treated with a semi-
empirical absorption correction by SADABS [13]. The
program suite SHELXTL (v 6.12) was used for space
group determination (XPREP), direct methods structure
solution (XS), and least-squares refinement (XL) [12]. The
final refinements included anisotropic displacement para-
meters for all atoms and secondary extinction. Some
crystallographic details are given in Table 1. Atomic
coordinates and equivalent isotropic displacement para-
meters for EuSbSe3 and EuBiSe3 can be found in Tables 2
Fig. 1. Illustrations of the nine-coordinate tricapped trigonal p
and 3, respectively. Additional details can be found in the
Supporting Information.

2.4. Magnetism

Magnetic susceptibility measurements were made be-
tween 2 and 300K under zero-field-cooled conditions in an
applied field of 0.5 T on a Quantum Design 9T-PPMS dc
magnetometer/ac susceptometer. The susceptibility was
corrected for contributions from the holder diamagnetism
and the underlying sample diamagnetism.

3. Results and discussion

3.1. Structures of EuPnSe3 (Pn ¼ Sb, Bi)

EuSbSe3 and EuBiSe3 are isotypic with SrPnSe3
(Pn ¼ Sb, Bi) [10,11]. The structure of EuSbSe3 will be
rismatic environments around the Eu centers in EuSbSe3.
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discussed with values for the Bi analog given parentheti-
cally where important. There are four crystallographically
unique Eu atoms in the structures of EuPnSe3. All four
Eu sites are nine-coordinate and occur as tricapped
trigonal prisms. Eu–Se bond distances range from
3.0846(9) to 3.2950(9) Å (3.0907(12) to 3.3240(11) Å),
3.0516(8) to 3.3496(9) Å (3.0587(11) to 3.4417(11) Å),
3.0419(8) to 3.5712(9) Å (3.0449(11) to 3.5773(12) Å), and
3.1052(9) to 3.7031(10) Å (3.1042(12) to 3.7447(10) Å) for
Eu(1), Eu(2), Eu(3), and Eu(4), respectively. These poly-
hedra are shown in Fig. 1. Selected bond distances can be
found in Tables 4 and 5. Bond-valence sum calculations
provide values for the four Eu sites ranging from 1.60 to
2.27, implying Eu(II) character [14,15].

The coordination environments around the Sb centers
are challenging to describe owing to the extreme variability
in the Sb–Se bond lengths. For example, for Sb(3) there are
three relatively short Sb–Se bonds of 2.6312(9), 2.6621(10),
Table 4

Selected bond distances (Å) for EuSbSe3

Distances (Å)

Eu(1)–Se(5) 3.0846(9) Eu(4)–Se(8) #3 3.2083(9)

Eu(1)–Se(5) #1 3.1731(9) Eu(4)–Se(9) #2 3.6567(8)

Eu(1)–Se(7) #4 3.2312(9) Eu(4)–Se(10) #2 3.1183(9)

Eu(1)–Se(9) #2 3.2104(9) Eu(4)–Se(10) #12 3.1850(9)

Eu(1)–Se(9) #3 3.2189(9) Eu(4)–Se(11) #2 3.2911(10)

Eu(1)–Se(10) #1 3.0923(9) Eu(4)–Se(11) #12 3.7031(10)

Eu(1)–Se(10) 3.1848(9) Sb(1)–Se(1) #14 2.8108(12)

Eu(1)–Se(11) #2 3.1940(9) Sb(1)–Se(1) #15 2.9323(13)

Eu(1)–Se(12) #2 3.2950(9) Sb(1)–Se(3) #5 2.9438(14)

Eu(2)–Se(2) #3 3.3496(9) Sb(1)–Se(3) 2.9829(13)

Eu(2)–Se(4) #8 3.1734(9) Sb(1)–Se(8) #13 2.5834(10)

Eu(2)–Se(4) #6 3.2769(8) Sb(2)–Se(2) 2.7999(12)

Eu(2)–Se(4) #9 3.2936(9) Sb(2)–Se(2) #5 2.9329(14)

Eu(2)–Se(5) #3 3.0927(9) Sb(2)–Se(3) 3.0442(15)

Eu(2)–Se(5) #2 3.0967(9) Sb(2)–Se(3) #5 3.0804(13)

Eu(2)–Se(6) #6 3.0516(8) Sb(2)–Se(6) #13 2.5562(9)

Eu(2)–Se(6) #7 3.1358(8) Sb(3)–Se(1) #19 2.8974(12)

Eu(2)–Se(12) #9 3.3247(9) Sb(3)–Se(1) #20 3.1257(11)

Eu(3)–Se(3) #10 3.2026(10) Sb(3)–Se(7) #4 3.1414(9)

Eu(3)–Se(4) 3.2740(8) Sb(3)–Se(10) #18 2.6312(9)

Eu(3)–Se(6) #5 3.0419(8) Sb(3)–Se(11) 2.6621(10)

Eu(3)–Se(6) 3.1505(8) Sb(3)–Se(11) #1 2.9759(11)

Eu(3)–Se(8) #5 3.0606(8) Sb(4)–Se(2) 3.0969(12)

Eu(3)–Se(8) 3.1604(9) Sb(4)–Se(2) #5 3.2172(11)

Eu(3)–Se(9) 3.1453(8) Sb(4)–Se(5) 2.5537(9)

Eu(3)–Se(12) #1 3.0575(9) Sb(4)–Se(7) #4 2.6870(10)

Eu(3)–Se(12) 3.5712(9) Sb(4)–Se(7) #18 2.8272(11)

Eu(4)–Se(1) 3.3727(10) Se(4)–Se(12) #5 2.4359(11)

Eu(4)–Se(7) #5 3.4814(9) Se(12)–Se(9) #5 2.4584(11)

Eu(4)–Se(8) #2 3.1052(9)

Symmetry transformations used to generate equivalent atoms:

#1 x, y, z�1; #2 �x+1, y�1/2, �z+3/2; #3 �x+1, y�1/2, �z+1/2; #4

�x+1, y+1/2, �z+1/2; #5 x, y, z+1; #6 �x+1/2, �y+1, z�1/2; #7

�x+1/2, �y+1, z+1/2; #8 x, y�1, z; #9 x, y�1, z�1; #10 x�1/2, �y+3/

2, �z+1; #11 x�1/2, �y+3/2, �z+2 ; #12 �x+1, y�1/2, �z+5/2; #13

x+1/2, �y+3/2, �z+1 ; #14 �x+3/2, �y+1, z+1/2; #15 �x+3/2,

�y+1, z�1/2; #16 �x+3/2, �y+2, z+1/2; #17 x+1/2, �y+3/2, �z+2 ;

#18 �x+1, y+1/2, �z+3/2; #19 x, y+1, z; #20 x, y+1, z�1.
2.8974(12) Å. If these are the sole contacts used then the
geometry could be described as a distorted trigonal
pyramid with a stereochemically active lone-pair of
electrons. However, there are three longer contacts ranging
from 2.9759(11)–3.1414(9) Å. It is probably best to describe
this unit as a distorted octahedron. For Sb(1), Sb(2), and
Sb(4) the sixth potential Sb?Se contact exceeds 3.4 Å, and
these units are probably best described as square pyramids.
The Sb and Se atoms form rectangular columns that extend
down the c-axis as is shown in Fig. 2. These columns are
formed from two opposing nets of square pyramidal SbSe5
units that are linked by the SbSe6 units (Fig. 3). The lone-
pair of electrons on the Sb(III) centers appear to be
contained within these columns. These rock-salt-like
fragments are known from other ternary antimony and
bismuth chalcogenide phases such as CsBi3.67Se6 [16],
Sr4Bi6Se13 [17], A1+xPb4�2xSb7+xSe15 (A ¼ K, Rb;
0oxo2) [18].
Table 5

Selected bond distances (Å) for EuBiSe3

Distances (Å)

Eu(1)–Se(5) 3.0907(12) Eu(4)–Se(8) #3 3.1976(12)

Eu(1)–Se(5) #1 3.1714(12) Eu(4)–Se(9) 3.7447(10)

Eu(1)–Se(7) #4 3.2457(11) Eu(4)–Se(10) #2 3.1339(12)

Eu(1)–Se(9) #2 3.2187(13) Eu(4)–Se(10) #11 3.2010(12)

Eu(1)–Se(9) #3 3.2251(13) Eu(4)–Se(11) #2 3.2991(12)

Eu(1)–Se(10) #1 3.1130(12) Eu(4)–Se(11) #11 3.6472(12)

Eu(1)–Se(10) 3.1901(12) Bi(1)–Se(1) #13 2.8243(11)

Eu(1)–Se(11) #2 3.2177(11) Bi(1)–Se(1) #14 3.0206(11)

Eu(1)–Se(12) #2 3.3240(11) Bi(1)–Se(3) #5 2.8812(11)

Eu(2)–Se(2) #3 3.4417(11) Bi(1)–Se(3) 3.0652(12)

Eu(2)–Se(4) #8 3.1647(12) Bi(1)–Se(8) #12 2.6890(10)

Eu(2)–Se(4) #6 3.2663(10) Bi(2)–Se(2) #5 2.8118(12)

Eu(2)–Se(4) #9 3.2833(13) Bi(2)–Se(2) 2.9216(12)

Eu(2)–Se(5) #3 3.0889(12) Bi(2)–Se(3) #5 2.9939(11)

Eu(2)–Se(5) #2 3.0988(12) Bi(2)–Se(3) 3.1573(11)

Eu(2)–Se(6) #6 3.0587(11) Bi(2)–Se(6) #12 2.6592(10)

Eu(2)–Se(6) #7 3.1360(12) Bi(3)–Se(1) #16 2.9641(11)

Eu(2)–Se(12) #9 3.3387(12) Bi(3)–Se(1) #17 3.1589(11)

Eu(3)–Se(3) #10 3.2405(11) Bi(3)–Se(7) #4 3.1246(10)

Eu(3)–Se(4) 3.3164(10) Bi(3)–Se(10) #15 2.7298(10)

Eu(3)–Se(6) #5 3.0449(11) Bi(3)–Se(11) 2.7387(11)

Eu(3)–Se(6) 3.1459(11) Bi(3)–Se(11) #1 2.9918(11)

Eu(3)–Se(8) #5 3.0657(12) Bi(4)–Se(2) #5 3.1444(11)

Eu(3)–Se(8) 3.1731(12) Bi(4)–Se(2) 3.2141(11)

Eu(3)–Se(9) 3.1440(10) Bi(4)–Se(5) 2.6479(10)

Eu(3)–Se(12) #1 3.0725(12) Bi(4)–Se(7) #15 2.7808(12)

Eu(3)–Se(12) 3.5773(12) Bi(4)–Se(7) #4 2.8069(12)

Eu(4)–Se(1) 3.4053(11) Se(4)–Se(12) #1 2.4400(14)

Eu(4)–Se(7) #5 3.4590(10) Se(12)–Se(9) #1 2.4503(15)

Eu(4)–Se(8) #2 3.1042(12)

Symmetry transformations used to generate equivalent atoms:

#1 x, y, z+1; #2 �x+1, y+1/2, �z+1/2; #3 �x+1, y+1/2, �z+3/2; #4

�x+1, y�1/2, �z+3/2; #5 x, y, z�1; #6 �x+3/2, �y+1, z+1/2; #7

�x+3/2, �y+1, z�1/2; #8 x, y+1, z ; #9 x, y+1, z+1; #10 x+1/2,

�y+1/2, �z+1; #11 �x+1, y+1/2, �z�1/2; #12 x�1/2, �y+1/2,

�z+1; #13 �x+1/2, �y+1, z�1/2; #14 �x+1/2, �y+1, z+1/2; #15

�x+1, y�1/2, �z+1/2; #16 x, y�1, z; #17 x, y�1, z+1.
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Fig. 3. A depiction of the Pn/Se columns in EuPnSe3 (Pn ¼ Sb, Bi) that

are formed from two opposing nets of square pyramidal PnSe5 units that

are linked by PnSe6 octahedra.

Fig. 2. A view of the one-dimensional rectangular columns formed from

Pn (Pn ¼ Sb, Bi) and Se in EuPnSe3. These columns extend down the c-

axis and are separated by Eu2+ cations and Se3
2� anions.

Fig. 4. Plots of dc magnetic susceptibility (K) and its inverse (}) for (a)

EuSbSe3 and (b) EuBiSe3. The straight lines represent fits of the inverse

susceptibility to the Curie–Weiss law. The insets show the low-temperature

behaviour of the susceptibility.
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In addition to the Sb(Bi)/Se columns, there are also
triselenide units. These V-shaped Se3

2� anions are also
aligned along the c-axis, and although they might be
considered to be the most obvious source for the acentricity
of EuPnSe3 (P212121 is chiral), groups of these units are
aligned antiparallel with one another (see Fig. 2). The
Se?Se contacts are 2.4584(11) and 2.4359(11) Å, and are
typical of that expected for a single bond. For example, the
Se–Se bonds in the triselenide units in Sr2SnSe5 and
Ba2SnSe5 range from 2.38 to 2.44 Å [19,20]. In Eu8
(Sn4Se14)(Se3)2 the Se–Se bonds in the triselenide units
are 2.398(2) and 2.416(2) [21]. EuSbSe3 and EuBiSe3 can
then be formulated as Eu2+� 4 (for each crystallographi-
cally unique Eu center)/Pn3+� 4/Se2–� 9/Se3

2–.
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3.2. Magnetic susceptibility

Plots of the zero-field-cooled molar magnetic suscept-
ibility and its inverse for EuSbSe3 and EuBiSe3 from 2 to
300K at an applied field of 5 kOe are shown in Fig. 4.
Although the inverse susceptibility can be fit to the
Curie–Weiss law, the Weiss constants are very small and
close to zero (�0.5 to �1.0K) for both compounds. The
Curie constants are 27.9 emuKmol�1 for EuSbSe3 and
27.6 emuKmol�1 for EuBiSe3, which correspond to an
effective magnetic moment of 7.6 mB per europium in both
cases. As this value is only slightly smaller than the
theoretical free-ion magnetic moment for Eu2+ (7.9 mB),
the presence of divalent europium is essentially confirmed.
There is an apparent transition below 5K in the suscept-
ibility curves, but whether it can be clearly attributed to a
long-range antiferromagnetic ordering remains to be
further investigated.

4. Conclusions

In this work we have demonstrated that two new ternary
europium pnictogen selenides, namely EuSbSe3 and
EuBiSe3, can be prepared via the reaction of Eu with
Pn2Se3 (Pn ¼ Sb, Bi) and Se. These compounds form as
pure phases, and large single crystals exceeding 2mm in
length can be isolated. EuSbSe3 and EuBiSe3 possess
complex structures containing one-dimensional antimony
and bismuth selenide columns separated by Eu2+ cations
and triselenide anions. Magnetic susceptibility measure-
ments and bond-valence sum calculations are consistent
with this compound containing Eu2+.
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[9] D. Carré, M. Guittard, S. Jaulmes, M. Julien-Pouzul, P. Lemoine, P.

Laurelle, J. Flahaut, J. Less-Common Met. 110 (1985) 349.
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