On the Rare-Earth Pnigochalcogenides LnAsSe
R. Schmelczer*, D. Schwarzenbach
Institut de Cristallographie, University de Lausanne, CH-1015 Lausanne-Dorigny, Switzerland

F. Hulliger
Laboratorium für Festkörperphysik der ETH, CH-8093 Zürich, Switzerland
Z. Naturforsch. 86b, 463-469 (1981); received October 31/December 17, 1980
Inorganic Compounds, Crystal Structure
The structures of GdAsSe and NdAsSe were determined from single crystal data.
GdAsSe crystallizes in the monoclinic CeAsS-type structure. The deviations from the
parent tetragonal ZrSiS-type structure are smaller than in the corresponding sulphides.
The As-As distances in the infinite arsenic chains appear to be too large to warrant nonmetallic properties. The structure of NdAsSe is isopuntal with the CeAsS-type; however,
only As pairs can be identified. The CeAsS-type structure was also found in the LnAsSe
compounds with Ln = Pr, Sm, Tb, . . ., Tm, Lu, Y . The distortions of the ZrSiS-type
substructure become more pronounced on going to smaller cations. The stoichiometry of
the samples depends strongly upon the preparation.

Introduction

A large number of normal valence compounds
LnXY (Ln = rare-earth cation; X , Y = anions)
crystallize in the tetragonal PbFCl-type structure
[1]. The anion X which corresponds to fluorine in
the PbFCl structure is in all these phases one of the
three light and strongly electronegative elements H,
F or 0. The second anion, Y, which corresponds to
Cl in PbFCl, is either Cl, Br or I. Normal valence
compounds of composition LnSY with Y = Cl, Br, I
adopt other structure types such as the CeSI,
NdSBr, GdSI and FeOCl types [1, 2], All these
valence compounds are nonmetallic in agreement
with their chemical composition and crystal structure.
Other compounds LnXY with anions from
Group IV to Group VI have been less investigated.
Up to now, only the structures of LnPS and LnAsS
have been reported: the LnPS phases crystallize in
the orthorhombic GdPS-type structure [3] whereas
the structures of the LnAsS family are of the
monoclinic CeAsS-type [4, 5]. Both are distorted
versions of the PbFCl-type structure. To be more
accurate, we should rather say that they are related
to the ZrSiS structure (a ternary variant of the
aw£i-Fe2As-type). The LnSbTe compounds crystal-
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lize probably with the undistorted ZrSiS-type
structure [6-8].
The relations or differences between the PbFCl
and the ZrSiS structure have been elucidated by
Flahaut [9]. These structures are isopuntal (space
group P4/nmm, Nr. 129) and both are characterized
by a similar packing of square net layers of the
cation and the anions
' • * X2n—Mn—\ n—Yn—Mn—X2n • • •
along the fourfold axis (X = F, Y = Cl if M = Pb,
or X = Si, Y = S if M = Zr). Two variable positional
parameters, zm and zy, are required to describe the
structures. In the ZrSiS variant the metal atoms M
form part of the double layer of the Y anions thus
yielding sheets of square pyramids [Ms/sY]« which
alternate along c with planar X2n layers. The PbFCl
variant, on the other hand, is characterized by
[M2/4XM2/4]2/i tetrahedron sheets which are clearly
distinguished from the Y double layers. According
to Flahaut [9] the PbFCl representatives are found
in the (c/a, ZM)-plane approximately Avith
cja < 3.5-7 zu

and the ZrSiS-type structures with
c/a > 3.5-7 zm-

Both variants can be derived from a rocksalt-type
MY arrangement in which half the tetrahedral holes
are occupied in layers by X atoms. In the idealization of a cubic close packing (ccp) of the Y atoms,
the positional parameters are zm = 1-zy = 1/4 and
cja = y 2, i.e. M and Y are situated in the same
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plane. In the real ZrSiS structure the repulsion
between the two kinds of anions leads to corrugated
(MY)n sheets. If we omit the octahedral cations in
the ccp idealization, we obtain the idealized CuTe
structure type. On the other hand, filling of the
layers of empty tetrahedral holes leads to the cubic
Li3Bi structure or to the tetragonal CuZrSiAs
structure [10].
The layer character of the ZrSiS-type phases
depends strongly upon the positional parameters zm
and zy as well as on the axial ratio c/a. With
increasing values of ( Z Y - Z M ) and c/a, the bonding
along the tetragonal axis becomes weaker and compounds like ZrSiTe or HfSiTe are typical layer-type
phases [1, 9]. All the known representatives of the
ZrSiS type violate the valence rules and are indeed
metallic. The X - X , M - X and M-Y bonds are mainly
covalent whereas no Y - Y bonds occur [9, 11]. The
intralayer X - X bonds must be of fractional order.
In detail the order depends on the number of X
valences to be saturated [11].
A particular feature of the ZrSiS-type structure is
its ability to admit distortions and variations (e.g.
the stacking variant of the UGeTe type [12]). Small
displacements of the atoms in the X layer can
considerably modify the bonding character of such
a phase. Thus, the distortions in the P layer in
GdPS and in the As layer in CeAsS lead to the
formation of X - X single bonds, i.e. polyanions
[3, 4]. Both compounds are true Mooser-Pearson
phases [13, 14] and therefore nonmetallic.
On substituting in LnXY the anions by their
heavier analogs, the probability of forming MooserPearson phases decreases. The LnSbTe phases with
the undistorted ZrSiS-type structure are certainly
all metallic. It is this change in the structural and
electronic character between LnPS and LnSbTe
that stimulated our interest in these phases. Thus
we have synthesized the LnAsSe compounds and
determined the structures of GdAsSe, NdAsSe and
LaAsSe from single crystal X-ray diffraction. They
are all derived from the ZrSiS type. In this paper we
report our results on GdAsSe and NdAsSe. The
structure of LaAsSe, which turned out to be the
least distorted ZrSiS derivative, will be described in
a separate paper.
Sample Preparation

The samples were prepared by reacting rare-earth
turnings with high-purity arsenic and selenium in

closed silica ampouls at temperatures between 500
and 900 °C. After a first run the resulting powder
was ground, pressed into pellets and reheated for
several days. In most cases it was necessary to
repeat this procedure. In all LnAsSe samples, part
of the arsenic diffused out of the pellets. By weighing
the separated As droplets we concluded that the
samples contained between 5 and 10% less arsenic
than would correspond to the ideal formula. A
similar observation of unreacted antimony had been
made on synthesizing LnSbSe and LnSbTe [7].
Without success we tried to avoid the As losses by
starting the syntheses from LnAs which was ground
under argon and mixed with selenium powder.
Lowering the synthesis temperature lowers the
arsenic loss but it also strongly increases the reaction
time.
With Ln = La, Nd, Gd and Dy, small LnAsSe
single crystals were grown by a chemical transport
reaction using iodine as a carrier. With 5 mg iodine
per cm3 we had to heat the prereacted powder up
to 1100 °C until mineralization took place and
square platelets of some tenths of a mm grew on the
starting material at the hot end. The resulting
crystals of DyAsSe and GdAsSe had a golden color,
those of NdAsSe were pale golden to silvery and the
LaAsSe crystals looked grey-black. The single crystals of LaAsSe, NdAsSe and GdAsSe were used for a
complete structure determination. All DyAsSe crystals proved to be twinned.
Structure Determination

Guinier patterns of the powder samples revealed
a close relationship with the ZrSiS-type structure.
However, in the patterns of the compounds with
the heavier Ln cations a splitting of certain lines
was observed indicating small distortions from the
ZrSiS-type structure. The splitting was hardly
detectable on the patterns of the LnAsSe phases
containing light Ln atoms.
Precession photographs of the GdAsSe, NdAsSe
and DyAsSe single crystals showed weak difference
reflections on long-exposure films (~50h) which
required a doubling of the c-axis of the ZrSiS-type
subcell and yielded unit cells similar to CeAsS.
These difference reflections with indices hkl,
I = 2 7i -j— 1, were weakest on the films of NdAsSe
and strongest on those of D}^AsSe. The precession
patterns showed the systematic extinctions h + k =
2n + 1 for hkO and I = 2n + 1 for 00?.

Table I. Crystal data and structure determination.

Crystal shape
Crystal dimensions [mm]
Temperature
Space group
Lattice constants [A, °]

Z
Pealed [ g e m - 3 ]

Collected reflections
Largest sin 0/A [ A - 1 ]
/"MoKa [cm - 1 ]
Absorption factors
R for equivalent intensities
Number of independent reflections
Number of observed reflections (I > 3cr(I))
Number of variables
R = Z\A F|/£|F 0 |
Rw = (27w |zl F| 2 /27w |F0|2)1'2
R for the main reflections (I — 2n)
R for the difference reflections (I = 2n + 1)
Contribution to goodness of fita
for all reflections
for the main reflections
for the difference reflections
a

GdAsSe

NdAsSe

platelet
0.17 x 0.16 x 0.03
295 K
P112i/n
a =
3.9733(5)
b =
3.9250(5)
c = 17.432(2)
y = 90.00 (1)
4
7.60
±h,
± k, I
0.7891
518.9
between 5.525 and 36.010
0.0426
1121
787
32
0.050
0.044
0.032
0.194

platelet
0.18 x 0.16 x 0.015
295 K
P112i/n
a =
4.0358(5)
b =
4.0363(5)
c = 17.645(2)
y = 90.00 (1)
4
6.89
h, ± k, ± I
0.7984
435.2
between 1.733 and 12.093
0.0346
1240
800
32
0.051
0.049
0.028
0.303

5.49
5.34
5.78

5.42
5.44
5.36

Defined as (Sw | A F| 2 /NO) x / 2 , where NO is the number of the observed reflections.

Since the difference reflections were very weak,
the diffraction symmetry was not obvious. However,
the lattice constants (see Tables I and IV) excluded
a tetragonal symmetry for GdAsSe and DyAsSe and
the observed systematic extinctions are incompatible with all orthorhombic space groups. Thus, the
diffraction symmetry was assumed to be monoclinic. In the case of NdAsSe, the lattice constants
are indeed tetragonal; but the intensity data
indicated a symmetry not higher than orthorhombic, and the systematic extinctions were the
same as for the two other compounds. These
considerations led us to assume the space group
P112ifn (Nr. 14, first setting).
The similar lattice constants, the same space
group and the pronounced ZrSiS-like subcell suggested a CeAsS-type structure. Indeed, the refinement of this model in the course of the structure
determination of GdAsSe was successful. From the
X-ray powder patterns (in the case of DyAsSe also
from the precession patterns) we deduce that all
other LnAsSe compounds adopt this structure type
with the exception of (stoichiometric) LaAsSe and
probably CeAsSe. The same model could also be

successfully refined in the case of NdAsSe. However,
the resulting structure does not show the As chains
typical for CeAsS.
We mention at this place that the precession
patterns of GdAsSe showed satellite reflections
indicating long-range periodic modulation of the
structure: each difference "reflection" (l — 2n-{-1)
consisted of four satellites forming a very small
square with the edges parallel to a* and c*. The
intensities of these difference reflections were
obtained by integrating over the four satellites;
the proposed structure for GdAsSe is therefore an
average structure.
The single crystals of GdAsSe and NdAsSe chosen
for the structure determination were thin slabs
(platelet face 001). The important experimental
parameters are given in Table I. Intensity data
wrere collected on a SYNTEX P2i automatic fourcircle diffractometer, with Nb-filtered MoKa radiation (^.MoKä = 0.71069 Ä). The lattice constants, as
given in Table I, were calculated by a least-square
procedure using 24 accurately centered reflections in
the range 48° < 2 0 <55°. There the separation of
the Kai and Ka 2 lines allowed the centering of the

Table II. Structural data for GdAsSe and NdAsSe3.
Atom

UIS

X

y

z

occupancy

UU

U22

u33

GdAsSe:
Gd
As
Se

0.2409(2)
0.2258(5)
0.2420(4)

0.7506(2)
0.2495(6)
0.7501(5)

0.36024(3)
0.00137(8)
0.18699(7)

1.002(3)
0.966(7)
0.995(6)

0.0085(2)
0.0267(8)
0.0077(4)

0.0048(2)
0.0106(5)
0.0048(4)

0.0109(2) -0.0009(1) -0.0002(4)
0.0090(6) -0.0011(4) -0.0009(9)
0.0105(5) -0.0008(3) 0.0006(7)

NdAsSe:
Nd
As
Se

0.2454(3)
0.2362(8)
0.2480(5)

0.7444(3) 0.35971(3)
0.2638(8) -0.00003(8)
0.7465(5) 0.18591(6)

1.000(4)
1.014(8)
1.000(5)

0.0080(2)
0.0415(9)
0.0077(4)

0.0076(2)
0.041 (1)
0.0073(4)

0.0102(2) -0.0005(2) -0.0008(6) 0.0004(6)
0.0083(6) 0.0036(7) -0.007 (2) -0.007 (2)
0.0085(4) -0.0002(3) -0.001 (1) 0.000 (1)

a

U12

U23
0.0005(5)
0.000 (1)
0.0007(9)

Space group P2i/n (Nr. 14, first setting), Z = 4; all atoms in 4(e): ± ( x , y , z ; 1/2 + a;, 1/2 + y, 1/2—z). The
anisotropic temperature factor is defined as exp (—27t 2 Zhih^ai*aj*Uij), where hi are the Miller indices and aj*
reciprocal axial lengths; Uij in Ä 2 . Standard deviations of the last digits are given in parentheses.

reflections on Kai (A = 0.70926 Ä). The intensities
were measured by the 0-20 scan method and the
background was evaluated from the scan profile
[15, 16]. The shape of the crystals was measured
with a high-resolution telescope on the diffractometer. It was used for absorption correction by the
Gaussian integration method. Standard deviations
of the intensities were derived from counting
statistics and the variation of three check reflections
during the measurement. For the calculations, the
programs of the X-ray System 72 [17] were used.
Scattering factors for the neutral atoms Gd, Nd, As

and Se were taken from Cromer and Mann [18], the
anomalous dispersion factors from Cromer [19]. The
structures were refined by full-matrix least squares,
minimizing the quantity 27w(|F0| — |FC|)2. The
weigths were taken as w = {<x(|F0|)}_2.
The refinement of an isotropic extinction parameter [20] revealed strong extinction effects in
NdAsSe whereas in GdAsSe this correction was
found to be less important. In the final stage of the
refinement, the occupancy factors of all atomic
positions were varied together with the anisotropic
thermal parameters; the scale factor and the

Table III. Interatomic distances in Ä in GdAsSe and NdAsSe (Standard deviations are added in parentheses).
GdAsSe
4 Se at 2.907(2), 2.910(2), 2.913(2) and 2.916(2)
(intralayer)
1 Se at 3.020(1) (interlayer)
4 As at 3.088(2), 3.150(2) ( 2 x ) and 3.164(2)
4 Gd at 3.925(2) (2 x ) and 3.973(1) (2 x ) (same layer)
4 Gd at 4.751(1) (4 x ) (accross the Se double layer)
4 As at 2.656(3), 2.662(3), 2.930(3) and 2.936(3)
4 As at 3.925(3) (2 x ) and 3.973(3) (2 x )
4 Gd at 3.088(2), 3.150(2) ( 2 x ) and 3.164(2)
4 Se at 3.773(2), 3.784(2), 3.786(2) and 3.906(2)
4 Gd at 2.907(2), 2.910(2), 2.913(2) and 2.916(2)
(intralayer)
1 Gd at 3.020(1) (interlayer)
4 As at 3.773(2), 3.784(2), 3.786(2) and 3.906(2)
4 Se at 3.553(2) (4 x ) (next laver)
4 Se at 3.925(3) (2 x ) and 3.973(2) (2 x ) (same layer)
As-As-As bond angle: 95.1(1)°
As-As chain || b

NdAsSe
Nd - 4 Se at 2.953(2), 2.964(2), 2.967(2)
and 2.978(2)
1 Se at 3.067(1)
4 As at 3.172(2), 3.174(2), 3.215(2)
and 3.218(2)
4 Nd at 4.036(2) (4 X )
4 Nd at 4.810(1) (4 X )
As - 4 As at 2.697(4), 2.858(4) ( 2 x )
and 3.011(4)
4 As at 4.036(4) (4 x )
4 Nd at 3.172(2), 3.174(2), 3.215(2)
and 3.218(2)
4 Se at 3.816(2), 3.818(2), 3.885(2)
and 3.889(2)
Se - 4 Nd at 2.953(2), 2.964(2), 2.967(2)
and 2.978(2)
1 Nd at 3.067(1)
4 As at 3.816(2), 3.818(2), 3.885(2)
and 3.889(2)
4 Se at 3.642(2) (4 x )
4 Se at 4.036(3) (4 x )

extinction parameter were kept invariant. The
changes of the thermal parameters were negligible
(within 1 esd for Gd, Nd, Se and 2.5 esd's for the
As atoms). The refined occupancy factors yielded
fully occupied positions for all atoms with the
exception of As in the structure of GdAsSe. There,
the deviation from complete occupation amounts to
only 5 esd's. The positional, thermal and occupancy
parameters for both structures are listed in Table II.
Interatomic distances are given in Table III.
The final i?-values obtained were
R = Z\AF\IZ\F0\ = 0.050 for the structure of
GdAsSe and 0.051 for that of NdAsSe (Table I).
Since these values depend mainly on the agreement
of the large F values of the subcell, they can not be
taken as an indicator for the accuracy of the superstructure. The R-values for the difference reflections
are much higher (0.194 and 0.303 for GdAsSe and
NdAsSe, respectively). However, in both structures,
the goodness of fit for the difference reflections is
comparable with that for the main reflections (see
Table I).
Final difference Fourier maps showed peaks of up
to 6.3 e/Ä 3 (GdAsSe) and 8.2 e/Ä 3 (NdAsSe). The
highest peaks in the GdAsSe map were located in
the vicinity of Gd. The 8.2 e/Ä 3 peak in NdAsSe was
found at 0.7 Ä from As, in the (x, y) plane. This
atom has the largest thermal parameters of all
atoms in both structures, the thermal ellipsoid being
a disk perpendicular to the c axis. The next highest
peaks (6.0 and 5.5 e/A 3 ) are located near Nd*.

The room-temperature lattice constants of all
synthesized compounds are listed in Table IV. They
were derived from Guinier patterns of the sintered
powder samples using CuKai radiation (A =
1.54051 A) and silicon as internal standard (a295K =
5.43054 A). For NdAsSe, the values derived from
Guinier powder patterns of the crystals grown by
iodine transport are also reported.
Discussion
Relatively strong distortions of the ZrSiS-type
structure lead to infinite phosphorus chains of the
type "cis-trans" ( / ~ \ _ / - \ _ / ) in GdPS [3]. In the
LnAsS-type phases, on the other hand, the deformations are less pronounced and result in infinite
"trans-trans" ( \ / \ / \ / ) arsenic chains [4]. The
X - X bonding distances (X = P, As) are comparable
with the known single-bond lengths. Thus, stoichiometric GdPS and CeAsS are true Mooser-Pearson
phases Gd+sP^S" 2 and Ce^As^S" 2 . Resistivity
measurements confirm their nonmetallic character
[5, 7],
In this paper, we have identified GdAsSe as a
CeAsS-type structure. Se occupies the position of S.
The deviations from the parent ZrSiS-type structure
are small. The As-As distances within the infinite
chains are 2.66 A, those between the chains 2.93
and 2.94 A (Fig. la). In CeAsS, the corresponding
values are 2.52 and 2.60 A, and 3.09 and 3.11 A,
respectively. As-As bond lengths considered as
single bonds in other Mooser-Pearson phases are in

Table IV. Room-temperature lattice constants of
sintered LnAsi_a;Se phases (x = 0.05---0.1) derived
from Guinier patterns (Standard deviations are added
in parentheses).
Ln

a [A]

b[ A ]

c[A]

y[°]

Pr
Nd*

4.057(2)
4.029(2)
4.036(l) b
4.002(2)
3.969(2)
3.941(2)
3.925(3)
3.912(2)
3.895(2)
3.884(2)
3.863(2)
3.926(3)

4.063(3)

17.719(7)
17.680(4)
17.643(l) b
17.598(3)
17.488(4)
17.405(3)
17.335(5)
17.278(3)
17.234(4)
17.178(3)
17.092(3)
17.346(5)

90.13(4)

Sm
Gd
Tb
Dy
Ho
Er
Tm
Lu
Y
a
b

3.940(2)
3.918(2)
3.899(2)
3.888(3)
3.873(2)
3.859(2)
3.849(2)
3.834(2)
3.887(3)

90.02(3)
90.07(3)
90.02(3)
90.02(6)
89.96(4)
89.99(4)
90.00(3)
89.95(3)
89.95(4)

Tetragonally indexed;
from crystals grown by iodine transport.

* A list of the observed structure factors can be
requested from Robert Schmelczer.
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Fig. 1. Sections at z ^ 0 through the structures of
GdAsSe (a) and NdAsSe (b), showing the distortions
within the As layers. In an undistorted tetragonal
ZrSiS-type structure the As atoms would be located
at ± (1/4, 1/4, 0), i.e. the four distances (given in A
units) would be identical. A grid with quarter meshes
is drawn in the unit cell in order to emphasize the
displacements of the As atoms from the ideal positions.

the range of 2.46-2.58 Ä : 2.48 and 2.50 Ä in NdAs2
[21], between 2.47 and 2.58 Ä in Ca2As3 [22], 2.46
and 2.57 Ä in Eu2As2 [23]. In our opinion, the
As-As distances within the chains in GdAsSe are
somewhat too long for single bonds; the interchain
contacts are relatively short and indicate considerable interactions. Thus, GdAsSe can no longer be
considered as a true Mooser-Pearson phase and
should show at least semimetallic properties.
We mentioned above that the difference reflections found on the precession patterns of DyAsSe
were stronger than those on the GdAsSe patterns.
Obviously the distortions become more pronounced
with smaller cations so that ScAsSe, if it existed,
could well be nonmetallic.
In contrast to GdAsSe, the structure of NdAsSe is
not of the CeAsS-type, although it is isopuntal with
it: the deviations from the parent ZrSiS-type are
very small and insufficient to form infinite As-As
chains; only As pairs can be identified with an
As-As distance of 2.70 Ä. Thus, NdAsSe is certainly
not a Mooser-Pearson phase. A true Mooser-Pearson
phase with As-As pairs would imply the composition NdAsi/2 Di/2Se ( • = vacancy in the As layer)
in a ZrSiS-like arrangement. On the other hand,
cation pairs in fully occupied layers can occur in
Mooser-Pearson phases if the pnigogen atoms are
substituted by chalcogens: in the structure of LaS2,
a binary derivative of the UGeTe-type structure,
such cation pairs are found with an S-S bond
distance of 2.10 Ä [24].
In the known distorted versions of the ZrSiS-type
structure (GdPS- and CeAsS-types) the cations and
the more electronegative anions suffer only minor
shifts from the positions in the parent structure.
Thus, the displacements in the layer of the other
anion (P or As) are a measure of the distortion. This
can be expressed by the ratio p of the two shorter
X - X distances to the two longer ones. These four
next-neighbour distances are equal in the undistorted square-net layer of the ZrSiS-type structure. The smaller the ratio p, the more distorted is
the square layer. Since the two shorter bonds create
polyanionic X - 1 chains in GdPS and CeAsS, p can
also be regarded as a measure of the ratio of the
bond strengths within the chains and between the
chains. Decreasing values of p should correspond to
more pronounced nonmetallic properties. In Table V,
the values of p found in the known Ln-pnigochalcogenides are listed. It shows clearty the decrease of

Tab. V. Deformation of the X-anion layer in known
ZrSiS derivatives.
Compound (structure type)

pa

GdPS
CeAsS
GdAsSe
NdAsSe
LnSbTe

0.72
0.83
0.91
0.95
1.00

a

(GdPS)
(CeAsS)
(CeAsS)
(-CeAsS)
(ZrSiS)

See text for definition.

the distortions and therefore the increasing similarity of the four X - X bonds on going to heavier
anions. This implies increasing metallic properties
in the series LnPS -•LnAsSe ->LnSbTe.
The refined occupancy parameters indicate nearly
stoichiometric compositions. As described above,
the single crystals used in this work were grown by
chemical transport reaction. On the other hand, for
the lattice constants as listed in Table IV, Guinier
patterns of the sintered samples were used. The
sintered samples showed all an arsenic deficit of
about 10% (see: Sample Preparation).
The lattice constants of GdAsSe and NdAsSe
derived from the sintered powder patterns differ
from those obtained from the single crystal (Tables 1
and IV). The differences are not due to the different
diffraction techniques but reflect the varying compositions of the samples. Indeed, we find an excellent
agreement between the two sets of lattice constants
which were obtained from the powder patterns of
the NdAsSe crystals grown by iodine transport and
the NdAsSe single crystal used for the structure
determination, respectively (see Table I and IV).
Moreover, variations of the lattice constants were
observed not only between samples of different
preparation, but also between two sintered
GdAsi_xSe powder samples: there a difference of
almost 1 % in the a and b values was found.
A temperature-dependent As deficit was observed
by Ceolin et al. [25] in CeAsi_zS, ranging from x = 0
up to a; = 0.5 with, surprisingly, no variation of the
lattice constants. We suspect, however, a doubling
of the a and b axes of the ZrSiS-like subcell for x
near 0.5, in analogy to the structure of VP1.75. This
phosphide forms an ordered defect ZrSiS-type structure [26]. The layer corresponding to As in the
LnAsS phases is only half occupied which leads to
the doubling of the translations.

Magnetic Properties
The cation positions in the CeAsS-type structure
are not much disturbed by the distortions in the
As layers. Thus, in a reasonable approximation, we
can assume that in the LnXY phases the rare-earth
atoms form square-net layers which are tetragonally
stacked in •• ABAB ••• sequence. In the ZrSiS-type
phases LnSbSe, LnSbTe, LnTe2, the interlayer
separations are 2z'Lnc' and (l-2z'Ln)c', while in the
CeAsS-type phases these distances are ( l - 2 z L n ) c and
(2zLn-l/2)c. Thus, the distances across the As layer
are larger than the distances across the two Se
layers, but the closest Ln-Ln contacts occur within
the (001) planes. The coordination of the rare-earth
element is not very favorable for superexchange
interactions. The free carriers may somewhat
enhance the magnetic coupling, but in all these
LnXY phases the ordering temperatures are rather
low. With the possible exception of the cerium
compound, probably all LnAsSe with magnetic Ln
elements order antiferromagnetically. The Neel
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temperatures of those compounds that were obtained as pure single phases are as follows:
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On different samples of GdAsi_xSe we observed a
certain spread of the N6el temperatures. CeAso.9Se
revealed a "ferrimagnetic" behavior with an ordering temperature of 6-7 K but we can not exclude
the presence of ferromagnetic Ce3Se4 impurities in
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