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Solid-state phase equilibria in the Sm-Ni-As system have been established using X-ray diffrac-
tion, scanning electron microscopy and electron probe microanalysis. The samarium-poor region up
to 33 at. % Sm was studied at 1170 K, whereas the Sm-rich corner, due to the generally lower melt-
ing points, was investigated at 770 K. Six ternary compounds were isolated, among which two have
been structurally characterized. The hexagonal structure of SmNiAs (SrPtSh-type) was solved from
X-ray single crystal data: space group P6m2, a = 4.0904(3), c = 3.8957(4) A, Z =1, R1 = 0.0221,
WR2 = 0.0224 for 134 unique reflections with I, > 2c6(lo) and 9 variable parameters. The crystal
structure of SmgNij5As1o (ThgNijsAsip-type) was determined from X-ray powder diffraction data:
full profile refinement, space group P63/m, a = 17.0632(4), ¢ = 3.9526(1) A, Z = 2, Rg = 0.079,

Ry = 0.138.
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Introduction

The search for new ternary pnictides predicted from
several structural models recently led to a systematic
study of ternary phase diagrams, especially of phos-
phides and arsenides. Numerous ternary Ln-T-P phase
diagrams (Ln = lanthanoid) were established with T =
Cr, Fe, Ni, Co, Cu [1]. The isothermal section of the
Sm-Ni-P system was constructed at 1070 and 870 K
using X-ray phase analysis [2]. Eleven ternary samar-
ium nickel phosphides were found, and most of them
were structurally characterized. Neither solid solutions
based on binary compounds nor homogeneity ranges
of ternary phases were detected.

The phase relations in the general Ln-Ni-As sys-
tems were not studied in sufficient detail so far. Re-
cently, we reported on the solid-state phase equilibria
in the ternary phase diagrams with Ln = La, Ce [3].
The crystal structures of the Ce-containing compounds
were determined from X-ray single crystal data, ex-
cept CeNiAs which was solved from X-ray powder
data [3], and the other ternary lanthanoid nickel ar-
senides were found to be isotypic from experimental

X-ray powder patterns. Beyond, three new series of
ternary lanthanoid nickel arsenides were synthesized,
LnNiAs (SrPtSb or YbPtP-type respectively) (Ln =
Lato Tm) [1, 3,4], LnyggNigpAszy (SmogNigP31-type)
(Ln = La to Dy) [3,5], Ln3NizAss (CesNizAss-type)
(Ln = La to Sm) [3,6], and with La a new com-
pound LaNisAsz was identified with its own structure
type [7].

Most of the ternary lanthanoid nickel arsenides
have a hexagonal structure and a metal/metalloid ra-
tio equal or close to 2. Structural relationship of
the intermetallic compounds exhibiting such a ratio
have been previously reported, applying various mod-
els proposed by different authors [1,8,9]. As an ex-
ample, the series with the general chemical formula
Rnin-1) Tt 1)(n12)Xnnra) 11 (R=Zror Ln; T = 3d or
4d transition metal; X = P, As and n = integer) contains
the FesP, ZroFeqoPy, ZreNi20P13, (La, Ce)lthgopgl,
SmygNigoP31, and ThisNixgPo1 structural types with
n = 1to 6, while the limiting SrPtSh-type structure re-
sults when n reaches infinity [1].

In order to pursue our systematic research on the
Ln-Ni-As phases, we focused on the solid-state phase
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equilibria in the ternary Sm-Ni-As phase diagram.
In addition to the structural series containing samar-
ium which have been mentioned above, a new series
LngNiisAsig (ThgNiisAsio-type) (Ln = Y, Sm, Gd,
Th, Dy) has recently been reported [10]. Hence, the
presentation of the isothermal sections of the ternary
Sm-Ni-As phase diagram at 1170 K (concentration
range 0—33 at. % Sm) and 770 K (> 33 at. % Sm),
crystallographic data of all the ternary compounds
and the structure determinations for two of them,
SmgNisAsyg and SmNIiAs, are the subject of this
work.

Experimental Deter mination of the Sm-Ni-As
Phase Diagram

Experimental details

Polycrystalline samples were prepared from pure ele-
ments: nickel and amorphous -As as powders, rare earth
metals as ingots, all with minimum purity 99.99% and sup-
plied by Strem Chemicals. Stoichiometric amounts of pow-
ders and freshly filed chips of samarium were mixed and
pressed into pellets. A small excess of arsenic (~ 0.1 g)
was added to compensate for evaporation losses during arc-
melting. Prior to the melting performed on a water-cooled
copper hearth under a purified argon atmosphere with a Ti al-
loy as a getter, the pellets were pre-reacted in evacuated silica
tubes by gradually heating them to 870 K, kept at this tem-
perature for 2 days and slowly cooled to room temperature.
To ensure homogeneity during arc-melting, the samples were
turned over and re-melted several times. Finally, to reach
thermodynamic equilibrium, the so-obtained samples were
again sealed in evacuated silica tubes, which were heated
for 1 month at 1170 K (within the concentration range 0—
33 at. % Sm) and subsequently quenched in cold water. For
the arsenic-rich samples (> 33.3 at. % As) at 770 K, all
the syntheses and re-annealings were carried out in furnace
heated ampoules.

The samples were characterized by X-ray diffraction,
metallographic and microprobe analysis. Lattice parameters
were derived from the least-square refinements on X-ray
powder diffractometer data (Image Plate Huber G 670,
8° <26 < 100°, step size 0.005° with monochromated Cu-
Kq1 radiation). Elemental germanium (99.9999%, age =
5.657905 A) served as the internal standard. The lattice pa-
rameters of the Sm-Ni-As phases are listed in Table 2. X-ray
powder diffraction patterns for the full profile refinement
of the ternary compound SmgNiy5Asyo were collected on a
powder diffractometer STOE STADI P with monochromated
Mo-K,1 radiation (8° < 26 < 75°, step size 0.1°, measure-
ment time per step: 200 s).

For analyses half of each sample was embedded in epoxy
resin, polished down to 0.25 mm diamond grade and coated

with either a gold or graphite thin layer to obtain a good
surface conductivity. Electron probe microanalyses (EPMA)
were performed by energy dispersive spectroscopy (EDS) of
X-rays using scanning electron microscopy (Jeol JSSM-6400).
The compositions were checked against the diffraction data
to identify the phases present in each sample in order to es-
tablish the ternary phase diagram.

Small plate-like single crystals of SmNiAs (metallic lus-
tre, unreactive towards air) were isolated by crushing the
samples. Single-crystal intensity data were collected at ambi-
ent temperature applying a Nonius Kappa CCD X-ray area-
detector diffractometer with graphite-monochromatized Mo-
K1 radiation (A = 0.71073 A). Data collection strategy was
performed with the help of the program COLLECT [11],
and reflections were corrected using the program DENZO
of the Kappa CCD software package [12]. Structures
were solved by direct methods (SIR 97) [13] and least-
squares refinements, difference Fourier syntheses were run
with the SHELXL-97 program package (full-matrix least-
squares on F2) with anisotropic atomic displacements for
all atoms [14]. Owing to the small size of the single crys-
tal, no absorption correction was necessary. The program
DIAMOND [15] was used for the drawings of the structural
units.

Further details of the crystal structure investigation
are available from the Fachinformationszentrum Karlsruhe,
D-76344 Eggestein-Leopoldshafen (Germany) by quoting
the registry No. CSD-416244.

Constituent binaries

The initial informations concerning the binary boundary
systems Sm-Ni, Sm-As and Ni-As have been collected from
reference books [16, 17]. Crystallographic data on the phases
belonging to these binary systems are listed in Table 1. Ac-
cording to the phase diagram of the Sm-Ni system, the bi-
nary compounds SmNi and SmNis melt congruently while
the others, SmaNi, SmNiy, SmNi3, Sm,Ni7, SmsNig and
SmyNiy7, are formed by peritectic reactions. SmyNi; dis-
plays two polymorphic modifications, the high temperature
form belonging to the Ce,Ni7 type and the low temperature
form to the Gd,Coy type [18]. Structural data for SmgNijg
are more complex since four polymorphic modifications de-
rived from the CaCusg type have been deduced from electron
diffraction patterns [19]. In contrast, only four binary phases
occur in the Ni-As system, NiAs; (with an o« < f transfor-
mation at about 860 K) and NiAs, Nij3 Asg and NisAs,. Only
one binary arsenide SmAs (rocksalt type) is mentioned in
the Sm-As system, however another one reported [20 —22],
Smy4As;3 (anti-Th3P4 type), has never been observed during
our own investigations, which confirm other previous stud-
ies [23, 24].

In our investigations, all binary phases previously re-
ported, except for SmyNiy7, SmsNiyg and SmyAsz, have
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Compound Space group Structure type Lattice parameters (A) Ref.  Table 1. Crystallographic data
a c of binary phases and their
SmNiyy P63 ,/mmm ThyNigy 8471 8.049 [17]  structure types in the Sm-Ni,
SmNis P6/mmm CaCus 4.926 3.980 [17]1  Ni-Asand Sm-As systems.
Sm;Ni7 (LT) R3m Gd,Coy 4.969 36.53 [18]
Sm;Niz (HT) P63,/mmc CesNiy 4.969 24.35 [18]
SmsNig P63 /mmc — 5.0 65.0 [19]
P6mM2 — 5.0 97.0 [19]
R3m — 5.0 150.0 [19]
R3m — 5.0 190.0 [19]
SmNi3 R3m NbBes 5.00 24.59 [17]
SmNiy Fd3m MgCus 7.2247 [17]
SmszNi Pnma FesC 6.99 9.72 6.37 [17]
NisAsy P63cm NisAsy 6.815 12.506 [17]
Ni11A88 P4,2.2 Ni11A88 6.872 21.821 [17]
NiAs P63,/mmc NiAs 3.619 5.044 [17]
a-NiAs; Pbca NiAs; 5.770 5.838 11.419 [17]
B-NiAs; Pnmm FeS; 4.7582 5.794 3544 [17]
SmAs Fm3m NaCl 5.921 [17]
Ni Fm3m Cu 3.5236 [17]
As The Sm-Ni-As ternary phase diagram was derived us-
1. SmNigAs, ing X-ray powder patterns of 35 samples and microprobe
2. SmNiAs analyses of about 15 representative samples (Fig. 1). In
i-z'“Z%W‘*i’:sﬂ the concentration region 0—33 at. % Sm, the formation
s smnioaes  and phase equilibria of six ternary phases, SmNizAsy,
NiAs 6. SmyNijHAsy SmNIAs, szoNi42AS31, Sm6Ni15A510, SmGNizoASB and
2 SmyNipAs; were established. Owing to the absence of
170K the binary alloy SmyNij7 (probably due to too low an-
SmAs nealing temperature), the occurrence of a tri-phasic region
Nig 915AS0.085-SMNis-SmNiAs was found. With the excep-
770K tion of SmyNijpAsy, all the ternary phases were found
in thermodynamic equilibrium with both the monoarsenide
SmAs and the solid solution Ni;_yAsx (x = 0.085). In con-
trast, no ternary phase in the Sm-rich part of the phase di-
agram (33-80 at. % Sm) at 770 K was detected. In fact,
only three-phase regions defined by SmAs and Sm-rich al-
NS N S ST sm  loys, like SmNi and Sm3Ni, were observed.

SmNis SmsNijg SmNi3

Fig. 1. Sm-Ni-As isothermal section at 1170 K (0-
33 at. % Sm) and 770 K (33-80 at. % Sm) with labelling
phases.

been found, and no homogeneity ranges were detected. The
solubility of As in Ni was found to be about 8.5% at 1170 K.

Ternary Sm-Ni-As system

On the basis of the binary compounds mentioned
above, the isothermal section of the ternary phase diagram
Sm-Ni-As was constructed at 1170 K (0-33 at. % Sm)
and 770 K (33-80 at. % Sm), respectively. The highest As-
rich (> 70 at. % As) and Sm-rich (> 80 at. % Sm) regions
could not be studied owing to the vapour pressure of elemen-
tal arsenic and samarium.

The crystallographic characteristics of the ternaries in the
Sm-Ni-As system are listed in Table 2. It is worth noting that,
at the reaction temperature of 1170 K, SmNiAs; only crys-
tallizes as CaBe,Ge, not as ThCr,Siy type, corresponding
to high and low-temperature structures, respectively. No evi-
dence for a ternary compound SmzNi7Ass (CezNizAss-type
structure) [6, 25, 26] at the temperature of investigation has
been found.

Crystal structure of StgNij5As;g

The structure of SmgNij5As;g was determined from
Rietveld-type profile refinement using the WinPLOTR and
Fullprof programs [30, 31], starting from the atomic coor-
dinates of isotypic ThgNiisAsig [10]. The final refinement
shows good agreement between observed and calculated
diffraction patterns, see Fig. 2, except for some traces of
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Compound Space group  Structure type Lattice parameters (A) Ref. Table 2. Crystallographic data
a c of ternary compounds in the
1 SmNizAs; 14/mmm ThCr,Si, 4.0549(2) 9.5411(8) * Sm-Ni-As phase diagram.
) 4.021 9.854 [25, 26]
2 SmNiAs P6m2 SrPtSb 4.0904(3) 3.8957(4) x* * Powder data of our present work;
4.0950(4) 3.8956(6) * ** single crystal data of our present
4.090 3.939 [3] work.
3 szoNi42AS31 P63/m szoNi42 P31 21.079(2) 3.9575(1) *
21.078 3.956 [5]
4 SmgNiy5Asio P63/m ThgNiisAs1g 17.0632(4) 3.9525(1) *
B 17.074 3.942 [10]
5 SmeNizoAslg P6 ZI’GNizoplg 13.147(1) 3.9113(4) *
) 13.146 3.920 [27]
6 SmyNiyAsy P6 ZrFeroPy 9.3682(6) 3.8518(4) *
9.376 3.850 [28,29]
Table 3. Crystal data of the structure refinement for the r T T T T T T T ]
SmgNi5AS1g. L ]
Space group Lattice parameters P63 /m (No. 176) - Observed
a (A) 17.0632(4) C I_ (a) Calculated‘ ) ]
c (A) 3.9526(1) = (b) Blragg positions
Cell volume, (A%) 996.62(4) s () Difference
Number of atoms in cell 64 s [ ]
Calculated density (g/cm?®) 8.589(1) Bl ]
Diffractometer STOE STADI P er 1
Radiation Mo-Kg1 e ]
Mode of refinement Full matrix full profile Fe ]
Number of atom sites (igta refinement 110000 O ey
Number of free parameters 42 Eoo ) ]
249 limits 8-75 (@) ettt ' ]
Raragg: Ro, Rup, Rexp 0.079, 0.138, 0.135, 0.098 L ]

Table 4. Positional and isotropic thermal parameters for
SmgNi5AS1g.

Atom Position Occupancy X y z B
factor

Sml 6h 1 0.6140(3) 0.4363(3) 1/4 0.20(3)
Sm2 6h 1 0.3587(3) 0.2356(3) 1/4 0.20(3)
Asl 2b 0.12(3) 0 0 0 1.7(5
As2 2c 1 1/3 2/3 1/4 1.3(3)
As3  6h 1 0.5354(5) 0.6107(5) 1/4 0.9(3)
As4  6h 1 0.5924(5) 0.8679(5) 1/4 0.9(3)
As5  6h 1 0.0227(5) 0.2046(6) 1/4 0.9(3)
As6  2a 0.18(3) 0 0 14 1.7(4)
Nil  6h 1 0.4937(7) 0.7159(8) 1/4 1.1(2)
Ni2  6h 1 0.3483(6) 0.0415(7) 1/4 1.1(2)
Ni3  6h 1 0.7528(5) 0.9334(6) 1/4 1.1(2)
Ni4  6h 1 0.5505(6) 0.9818(7) 1/4 1.1(2)
Ni5  6h 0.60(2) 0.9158(7) 0.0569(7) 1/4 1.2(4)
Ni6  6h 0.30(4) 0.929(3) 0.044(3) 1/4 1.8(4)
Ni7  6h 0.10(5) 0.953(6) 0.025(6) 1/4 2.1(5)

the binary arsenide SmAs detected as impurity during re-
finement. Crystal data and experimental details are listed in
Table 3 and the final atomic and isotropic displacement pa-
rameters of SmgNij5Asyg in Table 4.

A projection of the SmgNiy5As1g structure along (001) is
shown in Fig. 3, together with the typical coordination poly-

7‘ - 14 21 28 35 42 49 56 63 70 -
20 )
Fig. 2. Comparison of observed and calculated X-ray powder
profiles for SmgNijsAsg.

<2
=

Fig. 3. Crystal structure of SmgNii5Asyy in a projection
on (001). Selected coordination polyhedra of corresponding
atoms are emphasized.
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Table 5. Selected interatomic distances in the structure of

SmgNi5AS1g.

Table 6. Crystal data, intensity collection and refinement for

SmNiAs.

Empirical formula

Formula weight [g-mol 1]
Crystal system

Space group

a[A]

c[A]

V [A%]

Z, calculated density [g-cm 2]
Crystal shape

Crystal size [nm?]

Linear absorption coefficient [mm~1]
Refinement limits:

26 Limits [deg.]

Data collected

Reflections collected

Independent reflections

Reflections with I, > 20 (lo)
Variable parameters

Refinement

Final R;? indices [R;? all data]
Weighted WR,” factor [wR," all data]
Flack parameter

SmNiAs
283.96
hexagonal
P6m2 (N0.187)
a=4.0904(3)
c=3.8957(4)
56.448(8)

1, 8.35

Platelet

0.004 x 0.015 x 0.001
48.2

4<0<75
—-6<h<6
—-6<k<b
—-6<Il<5

813

137; (Rnt = 0.056)
134; (Ry = 0.030)
9

FZ

0.0221 (0.0224)
0.0571 (0.0574)
0.1(13)

Atoms 1) (A) Atoms 1) (A)
Smi: - 2As3 2.986(8) As4: — 2Sm2 3.018(8)
2Ni1 3.028(9) 2Sm1 3.074(8)
2As2 3.049(4)
2As4 3.074(7) As5: — Ni5 2.25(1)
2Ni4 3.12(1) 2Ni3 2.387(8)
2Ni1 3.139(9) Ni3 2.41(1)
Ni4 3.23(1) 2Ni5 2.445(9)
Ni2 3.25(1) Ni2 2.47(1)
2Sm1 3.9181(1) 2Sm2 3.027(7)
Sm2 3.967(7)
Sm2 4.076(7) Nil: - As3 2.23(1)
2sm1l  4.077(7) As4 2.27(1)
As2 2.42(1)
Sm2: — 2Nil 2.96(1) 2Sm2  2.96(1)
2As4 3.018(8) 4Sm1 3.03(1)
2As5 3.027(9)
2As3 3.037(7) Ni2: - 2As4 2.384(7)
Ni3 3.14(1) As3 2.41(1)
2Ni2 3.16(1) As5 2.47(1)
2Ni3 3.204(7) 2Ni3 2.78(1)
Ni4 3.21(1) 2Ni4 2.77(1)
Ni2 3.22(1) 2Sm2 3.163(9)
Ni5 3.29(1) 2Sml  3.21(1)
2Sm2 3.9181(1)
Smil 3.967(7) Ni3: - As4 2.38(1)
Smil 4.076(8) 2As5 2.387(7)
As5 2.41(1)
As2: — 3Nil 2.42(1) Ni5 2.51(1)
6Sm1 3.049(3) 2Ni5 2.78(1)
2Ni2 2.78(1)
As3: — Nil 2.23(1) Sm2 3.14(1)
2Ni4 2.407(8) 2Sm2  3.204(8)
Ni4 2.41(1)
Ni2 2.46(1) Nid: — As4 2.38(1)
2Sml  2.986(8) 2As3 2.407(7)
2Sm2 3.037(7) As3 2.42(1)
2Ni2 2.77(1)
As4: — Nil 2.28(1) 2Ni4 2.87(1)
Ni3 2.38(1) 2Sml  3.118(9)
Ni4 2.38(1) Sm2 3.21(1)
2Ni2 2.384(7) Sml 3.23(1)

hedra (CP) of the atoms. The Sm1 and Sm2 atoms exhibit
peculiar environments in the form of hexagonal prisms with
additional atoms outside the faces, i. e. coordination numbers
CN = 20. Most of the nickel atoms have CNs from 9 to 12
corresponding to trigonal or orthorhombic prisms with addi-
tional arsenic or metal atoms outside the rectangular faces.
The surrounding of the atoms denoted as Ni5, Ni6 and Ni7
is more complex due to their close contacts in 6h positions
as well as low occupancy factors (Table 4). The structure re-
finement has been performed with constrained split positions
(60% Ni5, 30% Ni6 and 10% Ni7). Fig. 3 represents the co-
ordination polyhedron for the Ni5 atom, which exhibits the
highest occupancy factor.

Goodness-of-fit on F2 1.05
Min/max [e A—%] —3.56/1.05°

2 Ri(F) = [E(|Fo| — [FDI/ZIRl; ° WRe(F?) = [Z[w(Fo? —
F2)2/SW(R2)YY2;,  wt = 62(Fy)2 + (0.030P)2 + 0.451P],
where P = (F,2 +2F;2)/3; © Position close to that of the Sm atoms.

All arsenic atoms, except Asl and As6, occupy trigonal
prisms formed by the metal atoms, with additional atoms out-
side the lateral faces, CN = 9. For the Asl and As6 atoms,
the coordination polyhedra are more difficult to define. The
splitting of the Ni atom position induces also a splitting for
As in 0, 0, z, which has been refined with two constrained
positions, z= 0, 1/2 and z = 1/a, 3/4, respectively (Table 4).
These positions, Asl and As6, are very close to each other
(c/4) and cannot be occupied at the same time. Such a met-
alloid disorder on 0, 0, z coupled to that of the surrounding
metal atoms is frequently found in binary or ternary pnic-
tides having hexagonal symmetry and a metal/metalloid ra-
tio equal or close to 2. Numerous examples can be found,
e.g. on Crq2P7, Rh12A57, LaeRh32P17, H020Ni66P43, or
ZrgCrgoP39 [1, 9, 32]

Interatomic distances (Table 5) in the structure (not tak-
ing into account the distances between atoms with partly oc-
cupied positions) are close to the sum of the metallic radii
of Sm (1.81 A) andfor Ni (1.24 A) and the covalent ra-
dius of As (1.18 A) [33, 34]. The Sm-As distances vary be-
tween 2.986(8) and 3.074(7)0,&, while those for Ni-As lie be-
tween 2.23(1) and 2.47(1) A, depending on the CNs of the
Ni atoms. The same result is observed for the Sm-Ni dis-
tances which range from 2.96(1) to 3.29(1) A
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Atom Wykloff position x y z Uy Uz Uss U, Ueq Table 7. Atomic coordinates
Sm 1la 0 0 0 00072@3) 0.0072(3) 0.0069(2) 0.0036(I) 0.0071(2) and displacement parameters
Ni 1d 1/3 2/3 1/2 0.001(4) 0.001(4) 0.008(6) 0.005(1) 0.0032(3) (in AZ Uy3 = Uiz = 0) for
As 1f 2/3 1/3 1/2 0.009(4) 0.009(4) 0.012(5) 0.004(2) 0.010(3) SmNiAs.

Table 8. Main interatomic distances (A) for SmNIAs. Discussion

Sm- 6Ni 3.0612(2) As— 3Ni 2.3616(2)
6AS 3.0612(2) 6Sm 3.0612(2)
2Sm 3.8957(4)
6Sm 4.0904(3) Ni— 3As 2.3616(2)
6Sm 3.0612(2)

Fig. 4. Projection of the SmNiAs structure on (001). The co-
ordination polyhedra are emphasized.

Crystal structure of SmNiAs

It has been shown for CeNiAs and later for other LnNiAs
phases (Ln = La to Tm) [3] that these are isotypic with
SrPtSh. The structure is derived from the AIB, type [35] by
ordering the metal atoms in an identical unit cell. There are
reports also on a fourfold superstructure along [001] for the
equiatomic composition LnNiAs (Ln = La to Yb, U) [36] on
the basis of X-ray powder data, thus corresponding to the
Thy_xNiP-type structure [37]. In order to solve this discrep-
ancy X-ray single crystal data of SmNiAs were analyzed.

Details of the investigation are listed in Table 6. No ad-
ditional reflections with regard to the SrPtSbh unit cell were
detected with different single crystals even with prolonged
X-ray exposure. Therefore, the ternary compound SmNiAs
does not crystallize in a superstructure of Thy_yNiP type.
The final atomic and displacement parameters are listed in
Table 7 and selected bond distances in Table 8.

The samarium atoms occupy the centers of regular hexag-
onal prisms formed by 6 As and 6 Ni atoms (Fig. 4). Six
additional Sm atoms outside the faces of the prism added
by two other Sm atoms along [001] complete the coordina-
tion number to CN = 20. The CNs for the arsenic and nickel
atoms are similar, i.e. CN =9, which corresponds to trigonal
prisms of Sm atoms with three additional atoms (either Ni or
As) outside the rectangular faces of the prisms.

Neither solid solutions based on the binary arsenides
nor homogeneity ranges for the ternary arsenides have
been observed in the solid-state phase equilibria of
the Sm-Ni-As system, similar to the previously in-
vestigated La-Ni-As and Ce-Ni-As systems [3]. On
the other hand the Sm-Ni-P system is more compli-
cated than the Sm-Ni-As phase diagram, since only
six phases have been observed with arsenic instead
of eleven with phosphorus [2]. The additional com-
pounds with lower than 33 at. % non-metal content are
SmNisP2, SmgNizgP12, SmigNizP22, SmasNisgPss,
and SmysNixgP21 [1,2]. These types of compounds
are typical only for ternary rare earth phosphides. The
structure types of FeyP, ZryFe1oP7, ZrgNiypPi3, (La,
Ce)12Rh3gP21, SmyoNizo P31, and SrPtSh are common
to both ternary systems.

Table 9 contains a compilation of all the lanthanoid
nickel arsenides known together with their structural
types. Samarium joins the rare earths of the cerium
group metals. A trigonal prismatic coordination by
metalloid atoms is found with compounds of all lan-
thanides, La to Yb, whereas an octahedral coordina-
tion like in the Zr,NiAs; or ZrFe4Si, types structures
is restricted to the late rare earths, Gd to Yb, and dis-
torted cubic or antiprismatic coordination like in the
ThCr,Si, or CaBe;Ge; type structures occurs with the
early rare earths, La to Sm.

In the Sm-Ni-As system, all ternary phases,
SmgNileS7, SmeNi20A513, Sm6Ni15Aslo, SmgoNi42
Aszp, and SmNiAs, except for SmNiAs,, exhibit an
approximate metal/metalloid ratio of 2. Moreover, they
are successive members with n=2, 3, 4, 5, and = of the
basic series with hexagonal symmetry having the gen-
eral formula Ryn_1) Tns1)(ne2) Xnnrr)+1 (R= Zr or
rare earth); T = 3d or 4d transition metal; X = P, As).
This structural family is characterized by flat hexago-
nal two-net structures and has been described in dif-
ferent ways [1, 9]. One description is based on the for-
mation of slightly distorted trigonal nets of metalloid
atoms in the projection perpendicular to the smallest
unit cell direction [9]. Therefore, one can consider the
stacking of trigonal prisms formed by metal atoms R
and T and centered by the non-metal atoms X. Phos-
phorus obviously favours to enter these positions, since
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Table 9. Ternary lanthanoid nickel arsenides and their structural types.

Compound Structure type Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Refs.
LnoNiAs, ZryNiAs, _ [36, 38]
LnNi>As, CaBe,Ge; _ [25, 26]
LnNiAs; ThCr,Si; | [25,26]
LnNi1A91A81_94 URh1_5A81_9 - - [25, 39]
LnNiAs SrPtSh _ _ [3, present work]
LnogNigpAszy SmyoNigoP31 _ _ [3,5]
LNn3NissAsig Tm13NiosAsig _ [40]
LnsNizAss CesNizAss | 6]
LnlzNigoASm DylzNigoASZJ_ - [41]
LngNiisAsyg ThgNii5Asio - - _ [10, present work]
LnGNi20A813 ZfeNi20P13 _ _ [27]
LnoNippAsy ZroFe1oP7 - _ _ [28,29]
LnNisAss LaCosPs [ | [42]
LnNisAs3 LaNisAs3 [ | 7
LnNisAs; ZrFesSi [ | I [43, 44]

its covalent radius (1.10 ,&) is smaller than that of ar-
senic (1.18 A) [33], which may explain the greater
number of ternary phosphides. The trigonal prisms are
connected only via common edges in such a way that
no X-X bonds occur. Hence, e.g. the SmgNijsAsig
structure which corresponds to n = 4 in the basic se-
ries with two formula units per cell contains two iden-
tical blocks centered on the three-fold axes and mutu-
ally displaced by ¢/2 (Fig. 3). The c-axis is the short-
est cell parameter and represents the height of a trig-
onal prism. The n value in the general formula, men-
tioned above, depends directly on the number of trig-
onal prisms forming the width of each block. When n
tends to infinity, i.e. in SmNiAs, a net of only trigonal
prisms results.

Conclusion

The investigation of the solid-state phase equilibria
in the Sm-Ni-As system at 1170 K (0-33 at. % Sm)

and 770 K (33-80 at. % Sm) led to the discovery
of six ternary arsenides, among which two phases,
SmgNisAsyg and SmNiAs, have been structurally
studied. All these phases belong to the hexagonal ba-
sic structural series formed by the structural types
ZroFeoPy (n = 2), ZreNi20P13 (n = 3), (La,CE)lthgo
P21 (I’l = 4), CepoNigpAszy (I’l = 5) and SrPtSb-type
(n= o). Additional phases with 5 < n < e may also be
formed like in the phosphide systems [2, 45], however
only under varied and specifically controlled prepara-
tive conditions.
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