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The new sulfides Y3Nio.5SiS7, SmaNiosSiS7, and LasNiosSiS7 exist in the quasi-ternary systems Y2Sz — NiS —
SiSz, Sm2Ss — NiS — SiSz, and La2Ss — NiS — SiSy, respectively, for which the isothermal sections at 770 K were
investigated. The crystal structure of the sulfides was determined by X-ray powder method. It belongs to the
LasMnosSiS7 structure type (S.G. P6s; Pearson symbol hP23), with the lattice parameters ¢ = 0.97643(4) nm;
¢ =0.56377(4) nm (Y3Nio5SiS7), a = 0.99599(8) nm; ¢ = 0.56583(5) nm (Sm3zNio5SiS7), and a = 1.02830(6) nm; ¢
= 0.57412(4) nm (LasNiosSiS7). The structure of obtained sulfides is as follows: Y, Sm, and La atoms are located
in the 6¢ site and center trigonal prisms with two additional S atoms. Ni atoms occupy the 24 site (0.5 occupancy)
and have octahedral surrounding of S atoms. The coordination number of Si atoms (the 2b site) is 4. The Ni-centered

octahedra form infinite chains [Ni 6S]x.
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Introduction

The search for multifunctional materials that do not
contain toxic elements has a prominent place among the
scientific areas of modern materials science [1, 2]. Many
investigations are dedicated to determination of crystal
structure and properties of quaternary chalcogenides
R3B'"osD'VX7 (R — rare-earth element, B — Mn, Fe, Co,
Ni, Zn, Cd; D'V - Si, Ge, Sn; X — S, Se) [3-6] and others.
The R3B'"55D'VX7 compounds crystallize in the hexagonal
symmetry (LasMnosSiSy structure type, (S.G.) P6s,
Pearson symbol hP23). Particular features of these
structures are the large coordination number of R atoms
whose polyhedra fill most of the space of the unit cell,
octahedra of X atoms surrounding B'" atoms stretch along
the ¢ axis, and D'V-centered tetrahedra fill the voids
between the polyhedra of R atoms. The compounds
exhibit non-linear optical properties due to non-
centrosymmetric crystal structure. Functional materials
based on this type of the compounds may be used as
elements of modern devices [7].Among the large family
of chalcogenides, rare earth-containing ones have much
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more complex electronic configuration compared to d-
and p-electron-containing chalcogenides, which in turn
improves their thermoelectric, magnetic and optical
characteristics [8, 9].

In this work, we present the results of investigation of
the crystal structure of three new rare earth-containing
chalcogenides Y3NiosSiS7, Sm3NigsSiS7, and LasNip5SiSy
that contain d-blocks of Ni. The compounds were
synthesized by solid state reactions. Their crystal structure
was determined by X-ray powder method.

I. Experimental details

The samples of 0.8 g total mass for the investigation
of the Y,S3— NiS — SiSz, SmpS3 — NiS — SiSz, and La,Ss —
NiS — SiS; system were synthesized from elementary
substances of at least 99.99 wt.% purity in quartz
containers in an MP-30 programmable electric muffle
furnace. The containers were evacuated to a residual
pressure of 1072 Pa and soldered in oxygen-gas burner
flame. The alloys were synthesized step-wise as follows:
heating the mixtures to 1320 K at the rate of 12 K/h;


mailto:smitiukh.oleksandr@vnu.edu.ua

New Quaternary Compounds R3NipsSiS7 (R — Y, Sm, La) with the LasMngsSiS7 Structure

exposure for 2 h; cooling to 770 K at the rate of 12 K/h;
homogenizing annealing for 500 h at 770 K. After
reaching the equilibrium state of the synthesized alloys,
the amouples were quenched into room-temperature water
without breaking. The diffraction patterns for X-ray phase
analysis were recorded at a DRON 4-13 diffractometer
over 20 range of 10-80° (CuKa radiation, scan step 0.05°,
4 s exposure in each point). The diffraction patterns for X-
ray structure analysis of Y(Sm, La)sNigsSiSy sulfides
(Figs. 1-3) were recorded at a DRON 4-13 diffractometer
over 20 range of 10-100° (CuKa radiation, scan step
0.02°, 20 s exposure in each point).
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Fig. 1. Experimental and calculated diffraction patterns
for Y3Nio5SiS7 and their difference.
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Fig. 2. Experimental and calculated diffraction patterns
for SmsNiosSiS7 and their difference.
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Fig. 3. Experimental and calculated diffraction patterns
for LasNigsSiS7 and their difference.

I1. Results and discussion

2.1. Isothermal sections of the Y(Sm, La).Sz — NiS
— SiSz2 systems at 770 K

The existence of four ternary compounds Y3Siy 2557
(S.G. P63, [12]), SmsSiaS12 (S.G. R3¢, [13]), La:SiSs (S.G.
P21/c, [14, 15]), and LasNiS7 (S.G. P63, [16]) in the quasi-
binary systems Y,Ss — SiSz, SmS3 — SISy, LaxSs — SiSy,
and LayS; — NiS was confirmed. No compounds form in
the Y2S;3 — NiS, SmyS; — NiS, and NiS — SiS; systems.
Under the conditions of the experiment, the existence of
new quaternary chalcogenides Y3NigsSiS7, SmsNiosSiSy,
and LasNio5SiSy was established in the studied systems
(Table 1). Their crystal structure belongs to the
LazMno5SiSy structure type [17].

Isothermal sections of the quasi-ternary systems Y,Ss
—NiS - SiSz, Sm283 —NiS - SiSz, and L3253 —NiS - SiSz
at 770 K were plotted from the results of the performed
investigation.

Isothermal section of the Y2S; — NiS — SiS; system
(Fig. 4) consists of five single-phase points that
correspond to the crystallization of binary Y,Ss, NiS, SISy,
ternary Y3Sii 2557, and quaternary Y3Nio sSiS7 compounds,
eight two-phase regions, and four three-phase regions. The
Y3NiosSiS7 compound that is formed at the component
ratio 3:1:2 has thermodynamic equilibria with Y>Ss,
NiS, SiS; and Y3Siz.25S7.

Isothermal section of the Sm,S3 — NiS — SiS; system
(Fig. 5) differs from the former by the existence of the
equilibrium between binary NiS and ternary SmsSizSi2
compounds. SmzNiosSiS7 takes part in the formation of
three two-phase equilibria Sm;Sz + SmsNigsSiSy,
NiS + SmsNigsSiS7, and SmsSizS12 + SmsNigsSiSy.

Isothermal section of the La,Ss — NiS — SiS; system
(Fig. 6) is more complex due to two ternary compounds
La,SiSs and LasNiSy that form in the quasi-binary systems
La,S3— SiS; and LazS3 — NiS, respectively. The quaternary
compound LasNigsSiS; takes part in four two-phase
equilibria La2S3 + LasNiosSiSy,

LasNiS; + LasNigsSiS7, NiS + LasNipsSiSy,
La,SiSs + LasNig5SiS-.

and
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Table 1
Experimental details and crystallographic data for Y3NigsSiS7, SmsNiosSiS7 and LasNiosSiSy.
Parameters Y3NiosSiS7 | SmsNiosSiS7 | LasNiosSiSy
S.G. / Pearson symbol P65/ hP23
a, (nm) 0.97643(4) 0.99599(8) 1.02830(6)
¢, (hm) 0.56377(4) 0.56583(5) 0.57412(4)
Cell volume (nm®) 0.46549(8) 0.4861(1) 0.5257(1)
Number of atoms in cell 23 23 23
Calculated density (g/cm?®) 3.9141(6) 5.008(1) 4.4130(9)
Absorption coefficient (1/cm) 419.38 1380.82 1043.17
Radiation and wavelenght (nm) CuKa, 0.154185
Diffractometer DRON 4-13
Mode of refinement Full Profile
Program WinCSD
Number of atom sites 6 6 6
Number of free parameters 2 2 2
20; sin@/\ (max.) 100.00; 0.497 100.00; 0.497 100.00; 0.497
R 0.0455 0.0668 0.0478
Rp 0.1460 0.2742 0.2152
Scale factor 0.01720(3) 0.23094(6) 0.21882(4)
Goodness of fit 1.025 2.690 2.830
YZS3 (mP30; 11) La2S3 (0P20; 62)
3,
Q - Y;Niy 5SiS; ot 770K Q - La,Ni, (SiS, 770 K
(hP23; 173) oo (hP23; 173)
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Fig. 4. Isothermal section of the quasi-ternary system
Y,S3 — NiS — SiS..
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Fig. 5. Isothermal section of the quasi-ternary system
Sm283 —NiS - SiSz.
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Fig. 6. Isothermal section of the quasi-ternary system
La,S3 — NiS — SiSz.

2.2. Crystal structure of the sulfides Y(Sm,
La)sNiosSiS?
The calculated unit cell parameters are

a = 0.97643(4) nm, ¢ = 0.56377(4) nm for Y3Nio5SiS7;
a = 0.99599(8) nm, ¢ = 0.56583(5) nm for SmsNiosSiS7;
a = 1.02830(6) nm, ¢ = 0.57412(4) nm for LasNigsSiSy
(Fig. 7). The values are consistent with the unit cell
parameters of the R3NiosSiS7 chalcogenides (R — Ln) [18—
22].

Atomic coordinates and temperature displacement
parameters in the investigated RsNigsSiS7 structures are
given in Table 2. Polyhedral representation of the
structures is depicted in Fig. 8. Interatomic distances are
listed in Table 3 and shown in Fig. 9.

Rare-earth atoms occupy the 6¢ sites in the structure
of the quaternary compounds and are surrounded by eight
S atoms that form trigonal prisms with two additional
atoms. Ni atoms are located in the 24 sites (occupancy 0.5)
and coordinate six sulfur atoms forming octahedra. The
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Fig. 7. Dependence of cell parameters (a and c) on ionic radii of rare earth elements for the R3NiosSiS7 compounds.

Table 2
Atomic coordinates and equivalent displacement parameters for Y3NigsSiS7, SmsNiosSiS7 and LasNiosSiSy.
Y3NipsSiSy
Atom Wyck. x/a y/b z2lc Bisox10? (nm?)
Y 6(c) 0.6439(2) 0.8701(2) 0.0141(10) 1.00(4
Ni* 2(a) 0 0 0.2900** 1.2(4)
Si 2(b) 1/3 2/3 0.427(2) 0.9(3
S1 6(c) 0.4775(9) 0.5792(7) 0.2773(13) 0.94(15)
S2 6(c) 0.9087(7) 0.1523(7) 0.0402(14) 1.04(13)
S3 2(b) 1/3 2/3 0.804(2) 1.1(3)
Sm3Ni0,55iS7
Sm 6(c) 0.6433(3) 0.8716(3) 0.012(2) 0.91(5)
Ni* 2(a) 0 0 0.2900** 1.1(7)
Si 2(b) 1/3 2/3 0.435(4) 0.8(7)
S1 6(c) 0.478(2) 0.5856(14) 0.282(3) 0.8(3)
S2 6(c) 0.9149(13) 0.1553(12) 0.027(5) 0.8(3)
S3 2(b) 1/3 2/3 0.803(4) 1.3(6)
LagNiolssiS7
La 6(c) 0.6435(2 0.8754(2) 0.0162(15) 0.93(4)
Ni* 2(a) 0 0 0.2900** 0.8(5)
Si 2(b) 1/3 2/3 0.445(3) 1.1(5)
S1 6(c) 0.4141(12) 0.8849(10) 0.291(2) 1.1(3)
S2 6(c) 0.8444(9) 0.7595(9) 0.030(4) 1.0(2)
S3 2(b) 1/3 2/3 0.782(3) 0.9(4)
* occupation 0.5 Ni; ** - fixed value.

octahedra have shared faces and form “columns” in the
direction of ¢ axis. Si atoms occupy the 2b sites and are
characterized by the tetrahedral surrounding. Analysis of
the crystal structure of quaternary chalcogenides that exist
in the quasi-ternary system should involve particularities
of the crystal structure of initial binary and ternary
compounds. The subjects of such analysis are the
interatomic distances and the possibility of the formation
of variously shaped polyhedra.

[RS;] o [NiS] o [SiSj] = R;NisSiS;
+~+ | '
: N
> >

Fig. 8. Packing of polyhedra of cations in the structure of
Y (Sm, La)sNigsSiS7 compounds.

The interatomic distance 3siis nm in the [SiS4]
tetrahedra in SiS; (S.G. Ibam; Pearson symbol 0112; [23])
is 0.2133. At the same time, Si atoms have varying

coordination surrounding in the ternary compounds in the
R2S3 — SiS; systems. In the structure of Y3Sii2sSy
(S.G. P63; Pearson symbol hP23; [12]), Si atoms that
occupy the site 2a (occupancy 0.25) center tetrahedra of S
atoms and the interatomic distances 8si_s= 0.2042 nm. The
interatomic distances (3si_s) of Si atoms that occupy the 2b
site and have octahedral surrounding of S atoms vary from
0.2429 10 0.2659 nm. Si atoms in the Sm4Si3S12 structure
(S.G. R3c; Pearson symbol hR38; [13]) are located in the
18b site and coordinate four S atoms (si-s vary from
0.2065 to 0.2109 nm). Si atoms in the LaySiSs structure
(S.G. P24/c; Pearson symbol mP32; [15]) are located in
the 4e site and form [SiS4] tetrahedra where si_s ranges
from 0.2098 mo 0.2152 nm. The quaternary compounds
R3NigsSiS7 (R — Y, Sm, La) crystallize in hexagonal
symmetry (S.G. P63; Pearson symbol hP23). Si atoms
occupy the 2b site (Table 3, Fig. 9) and coordinate four
sulfur atoms

(83i,s =0.2120 - 0.2151 nm (fOI’ Y3Nio_5SiS7);
Jdsi_s = 0.2080 0.2150 nm (fOI‘ Sm3Nio_5SiS7);
8si-s = 0.1957 — 0.2150 nm (for LasNiosSiS7)). Ni atoms
in the NiS structure (S.G. P6s/mmc; Pearson symbol hP4;
[24]) center octahedra [NiSe] of S atoms with
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Table 3

Interatomic distances & (nm) and coordination numbers (CN) of atoms in the structure of Y3NigsSiS7, SmsNig5SiS7

and LasNiosSiS7 compounds.

Distances 3 (nm) Y3Nio5SiSy SmsNio 5SiS7 LasNio5SiS; CN
S(R-S)min 0.2679(7) 0.2742(13) 0.2839(9) 8
S(R-S)max 0.3119(10) 0.3090(3) 0.3130(2)

S(Ni-S)min 0.2513(1) 0.2495(1) 0.2572(1) 6
S(Ni-S)max 0.2514(1) 0.2575(1) 0.2637(1)

S(Si-S)min 0.2123(15) 0.208(3) 0.193(2) 4

Fig. 9. The range of the interatomic distances of
R3NiosSiSy (R - Y, Sm, La) compounds.

dni_s = 0.2384 nm. The interatomic distances of Ni atoms
in the structure of the quaternary compounds R3NigsSiSy
(R-Y, Sm, La) are dnis = 0.2514 nm (for Y3NiosSiS7);
Onies = 0.2497 — 0.2580nm  (for SmsNiosSiSy);
Snis = 0.2599 — 0.2605 nm (for LasNipsSiS7). As the
atomic radii of the rare-earth atoms increase, we observe
a decrease in the distortion of the nickel-centered
octahedra. Interatomic distances dr-s in the binary
compounds decrease somewhat with the decreasing
atomic radii of a rare-earth element. At the same time, the
crystal structure transforms from the monoclinic (for
Y,S3) to orthorhombic (for Sm,S; and LapSs) with the
increasing atomic radii of R. Y atoms in the Y,S3 structure
(S.G. P21/m; Pearson symbol mP30; [25]) occupy the 2e
site and form two types of polyhedra of S atoms, trigonal
prisms [YSe] (y-s from 0.2687 to 0.2831 nm) and trigonal
prisms with one additional atom [YS7] (8y-s from 0.2725
to 0.2919 nm). Sm and La atoms in the crystal structure of
SmpS; [26] and LasSs [27] (S.G.Pnma; Pearson
symbol oP20) are coordinated in the 4c site and also form
two types of polyhedra, trigonal prisms with one
additional atom [Sm(La)S7] (8sm-s from 0.2772 to
0.2945 nm; Jpa-s from 0.2915 to 0.3079 nm) and trigonal
prisms with two additional atoms [Sm(La)Ss] (8sm-s —
from 0.2777 to 0.3077 nm; Jas from 0.2926 to
0.3207 nm). The hexagonal crystal structure of Y3Siy 2557
is characterized by Y atoms in the 6¢ sites centering
trigonal prisms with two additional atoms [YSs] (8v-s
from 0.2690 to 0.3199 nm). Sm atoms in the SmsSisS12
structure occupy the 6a sites (coordination number
CN =9) and the 18b sites (CN =7). The interatomic
distance dsm-s ranges from 0.2834 to 0.3335 nm for the

former, and from 0.2801 to 0.3034 nm for the latter. La
atoms in the LaySiSs structure are located in the 4e sites
(CN = 8; dLas varies from 0.28456 to 0.32936 nm). Rare-
earth atoms in the structure of the quaternary compounds
form trigonal prisms with two additional atoms with sulfur
atoms (CN = 8). The interatomic distances s vary from
0.2679 to 0.3119 nm for Y3NigsSiSz, from 0.2742 to
0.3090 nm for SmsNigsSiS7, and from 0.2839 to
0.3130 nm in LagNio,53i87.

Conclusions

The thermodynamic conditions of the co-existence of
binary, ternary, and quaternary compounds in the quasi-
ternary systems Y,Sz — NiS — SiSy, Sm;S3 — NiS — SiSy,
and LaySs — NiS — SiS; at 770 K were established using X-
ray phase analysis methods. The crystal structure of the
new quaternary sulfides Y3NiosSiS7 was determined by X-
ray powder method. The quaternary chalcogenides
belongs to the structure type of LasMngsSiS; (Pearson
symbol hP23, S.G. P63) and due to non-centrosymmetric
structure are prospective objects for the investigation of
their non-linear optical properties.

Ethics Declarations

Funding:

No funding was received to assist with the preparation
of this manuscript.

Conflicts of interest

The authors declare that they have no known
competing financial interests or personal relationships
that could have appeared to influence the work reported
in this paper.

Availability of data and material

The datasets generated during and/or analyzed
during the current study are available from the
corresponding author on reasonable request.

The research did not involve human participants
and/or animals.

Code availability
All data generated or analysed during this study are
included in this published article.

Smitiukh Oleksandr — candidate of chemical sciences,
assistant;
Oleg Marchuk — candidate of chemical sciences, associate
professor.

644



[1]
[2]
(3]
[4]
[5]
(6]

[7]
(8]

[9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]
[18]

[19]

[20]
[21]
[22]
[23]
[24]
[29]
[26]

[27]

New Quaternary Compounds R3NipsSiS7 (R — Y, Sm, La) with the LasMngsSiS7 Structure

Fu Huiying, Environmentally friendly and earth-abundant colloidal chalcogenide nanocrystals for photovoltaic
applications, J. Mater. Chem. C. 6(3), 414 (2018).

F.F. Jaldurgam, Z. Ahmad, F. Touati. Low-Toxic, Earth-Abundant Nanostructured Materials for Thermoelectric
Applications, Nanomaterials 11(4), 895 (2021); https://doi.org/10.3390/nan011040895.

M.R. Huch, L.D. Gulay, I.D. Olekseyuk, Crystal structures of the RsMgosGeS7 (R =Y, Ce, Pr, Nd, Sm, Gd, Tb,
Dy, Ho and Er) compounds, J. Alloys Compd. 424, 114 (2006); https://doi.org/10.1016/j.jallcom.2005.12.025.
L.D. Gulay, M. Daszkiewicz, M.R. Huch, A. Pietraszko, CesMgosGeS; from single-crystal data Acta Cryst.,
Sect. E. 63, i187 (2007); https://doi.org/10.1107/S1600536807048593.

O.M. Strok, M. Daszkiewicz, L.D. Gulay, Crystal structure of RsMgosDSer (R = Ce, Pr; D = Si, Ge), Chem.
Met. Alloys. 8, 16 (2015).

J. He, Z. Wang, X. Zhang, Y. Cheng, Y.Gong, X. Lai, C.Zheng, J. Lin, F. Huang, Synthesis, structure,
magnetic and photoelectric properties of LnsMosM'Se7 (Ln = La, Ce, Sm; M = Fe, Mn; M’ = Si, Ge) and
LasMnGaSe7, RSC Adv. 5, 52629 (2015); https://doi.org/10.1039/C5RA05629B.

Y. Pei, X.Shi, A.LaLonde, H. Wang, L. Chen, G.J. Snyder, Convergence of electronic bands for high
performance bulk thermoelectric, Nature 473, 66 (2011); https://doi.org/10.1038/nature09996

F.Q. Huang, P. Brazis, C.R. Kannewurf, J.A. lbers, Syntheses, Structures, and Physical Properties of the New
Quaternary Rare-Earth Chalcogenides RbNd>CuSs, RbSmyCuSs, CsLa,CuSes, CsSmpCuSes, RbErCusSs,
CsGdAQsSes,  CsThpAgsSes, and  Rb,GdsCusSs, Am.  Chem. Soc. 122, 80  (2000);
https://doi.org/10.1006/jssc.2001.9110.

L.D. Gulay, D. Kaczorowski, A. Szajek, A. Pietraszko, Crystal and electronic structure and magnetic properties
of CeRhPb, J. Phys. Chem. Solids 69 (8), 1934 (2009); https://doi.org/ff10.1016/j.jpcs.2008.01.020.

L. Akselrud, Yu. Grin, WinCSD: software package for crystallographic calculations (\Version 4), J. Appl. Cryst.
47(2), 803 (2014); https://doi.org/10.1107/S1600576714001058.

K. Momma, F. Izumi, VESTA 3 for three-dimensional visualization of crystal, J. Appl. Crystallogr. 44, 1272
(2011); https://doi.org/10.1107/S0021889811038970.

A. Michelet, J. Flahaut, Chimie minerale. Sur de nouvelles familles de composes forms par les sulfures des terres
rares avec le sulfure de germanium ou le sulfure de silicium, C.R. Acad. Sci. 268, 326 (1969).

G. Perez, M. Duale, Chimie minerale. Sur une nouvelle famille de combinaisons sulfurees des terres rares de
formule generale Ln.SizS12 (Ln = Ce-Gd), C.R. Acad. Sci. 269, 984 (1969).

A. Michelet, G. Perez, J. Etienne, M. Darriet-Duale, Sur Une Nouvelle Famille de Combinaisons Des Terres
Rares de Formules Ln,SiSs (Ln = La a Nd) et LnpGeSs (Ln = La), C.R. Acad. Sci. 271, 513 (1970).

M. Daszkiewicz, L.D. Gulay, I.R. Ruda, O.V. Marchuk, A. Pietraszko, La,SiSs, Acta Cryst. Sect. E. 63(12), i197
(2007).

0.M. Aliev, G.G. Khasaev, T.Kh. Kurbanov, Synthesis and physicochemical study of the Me?*LnsS7(Sey) type
compounds, Bull. Soc. Chim. Fr. 1, 26 (1986).

G. Collin, P. Laruelle, Structure cristalline de. LasMnSi;S14, C.R. Seances I'Acad. Sci. 270, 410 (1970).

O. Marchuk, O. Smitiukh, Crystal structure of sulfides RsCo(Ni)osSiS7 (R — Ce, Pr), Proceedings of the Taras
Shevchenko Scientific Society. Chemical sciences. LXVI1, 134 (2021) (In Ukrainian).

Kh.O. Melnychuk, M. M. Poznanska, O.V. Marchuk, L.D. Hulai, Modern Chemical Problems: a collection of
report abstracts of Il International scientific conference of students, postgraduates, and young scientists, 19-21
March 2019, Vinnytsia city / Vasyl Stus Donetsk National University: (edited by O.M. Shendryk) Vinnytsia,
2019, 248 s (In Ukrainian).

Kh.O. Melnychuk, O.V. Marchuk, L.D. Hulai, The crystal structure of TbsGai67S7, Scientific bulletin of
Chernivtsi University, Chemistry series, 781, 80 (2016) (In Ukrainian).

Kh.O. Melnychuk, O.V. Marchuk, L.D. Hulai, The crystal structure of HosNigsSiS; Scientific bulletin of
Uzhhorod National University, Chemistry series 2(36), 10 (2016) (In Ukrainian).

Kh.O. Melnychuk, O.V. Marchuk, 1.D. Olekseyuk, L.D. Hulai, The NiS — Er,Sz — SiS, system at 770 K
Collection of scientific papers. 2(33), 14 (2014) (In Russian).

J. Peters, B. Krebs, Silicon disulphide and silicon diselenide: a reinvestigation, Acta Cryst., Sect. B, 38, 1270
(1982); https://doi.org/10.1107/S0567740882005469.

A.J. Campbell, D.L. Heinz, High pressure acoustic wave velocities and equations of state of the alkali chlorides,
J. Phys. Chem. Solids 54, 157 (1993).

T. Schleid, Cheminform Abstract: Crystal Structures of D-Y;S3 and Y20S, Eur. J. Solid State Inorg. Chem. 29
(6), 1015-1028 (1992); https://doi.org/10.1002/chin.199308007.

A. Atsushi, Ts. Sachiko, Crystal Structure of Samarium Sesquisulfide, a-Sm,Ss, N. Izumi, Anal. Sci. 12(1), 151
(1996); https://doi.org/10.2116/analsci.12.151.

A A. Eliseev, G.M. Kuz'micheva, Sulfide and fluorosulfides IK-meterials, phase diagrams, structure and
properties of sulfides of Gallium, Indium, rare-eart elements, Report of the Academy of Sciences SSSR 246,
1162 (1979) (In Russian).

645



Oleksandr Smitiukh, Oleg Marchuk

Onexcanap Cwmitiox, Oner Mapuyk

Hosi yerBepTuHHi cmoxykn R3NiosSiS7 (R — Y, Sm, La) 3i crpykryporo
LasMnosSiSy

Kadgheopa ximii, exonoeii ma gpapmayii, kagheopa ximii ma mexnonoziii Boruncvkozo nayionansnozo ynisepcumemy imeni Jleci
Vrpainku, 43025, m. Jlyyok, npocn. 13., Yrpaina, smitiukh.oleksandr@vnu.edu.ua

Cynbdian Y3NiosSiS7, SmsNio.sSiS7 i LasNio.sSiS7 yrBoprororses y cucremax Y2Ss — NiS — SiSz, SmeSz — NiS
— SiSz i LazS3 — NiS — SiS; BigmoBiaHo, mms skux 3a temmneparypu 770 K mo6GynoBano i3otepmidni mepepisu.
Kpucraniuna crpykrypa cymsdigiB YsNiosSiS7z (¢ = 0.97643(4) um; ¢ = 0.56377(4) um), SmsNio.sSiS7
(@ = 0.99599(8) um; ¢ = 0.56583(5) um) i LasNiosSiS7 (¢ = 1.02830(6) um; ¢ = 0.57412(4) um) BHBuUEHA
PEHTIeHIBCHKMM METOJIOM TIOpOLIKY. IX CTPYKTypa HAalleXHuTh 10 CTpYKTypHoro tumy LasMnosSitS7 (space
group P63; Pearson symbol hP23,). ¥V crpykTypi BuBuenux cynsdinis aromu Y, Sm i La posramosani B IICT 6¢ i
pasom 3 aromamu cynbQypy (GOpMYyIOTh TPUTOHANBHI NMPHU3MH i3 IBOMa JOAATKOBUMH aroMamu. Atomu Ni
posramoBani B [ICT 2a (K3I1 = 0.5) i anst HAX XapaKTepHUM € OKTaeIpHYHe OTOYCHHS 3 aToMiB Cynbdypy. s
aromiB Si (IICT 2b) xapakrepuum € KU = 4. IlenrpoBani aromamu Ni OKTaeIpH yTBOPIOIOTH HECKiHUCHHI
naHIoKKH [Ni 6S]n.

Kurodosi ciioBa: terpapHi cynbdinn, P3M, kpucraniyHa cTpyKTypa, peHTTeHIBCHbKHI METO]] ITOPOLIKY.
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