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The LaxTbyEr:PbSi2Ss chalcogenides were obtained by synthesizing the elementary components in vacuum
quartz containers at 1320 K. The synthesized alloys were homogenized by annealing at 770 K during 500 hours.
The cell parameters of synthesized sulfides are: a = 0.89576(3) nm, ¢ = 2.65646(8) nm — Lai1.2Tho.4Ero.4PbSi2Ss;

a=0.89209(1) nm, c=2.63466(5) nm -

Lao.oTho.2Ero.oPbSi2Ss;

a=0.89002(3) nm, c¢=2.62714(7) nm—

Lao.s7Tho.s7Ero.67PbSi2Ss; a = 0.88993(1) nm, ¢ =2.62973(4) nm — LaosTh12Er0.2PbSizSs; a =0.885161(7) nm,

€ =2.60445(3) nm — Lao2Tho.oEro.osPbSi2Ss respectively.

The statistical mixture of (La, Th, Er, Pb) atoms occupy 18e site (xy 1/4), and Si atoms occupy 12c site
(/3 2/3 z) in the structure of the obtained chalcogenides. Coordinating polyhedra of the statistical mixture (La, Tb,
Er, Pb) atoms are trigonal prism with two additional atoms (CN = 8), and the Si atoms occupy the crystallographic
point system 12c described with the tetrahedron. According to the experimental results, the synthesized
chalcogenides crystallize in the La2PbSi2Ss structure type (hR26,167). The structure of La2PbSi2Ss is described by

using the theory of second anion coordination (SAC).

Keywords: rare earth metals, crystal structure, powder X-ray diffraction, the closest coordination surrounding

(CCS), the second coordination surrounding (SCS).
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Introduction

Search for new crystalline solids with tunable
physical properties originating from the synergistic effect
of the unique crystal structure and bonding nature is
among the main streams in modern material science [1-3].
The properties and crystal structure of multi-component
chalcogenides and rare earth metals (REM) containing
chalcogenides [4-6], are investigated systematically
regarding their practical utilization [7-12]. Adding REM
atoms with different chemical nature in terms of Af
electronic level occupancy into the crystal structure of
chalcogenides, is a good way to develop semiconductors
with desired properties, as such examples are
CaY;Si,Ss:Ce®* [13], Bala;Si»Ss:Eu?* [14],
(Gd,Ce)4(SiS4)3, (Y,Ce)4(SiS4)3 [15], (La,Ce,Y)68i4817
[16], LaR'PbSi»Ss, CeR'PbSi,Sg, PrR'PbhSi,Ss (R' = Ce, Pr,
Sm, Th, Dy, Y, Ho and Er) [17] and others. According to
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the prospects of chalcogenide phases, which crystal
structure consists of REM atoms, we can reasonably
confirm that the synthesis of multi-component
chalcogenides and detailed investigation of the
relationship between their crystal structure and properties
can be effectively utilized for designing new advanced
functional materials.

In this work, we present results of investigations of
crystal structures of chalcogenides La 2 Tho.4Ero4PbSi,Ss,
LapoTho 2EregPbSisSs, Lag.67Tho67Er0.67PbSi»Ss,
Lao_eTbl,zEro,zprizsg and Lao_szo,gEro,ngSizsa, which
are distinct compositions of the quasi-ternary
La,PbSi,Sg — ThPbSi,Sg — Er,PbSi»Sg system, by using of
powder X-ray diffraction method.
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for each sample was 1.0 g. The samples were synthesized
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Experimental section and counting time of 20 s per data point). The unit cell
parameters were calculated for these samples (Fig. 1 and

Samples with stoichiometric compositions for  Fi9-2). _
investigation were prepared by co-melting high-purity The powder patterns of samples 3, 6, 7, 8 i 14 that
elements in quartz containers evacuated to a residual ~ corresponding - to the compositions  of
La1.2Tho4Ero.4PbSi2Ss, Lao.9Tho.2Ero oPbSi,Ss,

pressure of 102 Pa. The total mass of the original batch A :
Lao_e7Tbo_67Ero,67PbSIzsa, LaosTh1.2Ere2PbSizSs and

in an MP-30 programmable electric muffle furnace by ~ L@02TPosErosPbSizSe were obtained by using a Powder X-

heating to 1370 K at the rate of 12 K/h, 2 h exposure, ~ HUPer Guiniero Camera ?670 (C“K“}) radiation,
cooling to 770 K at 6 K/h. Homogenizing annealing at ~ * = 1.54060 A, 3° <26 <100°, A2© =0.005°, 6 * 30 min
770 K for 500 h was followed by quenching into room- ~ Scans). ~ The calculation of = La12Tbo4ErosPbSizSs,
temperature water without breaking the containers. Lao.sTho 2EroPbSiSs, Lao.s7Thos7Er067PbSi2Ss,
The crystal structure of sulfides LaPbSi,Ss, ~ L806TP12EM2PbSiaSs and Lao2ThosErosPbSizSs crystal

ThoPbSi,Ss and Er,PbSi;Sg was detailly investigated in ~ Structure was performed by using Ritveld’s method
work [18]. (program package WinCSD [19]). Visualization of the

The result of calculations of unit cell of distinct  Crystal structure was performed with VESTA program
compositions Laz.<ErkPbSi,Sg and La,-xYxPbSizSs of solid [20].

solution were presented in work [17].

The X-ray powder patterns of samples 1, 2, 4, 5,

9-13, 15, 16 and distinct compositions of Th,. Results

xErPbSi;Sg solid solution were obtained by using a h | £ Ifi

DRON 4-13 powder diffractometer (CuKo radiation, The Crys_ta structure 0 su .Ides
Lai.2Tho4Ere4PbSizSs, Lao.gTho 2EreoPbSisSg,

10° <20 < 100° ith ize of 0.05° A .
0 ® < 100°, step scan mode with a step size of 0.05 L0 61 Tbo s Efos1PbSisSe, LaoeThsEro,PbSi,Ss  and

a=10.90522 nm

X - La,PbSi,S, SG - R3¢
Y - Tb2PbSiZSS X Pearson symbol - #R78,167
| ! _
7 - Er,PbSi,S; & =7k 0.9100
a=0.89945 nm 0.89870 a=10.89970 nm
| 0.9000
“ O O yz
z 0.89860 0.89576 0.89560 \ ¥ 0.8900
a=0.89485 nm ! a=10.89360 nm
. ! ® X
0893137~ 1 _-0.89200 0.8800
® Y AS O]
a=0.89011 nm 0803 o7 08T _ 088008 a=0.88819 nm
I 20
.7 0.88790 3 0.88648" . _
088528 0.88516 0.88509
a=10.88604 nm a=10.88300 nm

20 0 % 60 80
a=0.88450 nm ¢ =0.88350 nm « = 0.88300 nm

Fig. 1. Unit cell parameter a of sulfides Laz.m ThmPbSi»Ss (m = 0; 0,5; 1,0; 1,5; 2,0), Laz-wEr,PbSi2Sg (n = 0; 0,5; 1,0;
1,5; 2,0), Tho«ErPbSi,Sg (k = 0; 0,5; 1,0; 1,5; 2,0) and LaxThyEr,PbSi,Ss.

X - La,szSij_Sg ¢=2.69640 nm 3G - Rgc

N - szPbSist Pearson symbol - #R78,167

Z - Er,PbSi,S, T=7/0K 270004 ¢ nm X
¢=2.67240 nm ¢=2.67170 nm

2.6600 -
v Z
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®
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Fig. 2. Unit cell parameter c of sulfides La,-mTbmPbSi>Sg (m = 0; 0,5; 1,0; 1,5; 2,0), Lax-nEryPbSi»Sg (n = 0; 0,5; 1,0;
1,5; 2,0), Tho.«ErPbSi>Sg (k = 0; 0,5; 1,0; 1,5; 2,0) i LaxTbyEr,PbSi»Se.
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Lao»ThogErogPbSi,Sg was investigated by using powder Scan conditions and the results of the crystal structure
X-ray diffraction method. The powder patterns of these refinement of obtained sulfides are presented in Tables 1
chalcogenides (Fig. 3) were indexed in trigonal space and 2. Analysis of hkl indexes and their intensities

group R3-c. indicates that the crystal structure of obtained
a) : Lay;Tbg 4Ery4PbSi,Sg b) ‘ Lay9Thy:ErysPbSi,Sg
(Ry=0.0432; R, =0.1622) ‘ (Ry=0.0449; R, =0.1087)

Ll

e e e oy t

20 30 40 50 60 70 80 90 20 30 40 50 60 70 80 %0

C) , Lay.67Tb 67Er).67PbSi;Sg d) , LagsTbyEr(,PbSi,Sg
i (R1=0.0383; R, =0.1520) (R1=10.0503; R, = 0.1118)

\A__JL A J.,,\ 1\ J\ .JL N A M N o~ %Jj

= L{ o 4 y 5 i

2‘0 30 40 50 60 70 80 80 20 30 40 50 60 70 80 90
e) ' Lay>ThyoEroPbSi,Ss

(R;=0.0508; R, = 0.1026) .
Fig.3. Observed and calculated powder patterns as well

as their difference of investigated sulfides

‘ a) Lay 2Tho.4Ero4PbSi2Ss; b) Lao.gTho2Ero.sPbSizSe;
J W C) Lao.s7Tho.67Er0.67PbSi2Ss;
d) LagsTh12Ero2PbSi,Sg; €) Lag2ThogErooPbSizSs.

A

Table 1
Scan conditions and the results of refinement of the crystal structure of obtained sulfides
Lal,szo_4Ero_4PbSizsg (A), Lao,gTbo_zEro_gprizsg (B) and Lao,e7Tbo,e7Ero_67pri288 (C)
Sulfide A B C
a, (nm) 0.89576(3) 0.89209(1) 0.89002(3)
c, (hm) 2.65646(8) 2.63466(5) 2.62714(7)
V, (hmd) 1.8459(2) 1.8158(8) 1.8022(1)
Number of atoms in cell 78 78 78
Calculated density (g/cm?®) 4.4585(4) 4.5325(2) 4.5666(3)
Absorption coefficient (1/cm) 777.79 790.69 796.64
20; sinB/\ (max) 100.20; 0.498 99.56; 0.496 99.17; 0.494
Ri, Re 0.0432; 0.1622 0.0449; 0.1087 0.0383; 0.1520
Scale factor 0.09792(0) 0.09834(0) 0.09738(0)
Table 2
Scan conditions and the results of refinement of the crystal structure of obtained sulfides
Lao,eTbl_zEro_zpri283 (D) i Lao,szo_gEl’o_gprizsg (E)
Sulfide D E
a, (nm) 0.88993(1) 0.885161(7)
¢, (hm) 2.62973(4) 2.60445(3)
V, (nm®) 1.80364(8) 1.76722(5)
Number of atoms in cell 78 78
Calculated density (g/cm?®) 4.5170(2) 4.7699(2)
Absorption coefficient (1/cm) 939.09 817.76
20; sinB/\ (max) 99.87; 0.497 100.20; 0.498
Ry, Re 0.0503; 0.1118 0.0508; 0.1026
Scale factor 0.09706(0) 0.09789(0)
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chalcogenides belongs to the structure type La,PbSi,Sg
(hR26,167).

Refinement of atomic coordinates and isotropic
thermal parameters (Table 3) in the model satisfies the
value of the discrepancy factor.

In the structure of chalcogenides LaxThyEr,PbSi,Ss,
atoms of statistical mixture M1, M2, M3, M4 1 M5 are
located at the site — 18e. The statistical mixture are of the

following composition: M1 —41 % La 13 % Tb, 13 % Er,
33 % Pb, M2 — 30 % La, 7 % Th, 30 % Er, 33 % Ph, M3
— 22 % La, 22% Th, 22 % Er, 33 % Pb, M4 — 20 % La,
40% Th, 7%Er, 33%Pb i M5 — 7% La, 30 % Th,
30 % Er, 33 % Pb. Atoms of Si occupy the site 12¢, and
atoms of Sulfur occupy two sites 12¢ and 36f (Fig. 4a).
Atoms of statistical mixture M(1-5) coordinate around
themselves eight atoms of S, forming trigonal prisms with

Table 3

Atomic coordinates and anisotropic thermal parameters of La,ThyEr,PbSi,Sg

Atom Site X | y | z | Biux102(nm?)
Lal_szo,4EI'o,4PbSi253
M1 18e 0.3200(1) 0.3200(1) 1/4 2.40(2)
Si 12¢c 1/3 2/3 0.3245(3) 2.40(2)
S1 12¢c 1/3 2/3 0.2454(3) 2.40(2)
S2 36f 0.0351(5) 0.2380(4) 0.1860(2) 2.40(2)
Lap.oTho 2ErooPbSi,Ss
M2 18e 0.32097(9) 0.32097(9) 1/4 2.69(2)
Si 12¢c 1/3 2/3 0.3238(2) 2.69(2)
S1 12¢c 1/3 2/3 0.2447(2) 2.69(2)
S2 36f 0.0350(4) 0.2389(3) 0.18664(9) 2.69(2)
Lao 67 Tho.67Er0.67PbSi2Sg
M3 18e 0.3214(1) 0.3214(1) 1/4 2.53(2)
Si 12c 1/3 2/3 0.3238(3) 2.53(2)
S1 12¢c 1/3 2/3 0.2435(2) 2.53(2)
S2 36f 0.0354(4) 0.2416(3) 0.1873(1) 2.53(2)
LapsTh12Ere2PbSi,Ss
M4 18e 0.32098(9) 0.32098(9) 1/4 2.83(2)
Si 12c 1/3 2/3 0.3248(2) 2.83(2)
S1 12¢ 1/3 2/3 0.2442(2) 2.83(2)
S2 36f 0.0353(4) 0.2397(3) 0.18587(9) 2.83(2)
Lag.2Tho.oErooPbSi,Ss
M5 18e 0.32169(7) 0.32169(7) 1/4 3.00(1)
Si 12c 1/3 2/3 0.3252(2) 3.00(1)
S1 12c 1/3 2/3 0.2434(2) 3.00(1)
S2 36f 0.0357(3) 0.2420(3) 0.18706(7) 3.00(2)
a) LGP s € 0.402La+0.124Tb+0.124Er+0.333Pb
59000
0oBo “®H%Ro
- 9000 7
(o} '1‘\ C‘J (&) 6 O J
. 600 :
© 000 ¢
0 :é o °% é 0
> Q0O 0O
i ‘%R, °O%°
[:0600:

o

Fig. 4. Unit cell and the coordination polyhedra of the LaxThyEr,PbSi,Sg chalcogenides structure.
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two additional atoms [M(1-5) 6S, 2S:] (Fig. 4b), and
atoms of Silicon, occupying the site 12¢, have tetrahedral
surrounding [Si 1S; 3S;] (Fig. 4c). 3D-model of the unit
cell in the structure of the above-described chalcogenides
are presented in Figure 4d.

The inter-atomic distances 6 (M1 — S), 6(M2 — S),
8(M3 — S), 3(M4 — S), 3(M5 — S), 8(Si — S) and
coordination numbers in the structure of LaxTbyEr,PbSi>Sg
compound are presented in Tables 4-6.

It is worth noticing of regular change of inter-atomic
distances d(M-S) of the structure of chalcogenides
Lao.2ThooErooPbSi2Ss, Lao.s7Tho.67Er0.67P0Si2Ss,
Lal,szo,4Ero,4PbSizss and Lazprizss, in which
stoichiometric composition is on the height xX of Gibbs-
Roozeboom's triangular (Fig. 1 and Fig. 2).

With an increase in the content of La
(r(La®*) = 0.130 nm, [21]) and, accordingly, a decrease in
the content of Th (r(Th*) = 0.118 nm) and Er
(r(Er¥*) = 0.114 nm) in the site 18e there is a regular

increase interatomic distances 3(M-S)min from 0.2794 to
0.2880 nm; interatomic distances 6(M-S)max increase from
0.3241 t0 0.3278 nm (Fig. 5).

For the heights yY and zZ, it is regularly to expect a
reduction of inter-atomic distances d(M-S) since the
contents of REM, which has lower ionic radii, is growing
at site 18e. These patterns correlate well with the change
in the parameters a and c¢ of the unit cell of sulfides, the
stoichiometric composition of which falls at the heights
xX, yY and zZ of the Gibbs-Rooseboom triangle (Fig. 1
and Fig. 2).

I1. Discussion of results

The compounds, in which structure cations of heavy
atoms are located within the anionic sublattice of light
atoms, can reveal interesting physical properties [22, 23].

Table 4

The inter-atomic distances & (nm) and coordination numbers (CN) of the atoms of the structure LaxThyEr,PbSi»Sg

Atoms | 5, nm | CN Atoms | 5, nm | CN
La12Tho.4Ero4PbSi,Sg Lao.oTho2Ero.9PbSi,Sg

— 252 0,2840(4) — 252 0,2822(3)
— 252 0,2955(4) — 252 0,2941(3)

M1 —2s1 0,3050(1) 8 M2 —2s1 0,30335(8) 8
— 252 0,3282(4) — 252 0,3263(3)

S —1s1 0,2099(11) A S —1s1 0,2085(7) A
~3s2 0,2129(5) ~352 0,2139(3)

Table 5

The inter-atomic distances 8 (nm) and coordination numbers (CN) of the atoms of the structure LaxThyEr,PbSi,Sg

Atoms S, nm CN Atoms | S, nm CN
Lao.s7Tho.67Ero.67PbSi2Ss LagsThi2Ero2PbSi,Sg
— 232 0.2808(3) Y 0.2827(3)
— 252 0.2942(3) — 232 0.2915(3)
M3 — 251 0.3026(1) 8 M4 — 251 0.30268(9) 8
— 252 0.3254(3) ) 0.3269(3)
S —151 0.2109(8) A S —151 0.2120(8) A
—352 0.2163(4) 352 0.2124(3)
03300 4 ©(M - 8), nm y
0.3100 4 E
o O(M-S )min
0.2900 - = &
0.2700 é ) < /}
7 & et
0.2500 - ' .
L = O(M-S)max
= LN %

b1ttt ots

® 0 6 ©

Fig. 5. The inter-atomic distances 3(M-S) of the structure of sulfides LaxThyEr,PbSi,Ss:
14 — Lao_szo_gEro,gprizsg; 7— Lao,67Tbo_67Ero_67PbSizSg; 3- Lal,szo,4EI’o,4PbSi288 and 0 — LaQPbSi283.
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Table 6
The inter-atomic distances & (nm) and coordination
numbers (CN) of the atoms of the structure

Lao,szo_gEro_gprizss
Atoms 3, nm CN

— 2582 0.2794(2)
— 2582 0.2910(2)

M5 ~251 | 0.30084(7) 8
— 2582 0.3241(2)

Si —1S1 0.2130(6) 4
—3S2 0.2137(3)

The probability of formation of new compounds
increases in the systems where initial components are
different significantly with their chemical and physical
properties, as an example of such is a quasi-ternary La;Ss
— PbS — SiS; system (Fig. 6), in which exists the
quaternary La;PbSi,Ss compound, which crystallizes in its
own structure type (hR26.167 [8]). The crystal structure of
obtained chalcogenides belongs to the structure type
La;PbSi;Ss. The ternary sulfide La,PbSs, La,SiSs i
Pb,SiS4 compounds exist in the quasi-binary La,Ss — PbS,
La,Ss — SiS; and PbS — SiS; systems, respectively.

La,S,
(0P20:62)

%
1- La,PbSi,S, ’§ TT0 K
(hR26:167) ¥
&
§@
La,Pbs, La,8iSg
(c128:220) (nP32:14)

60

20 40 60 80 .
PbS Pb,SiS, ] SiS
2 2771 mel% 8i8, 2
(cF8:225) (mP28:14) (0l12:72)

Fig. 6. The quasi-ternary La,Ss — PbS — SiS; system at the
770 K.

In the structure of the PbS and SiS, compounds, the
second coordination surrounding (SCS) of anionic atoms
has a form of the cuboctahedron, and such a situation
indicates the predominant component of the ionic type of
interaction, and asymmetric SCS of the La,Ss structure
indicates the significantly covalent component.

In the PbS structure (cF8.225 [24]), atoms of Lead are
located in the octahedral cavities of the SCS; and in the
structure of SiS; (0112.72) [25]), atoms of Silicon are
located in the tetrahedral cavities of the SCS (Fig. 7). In
other words, a bigger atom occupies bigger cavities; fewer
atoms occupy less ones where in the nodes of the anionic
sublattice are sulfur atoms. The dense
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Pb

%¢
—

Fig. 7. SCS of atoms of Sulfur of the structure PbS
(cF8.225) and SiS; (0112.72).

arrangement of atoms and the large difference in the
electronegativities of the sulfur atoms and the p-elements
of the sixth group indicate the ionic type of bond in the
PbS and SiS; compounds.

In the structure of La,S; (0P20.62 [26.27]), atoms of
Lanthanum are located in the trigonal prisms with two
additional atoms of Sulfur against the side faces. Such a
surrounding testifies that despite the big difference of
electronegativity of atoms La and S, the dense
arrangement of atoms is not observed.

In the process of interactions between sulfides of Pb
and Si comes to existence PbSiSs compound
(mP28.14 [28]), in which structure the anionic type of
sublattice are saved, that is why as in the original sulfides
it looks like the cuboctahedron (Fig. 8).

Fig. 8. SCS of atoms anionic group [SiS4]*of the structure
of Pb,SiSs compound (mP28.14).

Due to the interaction of sulfides of two competing p-
elements, more electronegative Silicon forms the
tetrahedral surrounding, and these tetrahedra are
considered like anions, and less electronegative Lead
occupies the cation site. In this case, it can be argued that
there are tetrahedra [SiS4] in the anionic sublattice nodes,
and as a result, the atoms of Lead will occupy smaller
cavities within the SCS — tetrahedra of anion atoms. The
closest coordination surrounding (CCS) of the atoms of
Lead are trigonal prisms of sulfur atoms. Due to the fact
that the anions have become larger, and the atoms of Pb
occupy a favorable position for them, we have the
preservation of the anionic sublattice and Silicon becomes
an anion-forming element.

From the point of view of the structure and the
properties of sulfides, which have pronounced ionic
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properties, it is interesting to introduce into their structure
rare earth elements, which in the structure of binary
sulfides form covalent bonds R —S. In the structure of
binary sulfides, REM atoms form the closest surrounding,
which is not characteristic of dense stacking (these are
usually trigonal prisms with additional atoms). REM
atoms do not form ionic structures, but when they are
incorporated into an ionic structure, it is possible to form
crystal structures where dense packages are formed. An
example of such a structure is LazSiSs (mP32.14 [29])
where Si,Sg® ions are located in the anionic sublattice
nodes. Atoms of the cationic group in the form of
tetrahedra of lanthanum atoms around sulfur atoms are
located in tetrahedral cavities within the SCS. The
polyhedra of the cationic group are connected by edges
and vertices. The CCS of Lanthanum atoms has the form
of trigonal prisms with two (for Lal) and three (for La2)
additional atoms against the side faces.

Fig. 9. SCS of atoms of the anionic group [Si»Sg®] of the
structure of La,SiSs (mP32.14).

In the crystal structure of La,PbS. (c128.220 [30]), the

formation of trigonal prisms with two additional sulfur
atoms is characteristic for Lanthanum atoms. In the
structure of the La;PbS4 compound, SCS of Sulfur atoms
in the form of asymmetric polyhedra with eleven atoms
indicates a significant covalent component in the bonds,
and therefore to emit ions and cations incorrectly.
Hence, the quasi-ternary La;Ss — PbS — SiS; system is
unique since the crystal structure of the part of the original
phases can be described by SCS in the form of the
cuboctahedron. However, adding REM creates a platform
for the emergence of non-standard structural fragments.
This leads to the fact that the crystal structure of La,PbSiSg
(hR26,167) can also be considered as dense ion stacking.
The SCS of the compound is in the form of the
cuboctahedron (Fig. 10) where Si,Sg® ions are located in
the anionic sublattice nodes of La,SiSs. The cationic
atoms are located at the boundary of tetrahedral and
octahedral cavities within SCS and have CCS in the form
of trigonal prisms of sulfur atoms.

The analysis of the LayPbSiSs crystal structure
indicates its prospect as a nonlinear optical material. The
peculiarity of the structure of La,PbSiSg is that the

G. Tan, L. D. Zhao, M. G. Kanatzidis,
https://doi.org/10.1021/acs.chemrev.6b00255).

(1]
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positions of Lanthanum can be purposefully replaced by
different atoms of REM, which greatly expands the
possibilities for the synthesis of new compounds with
promising properties.

Puc. 10. IKO atomiB aHiOHHOI TpymH Yy CTPYKTypi
cronyku LaPbSiSg (hR28,167).

Conclusions

In this work, we present the results of the crystal
structure investigation of complex chalcogenide phases
Lal,szo,4EI’o,4PbSi253, Lao,gTbo_zEro_gprizss,
Lag.67Tho.67Ero.s7PbSizSs, LagsTh12EroPbSi>Sg and
Lao 2 ThooErogPbSi»Sg which are the distinct compositions
of continuous solid solutions of the quasi-ternary
La2PbSi288 — szPbSizSg — EI’szSizSg system. These
phases are obtained by populating the site 18e (xy 1/4)
with atoms of different REM. Their crystal structure
belongs to the structural type La,PbSiSs (hR26.167).

The crystal structure of the La,PbSiSs compound
from the standpoint of the theory of SCS is described for
the first time. The crystal structure of the La,PbSiSg is
unique because the part of this structure can be described
through the second coordination surrounding. However,
another part, which includes La atoms cannot be described
through the second coordination surrounding because of
the big coordination number of atoms La. Thereby, the
compound has more ionic bonds than covalent ones. Such
types of bonds indicate the high possibility of good optical
properties of the studied compounds.
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Crystal Structure of Chalcogenides R'\R"yR"';PbSi,Ss (R' — La, R" — Th, R" — Er)

0.B. Mapuyxk?, O.B. Cmitiox, 1O. ITpous?, A.O. ®emopuyk®

Kpucrajiuna cTpykrypa xajabkoreniaiB R'xR"'yR"';PbSi2Ss
(R'-La,R"-Th,R"" —Er)

'Bonuncoruii nayionanvnuii ynieepcumem imeni Jleci Ypainxu, JIyyok, Ypaina, Marchuk.Oleg@vnu.edu.ua
2Iucmumym ximiunoi @izuxu meepooeo mina Toeapucmea Maxca Inanka, Jpesoen, Hiveuuuna, prots@cpfs.mpg.de
8 /Ivsiscoruil HayionanbHutl yrisepcumem eemepunapHoi meduyunu ma 6iomexuonoziii imeni C.3. Dicuywrozo,
JIvsis, Vkpaina, ft@ua.fm

XanbKOTreHiM, 3aralbHOro KoMmoHyBaHHS LaxTOyErPbSizSs, orpumyBamu meromom — cmikaHHs
€JIEMEHTapHUX KOMIIOHEHTIB Y BaKyyMOBaHMX KBapIeBUX KOHTelHepax 3a Temmeparypu 1320 K. CuntesoBani
CIUIaBH TOMOTEHI3yBagM BigmaioMm 3a Temmeparypu 770 K mporarom 500 rog. PospaxoBaHo mapamerpu
enementapHoi  komipku: « =0,89576(3) uM, ¢ =2,65646(8) kM st cymediny Lai2Tho4Ero4PbSizSs;
a=0,89209(1) um, ¢=2,63466(5)um mmt  cympbimy  LaogTbo2ErooPbSizSs;  « = 0,89002(3) um,
¢ =2,62714(7) um mns cynsdiny Laoe7Thoe7Eroe7PbSizSs; a = 0,88993(1) um, ¢ = 2,62973(4) um st cynbdimy
Lao,s Th1,2Ero,2PbSizSs; a = 0,885161(7) um, ¢ = 2,60445(3) um st cynbdiny Lao,2ThooErosPbSizSs. ¥ crpykrypi
CHHTE30BaHMX XaJIbKOTreHiaiB aromu craructiuynoi cymimi (La Th ErPb) 3aiimators nmonoxenns 18e (x y 1/4),
aromu Si 3aiimarots nonoxenss 12¢ (1/3 2/3 z). KoopanHauiiiHiMi MHOTOTpaHHHKAMH /IS aTOMIB CTATHCTHYHOL
cymii (La, Tb,Er,Pb) € mpu3mu 3 iBoma mogarkosumu aromamu (KU = 8), a atomu Si, 3aitmaroun I[ICT 12¢, maroTsb
TeTpaenpuyHe OToueHHsA 3 atoMmiB Cynbdypy. PesympTaTé eKkclepuMEHTY MiATBEpAMIN, LI0 CHHTE30BaHi
XaJIbKOTeHIIM KPUCTAI3YIOTBCs Y cTpykTypHOMY THITi LazPhSizSs (WR26,167). Crpykrypy LazPbSi2Ss omucano 3
no3uniit Teopii AKO.

KonrodoBi cioBa: pinkicHO3eMenbHI MeTalH, KpUCTallidHa CTPYKTYypa, PEHTTCHIBCHKUII METOJ IHOpOLIKY,
HalOmk4e koopanHaniiHe otoueHHs (HKO), npyre koopannaniiine otouenss (JKO).
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