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The paper presents the results of the study of the crystal structure of six selenides of the composition
R3AguGer2s4Se; (R — La, Ce; £ = 0.05; 0.10; 0.15) as promising materials for use in various semiconductor
technologies. Due to their potentially interesting nonlinear optical, magnetic and electrical properties, as well as other
unique characteristics, these selenides can find application in scientific research and engineering developments, which
opens up opportunities for the creation of modern materials with new functional properties.

The crystal structure of the selenides LasAgo20Ger20Ser (A) [a=10.779(1) A, ¢ =6.0876(8) A, R;=0.0982,
Rp=02544], La;Agy40Ger15Se; (B) [a=10.7821(9) A, ¢=6.0927(7) A, R;=0.0950, Rp=0.2377],
La3Ag0‘6oGel,1oSe7 (C) [a = 10.7977(5) A, c= 6.0997(5) A, R;=0.0920, Rp= 0.2156], Ce3Ag0,20Ge1,2oSe7 (D)
[a=10.6948(5) A, ¢=6.0635(6) A, R;=0.1130, Rp=0.2649], CesAgos0Ger.15Se7 (E) [a=10.7074(6) A,
c=6.0697(7) A, R;=0.0977, Rp=0.2529] and CesAgocoGer.10S¢7 (F) [a=10.7147(4) A, c=6.0729(4) A,
R;=0.0985, Rp = 0.2100] was studied by powder X-ray diffraction. The structure is represented by various geometric
units, trigonal prisms with two additional atoms [R 8Se], tetrahedra [Ge 4Se], and monohedra [M 3Se]. These
structural elements indicate a complex structure of selenides, which includes various types of chemical bonds and
interactions between atoms in the crystal lattice.

The synthesized selenides crystallize in the hexagonal symmetry (LazCuSiS; structure type; space group P63;
Pearson symbol ~P24,173). La or Ce atoms are localized in the 6¢ site (x y z), atoms of the statistical mixtures
M(Ag + Ge) in the 2a site (0 0 z), and Ge atoms are in the 25 site (1/3 2/3 z). Selenium in the crystal lattice has three
atomic sites, Sel (2b site), Se2 and Se3 (6¢ site). The primitive hexagonal unit cell contains two
La(Ce)sAgaGe.25-.Se7 formula units. The trigonal prisms [R 8Se] are connected by edges and form “blocks” of three
prisms in each. The [R(Ag + Ge) 6Se] octahedra have common faces and form “columns” in the direction of the main
axis. Trigonal prisms and octahedra form common faces. The [Ge 4Se] tetrahedra are isolated from each other.

Keywords: crystal structure, rare earth elements, quaternary non-centrosymmetric selenides, X-ray powder
method.
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Introduction

One of the key areas of modern materials science is
the search and development of multifunctional materials
that do not contain toxic elements and are ecologically
safe for humans and the environment [1-3]. Given the
relevance of this problem, significant attention in research
in the field of modern semiconductor materials science is
focused on complex chalcogenides, in particular those
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whose structure is formed on the basis of rare earth (RE)
metals [4-6]. Such materials have special physico-
chemical properties due to the large coordination number
of RE atoms which form coordination complexes or
coordination units. Such polyhedral structures occupy
most of the space of the unit cell [7-12], which contributes
to the structural and thermodynamic stability of the
substance. The study of such materials opens new
prospects for the development of highly efficient, safe and
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environmentally friendly clean technologies that
significantly  improve  productivity and reduce
environmental impact. These innovative materials can be
implemented in various industries, starting from energy
where they contribute to the creation of more sustainable
and effective energy sources, to electronics where they
will help develop devices with improved characteristics
and reduced use of toxic materials. In addition, such
technology can find applications in biomedicine,
environmental monitoring and even in the production of
new materials for renewable energy.

Here, we present results of a detailed study of the
crystal structure of the La(Ce);Gei25Ses : Ag™ phases,
doped with monovalent silver. The structure studies show
that such materials can exhibit unique optical properties
that have considerable potential for application in various
fields, in particular in optoelectronics and laser
technologies. Silver doping affects the structural and
physical characteristics of materials, which allows to
predict their ability to effectively interact with light,
making these phases promising for further research of new
functional materials with improved optical properties.

I. Experimental

Six samples of the stoichiometric compositions
R3AgauGeirzsiSe; (R — La, Ce; k= 0.05; 0.10; 0.15) were
synthesized from high purity lanthanum, cerium, silver,
germanium and selenium in quartz ampoules evacuated to
the residual pressure of 107 Pa. The total batch mass of
each sample was 1.0 g. The synthesis was held in an MP-
30 electric muffle furnace by heating to 1150 °C at a rate
of 12 °C/h; exposure to 1150 °C for four hours; cooling to

500 °C at a rate of 12 °C/h; homogenizing annealing at
500 °C for two months; quenching in room temperature
water. The crystal structure of the synthesized selenides
was studied by the X-ray powder method. Experimental
diffraction patterns of the synthesized samples were
obtained at a DRON 4-13 X-ray diffractometer (CuK,
radiation, A = 1.54185 A, 10° < 20 < 100° range, scan step
0.05°, 10 s exposure at each point). The crystal structures
were computed by the Rietveld method, which allows get
accurate parameters structures through analysis diffraction
data. For this used realized in WinCSD software package
[13] which provides automated processing and
interpretation X - ray results diffraction. The VESTA
software was used for visualization and detailed analysis
of the structure [14].

II. Results and discussion

The selenides of the composition R3AguGei2s1Ser
(R—La, Ce; k=0.05;0.10; 0.15) are based on the ternary
compounds R3Ge;25Se7 [15, 16] by partial substitution of
germanium atoms in the 2a site with monovalent silver
atoms.

Crystal structure of selenides was studied by powder
diffraction. Analysis of Miller indices hkl and intensities
of the diffraction pattern reflections indicate that the
structures of the synthesized selenides belong to the
La3CuSiSy structure type [17]. The experiment conditions
and the crystallographic characteristics of the synthesized
selenides are listed in Tables 1 and 2. Experimental and
theoretically calculated diffraction patterns and their
difference are plotted in Figure 1.

Table 1.

Shooting conditions and results of refinement of the crystal structure of (I1I" P63 (Ne 173)) LazAgaGei 25-15€7
(k=0.05; 0.10; 0.15) selenides.

Parameters LasAgo.0Gei.20Ser LaszAgo.40Ger.15Se7 LazAgo.c0Ger.10Se7
Pearson’s Symbol hP22.8 hP23.1 hP23.4
a, (A 10.779(1) 10.7821(9) 10.7977(5)
¢ (A 6.0867(8) 6.0927(7) 6.0997(5)
Cell volume (A%) 612.5(2) 613.4(2) 615.89(10)
Calculated Density (g/cm?) 5.845(2) 5.934(2) 6.0068(9)
Absorption coefficient (1/cm) 1105.56 1127.91 1147.23
Number of atom sites 6 6 6
20 and sin®/A (max.) 100.00; 0.497 100.00; 0.497 100.00; 0.497
Ri/ Rp 0.0982/0.2544 0.0950/0.2377 0.0920/0.2156
Scale factor 0.4553(4) 0.481(1) 0.5095(5)

Table 2.

Shooting conditions and results of refinement of the crystal structure of (ITI" P63 (Ne 173)) CesAgarGer 254Se7

(k=0.05; 0.10; 0.15) selenides.

Parameters Ce3Ago20Ge120S¢e7 CesAgo40Gel.155¢e7 CesAgo.coGer.105e7
Pearson’s Symbol hP22.8 hP23.1 hP23.4
a, (A) 10.6926(9) 10.7074(6) 10.7147(4)
¢ (A) 6.0622(7) 6.0697(5) 6.0729(4)
Cell volume (A%) 600.2(2) 602.6(1) 603.80(9)
Calculated Density (g/cm?) 5.985(2) 6.060(1) 6.1470(9)
Absorption coefficient (1/cm) 1160.57 1180.34 1202.45
Number of atom sites 6 6 6
20 and sin®/A (max.) 100.00; 0.497 100.00; 0.497 100.00; 0.497
Ri/ Rp 0.0911/0.2422 0.0977/0.2529 0.0985/0.2100
Scale factor 0.3735(2) 0.3045(2) 0.4257(1)
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Fig. 1. Theoretical (—), experimental (°*°) and difference diffraction patterns between them for LazAgo20Gei20Se7 (A),
LazAgo40Ger.15Se7 (B), LazAgosoGer.10Se7 (C), CesAgo20Ger 20Se7 (D), CesAgoa0Ger.15Ser (E) and CesAgo.soGer.10Ser
(F). [CuK,-radiation (A = 1.54185 A)].

Refinement of the standardized atomic coordinates
and the isotropic thermal displacement parameters of
atoms (Bis,) in the structures of synthesized selenides
(Table 3, Table 4) led to relatively satisfactory values of
fit factors.

The unit cell and the stacking of [La(Ce) 8Se],
[Ge 4Se] and [M 3Se] polyhedra in the structure of the
studies selenides are shown in Figure 2.

La(Ce) atoms in the structures of these phases occupy
one 6c¢ site (x y z) and coordinate eight Se atoms, forming
trigonal prisms with two additional atoms [R 8Se]. These
prisms have common corners and edges.

Ge atoms fully occupy the 2b site (1/3 2/3 z) and
coordinate four Se atoms, forming highly symmetrical
tetrahedra [Ge 4Se], that are isolated from each other and
occupy the voids between the blocks of trigonal prisms as
shown in Fig. 3.

The statistical mixture of M (Ag + Ge) atoms is
localized in the 2a site (0 0 z). The composition of these
mixtures is 50% Ag and 50% Ge (for
La(Ce)3Ago20Gei0Ser), 73 % Ag and 27 % Ge (for
La(Ce)3Ago40Ger.15Se7), and 86 % Ag and 14 % Ge (for
La(Ce)sAgosoGei.10Se7). The M (Ag + Ge) atoms are
located quite close to one of the faces of the
[M (Ag + Ge) 6Se] octahedra, and thus may be viewed as
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planar triangles [M 3Se].

The unit cell parameters predictably increase with the
silver content. Parameter a increases from 10.779(1) to
10.7977(5) A, parameter ¢ from 6.0867(8) to 6.0997(5) A,
cell volume V from 612.5(2) to 615.89(10) A® for
lanthanum-containing selenides; and a from 10.6926(9) to
10.7147(4) A, ¢ from 6.0622(7) to 6.0729(4) A, V from
600.2(2) to 603.80 (9) A’ for cerium-containing
compositions, respectively. The parameters a, ¢ and V
monotonously decrease in the La — Ce transition due to
the size decrease of r(La’*)=1300A and
1(Ce*") = 1.283 A (for C.N. = 8). Trigonal prisms become
more symmetrical (C.N.cfr.=7.66 — 7.78;
x =0.02587 —0.02011 (for La-containing selenides) and
CN.esr=7.70 - 7.81; »=0.02230-0.01930 (for Ce-
containing selenides)).

Average bond lengths &(R —Se), 6(Ge—Se) and
d(M —Se) vary non-monotonously. The shortest and
longest values are &(R—Sex)min = 2.957(12) A (for
C63Ag0,20Ge1,2ose7) and S(R—Sez)max = 3.34(4)A (fOI'
La3Ago‘20GeL2()Se7); 6(Ge 7Sel)mm = 2.354(1 8) A (for
LasAgocoGer.10Se7) and 3(Ge — Se3)max = 2.53(3) A (for
LazAgo20Gei20Se7); (M — Se2)min 24932 A (for
C63AgoAzoGe1A2()Se7) and S(M —Sez)max: 2.5286 A (for
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Table 3.
Coordinates and isotropic thermal parameters of atoms in the structure LasAgaGei 254Se7 (k= 0.05; 0.10; 0.15)
selenides.
La3zAgo20Gei20Ser
Atom Wyck x/a y/b z/c Bisox10? (A?)
La 6¢ 0.1258(5) 0.3596(5) 0.134(4) 1.10(10)
M1 2a 0 0 0.00000* 1.0(5)
Ge 2b 1/3 2/3 0.692(6) 1.1(5)
Sel 2b 1/3 2/3 0.288(5) 0.8(3)
Se2 6¢ 0.2532(8) 0.1683(9) 0.111(4) 1.2(5)
Se3 6¢ 0.5148(9) 0.0959(9) 0.384(4) 1.0(2)
M1 -0.20 Ag +0.20 Ge
LaszAgo40GeiisSer
Atom Wyck x/a /b z/c Biwx10? (A?)
La 6¢ 0.1258(4) 0.3594(4) 0.1321(12) 0.62(4)
M2 2a 0 0 0.00000* 1.7(4)
Ge 2b 1/3 2/3 0.696(2) 1.3(3)
Sel 2b 1/3 2/3 0.291(2) 1.0(3)
Se2 6¢ 0.2540(6) 0.1676(7) 0.113(2) 0.85(12)
Se3 6¢ 0.5145(7) 0.0968(7) 0.3835(14) 0.41(12)
M2 —0.40 Ag +0.15 Ge
La3zAgo.coGei.10Ser
Atom Wyck x/a y/b z/c Bisox10% (A?)
La 6¢ 0.1267(4) 0.3583(3) 0.1319(12) 0.93(5)
M3 2a 0 0 0.00000* 1.2(3)
Ge 2b 1/3 2/3 0.698(2) 1.0(3)
Sel 2b 1/3 2/3 0.311(2) 1.2(3)
Se2 6¢ 0.2559(6) 0.1687(6) 0.113(2) 0.97(11)
Se3 6¢ 0.5151(7) 0.0999(7) 0.3635(12) 1.04(11)
M3 - 0.60 Ag +0.10 Ge; * — fixed
Table 4.
Coordinates and isotropic thermal parameters of atoms in the structure CesAgarGe254Se7 (k= 0.05; 0.10; 0.15)
selenides.
CeszAgoaGer0Ser
Atom Wyck x/a /b z/c Bisox10% (A?)
Ce 6¢ 0.1272(4) 0.3584(4) 0.1334(13) 0.98(6)
M4 2a 0 0 0.00000* 1.4(8)
Ge 2b 173 23 0.697(3) 1.2(4)
Sel 2b 1/3 2/3 0.291(3) 1.1(4)
Se2 6¢ 0.2547(7) 0.1689(8) 0.113(2) 0.84(14)
Se3 6¢ 0.5142(8) 0.0989(8) 0.353(2) 1.0(2)
M4 -0.20 Ag+0.20 Ge
CesAgo.aGerisSer
Atom Wyck x/a y/b z/c Bisox10% (A?)
Ce 6¢ 0.1258(4) 0.3593(4) 0.13002) 0.45(8)
M5 2a 0 0 0.00000* 0.8(7)
Ge 2b 1/3 2/3 0.692(3) 0.5(5)
Sel 2b 1/3 2/3 0.285(3) 0.9(5)
Se2 6¢ 0.2551(7) 0.1671(8) 0.116(2) 0.8(2)
Se3 6¢ 0.5159(9) 0.1009(8) 0.363(2) 0.6(2)
M5 -0.40 Ag+0.15 Ge
CesAgo.c0GerioSer
Atom Wyck x/a /b z/c Biox10? (A%
Ce 6¢ 0.1261(3) 0.3595(3) 0.1287(8) 1.31(9)
M6 2a 0 0 0.00000* 1.0(2)
Ge 2b 1/3 23 0.693(2) 1.8(2)
Sel 2b 1/3 2/3 0.301(2) 1.2(2)
Se2 6¢ 0.2575(4) 0.1680(5) 0.1139(12) 1.08(8)
Se3 6¢ 0.5165(5) 0.1014(5) 0.3637(9) 0.91(8)

M6 —0.60 Ag + 0.10 Ge; * — fixed
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LazAgoc0Ger.10Se7). Calculated values of the average bond
lengths agree well with the sum of the corresponding ionic
radii [18].

Geometric parameters of polyhedra in the structures
of synthesized selenides are given in Table 5 and 6.

A comparison with the crystal structure and properties
of isostructural materials R3Agi-5S1(Sn)S;
(6=0.10-0.23) [7, 8] is of interest. Silver atoms occupy
two separate sites Agl and Ag2 in the crystal lattice of

[Ge 4Se] [La(Ce) 8Se]

[M(Ag+Ge) 3Se|

these compounds. The Agl site is located quite close to
the plane of the monohedron, and Ag2 is located almost in
the center of the octahedron. Such compounds are
characterized by higher Ag concentration and
significantly lower Ge content compared to Ag*-doped
phases presented in this work. Due to the atomic content
of Ag and Ge, the size factor of the elements of Group I'V-
A and differing structure types of compounds, as well as
their defects in our work, the above atoms are statistically

[M(Ag+Ge) 3Se]
Tedad
L% %

R3Ag,4k(xe|.25—k507|

Fig. 2. Packing of polyhedra in the crystal structure of selenides R3AgaGei 254Se7 (R— La(Ce); k= 0.05; 0.10; 0.15).

Y

t

Fig. 3. Coordination polyhedra [La(Ce) 8Se], [Ge 4Se] and [M(Ag + Ge) 3Se] in the structure of selenides
La(Ce)3AgaGeiosiSer (k= 0.05; 0.10; 0.15).

» [La(Ce) 8Se]

[M(Ag+Ge) 3Se]

Table 5.

Parameters of polyhedra [La 8Se], [Ge 4Se] and [M 3Se] in the structure selenides LazAgaGer251Se7 (k = 0.05;

0.10; 0.15)
Parameters | La3Ago,20Ge1,2OSe7 | La3Ago_4oGe1,1SSe7 | LagAgo.6oGe1_1oSe7
[La 8Se]
5(La - Se), A 2.98(3) — 3.34(4) 2.988(11) -3.315(14) 3.002(10) —3.304(14)
3(La — S€)mean, A 3.1026 3.1044 3.1222
Distortion index (y) 0.02587 0.02290 0.02011
V,A3 51.2819 51.4617 52.6899
C.N./C.N.cf. 8/7.66 8/7.72 8/7.78
[Ge 4Se]
5(Ge — Se), A 2.45(5) — 2.53(3) 2.461(18) —2.516(10) 2.354(18) —2.436(8)
3(Ge — S€)mean, A 2.5117 2.5020 2.4154
£ Sel —Ge — Se3, (°) 117.5(9) 117.1(4) 114.6(3)
£ Se3 — Ge — Se3, (°) 100.4(12) 100.9(5) 103.9(4)
Distortion index (y) 0.01179 0.00812 0.01261
V,A3 7.9066 7.8344 7.1546
C.N. / C.N.efr. 4/397 4/3.99 4/3.97
[M(Ag+Ge) 3Se]
(M —Se), A 2.4961 2.5072 2.5286
C.N.cf. 3 3 3
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Table 6.

Parameters of polyhedra [Ce 8Se], [Ge 4Se] and [M 3Se] in the structure selenides Ce;AgaGe 254Se7 (k= 0.05; 0.10; 0.15).

Parameters Ce3Ago,2oGe| 205€7 Ce3Ago,4oGe1 155€7 ‘ Ce3Ago,5oGel .105€7
[Ce 8Se]
5(Ce — Se), A 2.957(12) — 3.303(17) 3.002(10) —3.2729(16) 3.016(8) — 3.275(8)
3(Ce — Se)means A 3.0957 3.0925 3.0980
Distortion index () 0.02230 0.02048 0.01930
V, A3 51.1194 50.9094 51.3945
C.N. /C.N.er. 8/7.70 8/7.80 8/17.81
[Ge 4Se]
5(Ge — Se), A 2.398(11) — 2.46(3) 2.422(6) —2.467(19) 2.387(18) —2.471(7)
3(Ge — S€) mean, A 2.4136 2.4332 2.4097
£ Sel —Ge — Se3, (°) 113.2(5) 115.45(6) 115.4(3)
£ Se3 —Ge — Se3, (°) 105.5(6) 102.89(8) 103.0(4)
Distortion index () 0.00984 0.00697 0.00479
V, A3 7.1629 7.2646 7.0701
C.N. /C.N.er. 4/3.98 4/3.99 4/3.99
[M(Ag+Ge) 3Se]
(M - Se), A 2.4932 2.5032 2.5211
C.N.efr. 3 3 3

S(R — S€)mean = 0,125*T3(R — Se);
8(Ge — Se)mean = 0,25*[3* 5(Ge—-Se3) + 8(Ge-Sel)];

distributed in monohedra.

Analysis of the symmetry elements of polyhedra in
the structure of synthesized selenides indicates that the
introduction of atoms of chemical elements of different
nature into the structure of chalcogenides enables a
purposeful change in their geometric parameters. This is
due to the influence of the chemical nature and electronic
configuration of admixture atoms on the symmetry and
spatial organization of the crystal lattice. By changing the
composition of the compounds, it is possible to tune the
interatomic distances, bond angles, and the overall
symmetry of the crystal. This opens up opportunities for
the creation of materials with predictable crystal structure
and physico-chemical properties, which is promising for
applications in optoelectronics, spintronics,
thermoelectrics, and other semiconductor technologies.

Conclusions

New tetrahedral selenides of the composition
La(Ce)3;AgaGer2siSe; (k= 0.05; 0.10; 0.15) were
synthesized for the first time, and their crystal structure
was studied by X-ray powder diffraction.

Based on the analysis of experimentally obtained
results, it was established that these selenides crystallize
in the hexagonal symmetry (La3CuSiS; structure type,
S.G. P63) with the unit cell parameters: a=10.779(1) A,
c=6.0867(8) A and V=612.52)A3 R;=0.0982,

R, =0.2544 (for LasAgo20Gei20Ser); a=10.7821(9) A,
c=6.0927(7)A and V=613.42)A3, R;=0.0950,
R, =0.2377 (for LasAgo40Ger.1sSer); a=10.7977(5) A,
c=6.0997(5) A and V=615.98(10) A3, R;=0.0920,
Rp =0.2156 (fOI’ La3Ago,6oGe1,1oSe7); a= 10.6926(9) A,
c=6.0622(7)A and V=6002(2)A% R;=0.0911,
Rp =0.2422 (fOI‘ Ce3Ago,zoGel‘zoSe7); a= 10.7074(6) A,
c=6.06097(5)A and V=602.6(1)A3, R;=0.0977,
R, =0.2529 (for CeszAgoa0Ger.155¢€7) and
a=10.7147(4) A, ¢ =6.0729(4) A and V = 603.80(9) A3,
R] = 0.0985, Rp =0.2100 (fOI‘ Ce3Ago,6oGe1,1oSe7).

Since the synthesized selenides have non-
centrosymmetric structure, this opens up possibilities for
their use in the field of nonlinear optics. Such a structure
is an important condition for effective interaction with
intense light fields, which allows selenide-based materials
to exhibit effects such as harmonic generation, coherent
emission, and self-focusing of light. Due to unique optical
properties, these materials can find applications in lasers,
optical converters and others devices that work on the
principles of nonlinear optics.
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H.M. brnamxko, O.B. Mapuyk

CuHTe3 Ta KPUCTAJIYHA CTPYKTYPA ceieHiniB R3AguGer.2sxSer
(R-La, Ce; £=0.05; 0.10; 0.15)

Bonuncvruii hayionanvruil yrnisepcumem imeni Jleci Yrpainku, JIyyok, Yxpaina, blashko.nazarii@vnu.edu.ua

Y poboTi MpencTaBICHO PE3yJIBTaTH AOCIIIKEHHS KPHCTAIIYHOI CTPYKTYpPH LIECTH CEJNCHIIB CKIamy
R3AguGei.254Se7 (R — La, Ce; k£ = 0.05; 0.10; 0.15) sk mepcrieKTUBHAX MaTepialliB JUIsi BUKOPUCTAHHS Y PI3HUX
HamMiBOPOBITHUKOBUX TEXHOJOTIAX. 3aBISKH CBOIM MOTCHI[HHO IiKaBUM HENiHIHHO-ONTHYHHM, MAarHiTHUM Ta
SJIEKTPUYHUM BJIACTHBOCTSIM, a TaKOX IHIIMM YHIKaJbHUM XapaKTEPUCTHKaM, IIi CEJCHIAM MOXYTb 3HAHTH
3aCTOCYBaHHsI B HayKOBHX Ta iHXXEHEPHHUX pPO3pPOOKax, L0 BiJKPUBAE MOJJIMBOCTI JUII CTBOPEHHS CyYacHUX
MaTepialiiB 3 HOBUMHU (YHKI[IOHAIbHUMH BJIACTUBOCTSIMHU.

Kpucraniuna ctpykrypa ceneninip LasAgo20Gei.20Se7 (A) [a=10.779(1) A, ¢ =6.0876(8) A, R;=10.0982,
Rp=0.2544], LasAgo4Ger1sSe7 (B) [a=10.7821(9) A, ¢=6.0927(7)A, R/=0.0950, Rpr=0.2377],
LasAgosoGer.10Se7 (B) [a=10.7977(5) A, ¢=6.0997(5) A, R;=0.0920, Rp=0.2156], Ce3Ago20Gei20Se7 ()
[a=10.6948(5) A, ¢=6.06356)A, R/=0.1130, Rp=0.2649], Ce3Ago4oGer.isSe7 () [a=10.7074(6) A,
c=6.0697(7) A, R/=0.0977, Rp=0.2529] Ta CesAgocGer.10Se7(E) [a=10.7147(4) A, ¢=6.0729(4) A,
R;=0.0985,Rp=0.2100] BuBueHa weTomoM THOpomKoBoi au¢ppakTomerpii. CTpykTypa IpencTaBieHa
piSHOMaHiTHI/lMH FCOMETPUYHHUMH OJWHULAMU: TPUTOHAJIBHUMHU IPpU3MaMHU 3 JIBOMa OOJATKOBHUMHU aTOMaMU
[R 8Se], Terpacapamu [Ge 4Se] Ta monoenpamu [M 3Se]. Lli eneMeHTH CTPYKTYpH BKa3yIOTh Ha CKJIaIHY OyAOBY
CEJICHIIIB, 1[0 BKJIFOYAE Pi3HI BUIH XiMIYHHX 3B’S3KiB Ta B3a€MOJIii M’k aTOMaMH B KPUCTAIIYHIN pelIiTII.
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Synthesis and crysal structure of selenides R3AguGe; 2545e7 (R — La, Ce; k= 0.05; 0.10; 0.15)

CuHTe30BaHI CeJICHIN KPUCTaNi3yI0Thes B rekcaroHanbHii cuaroHii (CT LasCuSiS7; IIIN P63; CII hP24,173).
Atomu La ab6o Ce nokanizoBani B npaBmibHii cuctemi Touok (IICT) 6¢ (x y z), aTOMH CTaTUCTUYHHX CYMillIei
M(Ag + Ge) B IICT 2a (0 0 z), a aromu Ge B I[ICT 2b (1/3 2/3 z). Cenen B KpUCTaNIYHIH IpaTLi Mae TpU aTOMHL
no3utii: Sel(IICT 2b), Se2 Ta Se3 (IICT 6¢). Ha npuMiTHBHY TreKcaroHaJIbHy eJleMEHTapHy KOMIpKy HpHIafae
nBi popmynbHi oaunuii La(Ce)sAgaGe 2s-+Ser. Tpuronanshi npusmu [R 8Se] 3°enanni Misk coboro pebpami i
(dhopmytoTh “O10KH” (110 TpH TpU3MHU B KOxkHOMY ). OkTaenpu [R(Ag + Ge) 6Se] MatoTh CIijIbHI rpaHi 1 yTBOPIOIOTH
“KOJIOHH” B HaIPsIMKY TOJOBHOI oci. TpHTroHANBHI MPU3MH 3 OKTaeApaMH yTBOPIOIOTH CHiIBHI IpaHi. Terpaenpu
[Ge 4Se] € i301b0BaHI OJIUH BiJ OAHOTO.

KonrodoBi ciioBa: kpucramigHa CTPyKTypa, PiAKICHO3EMENbHI €IeMEHTH, TeTpapHi HeIeHTPOCHMETPHUHI
CeJIeH1I!, METOJ IIOPOIIKOBOT U paKTOMeTpii.
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