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A new ternary compound DyGeSj.s was found in the system Dy—Ge-Si. The crystal stcture of the
compound was determined by X-ray powder diffraction (FeKa radiation). The refined composition was

DyGe, 02250732y and the structure type a-ThSi,,

space group l4,/amd, Pearson symbol t112,

a=4.052(3)c = 13.6207(10) AV = 221.78(3) &, Rs = 0.1011.

Rare earth / Germanium / Silicon / X-ray powder difraction / Crystal structure

1. Introduction

Literature data are available on the ternary system
R-Ge-Si, wherdR=La, Ce, Pr, Sm, Y, Gd, Er, and
Tm. Ternary compounds are absent along the
isoconcentrate 33.3 at.®in the systems {La, Ce, Pr,
Sm, Gd}-Ge-Si, but solid solutions of various exten
are formed based on the binary silicides and
germanides. Solid solutionR(Ge,Si}, with Ge/Si
vacancies (homogeneity ranges of up to 4 &®)%re
formed based on binary rare-earth silicides and
germanide$l1-8]. A continuous transition between the
a-ThSk anda-GdSi, structure types takes place within
the solid solution&(Ge,Si}.«. The transitioru-GdSk-
type < a-ThSk-type proceedsia a two-phase region
for the lanthanum and cerium germanides, whereas in
the systems with Pr, Sm, and Gd, the transition
between these two structures is continuous and no
two-phase region appears.

In the system Y-Ge-$56] two ternary compounds
were found along the isoconcentrate 33.3 at.% V:
YGeysSiig (a-ThSh structure type) and YGeSii4
(0-GdSh structure type). The crystal structures of
these compounds were determined by powder
diffraction. The ternary compound ~ErGeSi is sidgat
slightly off the isoconcentrate 33.3 at.% [Br11]. A
structure refinement carried out on a polycrystalli
sample (annealed at 600°C) indicated an orthorhombi
structure of the structure typeGdSh (ErGe) 7o5io.ss,
space groupimma a = 3.9830(6),b = 3.9786(6),
¢ =13.4808(8) A), whereas a refinement performed on
a single crystal (single crystal extracted from aley
after a special thermal treatment) indicated a
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tetragonal structure of the ThSk-type (ErGeg 705ip 82
space groupd,/amd a = 3.9710(6)¢ = 13.451(3) A).
The compound crystallizing with the structure type
a-GdSp  has a certain homogeneity region,
ErGe go.0.790067-004 In the system Tm-Ge-Si a
single-phase region exists in the Ge-rich regiothef
isoconcentrate ~33.3 at.% T[iiil,12], a solid solution
of Si in the compound TmGes

Continuous solid solutions are formed along the
isoconcentrates 40 at.B except for the systems with
Sm, Er, and Tm. It should be noted that on dissglvi
silicon in binary germanides and germanium in
silicides, solid solutions with constant rare earth
content are formed,e. mutual substitution of atoms
of silicon and germanium occurs. Continuous solid
solutions are formed between isotypic silicides and
germanides and phase transitions without two-phase
regions are observed in certain cases.

The existence of the ternary compound DyGgSi
was revealed while studying the system Dy—Ge-Si at
600°C. In this work, we report on the refinement of
the crystal structure of this compound.

2. Materials and experimental methods

The existence of a new ternary compound DyGgSi

was revealed while studying the system Dy—Ge-Si at
600°C along the intersection 33.3 at.% Dy. Samples
with a mass of 0.7-1.0 g were synthesized by arc-
melting elements of high purity (content of the mai

component > 99.7 mass%). The batch was melted in
an arc furnace with a tungsten electrode in a coppe
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water-cooled crucible under argon atmosphere
(99.998 vol.% Ar), additionally purified by a Ti tjer
under a pressure of 1.0<1Pa. The weight loss after
melting did not exceed 1 mass% of the initial mass.
The alloys were sealed in quartz ampoules and

annealed at 600°C for 720 h. The annealed samples homogeneity

were quenched into cold water without breaking the
ampoules.

Phase analysis of the samples was performed using the alloy DwsG650.0Sii6.7

X-ray powder patterns obtained on a DRON-4.07
diffractometer (Fé&a-radiation, 2 scanning range
30-90°, @ step 0.05°, scanning time 3-5 s per point).
The samples were fixed in the form of a paste roé fi
powder ground in inert oil on the surface of a tmar
cuvette. The obtained experimental X-ray patterns
were compared with patterns calculated for the pure
components, known binary and ternary compounds
(PowderCell progranil3]). A full-profile refinement

of the crystal structure of DyGeSi was performed

by the Rietveld method14] using DBWS-9807
software[15].

3. Results and discussion

phase indicated the a-ThSiL structure type.
The refinement of the crystal structure by the
Rietveld method confirmed the structure type. The
compound is characterized by vacancies on the site
occupied by Si and Ge atoms and has a certain
range (below 10 at.%) along the
dysprosium isoconcentrate. The lattice parameters
werea = 4.052(3) ¢ = 13.6207(10) A for the phase in
and a = 4.0269(5),
c = 13.5804(19) A for the alloy RydGes Sies
The refined chemical formula, Dy&@:Sio.73w)
hereafter approximated to DyGe$j corresponds
to the composition D¥Gey;Sihes When
expressed in at.%. Experimental and calculatedyX-ra
patterns of the alloy Dy {Ge500Siie7 are shown on
Fig. L

Some results of the refinement of the crystal
structure of the compound DyGeggjare presented in
Table 1 the atomic coordinates imable 2 The
interatomic distances are givenTiable 3

A single site (Wyckoff position € occupied by
the smaller atoms is present in the structure type
o-ThSih, so the Ge and Si atoms form a statistical
mixture 0.509(12)Ge + 0.366(12)Si, including 12.5 %
vacancies. Tentative refinements using the models o

The phase analysis revealed a new compound in the a-GdSh (space groupmmg), LaPtSi (space group

polycrystalline sample of composition
Dyss3 G650.05ii6~ The sample contained two phases:
the ternary compound DyGeSi (87(4) mass%) and
the binary solid solution Ge-Si at the composition
Gey 7525 (13(4) mass%). The positions and
intensities of the peaks belonging to the ternary

14:md) or CeGgeeSip g2 (Space group-4m2) with two
crystallographic sites available to accommodate Ge
atoms, Si atoms and vacancies, did not indicate any
significant ordering. The stacking of trigonal pnis in

the structure of the compound DyGggiis shown on

Fig. 2

Table 1 Experimental conditions and crystallographic pagtars for the structures of the phases in the alloy

Dy33 4G650.05i16.7
Refined composition DyG&22Sio.73(2) Gey.754510.25(4)
Content, mass% 87(4) 13(4)
Structure type a-ThSh C (diamond)
Pearson symbol 112 cF8
Space group 14,/amd Fd-3m

. a=4.052(3) a=5.5676(11)
Lattice parameters, A ¢ = 13.6207(10)
VolumeV, A3 221.78(3) 172.59(6)
Number of formula unit¥ 4 8
DensityDy, g/cnt 7.696 4.727
Diffractometer DRON-4.07
Radiation, wavelength, A FeKo, 1.93735
Scanning method 6-20
Range 2, ° 30-120
Scan step, ° 0.05
Software DBWS-9807
Peak width parametets, V, W 0.18(3), -0.12(4), 0.136(12)
Shape parameter 0.34(2)
Peak asymmetry parametgy -0.11(3)

Preferred orientation parameter [direction]

Reliability factors

Number of refined parameters

G = 0.962(3) [001] (for DyGegi)
R, = 0.0318R,, = 0.0437,
Rz = 0.1011 (for DyGeSks)
15
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Table 2 Atomic coordinates, displacement parameters anclpmicy factors in the structure of the
compound DyGegis (space groupd,/amd origin choice 2).

Wyckoff 2
Atom position X y z Bo A Occ.
Dy 4a 0 Y Y 0.69(6) 1
Ge & 0 Y 0.2939(2) 0.7 0.509(12)
Si 8e 0 iz 0.2939(2) 0.7 0.366(12)
Table 3 Computed interatomic distances (+0.005 A) in tinecsure of the compound DyGeSi
Atoms 0, A Atoms o, A
Dy - 12 Ge/Si 3.060 Ge/Si - 1 Ge/Si 2.209
-4 Dy 3.958 - 2 Ge/Si 2.345
- 4 Dy 4.035 - 6 Dy 3.060
#1015 Dy33.3Ge505116.7 iIdmpLot|
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Fig. 1 Observed (points), calculated (line) and diffeeerfbottom) patterns of the alloy RyG6es Sis.7;
vertical bars indicate the positions of the reflmts for the phases DyGe%i and Gg 75Sig 25

Fig. 2 Stacking of

trigonal
the structure of the compound DyGgSi
(X =51% Ge, 37% Si, 12% vacancies).

prisms
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in

The ternary compounds formed in the ternary
systems {Y, Dy, Er, Tm}Si-Ge near the intersection
33.3 at.% of theR-component crystallize with the
structure types.-ThSk anda-GdSh derived from the
AIB, type via certain relationships. In the AjBype
structure, the atoms of the rare-earth elements are
located at the vertexes of trigonal prisms, whith f
the space completely, while the atoms of Si or &e a
at the centers of the prisms. In theThSk-type
structure, the layers of trigonal prisms are ratatéth
respect to each other by 90°. The structure type
a-GdSh differs froma-ThSk by splitting of the single
Si site into two sites. The small orthorhombic
deformation results in changes of the symmetnhef t
coordination polyhedra. The structure types AlBn
the one hand, and-ThSi, and a-GdSh on the other
hand, differ from each other by the network forrbgd
the atoms of Si (or Ge) bonded by covalent bors. |
the structures of the AlBRtype these atoms form
planar, graphite-like nets, while in theThSi, and
a-GdSp types they form a three-dimensional
framework Fig. 3.
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