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ABSTRACT

It has been demonstrated that apart from the known compounds YbVO, and
YbsV,017, a substitutive solid solution is also formed in the binary oxide system
V205-Yb,O3. This solid solution is characterized by limited solubility of vana-
dium(V) oxide in the crystal lattice of ytterbium oxide, and its general formula is
Yb,_5,[15,, V3,03, where 0.00 < x < 0.1667. The new solid solution was obtained
from the mixtures of V,0Os and Yb,O3 oxides, containing vanadium(V) oxide in
the amounts not exceeding 30 mol%, by high-energy ball milling in a planetary
ball mill. The solid solution obtained was characterized using the methods XRD,
DTA-TG, SEM, IR and UV-Vis-DR. It was found to crystallize in cubic system
and to show a structure of Yb,Os. This solid solution was stable in air atmo-
sphere at least up to ~ 800 °C, and the temperature of its decomposition
decreased with increasing x, so with increasing degree of Yb>* replacement with
V°* in the crystal lattice of Yb,Os. The energy gap estimated for this solid
solution varied from ~ 2.5 eV for x = 0.0322 to ~ 2.6 eV for x = 0.1176, which
means that this new solid solution is a semiconductor.
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Introduction meet the increasingly stringent rules for the envi-
ronment protection. Such methods can be also

Intensive search for new advanced materials for  applied for the modification of physicochemical

application in, e.g., optics, electronics and informatics
has been conducted for many years. Of great
importance is to devise simple and economically and
ecologically justified methods for their syntheses to
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properties of these new materials as well as other
already known compounds. Different methods for
syntheses of new materials have been proposed,
including the solid-state reactions, co-precipitation,
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sol-gel method, suspension, combustion, Pechini
method, hydrothermal method, sonochemical
method and still too little  appreciated
mechanochemical method. Each of the abovemen-
tioned methods has its specific advantages and dis-
advantages, and the choice of the suitable one
depends on the type of products and their desired
properties for particular applications (morphology
and size of crystallites, degree of crystallinity,
absorption properties, surface area, degree of homo-
geneity, etc.). The mechanochemical method meets a
high degree the requirements of “green chemistry” as
it does not generate troublesome wastes which are
difficult for utilization and it does not need the use of
toxic organic solvents [1-4]. The high-energy ball
milling has been successfully used for syntheses of
many new functional materials such as alloys, inter-
metallic compounds, polymer or inorganic compos-
ites, ceramic materials [1-6]. According to the
hitherto-published literature on the binary oxides of
our concern, V,05-Yb,O3;, the formation of two
compounds YbVO, and YbgV,0;; in this oxide sys-
tem has been documented [7-16]. They have been
obtained as a result of high-temperature treatment of
the oxides mixture containing V,0s and Yb,Os of the
contents chosen to match the stoichiometry of these
compounds [11, 13-16]. To the best of our knowledge,
there is no information on the solid solutions forming
in the binary system of V,0Os5 and Yb,O3; oxides
showing the structures of vanadium(V) oxide and/or
ytterbium oxide. In contrast to the scarce data on
ytterbium divanadate(V), the synthesis and physico-
chemical properties of ytterbium orthovana-
date(V) have been thoroughly described [7-12].
YbVO, has been obtained by different methods:
solid-state, hydrothermal and co-precipitation [7-12]
and mechanochemical method [21]. Detailed crystal
structure of this compound as well as its optical,
electric, magnetic, thermal and chemical properties is
known [7-12]. It has been proved that as a result of
YbVO, doping with such lanthanide ions as Nd**
and Er’", a number of optically active laser materials
can be obtained [13, 14]. The information on the other
of the two compounds, ie., YbgV,0O;; is scarce
[15, 16] and ambiguous. This compound was for the
first time obtained in 1973 by Brusset et al. [15] as a
result of heating of a mixture of oxides Yb,O3/V,0s5
at a molar ratio 4:1, up to 1550 °C. These authors
claimed that it crystallized in monoclinic system and
gave its elementary cell parameters [15]; however,

@ Springer

J Mater Sci (2018) 53:13491-13500

according to our recent study, this compound
obtained by the solid—-solid reactions crystallizes in
triclinic system and its elementary cell parameters are
different from those given by Brusset et al. [16].
Recently, the authors from our group have also
shown that YbgV,0;7 is the matrix (solid solvent) of
the limited substitutive solid solution of the formula
Ybg_.Y,V,0;7 and 0.0 <x <4.0. In such a solid
solution, the Y*>" ions are built into the crystalline
lattice of YbgV,0,7, replacing Yb>* ones, with no
damage to the crystal structure [16].

Taking into account the hitherto knowledge on the
compounds forming in the system V,05-Yb,O3, and
in particular, the lack of information on the synthesis
of YbVO, and YbgV,O;; by mechanochemical
method (MChS), the aim of the study reported here
was to establish the type of compounds and/or
phases forming in this system in the entire range of
concentration of its components as a result of reac-
tions induced by high-energy ball milling. If as a
result of this process new compounds and/or solid
solutions are obtained, our additional objectives will
be to characterize their structures and properties, in
particular thermal stability and optical properties,
and to compare them with the properties of the
phases obtained in the high-temperature reactions
(HTS) taking place in the system studied in solid
state.

Experimental

The following reagents were used in our experi-
ments: Yb,Oj3, a.p. (Alfa Aesar, Germany), and V,0Os,
a.p. (POCh, Poland). For the experiments, 14 samples
were prepared (Tables 1, 2) by using two different
methods, namely:

(@) Mechanochemical synthesis (MChS) using lab-
oratory planetary ball mill Pulverisette-6 (Fritsch
GmbH, Germany) with vessel and balls of
zirconia, rpm =500, BPR = 1:20, time =3.0
and once again 3.0 h under air atmosphere.

(b) High-temperature synthesis (HTS) in a hori-
zontal tube furnace PRC 50/170/M (Czylok,
Poland) equipped with a stationary optical
pyrometer MARATHON MM (Raytek, Ger-
many). Reagents weighed in suitable propor-
tions were homogenized and calcined in air
atmosphere in the temperature range
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Table 1 Yb,03—V,05 system. The composition of initial mixtures and results of phase analysis of the samples after the last stage of ball

milling

No. mol% x in Yby_5,[1,, V3,03 Phase composition of samples after synthesis by high-energy ball milling
Yb,05 V5,05

1 95.00 5.00 0.0322 Yb 83000.064V0.00703

2 90.00 10.00 0.0625 Yb 68800.125V0.18503

3 80.00 20.00 0.1176 Yby 41200235V 035303

4 70.00 30.00 0.1176 < x < 0.1667 YbVO,; + Yby_5,[0,, V3,03

5 55.00 45.00 0.1176 < x < 0.1667 YbVO, + Yby_5,[1,, V3,03

6 50.00 50.00 - YbVO,

7 45.00 55.00 - YbVO, + V5,05

Table 2 Unit cell parameters

(a)y volumes (V) and densities: X in YbZ—SxD2XV3XO3 a (nm) o, ﬁ} Y (O) v (nmS) dXRD/dexp (g/cm3)

X-ray (d imental

p ““; g fxt;];)si)liile:(ﬂiilizfn & 0.0322 1.0426 (0.0055) 90.00 1.1333 8.70/8.65 + 0.05

Yg“’ 9v. 0 0.0625 1.0429 (0.0101) 90.00 1.1343 8.19/8.33 + 0.05
ZmSx2x T3S 0.1176 1.0446 (0.0089) 90.00 1.1399 7.23/7.67 + 0.05

600-1500 °C. After each heating stage, the
samples were gradually cooled in the furnace
to room temperature and weighed (changes in
their mass and their color were recorded) by the
method described, e.g., in [16-19].

The powder diffraction patterns of the samples
obtained were recorded on a diffractometer
EMPYREAN II (PANalytical, Netherlands) using
CuK, with graphite monochromator. The phases
were identified on the basis of XRD (X-ray diffrac-
tion) characteristics contained in the PDF (Powder
Diffraction File) cards [20].The parameters of selected
unit cell solid solutions were refined using the
REFINEMENT program of DHN/PDS package.

Selected samples were examined using the fol-
lowing methods: SEM (scanning electron micro-
scopy) using FE-SEM Hitachi SU-70 microscope and
EDX (X-ray microanalysis) using NORAN™ System
7 of Thermo Fisher Scientific (UltraDry X-ray detec-
tor). SEM analyses were performed at accelerating
voltage of 5 and 15 kV, and secondary electron ima-
ges were acquired. The samples were coated with
palladium—gold alloy thin film using thermal evap-
oration PVD (physical vapor deposition) method to
provide electric conductivity.

The densities of solid solutions were determined in
argon (5 N purity) with the help of an Ultrapyc 1200e
ultrapycnometer (Quantachrome Instruments, USA).
Initial mixtures and monophasic samples were
examined by IR (infrared spectroscopy). The

measurements were made within the wavenumber
range of 1200-250 cm ™!, using a spectrophotometer
SPECORD M-80 (Carl Zeiss, Jena, Germany). The
technique of pressing pellets with KBr at the mass
ratio of 1:300 was applied. Selected samples were also
subjected to examination by the DTA-TG (differential
thermal analysis and thermogravimetry) method
with the use of a SDT 2960 apparatus (TA Instru-
ments Company, USA). The measurements were
taken in air atmosphere, within the temperature
range 20-1400 °C, at the heating rate of 10 deg/min.
The tests were conducted in corundum crucibles. The
samples had the same mass of ~ 20 mg.

The UV-Vis-DR (ultraviolet-visible with diffuse
reflectance) spectra were measured using a UV-Vis
spectrometer V-670 (JASCO, Japan) equipped with a
reflecting attachment for the solid-state investigation
(integrating sphere attachment with horizontal sam-
ple platform PIV-756/(PIN-757). The spectra were
recorded in the wavelength region of 200-750 nm at
room temperature.

Results and discussion
Mechanochemical synthesis

Investigation of the binary oxide system V,Os5-Yb,O3
was started from preparation of mixtures of the
substrates Yb,O3; and V,0s, of the compositions
specified in Table 1. The compositions were chosen to
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represent the range of substrate concentrations in
which the literature-known compounds YbgV,0;;
and YbVOy, are formed [7-16]. Mixtures of the ytter-
bium and vanadium oxides were homogenized and
subjected to mechanochemical synthesis in a plane-
tary ball mill in air atmosphere. XRD analysis of the
phase composition revealed that already after the
first stage of the 3-h milling, all the samples studied
changed their phase composition. Diffractograms of
samples 1-3 no longer showed the XRD reflections
characteristic of one of the substrates—V,0Os, but
included a set of reflections evidencing the presence
of Yb,O;. Analysis of these diffractograms also indi-
cated that with an increasing content of V,Os in the
initial mixtures of the reagents, the reflections were
slightly shifted toward lower 20 angles, which cor-
responds to greater interplanar distances dpy with
respect to those in the diffractograms of the pure
compound Yb,Os;. This result implied that in the
range of concentration of up to 20.00 mol% V,0Os in
the system Yb,O3-V,0s5, a new solid solution, show-
ing the structure of Yb,Os, was formed. The lack of
foreign lines in XRD patterns of these samples proved
that the new solid solution was substitutive, with V°*
ions taking place of Yb>* ions in the crystal lattice of
Yb,O;. Analysis of the phase composition of samples
4 and 5 revealed that after 3-h milling, these samples
were biphasic and, besides the solid solution of the
structure of Yb,Os, contained also the known ortho-
vanadate YbVO, (Table 1). The 3-h milling of the
equimolar mixture of the reagents (sample 6) made
the sample monophasic, with only YbVO, in its
content (Table 1) [21]. This result indicated that
ytterbium orthovanadate(V) could also be obtained
by the way of mechanochemical synthesis [21],
besides other known methods [7-12]. Sample 7 rep-
resented the initial system composition with more
than 50.00 mol% V,Os. After 3-h ball milling, the
sample was biphasic and, besides the compound
YbVOy,, contained also small amounts of V,Os. The
subsequent 3-h milling of all samples studied did not
change their phase composition. The phase compo-
sitions of all samples after the last stage of their ball
milling, as presented in Table 1, prove that the new
substitutive solid solution forming in the system
studied is characterized by limited solubility of
components. The fact that V°* ions are incorporated
into the crystal lattice of ytterbium oxide replacing
Yb* ions leads to the generation of excessive positive
charge which can be compensated by the extension of
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the anionic lattice or by the formation of vacancies in
the cationic Yb®>* sublattice. In the former case, the
general formula of the solution can be written as
Yb,_,V.Os,,, while in the Ilatter case as
Yb,_5,[15,V3,0s.

Charge compensation by the generation of vacan-
cies in crystal lattice (the second formula) is sup-
ported by the values of experimental density of
obtained phase in comparison with its X-ray density,
as described later in this work. The data presented in
Table 1 also imply that the maximum incorporation
of V°* into the lattice of Yb,Os, when expressed in the
contents of components of the system studied,
reaches at least 20.00 mol% (x = 0.1176) and does not
exceed 30.00 mol%.

Analysis of the results obtained leads to a conclu-
sion that in the reaction mixtures containing up to
50.00 mol% V,0s, the following reaction took place:

(2 — 5x)/2 szOg,(s) + 3X/2 V205(S)
= Yb2—5xD2xV3xO3(s.s.) (1)

Figure 1 presents a fragment of XRD diffractogram
of the commercial Yb,O3 (Fig. 1a) and the diffrac-
tograms of the newly obtained solid solution

(a) .

(b) o<

Intensity /au
] e

10 20 30 40 50 60 70 80
2Theta /degree

Fig. 1 Fragments of diffractograms of a Yb,03 (‘), b Yb, 539
Co.064 V0.09703 (‘:‘): € Yby.412000235V0.35303 (l), d Yby_s5.[0o
V3,03 (@) and YbVO, ().
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Yby 5,05, V5,05 for x =0.0322 (Fig. 1b), x = 0.1176
(Fig. 1c) and sample 4 containing the solid solution
Yb2,5xD2xV3xO3 and YbVO4

The aim of the next stage of our study was to
confirm that the newly obtained solid solution
Yb,_5,[1,, V3,03 shows the matrix structure, i.e., that
it crystallizes in the cubic system. In order to check
this, the powder diffractograms of the solution
Yb,_5.,[15,V3,05 for x = 0.0322, 0.0625 or 0.1176 were
refined using the program REFINEMENT. The
results confirmed that the new solid solution crys-
tallizes in the cubic system and permitted calculation
of its unit cell parameters as a function of the content
of incorporated V°" replacing Yb>" in the crystal
lattice of Yb,O;. Table 2 presents the unit cell
parameters, volumes and densities of Yb,_s5,[15, V3,
O; with x = 0.0322, 0.0625 and 0.1176.

According to the data displayed in Table 2, with an
increasing value of x in the formula Yb,_5,[15, V5,03,
so with an increasing number of V°* incorporated in
the crystal lattice and replacing Yb>* ions, the crystal
lattice expands, although the radius of V" in coor-
dination (VI) is smaller than that of Yb>* in the same
coordination. The lattice expansion can be a result of
greater electric charge of vanadium ion or generation
of vacancies in the Yb>" sublattice. The same ten-
dency has been observed in [22]. Analysis of the same
data from Table 2 also shows that the density of the
new solid solution, determined by an ultrapyc-
nometer or by X-ray method, is always smaller than
that of pure Yb,O; and decreases with increasing x,
which additionally supports the assumed model of
the solution structure. With an increasing x in
Yby_5.[15,V3,03, the color of the solid solution
changed from dark orange to yellow. The mixture of
the substrates composed of 50 mol% Yb,Os; and
50 mol% V,0s and the solid solution Yb,_5,[15, V3,03
for x = 0.0625 were also studied by scanning electron
microscopy (SEM/EDX). The relevant images are
presented in Figs. 2 and 3.

Figure 2 shows a clear distinction between the two
types of crystallites, which can also be distinguished
on the basis of their different interaction with a beam
of electrons. The crystallites look like irregular
deformed polyhedrons. As follows from EDX analy-
sis, the brighter polygons correspond to Yb,Os (A),
while the darker and slightly bigger ones to V,05 (O).
The crystallites of the solid solution Yb,_s5,[1,,V3,03
presented in Fig. 3 have morphology similar to that
of the matrix crystallites (YbyO3). They look like

13495

1 Oo’u n'w

Fig. 3 SEM image of Yb,_s5,[1,V3,05 (x = 0.0625).

deformed polyhedrons of irregular shapes and sizes
varying from ~ 40 to ~ 270 nm (Fig. 3). X-ray
microanalysis (EDX) informing about the content of
metals and oxygen in the crystals of Yb,_s5,[15,V3,03
for all monophase samples is presented in Table 3.

Taking into account the average error in determi-
nation of the content of oxygen, the results provided
by SEM/EDX results are in good agreement with the
values calculated from the formula Yb,_5,[15,, V3,05
for x = 0.0625, which confirms its correctness.

In order to check whether the solid solution
obtained shows the structure of the matrix, that is of
Yb,O;3, IR spectra were taken of selected monophasic
samples. Figure 4, besides the IR spectrum of the
commercial oxide Yb,O; (Fig. 4a), also presents the
IR spectra of the solid solution Yb,_5,[1,,V3,05 for
x = 0.0322 and x = 0.1176 (Fig. 4, spectra b and c).
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Table 3 Content of elements in monophase samples determined by X-ray microanalysis (EDX) and calculated from formula Yb,_s,.

5, V3,03 where x = 0.0322, 0.0625 and 0.1176

Formula of solid solution

X-ray microanalysis of elements (mas%)

Contents of elements calculated from the formula (mas%)

Yb v O

Yb v (6]

Yb 83000.064V0.00703 89.2 1.3 9.5
Ybi 68800.125V0.18303 87.2 23 104

85.7 1.4 12.9
83.5 2.7 13.7
78.70 5.8 15.47

The IR spectrum of Yb,Oj; (Fig. 4a) shows a broad
absorption band in the wavenumber range from 645
to 300 cm~!, of distinct extremes at 565, 395 and
335cm™! and an inflection point at ~ 500 cm ™.
These bands can be assigned to the stretching vibra-
tions of Yb-O in the deformed YbOg octahedrons
[23-26] and the stretching vibrations of the defor-
mation bridge bonds Yb-O-Yb or O-Yb-O [23-26]. In
the IR spectra of the solid solution (Fig. 4b,c), the
absorption bands appear in a very narrow range of
wavenumbers similar to those in the spectrum of
Yb,0;3, i.e., from 650 to 300 cm ™!, but they are more
broadened and show much less distinct maxima at
450 em™'  (for x=0.0322) and 465cm™' (for
x = 0.0322). In contrast to the spectrum of Yb,O3, the
spectra of the solid solution Yb,_s5,[5,V3,03 show
also a broad and low-intensity band in the range
1000-600 cm ™!, which on the basis of the literature
can be assigned to the stretching vibrations of sym-
metric and asymmetric V-O bonds in VOg octahe-
drons [23]. The absorption band in the range 650-
300 cm™! is interpreted as corresponding to the
stretching vibrations of Yb-O bonds in YbOg octa-
hedra and vibrations of the bridging bonds O-Yb-O
and O-V-O [23-26]. With an increasing number of
V°* replacing Yb>" in the crystal lattice of Yb,Os, the
absorption bands are shifted toward higher
wavenumbers relative to their positions in the spec-
trum of the matrix. The results confirmed that the
solid solution Yb,_s5,[1,,V3,03 has a structure of
Yb,O; and is composed of YbOs and VOg octahe-
drons. In order to establish the thermal stability of the
solid solution Yb,_5,[1,,V3,0; obtained by
mechanochemical method, three monophasic sam-
ples, 1-3 (Table 1), were heated in the range from 500
to 1500 £ 10 °C in air atmosphere, in a horizontal
tube furnace equipped with an optical pyrometer, in
a few 12-h stages. The samples heated at 500, 600, 700
and 800 °C did not show signs of melting, and their
phase composition was not changed. Heating at
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Fig. 4 Fragments of IR spectra of: a YbyO3, b Yby g30[0.064
Vo.09703 and ¢ Yby; 41200.235V0.35303.

900 °C (12 h) caused changes in the phase composi-
tion of sample 3. The XRD diffractogram of this
sample, besides the diffraction signals characteristic
of Yb,Oj3, revealed also a set of XRD lines that,
according to PDF card no. 00-017-0338, are assigned
to YbVO,. The phase composition of the other sam-
ples (1 and 2) changed only after their heating at ~
1500 °C (12 h). After this stage of heating, the sam-
ples were biphasic and besides Yb,O3 contained the
literature-known compound YbgV,0;7 [15, 16]. Sam-
ple 3 after annealing at this temperature was
monophasic and contained only YbgV,Oq;. As fol-
lows from the results of this experiment, the solid
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Fig. 5 Kubelka—Munk
transformation of the UV—Vis-
DR spectra of Yb,0O3 and the
solid solution

Yb;_sx[12, V3,03 for

x =0.0322, 0.0625 and
0.1176.

=== Yb1.41220.235V0.35303

== Yb1.68820.125V0.18803

e Yb1.83920.064 V0.09703

w—Yb203

K/M

T T v T r T T T T T
2 22 24 2,,6 28 3 32 34 36 38 4 42 44 46 48

solution obtained is thermally stable in air atmo-
sphere to at least 800 °C (for x = 0.1176); the lower
the number of V> ions replacing Yb>* ions in the
lattice of Yb,Oj3, the higher its thermal stability, and
the solid solution is stable in the range 900-1500 °C.
At higher temperatures, the solid solution undergoes
decomposition to the oxides V,O5 and Yb,O;, which
then react with formation of YbVO,. In the range of
components of the system Yb,O3-V,0s, in which the
oxide Yb,Oj3 is in excess to the stoichiometry of
ytterbium orthovanadate(V), the reagents react with
formation of YbgV,047:

ZYbVO4(§) + 3Yb203(s) = ngVzOU(S) (2)

The results obtained at this stage confirmed that
V505 was initially built in Yb,O;, making the earlier
unknown solid solution.

Physicochemical characterization of the matrix
Yb,O3 and the solid solution Yb,_5.,[1,,V3,05 was
supplemented with UV-Vis-DR measurements that
permitted estimation of the energy gap. Figure 5
presents the plots of K* = f(E), where K is obtained
from the Kubelka—-Munk transformation (Spectra
Analysis Program) and in the plot is marked as K/M.
The energy gap values were read off as the points of
intersection of the tangent to a given curve and the
abscissa axis.

z - —
S 52 54 56 58 6
eV

The energy gap (E;) determined for Yb,O3 was ~
5.00 eV, while the energy gap for the solid solution
decreased with an decreasing x in Yb,_5,[15,V3,03
from E; = ~ 25eV for YbygsollooesV0.00703 to ~
2.6 eV for Ybq 415000235V035303. On the basis of the
obtained energy gap values, the solid solution
Yb,_5,[1,, V3,035 was classified as a semiconductor.

High-temperature synthesis

In parallel with the mechanochemical synthesis of
samples representing the system Yb,O3-V,0s5, we
carried out their syntheses by the classical method of
high-temperature reactions taking place in solid state.
The samples prepared for this procedure had the
same compositions as those studied in the first part of
this work, as shown in Tables 1 and 4. The mixtures
of Yb,O3 and V,Os (Table 4) after homogenization
were heated in the following temperature stages: [—
600 °C (24 h) - II—625°C (24 h) - III—635 °C
(24 h) —» IV—1200 °C (24 h) —» V—1400 °C (24 h) —
VI—1450 °C (24 h).

According to the XRD results, all the samples
studied changed their phase composition already
after the first stage of heating. The diffractograms of
samples 1-7 already showed the XRD lines charac-
teristic of YbVO,. After the next stage of heating of
samples 6 and 7 at 625 °C, the oxides Yb,O3 and V,05
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Table 4 Yb,03;—V,05 system. Compositions of the initial mixtures and results of phase analyses after the last stage of their heating or ball

milling
No. mol% Phase composition of samples Phase composition of samples after synthesis
after high-temperature treatment method high-energy ball millin

Yb,0, V,0s g p g gy g

1 95.00 5.00 YbgV,017 + YboO; Yb1.83900.064V0.00703

2 90.00 10.00 ngV2017 + Yb203 Yb1A688E]04125V04188O3

3 80.00 20.00 YbgV,017 Ybi 41200235V 035303

4 70.00 30.00 YbVO, + Yb,03 YbVO, + Yby_ 5,05, V3,03

5 55.00 45.00 YbVO, + Yb,05 YbVO, + Yby 5,15, V3,03

6 50.00 50.00 YbVO, YbVO,

7 45.00 55.00 YbVO, + V505 YbVO, + V,0s

were present in them in small amounts. The diffrac-
togram of sample 6 after the third stage of its heating
revealed only the set of XRD lines characteristic of
YbVOy, (PDF card no. 00-017-0338) (Fig. 6d). After the
same stage of heating, the diffractogram of sample 7
proved that this sample was biphasic and besides
YbVO, contained also small amounts of V,Os. Anal-
ysis of the phase composition of samples 1-5, repre-
senting the other concentration range of the system
components, i.e., the concentrations over 50.00 mol%
Yb,O;, proved that after stage IV of their heating (at
1200 °C) the samples contained the oxide Yb,Oj
besides YbVO, (Fig. 6¢c). After the next stage of
heating at 1400 °C, the phase composition of samples
1-3 changed significantly. Their diffractograms no
longer showed the XRD lines characteristic of YbVOj.
After this stage of heating, these samples were
biphasic and besides Yb,O; contained a known
compound YbgV,0;; (Fig. 6a) [15, 16]. After the last
stage of heating at 1450 °C, sample 3 was monophasic
and contained only YbgV,0,7 (Fig. 6b) [16]. Accord-
ing to the above results of the high-temperature
reaction study, besides the known compounds
forming in the binary system V,Os-Yb,O3 [7-16],
ie,YbVOs and YbgV,O;7, no other phase was
obtained. It means that the solid solution showing the
structure of Yb,O; forms only as a result of high-
energy ball milling of a mixture of oxides V,0O5 and
Yb,Os, whereas pure YbVO, can be obtained by the
two methods. On the other hand, the compound
YbsV,0;7 was obtained only as a result of the high-
temperature reaction (Fig. 6b). Figure 6 presents a
fragment of XRD diffractogram of the (a) Yb,Os.
+ Yb3V2017, (b) ngVzO-w, (C) Yb203 + YbVO4 and
(d) YbVO,.
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Fig. 6 Fragments of diffractograms of a Yb,03 (‘) + YbgV,0,~
(0:0), b ngV2017 (0:0), C szOg; (‘) + YbVO4 (‘) and
d YbVO, (0).

Conclusions

— The substitutional limited solid solution of the
formula Yb,_s5,[1,,V3,03 and 0.00 < x < 0.1667 is
formed in the system Yb,O3—V,0s.
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— The solid solution has been obtained in air only by
high-energy ball milling of the oxides: Yb,O3 and
V,0s.

— The solid solution Yb,_s5,[15,V3,05 crystallizes in
the cubic system.

— With an increasing x in Yb,_5,[15,V3,03, the
crystal lattice of solid solution expands.

— The solid solution Yb,_5,[1,, V3,05 is stable in air
atmosphere up to ~ 800 °C.

- Yby_5,[15,V5,0;5 belongs to the group of semicon-
ductors with the band gap energies ~ 2.5 = 0.2 eV.
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