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Simple growing closed-volume technique as similar to the Bridgman method for obtain-
ing of the V,045 micro- and nanocrystalline structures is considered. The morphology
features of produced crystalline structures were investigated using scanning electron
microscope and X-ray diffraction method. The some observed V,04 structures are briefly
described with account of the physicochemical conditions of preparation.

PaccmorpeH mpocToil crmocod MoJyueHUs MUKPO- U HAHOKPHUCTANJINUYECKUX CTPYKTYP Ha
ocuose V,05 B 3aMKHyTOM O6BeMe, Gnuskuii K MeTony Bpumxmena. C moMomipio pacTpoBOro
JIEKTPOHHOI'0 MHKPOCKOIIA M X-JTy4eBoro Iu(PpPaxkIMOHHOIO MEeTOJa MCCJIeILOBaHbBI MOPdOJIO-
ruyecKre OCOOEHHOCTHU IIOJYYEHHBIX KPHUCTANINYECKHX CTPYKTYp. KpaTko ommcaumbl HEKOTO-
pele HaGmogaemsle cTPYKTYpPEl V,05 ¢ yueToM (PUBMKO-XMMHYECKUX YCIOBUI CHHTe3a.

1. Introduction

Vanadium oxides are attracted strong in-
terest material scientists over the past years
for their electrical, optical, electrochemical
properties: metal-to-insulator transition for
most vanadium oxides, electrical switching
of V,0g, high ion interaction capacity, high
sensitivity of active elements for gas sen-
sors etc [1-6]. Vanadium pentoxide in dif-
ferent forms is intensively studied. The
nano-compounds V,05 are unique materials
with properties which depend on obtaining
conditions.

There is a number of recent communica-
tions about synthesis of elongated struc-
tures based on the V,05. In particular, va-
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nadium pentoxide nanorods and nanowires
have been synthesized by reverse micelle
technique [2]. The length can be tuned eas-
ily by keeping the particles in micellar solu-
tion after the synthesis from 40 nm to
1 um. Authors [3] described a facile method
to self-assemble V,Og nanorods into micro-
spheres. In paper [4] it was proposed the
synthesis of vanadium pentoxide nanorods
based on thermal decomposition of chloride
vanadium vapor. The micro- and nanorods
with the thickness in the range from 50 nm
to 5um and length up to 7 um were obtained
in the work [4]. The V,0g compacted
nanopowder were used by authors [5] and
nanorods and nanotips with the thickness in
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the range from 50 nm to 100 nm on the top
of rods of larger size were got in this case.

In the present study the synthesis of sin-
gle crystals of V,0g5 was realized and the
conditions of micro- and nanoc-crystalline
formations during growth process of vana-
dium pentoxide were considered. For this
aim we obtained the nominally pure V,0g
and with additions (3 and 10 mass. %) of
SiO, powder. The morphology of micro- and
nano-formations in obtained samples was
considered. It is note, that it is the first
step of V,05 synthesis of single and micro-
crystals. Our works with the aim to opti-
mize the controlled synthesis regimes are
continued.

2. Experimental

Using V5,05 powder there were obtained
V,05 crystals and elongated micro- and
nano-structures with dimension in the range
from 0.1 pm to 0.5 pm. Considered struc-
tures were from 20 pm to 150 ym maximal
length. The investigated nano- and micro-
size crystalline structures were got in closed
volume (silica ampoule). The growing proc-
ess was based on Bridgman method. The im-
ages of the synthesized V,Og structures
were obtained by scanning electron micro-
scope (SEM). The phase compositions of the
micro- and nano-structures were controlled
using the X-ray diffraction (XRD) method.

Our experimental data on growing of
nano- and micro-size V,0g crystalline elon-
gated structures were recently reported in
[7, 8]. Vanadium oxides have been exten-
sively studied because of their important
properties. The V,05 compound has an or-
thorombic structure with lattice parameters
a =1.1510 nm, b = 0.8563 nm, ¢ = 0.4369 nm
[9]. The building block is a deformed octa-
hedron. The shortest V-O bond length cor-
responds to a double vanadyl bond (V-0 =
0.1585 nm). The other oxygens are labeled
O, bonded to two vanadiums, and O,
bonded to three vanadiums. The longest V-
O bond (V-0O, =0.2785 nm) is a weak van
der Waals bond. The V,05 hence has a layer
structure with an easily cleavage plane (the
c-plane).

Vanadium pentoxide has the low melting
point (963 K [10]) and crystals obtained
easily from the melt. During growing proc-
ess based on Bridgman technique [11] in
this work we obtained the V,05 crystals
(Fig. 1) and different structures with micro-
and nano-dimensions. V,0g crystals growing
was performed in quartz evaquated ampu-

310

b

| 1l uu/uu\'un.
o1y

Fig. 1. Photo of a V,05 crystal obtained by
the Bridgman method.
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Fig. 2. Typical X-ray patterns of V,05 start-
ing material (a) and grown V,05 nominally
pure crystal (b) at 295 K.

les. The vertical displacement speed was se-
lected about 6 mm/h. Temperature of active
zone was higher than the melting tempera-
ture per ~30 K. The grown dimensions were
cooled to room temperature at the switch
off regime of furnace.

V,0g with stoichiometric purity >98.5 %
was used as starting material for crystal
growth. The non-controlled impurities con-
tent was in the range of 0.01-0.30 mass. %.
In particular, the Si-compounds contents to
average 0.24 mass. % . Before synthesis the
starting material was caleined and purified
by horizontal floating-zone melting method
(thermal treated starting powder). For com-
parison with standard case (free for special
additions) we added to the starting V,0j5
powder the high disperse SiO, (8—10 mass. %).
Details about obtained samples are de-
scribed in the paper [8].
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Surface morphology and X-ray microana-
lysis of the samples were studied using the
REMMA-102-02 scanning electron micro-
scope. XRD analysis was performed using a
STOE STADI P powder Diffraction System.
The arrays of experimental intensities and
reflection angles from the investigated pat-
terns were obtained using above mentioned
diffractometer with a linear positional sen-
sitive detector PSD upon modified Ghinier
geometry scheme, with Bragg-Brentano
modes for transmission. Conditions of the
measurements were the following: pure

CuKay radiation (A =1.540598 A); bent
Johan type [111] Ge-monochromator;
26/w-scaning; 26-angle range is

4.000° < 26 < =120.000°; detector’s step is
0.480° (20); step scanned time is 250 s. Oth-
ers XRD-measurement details were the
same as previously described in [12]. The
investigations were carried out at room
temperature.

3. Resultls and discussion

A grown V,05 crystal boule is shown in
Fig. 1. The obtained crystals are brown or
yellow-brown colored, cleave into layers. In
crystal bulk the macrodefects (micropores
channel) are occasionally observed. The
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Fig. 8. SEM-image of the V,0j5 crystalline
layers.

XRD-analysis data of starting material and
the grown crystal are given in Fig. 2. As
shown the XRD-analysis, the obtained crys-
tal is mono-phase. The vanadium pentoxide
V,0g crystal structure is belonged to the
rombic D132h—Pmmn space group of V,0g
structure type. In the Table 1 the crystal-
lographic characteristics and microstructu-
ral parameters of investigate crystals are
presented. The coordinates and isotropic
thermal parameters in structure are de-
scribed in the Table 2. The strong textur-
ized surface of samples (the dominated ori-
entation of atomic planes) are observed in

Table 1. The parameters of structure refinement and crystallography data (unit cell parameters
(z&) a, b, and c; factors of reliability Rp, Ry, p, and Rp; average size <d> of coherent dispersion
domain, and average maximal stress <e>; prevail direction D and parameter & of orientation) for
vanadium oxides. The measurement for starting powder pointed as (I), the sample obtained from
thermal non-treated starting powder — (II); sample after thermal treated starting powder during

purification by floating-zone method — (III).

V205 a b c Rp, Ryp, Ry, % |<d>, A, <e>, % D, §
(M) |3.56403(8)| 11.5097(3) |4.37164(14)| 3.35, 4.22, 5.99 80536 [110]
14.6(+6.5)104 ~0.180(9)
(1) | 3.56606(2) |11.51465(10)|4.37678(19)| 1.97, 2.54, 4.50 |  875+209 [001], [110]
12.9(+2.7)-10~ | 2.52(5), 0.575(8)
(ITT) | 3.56542(3) [11.51230(10)| 4.8777(2) | 2.56, 8.21, 3.57 |  907+211 [001], [110]
12.5(x2.7)-10~4 | 2.26(5), 0.73(2)

Table 2. Positional (x, y, z) and thermal parameters (B;

sample III (see Table 1)

180

) of atoms in V,0g structure for the

Atom Position x y z B, (A)2
\% 4e 1/4 0.0963(3) 0.399(1) 0.84(8)
0, 4e 1/4 0.118(1) 0.068(5) 0.6(3)
o, 4e 1/4 0.5694(5) 0.536(3) 2.9(2)
04 2a 1/4 1/4 0.522(5) 0.7(20)
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Fig. 4. X-ray microanalysis performed for V,0g free pure surface sample (a) and for SiO, precipi-
tates (b) as addition to V,05 compound. The suitable test place signed as "mark 1" and "mark 2".
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Fig. 5. SEM-images of the typical observed V,Og crystalline structures: the synthesized lamellar
microcrystals (a); terraced surface and elongated rod-shaped structures (b, c); needle-like and
elongated formations (d); rod divided by sections (e) and stairs-like structures (f).
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the [001] and [110] directions. Obtained
data testify to dependence XRD-parameters
on preliminary thermal treatment of start-
ing materials. These differences most likely
caused by vacancy defects of structure in
oxygen sublattice.

The SEM-data (Fig. 3) for synthesized
V5,05 crystal shows the real layer-like struc-
ture and testify about equilibrium growth
process. Minimal visible (by microscope di-
mension) structure elements (Fig. 3) are
about 100 nm. The data of element X-ray
microanalysis are shown on Fig. 4. In crys-
tals free for nanocrystalline SiO, (surface is
free for SiO, aggregates of spherical-like
form, as shown in the Fig. 4a) the basic
elements of vanadium oxide samples — V
and O are registered. The spherical-like for-
mation (diameter is above 2—4 um) is the
SiO, phase (Fig. 4b).

Fig. 5(a—f) shown the typical observed
micro- and nanostructures in samples. It is
significant, that in undoped V,0Og samples
the crystalline micro- and nanostructures
are practically not observed. In the compos-
ite of V,05/SiO, the SiO, presence together
with layer nature of V,0Oz structure caused
the formation of observed crystalline nano-
and micro-structures (Fig. 5).

Our synthesized nano- and micro-size
crystalline structures (0.1+0.5 pm minimal
and 20+150 um maximal dimensions) are
similar to the described data (see e.g. [2-5,
13-15], it these works synthesis was real-
ized by different method). In this work for-
mation of rod-shaped crystals, whiskers,
and also lamellar crystals and planar or-
dered textures consisting of oriented rodi-
ous vanadium pentoxides was revealed. The
terraced surface, divided rod by section,
and stairs-like structures were occasionally
observed (Fig. 5). The planar structures
with a developed surface probably parallel
to the cleavage plane were formed, and in
the ensembles were grouped.

Evidently, the layering structure of va-
nadium pentoxide with controlled spacing
between V-0 layers is performed a leading
role in formation of nanostructures. The in-
troduction of SiO, nanopowder (as stimu-
lant/template) causes the additional condi-
tions for nanostructured V,0g formation.
The microcrystals deposition growing is re-
alized in region of the micropores and also
on the surface of the SiO, particles (Fig. 6)
and on the exposed surfaces of the crystal-
line of V,0g as on supporting materials.
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Fig. 6. Single nanorod deposited on surface
of the particle SiO,.

4. Conclusions

The formation of nano- and micro-struc-
tures of V,0g5 was revealed under the com-
plex conditions and, in particular, in inter-
surface positions with high flexion radius
(curvature factor) as considered e. g. in
works [16—18] for the growth of nanowires
and other nanoformations.

In this work the proposed procedure is
provided the possibility of the obtaining
nano- and micro- size crystalline structures
of V,0g with different morphology. The
changes of physicochemical conditions of
synthesis caused the morphology and dimen-
sions changes of the micro- and nano- struc-
tures of V,0g5. The preliminary thermal
treatment of starting material and special
additions (nanopowder SiO,) radically influ-
enced on the formation of nano- and micro-
crystalline structures of V,Os.
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Onep:xaHHA Ta CIOCTEpPE:KeHHS HAHO- i
MiKpO-pO3MipHMX KpucTaJdidHHX cTPYKTYp V,05

B.H .llleéuwyx, IO.M.Y camenko, I1.10./[emuenko,
O0.T.Anmonax, P.A.Cepxis

PosrasayTo mpocruii crmoci® orpuMaHHA MIKPO- Ta HAHOKPHUCTAJIIUHMX CTPYKTYP Ha OC-
moBi V,05 y samkmyTOMy 06’eMmi, GnmspKuii go mMeTogy Bpimxmena. 3a momomororm pacrpo-
BOTO eJIEKTPOHHOTO MiKpocKoma Ta X-IpoMeHeBOro IU(MPAaKIiiTHOTO METOLY JOCJiJ:KeHO MOp-
(osoriuni 0cOBJMBOCTI OTPUMAHUX KPUCTATIYHUX CTPYKTYpP. KOpoTKO onmucano gedki CTpyK-
TYypU V2051 110 cmocTepiranucs, 3 BpaXyBaHHAM (PisMKO-XIMiUHUX yMOB CHUHTE3Y.
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