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ABSTRACT
Sr,Nb,0O,,—Nb,O, nanocomposites were synthesized in 2 and 4 M KOH aqueous solutions, via a non-stoichiometric
1:2 Sr:Nb molar ratio hydrothermal method at 160°C for 48 h (S, and S,, respectively). Sr(NO,), and Nb,O, were
used as raw materials. The synthesized nanomaterials were characterized by powder X-Ray diffraction (PXRD)
technique. It was found that Sr,Nb,O,  has been crystallized in hexagonal crystal structure with space group
P-3m1. Nb,O, lattice parameters were also found as a= 6.175 A, b= 29.175 A, and c= 3.93 A and a= 12.73 A,
b=5.56 A, and c= 4.88 A with y= 105.1°, respectively for the orthorhombic and monoclinic crystal structures. The
morphologies of the synthesized materials were studied by field emission scanning electron microscope (FESEM).
The FESEM images showed that the S, and S, nanocomposites had flower and plate like structures, respectively.
Ultraviolet-Visible (UV-Vis) spectra analyses showed that the synthesized nanocomposites had strong light
absorption properties in the ultraviolet light region. FTIR spectra of the obtained nanomaterials were also studied.
Cell parameter refinements of the synthesized nanocomposites were also investigated.
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1. INTRODUCTION

Ceramics with general formula AB,O  orA B O, Sr,Nb,O . has been investigated for diamagnetic insu-
represent cubic perovskite structures. They are called lator [4-5]. Several methods have been reported for the
cation-deficient perovskites and are subject of interest synthesis of Sr,;Nb,O , nanomaterials such as reaction
because of their properties such microwave dielectric sintering process [2], solid state reaction [3, 5 and 6],
[1], high relative permittivity, and low temperature pyrolysis, and calcinations [7]. In the present study, a
coefficient of resonator frequency [4]. Among them, hydrothermal route was employed successfully for the
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synthesis of nanostructured Sr.Nb,O,, — Nb,O, com-
posites using Sr(NO,),, Nb,O, and KOH as raw mate-
rials. To the best of our knowledge, there is no report
on the synthesis of nanostructured Sr,;Nb,O,, — Nb,O,
composites by this method. The effects of KOH con-
centration on the final products in phase composition
and particle morphology were investigated, and the
band gap energy of the as-prepared nanocomposites
samples was initially estimated from UV-Visible spec-
tra. Besides, FTIR spectra of the synthesized nano-
composites were also studied.

2. EXPERIMENTAL

2.1. Materials and methods

All chemicals including Sr(NO,),, Nb,O, and KOH
were of analytical grade and were obtained from com-
mercial sources (Merck, Germany) and were used
without further purifications. The nanomaterials S,
and S, were synthesized via hydrothermal method in
2 and 4M KOH aqueous solutions, respectively. Phase
identifications were performed on a powder X-Ray
diffractometer D5000 (Siemens AG, Munich, Ger-
many) using CuK  radiation. The morphology of the
obtained materials was examined with a field emis-
sion scanning electron microscope (Hitachi FE-SEM
model S-4160). Absorption spectra were recorded on
a Jena Analytik Specord 40 (AnalytikJena UK, Wem-
bley, UK). Also, FTIR spectra were recorded on a Ten-
sor 27 (Bruker Corporation, Germany). Cell parame-
ter refinement was reported by celref software version
3 (Laboratoire des Materiaux et du Génie Physique de
I’Ecole Supérieure de Physique de Grenoble).

2.2. Hydrothermal synthesis of Sr.Nb,O,- Nb,O
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nanocomposites

In typical synthetic experiments in both methods, 0.16
g (0.75 mmol) of Sr(NO,), (Mw =211.62 g mol ') and
0.20 g (0.75 mmol) of Nb,O, (Mw = 265.82 g mol)
were used. The raw materials were added to 50 mL
of hot aqueous solutions of 2 or 4 M KOH (S, and
S,, respectively) under magnetic stirring at 80°C. The
resultant solutions were stirred for further 15 min and
transferred to a 100 mL Teflon lined stainless steel au-
toclave. The autoclave was sealed and heated at 160°C

for 48 h. When the reaction was completed, it was
cooled to room temperature by water immediately.
The prepared powder was washed with distilled water
and dried at 120°C for 20 min under normal atmo-
spheric conditions and a cream like powder was col-
lected for further analyses.

3. RESULTS AND DISCUSSION

3.1. Powder X-Ray diffraction analysis

The X-Ray diffraction patterns of the Sr,;Nb,O . —Nb,O,
nanocomposites samples are reported in Figures 1 and
2. Figure 1 shows the X-Ray diffraction (XRD) analy-
sis of Sr.Nb,O,, sample obtained in the 6-20 geom-
etry with Cu-K  radiation. The results showed that the
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Figure 1: PXRD patterns of the S,. The bars show the

Bragg's positions for a) Sr,Nb,O,,, b) orthorhombic Nb,O,

and c¢) monoclinic Nb,O,.
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Figure 2: PXRD patterns of the S, The bars show the
Bragg's positions for a) Sr,Nb,O,,, b) orthorhombic Nb,O,
and ¢) monoclinic Nb,O,.

pattern had two Sr,Nb,O . and Nb,O, as main phases.

4715
Sr,Nb,O,, structure was detected with hexagonal crys-
tal structure which has been crystallized in the P3-m1
space group [1]. Two different crystal structures were
observed forNb,O, inboth (S )and(S,) samples; name-
ly orthorhombic and monoclinic crystal structures.
Nb,O, lattice parameters were found as a= 6.175 A,

b=29.175A,andc=3.93 Aanda=12.73 A, b=5.56 A,

Table 1: Cell parameter data for samples 1 and 2.

and c= 4.88 A with y= 105.1°, respectively for the
orthorhombic and monoclinic crystal structures. It
is also clear that according to the PXRD pattern, the
Sr,Nb,O,, phase formation compared to Nb,O, phase
is about 30%. Figure 2 shows that with changing the
synthesis condition, there is still a mixture of two
phases including Sr.Nb,O . and Nb,O,. The measured
XRD data are in agreement with those of reported
XRD for Sr,Nb,O,, nanomaterials [1]. According to
the PXRD patterns, it was found that the Sr,Nb,O
phase formation compared to Nb,O; is about 45%. So
it is clear that there is an optimization in Sr,Nb,O .
phase formation with increasing KOH concentration.
Compared to the nanomaterials of the hydrothermally
synthesized Sr,Nb,O . (S)), the diffraction lines in the
powder XRD patterns of the Sr,Nb,O,, — Nb,O, nano-
composites (S,) has shifted to lower 20 values and
therefore to the higher d values. So, using the peak
with miller indices of 110, a blue diffraction line shift
of A20 = 31.52° (S2) — 31.78° (S)) = -0.26° (Ad =
2.8308 A (S2) - 2.8133 A (S,) = 0.0175A) are calcu-
lated via Bragg’s equation. So there is an expansion in
the unit cell according to the calculated data.

Table 1 shows that refined cell parameter data for
(S,) and (8S,), respectively. The data showed that with
changing the synthesis rout, the cell parameters for
(S,) were larger than those of (S)). So there should be
an expansion in the unit cell. It is in agreement with
the interplanar spacing data calculated via Bragg’s

equation.

3.2. Morphology of the materials

Figure 3 shows typical FESEM images of the hydro-
thermally synthesized Sr,;Nb,O . — Nb,O, nanocom-
posites in 2M KOH solution (S ). From the typical
FESEM images of S, at low magnification in Figures
3a and b, it was found that the morphology of the

obtained materials was in flake-like form. At higher

Cell parameter Standard Sample [3] St,Nb,O, (S)) Sr,Nb,O . (S,)
9.79601 9.8064 9.9136
b 5.65701 5.6526 5.7995
c 11.42101 11.3809 11.4237
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Figure 3: FESEM images of S,.

magnification in Figures 3¢ and d, it is clear that the
thickness sizes of the flakes are in the range of about
70 to 150 nm.

Figure 4 shows typical FESEM images of the hydro-
thermally synthesized Sr,;Nb,O . — Nb,O, nanocom-

520 12348 :27)

posites in 4M KOH solution (S,). FESEM images of
S, in Figures 4a and b showed that the morphology
of the obtained materials was in a mixture of flower
structures from rods as petals. The small flower struc-
tures from the very small plates as petals crossed each
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Figure 5: FTIR spectra of S, and S,,.

other formed the other like flower structures. Figures
4c and d show that the length sizes of the rod struc-
tures was in a range of about 150 to 300 nm. The
thickness size of the rods was about 50 to 150 nm. So
the images showed that the size ranges of the obtained
materials were nearly non-homogeneous. Also, Figure
3d showed that the thickness size of the very small
plates was in a range of about 37 to 50 nm.

Figure 5 shows the FTIR spectra of the synthesized
S, and S, nanocomposites. The FTIR spectra ob-
tained on the samples S, and S, show main absorp-
tions bands at around 621, 644, 858, 1402, 1469 c¢cm'!
and 566, 854, 1398, 1454, 1645 cm’!, respectively,
that are characteristic for the synthesized Sr,;Nb,O, ;-
Nb,O, nanocomposites. The bands at around 650 and
850 cm™ are assigned to monoclinic Nb,O, and the
bands at around 550 cm™ is attributed to orthorhombic
Nb,O, [8-11]. It is a confirmation of the co-existence
of both orthorhombic and monoclinic Nb,O, in the
synthesized nanocomposite that is in agreement with
the measured PXRD data. The weak bands at around
1450 and 1640 cm™! are attributed to the bending mode
of H,O molecules. The band at around 620 cm™ is as-
signed to Sr— O vibration [12-14].

Figure 6 shows the UV-Vis spectra of the synthe-
sized nanocomposites. The absorption peak positions
in both spectra suggest that these materials are wide
band gap semiconductors. It is clear in Figure 6a that
there are three absorption bands at 208, 222, 253 and
a shoulder at 270 nm. The absorption edge band is at
about 360 nm and so the calculated band gap is about
3.44 eV. However, in Figure 6b there are the bands at
210, 285 and a weak band at 337 nm. The absorption
edge band is at about 385 nm and so the calculated
band gap is about 3.22 eV that is smaller than that of
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Figure 6: UV-Vis spectra of S, (a) and S, (b).

S,. It is not surprising to observe the difference in the
optical property because these two specimens have
different constituting crystalline phases. However, it
is clear that the absorption spectrum shown in Figure
Sa is almost like that of Nb O, that is because of the
very large Nb,O,/Sr.Nb O, phase ratio [15]. Also, it is
nearly like the other Sr-Nb-O mixed metal oxides ab-
sorption spectra. However, the band gaps are different

from the calculated data in this work [16].

4. CONCLUSIONS

In this work, Sr.Nb,O,, — Nb,O, nanocomposites
were synthesized successfully via hedrothermal meth-
od. PXRD patterns showed that the synthesis was
successfull. FESEM images showed that the as-syn-
thesized materials were in flake like (S,) and two kind
flower like structures (S,). UV-Vis and FTIR spectra
of the synthesized nanocomposites were also investi-
gated to further support the synthesis of the nanocom-
posites. Cell parameter refinements of the synthesized

nanocomposites were also investigated.
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