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ABSTRACT

In this investigation, we report synthesis of new cationic-anionic Barium-Vanadium complex
with 2, 6- pyridinedicarboxylic acid ligand. This compound [Ba(H,0),][VO,(dipic)],(1) has been
characterized using elemental analyses, FT-IR, UV—-Vis and Cyclic voltammetry (CV) techniques.
Also in this study we report facile synthesis of Barium-Vanadium Oxide nanoparticle under thermal
decomposition, using precursor complex (1). Characterization of Barium-Vanadium Oxide
nanocomposites was carried out by scanning electron microscopy (SEM), energy dispersive X-
ray analysis (EDX), X-ray powder diffraction (XRD) and Fourier transform infrared (FT-IR)
spectroscopy. The X-ray diffraction pattern at room temperature revealed that, highly pure and
crystallized Ba,(VO,), with rhombohedral structure.
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INTRODUCTION

Oxide structures with nanometric
dimensions exhibit novel physical and chemical
properties, with respect to bulk oxide materials, due
to the spatial confinement and the proximity of the
substrate. Many them have been described during
the past few years'? . Like most other transition
metal oxides, Vanadium, can appear in different
states like: V,0,, VO,, V,0, and V,0. Nanostructured
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vanadium oxides have been extensively studied*.

Various nano compounds that capacities
as catalyst with highly regarded in the field of
electronics and applications °.

They exhibit a great variety of
nanostructures, ranging from 1D to 3D®” also V,0,
has even been chosen as a model system for the
description of nanostructured materials®. Vanadium
oxides find major applications in the field of lithium
ion batteries®'®. Nanostructured vanadium oxides
exhibit unusual morphologies such as nanowires,
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nanobelts, nanorods, nanotubes and even flower-
like or nano-urchin shapes''-'3.

In this study we describe preparation of
the Barium-Vanadium oxide nanoparticle via
synthesis of inorganic precursor metal complex. The
complex were characterized by use of
physicochemical methods, including spectroscopic
(IR, UV-visible) studies. Cyclic voltammetry (CV)
method was used to investigate the electrochemical
behavior of the complex. The produced nanoparticle
characterized using FT-IR, XRD, SEM and EDX. The
results are presented and discussed.

EXPERIMENTAL

Materials and physical measurements

The raw materials used in this work were
of purities above 99%, therefore no further
purification was required. All solutions were
prepared with double distilled deionized water.
Elemental analyses (CHN) were determined on a
Heraeus rapid analyzer. Fourier transform infrared
(FT-IR) spectra were recorded using JASCO 460
FT-IR spectrophotometer in a KBr matrix. UV-Vis
spectra were recorded on a JASCO 7850
spectrophotometer. The redox properties of the
complexes were studied by cyclic voltammetric
method. Cyclic voltammogram was recorded by
using a SAMA 500 Electro Analyzer. X-ray powder
diffraction (XRD) measurements were performed
using an X'pert diffractometer of Philips Company
with graphite monochromatic Cu K, radiation at room
temperature in the 2q range of 10-60°. The sample
characterized by using scanning electron
microscopy (SEM) and energy dispersive X-ray
(EDX) techniques (Philips XL30) with gold coating.
Preparation of [Ba(H,0),] [VO,(dipic)], (1)

For the synthesis of this complex, the
cationic and anionic parts were prepared separately
then added together and the final product was
obtained.

To Prepare cationic part: To a salt of Barium
Chloride (0.122 g, 0.5 mmol) was added double
distilled deionized water (10 mL) and the mixture
was stirred for 10 hour at room temperature to give
a clear solution.
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To prepare anionic part: To a solution of
NH,VO, (0.117 g, 1 mmol) in double distilled
deionized water (15 mL) was added a aqueous
solution (10 mL) of (NH,),(dipic) (0.202 g, 1 mmol)
and the mixture was refluxed at 100°C for 24 hour
to give a clear yellow solution.

Then a solution of [Ba(H,0),]** was added
to [VO,(dipic)] and the mixture was refluxed for 5
day. White crystals of 1 were obtained by slow
evaporation of solvents and kept for further
characterization. Yield 69%. Anal. Calc. for
C, H,,BaN,O, V,:C,21.63; H, 2.85; N, 3.60;. Found:
C, 21.58; H, 2.82; N, 3.51%. FT-IR (KBr, cm™) v __
2600-3000 v(O-H), 1331, 1701 v (-COO"), 1530—
1300 v (C=C) and v (C=N), 956 v (V=0), 478 v(V-
0), 460 v(V-N), 517 v(Ba-0)'*'® (Schem. 1) .

H,0. ‘ OH,
H \Ba/ OH, i ! T
| N || | SN N
OH, P )

Scheme 1: Recommended
structure of complex (1)

Electronic excitation study

The UV-visible spectra of the title complex,
acquired in aqueous solution. A moderately intense
band observed at 215 nm that corresponding to the
charge transfer (LMCT) from oxygen atom to
Vanadium ion (O — V),

The bands in the UV region at
approximately 268 nm assigned to intra-ligand
transitions (n—n* and n—n*) 202!, V*5 complexes
have d° arrangement therefore no d-d transitions
are expected. Fig.1
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Fig. 1: UV-visible absorption
spectrum of [Ba(H,0),] [VO,(dipic)],
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Electrochemical Studies

The cyclic voltammogram of complex(1)
was obtained at 25°C under an argon atmosphere
using DMF solution containing 0.1 M TBAH as
supporting electrolyte and complexes concentration
of 4x10° M at a glassy carbon working electrode.
Ferrocene (Fc) was used as the internal standard,
and all redox potentials are referenced to the Fc+°
couple.

Complex (1) shows two quasi reversible
reduction waves at 0.2 V and -0.9V versus the Fc/
Fc+ couple attributed to reduction of V+*/ V+* and
V+4/ V+3 respectively Fig. 2. Irreversible reduction
waves at negative potential -1.6 V assigned to
reduction of ligand.?>23
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Fig. 2: Cyclic voltammogram
of [Ba(H,0),] [VO,(dipic)], (1)

Preparation of Barium-Vanadium oxide
nanoparticle Ba,(VO,),

Barium-Vanadium oxide nanopatrticle was
prepared from title compound (1) using the physical
method. First 1.0 g of compound (1) dissolved in
oleic acid solution (5mL) as a surfactant. Then
calcinated at 1100°C for 4 hin the furnace to formed
Ba,(VO,), nanoparticle by thermal decomposition.
The final product was collected and washed with
distilled water and absolute ethanol several times,
dried in air and kept for further characterization.

RESULTS AND DISCUSSION

The FT-IR spectrum precursor complex (1)
is shown in Fig. 3. The broad absorption band at
2600-3000 in (1) is related to stretching vibrations
of O-H group. Absorption bands at 1330 cm™ and
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1700 cm™ are corresponding to stretching vibration
of carboxylate group . Stretching band of V=0 group
is observed at 956 cm™'. Absorption bands are
observed at 478, 460and 517 cm ' in (1) are
corresponding to V-O, V-N and Ba-O group
respectively. As shown in Fig. 4 the intensity of these
bands decreases when compound (1) is heated at
1100°C. At this temperature, there is broad band at
2500-3500 cm' is representative of adsorbed water
on the external surface of the sample. Absorption
band at 801 related to Barium-Vanadium oxide
nanoparticle and providing clear evidence for the
presence of the crystalline Ba,(VO,),*
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Fig. 3: FT-IR spectrum of complex
(1) before thermal decomposition
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Fig. 4: FT-IR spectrum of Ba,(VO,),
after calcined of complex (1) in 1100°C

Fig. 5 show XRD pattern for Ba,(VO,),. Itis
obvious that all the diffraction peaks can be indexed
to rhombohedral phase with space group A7, in
compared with the standard XRD pattern of
Ba,(VO,), (JCPDS card No0.00-025-1192)
diffraction pattern.
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No peaks of impurities were detected,
indicating the high purity of title product. In addition,
the intense and sharp diffraction peaks suggest the
obtained product is well crystallized. The broadness
of the peaks indicates the small dimensions of the
nanoparticle. The crystalline size of the title
nanoparticle, was calculated using the Debye-
Scherre formula from the major diffraction peak of
the corresponding particle®. Upon the main peak,
the average size of the particle calculated 2.36 nm.
Maximum diffraction is in 20=32.06 and (015) as
miller indice and The distance between crystalline
planes is d=3.24&?2.

.....

Fig. 5: XRD patterns of Ba,(VO,),

The surface morphology, structure and
size of the nanoparticle were carried out using SEM
image. The SEM image of title nanoparticle is clear.
So provided in the form of nanoparticle and almost
the morphology and uniformity in the image of them,
relatively spherical and porous and beneath the
high porosity for use as a catalyst for much is suitable.
Fig.6 show the SEM image of the prepared Ba,(VO,),
nanoparticle.
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To further confirm the chemical
composition, EDAX spectrum was recorded. The
very strong peaks related to V, Ba and O are found
in the two spectrums (Fig. 7) and no impurity was
detected. So this method was also verified the
formation of title nanoparticle by measuring of
ingredient atoms which can be observed in percent
of them. Table1.

. Adpe
Fig. 7: EDX pattern of the
nanocrystalline Ba3(VO4)2
Table 1: EDX data of Ba,(VO,),
El W% A%
O 18.52 61.88
\Y 11.42 11.98
Ba 60.52 23.53
Au 9.54 2.59
CONCLUSION

In summary, we have successfully
synthesized Ba,(VO,), nanoparticle with the new
Barium-Vanadium complex by thermal
decomposition method. The size of the Ba,(VO,),
nanoparticle was measured both by XRD and SEM
and the results were in very good agreement with
each other. XRD reveals the phase pure formation
of nanoparticle, which is further confirmed by FT-IR.
The Barium-Vanadium complex was a suitable
precursor for preparation of Barium-Vanadium oxide
nanoparticle with interesting morphologies. All
results reveal that thermal decomposition method
can be employed successfully as a simple, efficient,
low cost, environmentally friendly and very
promising method for the synthesis of nanoscale
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materials without a need for special conditions, such
as long reaction times, and high pressure. This
method may be extending to synthesize other metal
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