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ABSTRACT: This paper is focused on the obtaining of materials based on ZnTa,04 and ZnNb,O¢ both doped with V,0s, by solid
state method. To characterize the obtained materials XRD, SEM/EDAX, AFM and UV-Vis analysis were performed. The
morphology of the two materials revealed a rod like shape of the particles with more ordered alignment of particles for the second
material. EDAX experiments confirmed the structure and composition of the two compounds. UV-Vis analysis was done and further
the band gap for each of the materials was determined, having the following values: 4.03 eV and 4.06 eV.
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1. INTRODUCTION

The pseudo-binary oxides ZnTa,O¢ and ZnNb,Og are
both known as materials which act excellent as
photocatalyst [1] or for possessing excellent
microwave dielectric properties [2-5]. Until now, it
was reported various obtaining methods as molten
salt synthesis [2], solid state method [6],
coprecipitation [3], hydrothermal [7] and also sol-gel
[8-10] method. It was shown that the advantages of
using molten salt synthesis is that it could control the
form and size of the particle, because solid-state and
sol-gel methods are offering sometimes a too
dispersed size of particle and too high temperatures
might be used in obtaining.

The vanadium oxide, V,0s, is known as a precursor
widely used in obtaining materials as: wurtzite,
phosphor materials or vanadate glasses, often in
combination with ZnO [11-13].

In the present paper, results regarding the obtaining
through the solid state synthesis method and
characterization of ZnTa,O¢ and of the ZnNb,Og¢
materials both doped with V,0s materials are
presented.

2. EXPERIMENTAL

1. Solid state synthesis of the ZnTa;0s and
ZnNb;0g, both doped with V,05

The materials ZnTa,O¢ and ZnNb,Og, both doped
with V,0s, were obtained through the solid state
method. The precursors that were used are: the
pseudo-binary oxide ZnTa;Os obtained at 1100°C
through the solid-state method as it was described in
[14], the pseudo-binary oxide ZnNb,O¢ obtained by
the same solid-state method and tantalum pentaoxide
(V205) (99, 6 % purity, Sigma).

The obtained mixtures using the molar ratio
(ZnTa;06)0.9 and (V205)0.1, (ZnNby0¢)0.9 and
(V205)0.1 were syntherized in an calcination oven at
600°C for 6 h/each sample. The heating and cooling
rate of the oven was 5°C/min.

2. Characterization techniques:

The characterizations have been performed on well
crystallized powder samples of materials.

The phase identification of the synthesized powders
was performed using X-ray diffraction (XRD) with
monochromatic Cu Ka (A = 1.5418 A) incident
radiation on an X’pert Pro MPD X-ray Diffraction
data were obtained for the angular range 20 = 10-80°
using a 0.020 step and the counting time was 5 s.

To determinate the morphology and the particle’s
dimension of the samples, the field emission-
scanning electron microscopy — SEM (Model
INSPECT S) and Atomic Force microscopy - AFM
(Model Nanosurf® EasyScan 2 Advanced Research)
were used. The optical band gap of both materials
was calculated by recording the diffuse reflectance



spectrum at room temperature, using a UV-VIS-NIR
spectrometer Lambda 950.

3. RESULTS AND DISCUSSIONS

1. Quality determination of pseudo-binary
oxides materials using XRD

In figures 1 and 2 are presented the X-ray diffraction
spectra of the ZnTa,O¢ and ZnNb,Os materials
doped with V,0s5 compared with the XRD spectra of
the ZnTa,O¢ respectively ZnNb,Og materials. Also,
in these figures the most intense peaks magnified are
inserted and it can be observed that the ZnTa,O¢
doped with V,0s, respectively ZnNb,Og doped with
V1,05 spectra are shifted to the left, due to the fact
that the ionic radii of the dopant (V) is smaller than
the ionic radii of the element that V substitutes (Ta
respectively Nb).
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Figure 1. The diffraction spectra of the ZnTa,O¢ doped with
V,0s5 and ZnTa,O¢. In the right upper part of the plot is
presented the magnified spectra of the most intense peak.

a-ZnNb,O,
b-ZnNbO_-V.O

2767276

Intensity fa.)

Intensity [a.u.]

T T T T
10 20 30 40 50 60 70 80
2 © [degrees]

Figure 2. The diffraction spectra of the ZnNb,O4 doped with
V,05 and ZnNb,Og. In the right upper part of the plot is
presented the magnified spectra of the most intense peak.

2. The morphologic and crystallites size study
for ZnTa;04 doped with V,0s and ZnNb;Os doped
with V,0;

In Figure 3(a), from SEM image, it can be observed
that the shape of the particles for ZnTa,Os doped
with V,0s is rod like. For ZnNb,Og doped with V,0s5

(figure 4(a)), the same rod like shape is noticed
which confirms the previously reported experiments
[2, 6], with the observation that the image reveal
smaller rods in a more ordered form, oriented by a
direction reporting to the ZnTa,O4 doped with V,0s.

From the EDAX images, (figures 3(b) and 4(b)),
only the Zn, V, Ta and respectively Nb peaks can be
demonstrate  the

observed  which material

composition.
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Figure 3. SEM (a) and EDAX (b) images for ZnTa,0¢ doped
with V,05 obtained at 600°C with a 6 h reaction time
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Figure 4. SEM (a) and EDAX (b) images for ZnNb,O4 doped
with V,0s obtained at 600°C with a 6 h reaction time

To confirm the results obtained from the SEM
measurements, AFM measurements were realised in
the contact mode on a surface of about Ipym x 1 pm
for each material. From figure 5 (a) it can be
observed the topographical map for ZnTa,O¢ doped
with V,0s and from figure 5(b) the size of the
particles which is between 1 and 2.5 nm. From figure
5 (c) it can be seen that the particles are uniformly
arranged on the analysed surface.

The AFM images of ZnNb,Os doped with V,0s are
presented in figure 6. The 3D topographical map of
the material in presented in figure 6 (a). From figure
6(b) it was noticed that the particles size is between
2 and 4 nm. Figure 6 (c) shows an uniformly
distribution of the particles on the analysed surface.
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Figure 5. The AFM images of ZnTa,O4 doped with V,0;
representing: a) the 3D topographical map; b) Height



distributions of the particles; ¢) The particles distribution on the
scanned surfaces
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Figure 6. The AFM images of ZnNb,O¢ doped with V,0;
representing: a) the 3D topographical map; b) Height

distributions of the particles; ¢) The particles distribution on the
scanned surfaces

Using the following equations for the average
surface roughness and the root mean squared surface
roughness’s calculations [15]:

1
Sa =;ET=1E:’;1|2U’ (1)
I
1 ”
%= \;;Z‘Z"E?ﬂz‘ Gy ) (2)

S. and S, were determined for an area A=1.312 pm?
(see Table 1). In equations (1) and (2) m and n
represent the number of the particles on x and y axis,
with z-the medium high of the particles, x; and ¥
represent the minimum and the maximum deviations
of the particles related to the medium value.

Table 1. The calculated roughness for the ZnTa,O4 and
ZnNb,O¢ doped with V,05 materials

Material Sa Sq
ZnTa,06 doped with V,0s5 0.1 nm 0.18 nm
ZnNb,O¢ doped with V,05 0.096 nm 0.17 nm

3.3. The optical properties of the ZnTa,0¢ and
ZnNb,O¢ doped with V,0s materials

Using the Kubelka-Munk equations [16, 17], from
the reflectance spectrum, the absorbance was calculated
(Figure 7). Using the absorbance spectra, the band
gap was determined. {(k/s)hv}? versus hv plot was
inserted in figure 7.

Figure 7. The absorbance spectrum of: ZnTa,O4 doped with

V,05 and ZnNb,0O¢ doped with V,0s . vs. hv
(energy was inserted for: ZnTa,O4 doped with V,0s and
ZnNDb,O¢ doped with V,05

For ZnTa,0¢ doped with V,0s, the band gap value
was found to be 4.06 eV and respectively, 4.03 eV
for ZnNb,Og¢ doped with V,0s. For this second




material was reported in the literature [10] the same
value for the band gap (4.0eV).

4. CONCLUSIONS

This paper is devoted to the obtaining of ZnTa,;O¢
and of ZnNb,O¢ both doped with V,0s through the
solid state method at 600°C. XRD experiments show
that both materials were formed, the most intense
peaks being shifted to left, due to the smaller ionic
radii of the dopant V ions which substitute the Ta
respectively the Nb ions in the pseudo-binary oxides
materials: ZnTa,Os and ZnNb,Os. SEM/EDAX
images revealed in both cases a rod like shape of the
particles, which for the second analysed material are
aligned according with a direction. The morphology
and the size of particles were confirmed by the AFM
measurements. UV-Vis analyses were made and
further it was calculated the band gap for each of the
materials, for ZnTa,O¢ doped with V,0s, the band
gap value was found to be 4.06 eV and respectively,
4.03 eV for ZnNb,Og doped with V;,0s.
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