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Abstract
NaNbO3 nanoparticles were obtained using the microwave-assisted hydrother-
mal method followed by heat treatment. It has been shown that heat treatment
to increase the crystallinity of the material and modifies particle shape, from
nanowires to nanograins.Nanowireswith a diameter of approximately 35 nmand
a length of tens of micrometers were obtained in the shortest time ever reported
in the literature. Particles in the shape of nanograins with a diameter of approx-
imately 35 nm were obtained by burning the nanowires. The photocatalytic
activity of the nanoparticles was investigated through the photodegradation of
Rhodamine B dye. Electronic structure analysis using density functional theory
(DFT) along with experimental techniques was performed to help understand
the photocatalytic activity of each sample. The obtained nanoparticles were
highly favorable for photocatalytic applications, especially the nanograins,which
degraded 100% of the dye in 50 min.
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1 INTRODUCTION

Currently, the planet is undergoing progressive techno-
logical development and population density, resulting in
increased generation of various effluents. Therefore, it is
necessary that they receive the appropriate treatment to be
degraded into harmless substances or less toxic to the envi-
ronment and to humans. Among the different treatment
methods, the advanced oxidative processes have received

increasing attention, because they can totally or partially
degrade compounds that are difficult to degrade,1 mainly
originating from the textile and pharmaceutical industry.
Heterogeneous photocatalysis is one of themost applied

oxidative methods and had its mechanism explained in
1972, by Japanese researchers Fujishima and Honda, who
reported the division of water molecules using as photo-
catalyst the semiconductor titanium dioxide.2 In this type
of process, the semiconductor when absorbing photons
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with energy equal to or greater than its band gap value
has its electrons excited from the valence band (VB) to the
conduction band (CB), generating an electron/hole pair,
thus forming oxidizing and reducing sites on its surface,
degrading in turn several pollutants.
Although heterogeneous photocatalysis is a promising

and sustainable approach to environmental remediation,
existing photocatalysts still face major limitations, for
example, the fast recombination of photoinduced charge
carriers, limiting photocatalytic activity. For this purpose,
great advances have been made using the strategy of
building heterostructures, which allows the migration of
charges between the materials involved, causing this spa-
tial separation to prevent their rapid recombination.3–11
Other factors also contribute to the performance of
photocatalysts such as crystal structure, particle shape,
electronic structure, and others.12 It is also known that
the reduction of the diffusion length is interesting,
because the smaller the particle, the smaller the transfer
distance of the photogenerated electron to the surface, also
because the particle ends up having a high surface/volume
ratio and a kinetically desirable structure.13 This makes
nanoscale particles very promising for this application.
Sodium niobate (NaNbO3) is a semiconductor that

has Perovskite crystal structure, that is, has ABX3 type
stoichiometry, where the A and B sites are occupied
by metallic cations, and the X site is occupied by an
element of the nonmetals group.14 It has many tech-
nological application properties, and, among them, the
photocatalytic applications presented in the literature
showed excellent results. 1313,15–23 Being a promising
photocatalyst because it is thermodynamically stable, has
high corrosion resistance, and is nontoxic.22,24 However,
studies have shown that the natural particle shape of
NaNbO3 is cubic and presents low photocatalytic activity,
but in syntheses with hydrothermal conditions followed
by heat treatment, it is possible to obtain the semicon-
ductor in the form of nanowires, with high photocatalytic
activity. 15,18,21,25
Under hydrothermal conditions, before the formation

of NaNBO3, a metastable phase of sodium hexaniobate
nanowires is formed (Na2Nb2O6.H2O), and as the syn-
thesis process progresses, the process of nucleation of
the crystals in the form of cubes on the wires occurs,
through the Ostwald ripening.18,25–29 To obtain Perovskite
in the shape of nanowires, it is necessary that its nucle-
ation takes place in a confined space, with short-range
diffusion, as is the heat treatment step.18 Therefore, to
obtain NaNbO3 in the form of nanowires, it is necessary
to synthesize Na2Nb2O6.H2O and apply a subsequent heat
treatment.18,25–29
To date, NaNbO3 particles in the form of nanowires

are extensively studied, as they are considered the most

promising for photocatalytic applications. Several research
has been devoted to elucidating its growth process and
comparing it with the natural cubic particle. However,
Farooq et al.13 obtained nanoparticles with a grain/cuboid
shape with sizes between 5 and 30 nm, with high pho-
tocatalytic activity. The nanoparticles were obtained by
the polymeric citrate precursor method, for 22 h and then
calcined for 12 h. Given the above, it is highly desir-
able to study other synthesis routes, preferably faster, to
obtain this type of nanoparticle and compare with the
nanowires. Therefore, in the present work, we present a
shorter time route to obtain NaNbO3 nanowires, and we
demonstrated that it is possible to obtain nanoparticles
similar to those reported by Farooq et al.,13 in a shorter
time as well, through the “breaking”’ of these nanowires.
The samples obtained had their photocatalytic activity
measured through the photodegradation of Rhodamine B
(RhB), a dye widely used in industries and known for its
high toxicity, good stability, and nonbiodegradability.30 An
analysis of electronic structure using first-principles calcu-
lations based on density functional theory (DFT) together
with experimental techniques were performed to under-
stand the photocatalytic activity of each sample. Therefore,
in the present work, we present a shorter time route to
obtain NaNbO3 nanowires, through microwave-assisted
hydrothermal synthesis, followed by a heat treatment pro-
cess. The heat treatment was carried out at temperatures
between 300 and 800◦C, to analyze the influence on the
crystalline structure, electronic structure, particle shape,
and photocatalytic activity, which was measured through
the photodegradation of Rhodamine B (RhB), a dye widely
used in industries and known for its high toxicity, good
stability, and nonbiodegradability.30 An analysis of elec-
tronic structure using first-principles calculations based
on DFT together with experimental techniques was per-
formed to understand the photocatalytic activity of each
sample.

2 EXPERIMENTAL PROCEDURE

2.1 Sample preparation

The samples were obtained according to the synthesis
presented in a previous study,31 with some modifications.
NaOH (Merck, 99.0%) and NbCl5(Brazilian Mining and
Metallurgy Company, 99.0%) were solubilized in distilled
water by magnetic stirring at room temperatura, com
concentrations of 6 M and 0.6 M, respectively. This
solution was heated at 180◦C in the adapted microwave
(800 W, 2.45 GHz, PANASONIC) for 15 min. The pre-
cipitate obtained was washed and centrifuged until the
pH was neutralized and then oven dried overnight.
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The final powder was submitted to a thermal treatment
in a tubular oven at 300–800◦C during 2 h using a
heating rate of 10◦C/min and naturally cooled to room
temperature.

2.2 Sample characterization

The thermal analyzes were investigated using a
(thermogravimetry-differencial thermal- derived ther-
mogravimetry) TG-DTA-DTG equipment (STA449F3,
NETZSCH), with atmosphere controlled by nitrogen.
X-ray diffraction (XRD) was performed using a diffrac-
tometer (Ultima IV, RIGAKU) with Cu-Kα radiation
(λ = 1.5406 Å), scanning from 2θ of 10–90◦ with speed of
10◦/min. Micrographs were obtained by scanning electron
microscopy (SEM) using an Field Emission Gun (FEG)
electron microscope (JSM7500F, JEOL). The transmission
electron microscopy (TEM) images were performed in an
electron microscope (CM200, PHILIPS) operated at 200
Kv. The optical gap of the samples was estimated by diffuse
reflection spectroscopy by a ultraviolet-visible (UV-Vis)
spectrometer (HR2000+, OCEAN OPTICS). The photo-
luminescence (PL) of the samples was analyzed using a
fluorescence spectrometer (Cary Eclipse, AGILENT), with
excitation laser of 280 nm. The surface area was estimated
using equipment (Quantchrome Instrument, Nova 4200)
in the presence of liquid nitrogen (77 K). The surface
area was determined using the Multipoint Brunauer,
Emmett and Teller equation, done automatically by the
instrument.

2.3 Photocatalytic analysis

The photocatalytic activity of each sample was evalu-
ated through the degradation of the organic dye RhB
(C28H31CIN2O3), in solution. The experiment was carried
out in a closed box at a temperature of 25◦C, internally lit
by five ultraviolet-C lamps of 15 W each (TUV, PHILIPS,
maximum intensity at 254 nm). The photocatalytic reac-
tion was carried out with 25 mg of powder dispersed in
50 ml of RhB solution (1×10−5 mol.L−1), under magnetic
stirring. Each sample was first stirred in the solution in the
dark for 30 min, to achieve the balance between adsorp-
tion and desorption. After the light was on, aliquots of
the solution were collected and centrifuged for further
analysis of absorption. The variation in RhB concen-
tration was recorded by monitoring the absorbance at
554 nm, using a UV-Vis spectrophotometer (SP200 UV,
BEL PHOTONICS).
For reuse tests, each powder was separated by centrifu-

gation after analysis, washed once with distilled water

and once with etanol, and dried. The powders were then
weighed, and the ratio between catalyst (0.5 mg) and the
RhB solution (1 ml) was maintained.

2.4 Theoretical calculations

DFTwas used to evaluate the electronic structure. The sim-
ulations were performed using the CRYSTAL17 package32
with the HSE06 hybrid functional. Such a functional was
selected because it generated values close to the exper-
imental results.33 All atomic basis was defined using
Triple-Zeta Valence with Polarization Gaussian basis sets
(POB-TZVP), Na center developed by Oliveira et al.34 and
Nb and O centers by Laun et al.35 The Coulomb and
exchange series thresholds (overlap and penetration for
Coulomb integrals, the overlap for Hartree Fock (HF)
exchange integrals, and the pseudo-overlap) used in the
CRYSTAL17 package were set as 8, 8, 8, 8, 16 (10−8, 10−8,
10−8, 10−8, and 10−16). The Pack–Monkhorst and Gilat
net parameters were set as 6 and 6, respectively.
The phase evaluation was performed according Rietveld

refinement analysis of the XRD patterns using General
Structure Analysis System (GSAS) program.36 In this
simulation, the background and the peak profiles were
adjusted using a Chebyshev polynomial of the first kind
and Thompson-Cox-Hastings pseudo-Voigt (pV–TCH),
respectively.37

3 RESULTS AND DISCUSSION

3.1 Structural and morphological
characterization

Figure 1 shows the XRD patterns of the sample as pre-
pared and with different heat treatment temperatures. The
peaks observed in the sample as prepared suggest the
structure reported as Na2Nb2O6⋅H2O, monoclinic phase,
space group C2/c, with the cell parameters: a = 17.114 Å,
b = 5.0527 Å, c = 16.5587 Å, and β = 113.947◦.18,25–29,31,38–46
As the heat treatment temperature of 300◦C is applied, it
is possible to observe that the peaks located in 2θ = 11–
14◦ and 28–31◦, characteristic of the Na2Nb2O6⋅H2O phase,
begin to decrease. Raising the temperature to 400◦C, and
there is the appearance of the peaks of the NaNbO3
phase. In samples treated between 500 and 800◦C, only
the peaks belonging to a single-phase NaNbO3 phase are
observed, orthorrombic phase, space group P21ma (JCPDS
82–606).13,39,47 In the sample treated 600◦C is possible to
observe a shift in the main peaks, possibly caused by
the diffusion of sodium ions in the lattice. When this
occurs, the material reduces its surface area to reduce
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F IGURE 1 XRD patterns

free energy caused by the tension in the lattice. At 700◦C,
the volatilization of sodium ions occurs, and the free
energy decreases, and the surface area increases again.
This behavior is seen in the samples, as presented in Sec-
tion 3.5. In addition, themean value of the crystallographic
domains was estimated by the Scherrer equation, resulting
in 21.90, 23.13, 24.05, and 27.43 nm for the NaNbO3 sam-
ples treated at 500, 600, 700, and 800◦C, respectively. This
demonstrates an increase in crystallinity as the tempera-
ture rises, as can be seen by the more defined diffraction
peaks as well. The crystalline phase of the NaNBO3 sam-
ples was confirmed by Rietveld refinement (Figure S1,
Table S1). All samples showed good convergence to the
orthorhombic phase P21ma, according to χ2 and RBragg
(Table S2).
To better understand the processes involved in the for-

mation and transformation of the Perovskite phase, a
TG-DTA-DTG thermal analysis was performed, shown
in Figure 2. Through the TG curve, an initial mass loss
is observed that occurs until the temperature of 181◦C,
this activity corresponds to the evaporation of the water
adsorbed on the surface of the Na2Nb2O6⋅H2O. Between
the temperatures of 181 and 305◦C, an endothermic peak is
observed, accompanied by another loss of mass, this activ-
ity corresponds to the dehydration of the Na2Nb2O6⋅H2O.
18,25–29,31,38–46 The DTA curve shows a sharp exothermic
peak in the temperature range between 487 and 549◦C,
without mass los indicating the complete formation of
the NaNbO3 phase, result compatible with that observed
in XRD (Figure 1). From 620◦C, an endothermic event is
observed in the DTA curve with a mass loss, indicating
that from this temperature onward, the volatilization of
sodium ions occurs. At high temperatures, the evaporation
of alkaline ions is high.47,48
Micrographs of the sample as prepared and at different

heat treatment temperatures are shown in Figure 3. The
sample as prepared (Figure 3A) has a nanowire particle

shape, compatible with Na2Nb2O6⋅H2O1818,25-29,38–46, with
an average diameter of approximately 35 nm and a length
of tens of micrometers. With heat treatment at 500◦C
(Figure 3B), where the complete formation of NaNbO3
occurs, the shape of nanowires is preserved, without sig-
nificant changes. When the temperature is raised to 600
(Figure 3C) and 700◦C (Figure 3D), it is possible to observe
that the nanowires begin to break and turn into smaller
particles, due to the rearrangement of crystals.47,49 In the
sample treated at 800◦C (Figure 3E), particles in the form
of nanowires are no longer observed, but a nanograin-like
particle with an average diameter of approximately 35 nm.
In addition, TEMwas performed on the samples treated at
500 (Figure 3F) and 800◦C (Figure 3G), to better observe
the morphological aspects and the size of the nanoparti-
cles. Through this analysis, it is observed that both sample
present shape and size consistent with the micrographs
obtained by SEM.
Gu et al.47 presented a study, where through a

solvothermal synthesis, at 230◦C for 16 h, using iso-
propanol as a reaction medium, obtained 1D particles
of Na7(H3O)Nb6O19.14H2O. That after being subjected
to heat treatment for 4 h, at different temperatures
with a maximum of 800◦C, gave rise to NaNbO3 par-
ticles with the same particle shape transformation pro-
cess obtained in this work. However, the precursor
Na7(H3O)Nb6O19.14H2O presented a larger particle diam-
eter, approximately 193.2 nm, resulting in NaNbO3 1D
with a diameter of approximately 305.1 nm and NaNbO3
in the form of ellipsoids with a width and length of
approximately 512.3 and 548.6 nm, respectively. There-
fore, we can observe with this study that the 1D precursor
of Na2Nb2O6⋅H2O originates 1D NaNbO3 particles with
very small diameter, and by raising the heat treatment
temperature above 700◦C, it was possible to obtain even
smaller particles, highly desirable for photocatalytic appli-
cations. Furthermore, given the results presented, it is
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F IGURE 2 TG-DTA-DTG curves

F IGURE 3 SEM: (A) as prepared, (B) 500◦C, (C) 600◦C, (D) 700◦C, (E) 800◦C, and TEM: (F) 500◦C, (G) 800◦C

also possible to verify the obtaining of NaNbO3 nanowires
in a shorter time already reported in the literature
(Table 1).

3.2 Photocatalytic performance

3.2.1 Photocatalytic activity

The photocatalytic activity of each NaNbO3 sample was
evaluated by the degradation of the RhB dye in solution,

as described in the experimental procedure. Figure 4A
shows the dye concentration curves over the analysis time,
where C0 and C indicate the initial concentration of RhB
and concentration at a specific time (min), respectively.
Through the dye curve, without the semiconductor, it is
observed that has a very low photolysis process. Photocat-
alytic activity is increased using the samples treated with
higher heat treatment temperature, reaching maximum
dye removal in 50 min. All samples showed high photo-
catalytic activity, reaching a maximum percentage of dye
degradation of 100% and minimum of 72% in a period of
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404 FERNANDES et al.

TABLE 1 Synthesis that obtained NaNbO3 nanowires

Synthesis method, temperature/time Heat treatment, temperature/time Reference
HID-C 183◦C/2 h 600◦C/6 h Alexandre et al. [32]
HID-AM 150◦C/1 h 350◦C/2 h Fernandes et al. [22]
HID-C 150◦C/4 h 400◦C/12 h Jung et al. [28]
HID-C 120◦C/3 h 400◦C/NE Ke et al. [18]
HID-C 180◦C/2 h 300◦C/12 h Liu et al. [9]
HID-C 140◦C/6 h 700◦C/3 h Pei et al. [35]
HID-C 200◦ C/24 h 550◦C/4 h Shi et al. [12,16]
HID-AM 180◦C/60 min 550◦C/4 h Teixeira et al. [20]
HID-AM 180◦C/30 min 550◦C/4 h Teixeira et al. [31]
HID-C 200◦C/8 h 400◦C/3 h Wang et al [33]
HID-C 160◦C/6 h NE/NE Wang et al. [34]
HID-C 150◦C/10 h NE/NE Yu et al. [19]
HID-C 160◦C/6 h 500◦C/2 h Zhang et al. [30]

Note: HID-C (conventional hydrothermal); HID-AM (microwave-assisted hydrothermal); NE (not specified).

F IGURE 4 (A) Variation in the RhB concentration with time. (B) Kinetic linear simulation curves of RhB degradation. (C) Reuse of the
photocatalysts for three cycles. (D) Percentage of RhB degradation using scavengers
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50 min, using the sample treated at 800 and 500◦C, respec-
tively. Figure 4B shows the kinetics of RhB degradation in
the presence of each sample of NaNbO3.The reaction rate
constant (k) was determined using the linear relationship,
−ln(C/C0)= kt, where t is the time inminutes.1 The results
indicate that the dye degradation follows the pseudo-first
order kinetics and that the sample treated at 800◦C has
a dye removal rate of 3.09, 2.89 and 1.5 times greater
than the sample treated at 500◦C, 600◦C and 700◦C,
respectively.

3.2.2 Photocatalytic stability

For the practical application of catalysts, the stability is
of great importance. For such, a reuse experiment was
carried out, using the samples treated at 500 and 800◦C.
After three consecutive cycles, it was possible to verify that
both samples maintained the same photocatalytic perfor-
mance (Figure 4C). This demonstrates that NaNbO3 can
be considered a stable and highly efficient photocatalyst.

3.2.3 Photocatalytic mechanism

To better understand the mechanism of dye degrada-
tion in the photocatalytic process, experiments to identify
the active species were performed with samples treated
at 500 and 800◦C. Isopropyl alcohol (C3H8O), silver
nitrate (AgNO3), and disodium ethylenediaminetetraac-
etate (EDTA) were used as scavengers for hydroxyl rad-
icals (⋅OH), electrons (e−), and holes (h+), respectively.
Figure 4D shows the percentage of RhB degradation with
the presence of scavengers at the end of 50 min. It is
observed that both photocatalysts present similar behavior.
The addition of EDTA and C3H8O inhibited the degra-
dation of the dye, indicating that the main active species
during the photocatalysis process are h+ and ⋅OH. In con-
trast, the addition of AgNO3 in the photocatalytic solution
using the sample treated at 500◦C caused an increase in the
discoloration percentage of RhB, from 72% to 100%. This
indicates that the restriction of e– left a greater number
of h+ available to act in the oxidation of the dye. For the
reaction using the using the sample treated at 800◦C the
percentage of discoloration was the same 100% with the
addition of AgNO3, indicating that the e– are not active
species in the photocatalysis process studied here.

3.3 DFT calculations

Figure 5A shows the band structure orthorhombic
P21ma (O-NaNbO3). The bands demonstrate that the
semiconductor O-NaNbO3 presents a direct band gap,

with transition at point Γ → Γ and energy of the 3.6 eV.
Figure 5B shows pDOS. It is observed that VB is composed
mainly by the O 2p orbital and the CB by the Nb 4d
orbital. Therefore, its optical gap is mainly determined by
these orbitals. In both bands there is a small hybridization
between the O 2p/Nb 4d, and there are almost no elec-
tronic states of Na. This electronic nature is consistent
with the literature.20–22,50–52 The absence of electronic
states of Na is due to their high ionicity, which makes it
difficult to bond with other atoms by hybridization.50

3.4 Optical characterization

Based on information obtained from the theoretical study
of electronic structure, the band gap of the samples was
estimated through diffuse reflectance by the Wood/Tauc
method.53 Using the equation (αhν)n = A(hv-Eg) where
α, h, ν, n, A, and Eg are the absorption coefficient near
the absorption edge, Planck’s constant, frequency of light,
constant related to the type of electronic transition of
the material (n = 2 for the direct gap), proportionality
constant, and band gap energy, respectively. Estimated val-
ues are shown in Figure 6A. The samples treated at
500, 700, and 800◦C showed a band gap of 3.50, 3.52 eV,
and 3.55 eV, respectively. This increase occurs due to the
increase in crystallinity, as shown by the calculation of
crystallographic domains, as the bands are better delim-
ited, making the superposition of wave functions more
defined. However, the sample treated at 600◦C has a band
gap of 3.45 eV. This band gap reduction in the material is
a consequence of the reduction of the lattice distance that
generates a greater expansion of the energy level.54 There-
fore, the sample treated at 600◦C has a slightly smaller
band gap because it has smaller cell parameters, as shown
by the deviations of diffraction peaks for larger angles,
shown in Figure 1. The reduction in bandgap favors pho-
tocatalysis, as the semiconductor requires less energy to
activate. However, this behavior was not observed in the
samples. The band gap does not seem to significantly
influence the performance of the photocatalysts studied
here.
To complement the understanding of the photocat-

alytic activity variation between the samples, PL spec-
troscopy techniquewas performed, that allows to know the
behavior of the recombination of the electron-hole pairs,
important criterion for understanding the performance
of photocatalysts. The PL emission spectra are shown
in Figure 6B. All samples showed similar behavior, with
broadband PL in the region between 300 and 450 cm−1,
with main emission peaks at 362 and 383 nm, corre-
sponding to an energy of 3.42 and 3.24 eV, respectively.
This broadband emission indicates that the recombination
takes place by a multiphonon process, in other words, the
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F IGURE 5 (A) Calculated band structure of NaNbO3. (B) The pDOS of the NaNbO3

F IGURE 6 A. Band gap of the NaNbO3 samples. (B) Photoluminescence curves of the NaNbO3 samples

relaxation occurs with the participation of various energy
states, caused by intrinsic defects in the material. 55,56

These intermediate electronic levels are associated with
shallow defects, of surface, responsible for the emission of
PL in regions of high energy (violet/blue).57 The presence
of these defects favors photocatalysis, because they delay
recombination of the photogenerated electron/hole pair.
This indicates that the increase in photocatalytic activity is
related to the crystallinity of the samples. The more crys-
talline the lattice, the lower the rate of recombination of
the photogenerated charges.

3.5 Surface area analysis

Another important factor that affects photocatalytic activ-
ity is surface area. It is known that the greater the surface

area of the catalyst, the greater the probability of avail-
able and accessible active sites and also dye adsorption
sites. 13,58 As shown in Section 3.1, the sample treated at
600◦C showed a deviation in the diffraction peaks, possi-
bly caused by the diffusion of sodium ions in the lattice.
When this occurs, the material reduces its surface area
to reduce free energy caused by the tension in the lat-
tice. When the temperature is raised, the volatilization
of the alkali metal decreases the free energy, and the
area increases again. This behavior is seen in the sam-
ples, which presented surface areas of 28 m2/g, 11 m2/g,
31 m2/g, and 32 m2/g for temperatures of 500, 600, 700,
and 800◦C, respectively. The increase in surface area is
also a consequence of the change in particle shape. Sodium
volatilization detaches the crystals initially arranged in the
nanowires that “break”’ turning into smaller particles with
the shape of nanograins (Figure 3).
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Although the sample treated at 500◦C had a surface area
more than twice that of the sample treated at 600◦C, its
photocatalytic activity was lower. This demonstrates that
even the surface area being a determining factor for most
photocatalysts, it does not directly influence theseNaNbO3
samples. The nanograins obtained at 800◦C showed a
slightly larger area compared to the nanowires at 500◦C,
and we observed that their photocatalytic performance
was superior. This possibly occurs because the decrease
in particle size leads to a reduction in the recombination
of charge carriers, as the migration time to the surface
is proportional to the square of the particle size.59 Small
particles also have more atoms with incomplete coordina-
tion, which makes them more reactive. This demonstrates
that particle shape appears to play a very important in
photocatalytic activity.

4 CONCLUSIONS

In this study, we propose a method to obtain NaNbO3
nanowires through the microwave-assisted hydrothermal
system, followed by heat treatment, in a shorter time.
We demonstrated that with a simple heat treatment it
was possible to change the shape of the particles, from
nanowires to nanograins. The heat treatment increased the
crystallinity of the samples without modifying the phase.
All samples showed high photocatalytic activity, especially
the nanograins. It was found that the factors that influ-
ence the performance of the samples studied here were the
crystallinity and shape of the particle. Reuse tests demon-
strated the stability of the photocatalysts. Therefore, this
study contributes information to obtain highly favorable
nanoparticles NaNbO3 for photocatalytic applications.
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