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Abstract 
In this study, NaTaO3 nanoparticles (NPs) were synthesized by a simple one step hydrothermal method. XRD, FTIR, 
FESEM, EDS, TEM, elemental mapping, UV-Vis, and PL spectroscopy were used to assess the structural clarity, particle 
size, shape, porosity features, and optical properties of the NaTaO3 NPs. The findings indicated that pure-phase NaTaO3 
could be synthesized using 10 M NaOH solution at 150 0C for 24 h. NaTaO3 NPs exhibits significant photodegradation 
activity for Evans blue dye. The photocatalyst have been optimized for multiple photocatalytic degradation factors, such 
as pH, catalyst load effect, and dye starting concentration variation. The synthesised photocatalyst shows 97% degradation 
capacity for Evans blue dye. According to the study, the catalyst is photostable because it is used for nearly four cycles and 
it shows satisfactory dye degradation efficiency. 
Keywords: Perovskite, Hydrothermal synthesis, NaTaO3 NPs, Dye degradation. 
 
1. INTRODUCTION 
The textile, cosmetics, and pharmaceutical industries release dyes, which are classified as toxic compounds 
due to their long-term persistence and detrimental effects [1-3]. To eliminate contaminants, numerous 
physical, biological, and Chemical technologies have been used. [4-6]. Bioremediation methods, such as 
fungal biodegradation [7], bacterial biodegradation [8], and biosorption [9], are environmentally friendly and 
protective of the environment during the treatment process. In contrast, organic pollution treatment 
procedures, such as oxidation, reduction, or adsorption, are complex, costly, and ineffective [10-15]. It has 
been demonstrated that adsorption and other traditional physical techniques are successful in eliminating 
organic dyes. However, they necessitate an additional and time-consuming process to regenerate the 
exhausted adsorbents after adsorption. 
Because of its high effectiveness, the elimination of colors from wastewater using light exposure combined 
with a catalyst has garnered significant attention. One of the most popular technique utilized for the 
treatment of trash is photocatalytic degradation (PCD) using sustainable UV/visible light due to its 
effectiveness, simplicity of operation, and low-cost metal oxide photocatalysts exhibit remarkable potential in 
the processing of wastewater under UV/visible light due to their exceptional characteristics [16-20]. These 
include low toxicity, stability, ease of synthesis, suitable bandgap, and efficient formation of active oxygen 
species. Consequently, photocatalysis applications utilizing visible and UV radiation have received the 
majority of attention [21-23]. 
Metal oxide semiconductor-based photocatalysis is the gold standard for removing pollutants from the 
environment. Ozone semiconductor NPs are gaining attention due to their intriguing functional properties 
linked to their high active surface and small particle size [24]. This is due to the fact that these NPs are 
applicable to a wide range of industries, such as sensing and wastewater treatment [25, 26]. Heterogeneous 
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photocatalysts, in particular ZnS, ZnO, CdS, GaP, CdO, and TiO2, are widely used due to their full 
mineralization and superior pollutant degradation [27-32]. These photocatalysts possess a number of 
significant benefits, including the capability of being affordable, stable, aggressively oxidizing, and nontoxic 
[33-35]. Among the many applications for these heterogeneous photocatalysts are antibacterial activity, 
organic and dye degradation, CO2 reduction, and hydrogen production [36-40].  
NaTa oxide, also known as NaTaO3, is a novel form of A semiconductor made of perovskite oxide that has 
garnered a lot of interest in photocatalysis applications, including water splitting, hydrogen evolution, and 
organic pollutant photodegradation [41,42]. As stated by the Jiang group, in the presence of ultraviolet (UV) 
light, the pyrochlore-like Na2Ta2O6 nanocubes with a broad bandgap (∼4.6 eV) demonstrated exceptional 
photocatalytic properties. Li group used the hydrothermal approach to create a NaTa trioxide (NaTaO3) 
nanocube of the perovskite-type. They discovered that the perovskite-type NaTaO3 (NT) nanocubes have a 
better capacity for H2 evolution under UV light and an extrapolating bandgap (about 4.6 eV) than the 
pyrochlore-like Na2Ta2O6 nanocubes. The increased activity suggested that the perovskite-type NT is a catalyst 
that shows a lot of potential for photocatalysis. Consequently, increasing NT's photocatalytic activity is crucial. 
One key component of the photocatalytic property is the morphology of the photocatalyst. For instance, 
several morphologies of Na2Ta2O6 nanocrystalline, which were created by varying the proportion of NaOH, 
demonstrated a noticeable variation in photocatalytic activity. The NT’s photocatalytic activity can be 
enhanced by modifying its shape. According to certain papers, Excellent photocatalytic activity was shown 
using tubular nano photocatalysts in contrast to nanowires and nanocubes, among other morphologies. NT 
NPs have been synthesised in multiple methodologies like solvothermal [43], hydrothermal [44], solid-state 
chemical reaction [45], chemical precipitation [46], sol-gel method [47,48], etc. 
The objective of this research project is to develop long-lasting techniques for treatment of water, which is 
crucial to preserve water supplies and ensure the welfare of future generations, and develop more effective, 
economical, and ecologically friendly photocatalysts utilizing a hydrothermal approach. 
 
2. Experimental  
2.1. Chemicals and devices 
Only analytical-grade chemicals were used in each step of the study. Sodium hydroxide was collected from HI 
media laboratories (Mumbai, India) with the highest available purity. We purchased tantalum (V) chloride 
from Sigma Ltd. in Bangalore, India. 
With the aid of a Rigaku Smart lab X-ray diffractometer (XRD) with Cu-Kα (1.5418 Å) radiation with a nickel 
filter, The purity of the phase and crystallinity of synthesized NPs are examined. Metal oxide Analysis of 
bonding interactions was done using the Bruker-Alpha FT-IR spectrophotometer from the KBr pellet method. 
Utilizing a LAB INDIA UV 3092 spectrophotometer, the optical characteristics were assessed. The surface 
morphology of the The produced NPs were examined using (FESEM- CARLZEISS Ultra 55) Scanning 
electron microscope, and high-resolution transmission electron microscopy (HR-TEM) was utilized to 
describe the nanoparticle's size, shape, and internal structures. “HEBER” scientific UV–Visible annular 
photoreactor were employed to perform PCD of Evans blue (EB) using perovskite NT NPs. 
2.2. Synthesis of NT NPs 
Compared to the traditional high-temperature reaction, the hydrothermal approach is the cost effective, 
energy-saving, and simple method to synthesize crystalline NT with nano size. 0.2 g TaCl5 powder dissolved 
in 10 mL ethanol and this solution was mixed in 10 M NaOH. and stirred on a magnetic stirrer at room 
temperature (RT) for about 60 min, then obtained white-colored The solution was put in into a Teflon-lined 
autoclave (capacity 100 mL) and heated at 1500C for 24 hours. The white precipitate that produced was dried 
for 12 hours at 80°C following two distilled water washes and then ethanol. 
 
3. RESULTS AND DISCUSSION 
3.1. XRD analysis (Crystal structure) 
The XRD pattern of the obtained pure perovskite NT NPs is depicted in Fig. 1. Every diffraction peak are 
attributed to a pure monoclinic phase of crystalline NT. There are nine obvious diffraction peaks in this 
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pattern. The diffraction peaks (1 0 0), (1 1 0), (-1 1 1), (2 0 0), (2 1 0), (-211), (220) (-221), (310) and (-311) at 
different d-spacing can be indexed as pure perovskite structure (NT) according to the standard card (JCPDS-
ICDD card No. 74-2480), which demonstrated that NT was the only phase formed during the process. The 
greater crystalline character of NT is revealed by the sharp XRD peak. By using XRD data, By applying the 
Debye Scherrer equation, the crystallite size of NT samples was calculated. 
D = Kλ/β cosɵ 
Where D is crystallite size, λ is X-ray wavelength (1.54 A°), β is full-width half maxima, and K is Scherrer 
constant (0.94). The calculated average crystallite size of NT NPs were found to be in the range of 71 nm 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. XRD patterns of the as-prepared NT NPs. 
 
3.2. FT-IR analysis 
The chemical functionalization of nanocrystalline NT samples was investigated using FT-IR analysis as 
depicted in Fig. 2. The fingerprint peak responsible for Ta−O vibrations was observed at 642 cm−1. The 
Ta−O stretching and Ta−O−Ta bridge stretching modes are responsible for the Ta−O band in the 
spectrum.[50]. The band at 1585 and 3424 cm−1 are because of the bending and stretching vibration of water 
molecules that have been adsorbed onto NT NPs surface. 

 
 
 
 
 
 
 
 
 
 
 
 
 

   Fig. 2. FT-IR spectrum of as-prepared NT NPs. 
 
3.3. UV–Vis analysis 
The NT NPs' photo absorbance was examined using a UV-vis spectrometer. Fig. 3a shows the typical 
absorbance spectra of NT, the absorption peak present in the wavelength between 300 to 380 nm, shows that 
the NT was capable of absorbing strong UV radiation with high absorbance implying the material is capably 
employed as an organic UV blocker rather than organic absorber. This band arises because of electrons 
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moving from the valence band (VB) to the conduction band (CB). The following equation was applied to 
ascertain the energy bandgap of the synthesized NT NPs [50].  

α=A (hυ- Eg)n/2/hυ           …………..(2) 
where α, υ, Eg, and n stand for the absorption coefficient, absorption frequency, band gap, constant, and 
integer, respectively. The calculated energy band gap (Eg) of the NT NPs found to be 3.05 eV as depicted in 
Fig. 3b obtained by plotting energy (eV) of photons versus (αhν)2  
 

 
Fig. 3. a) UV-Vis absorbance spectrum, and b) plot of (αhν)2 versus Energy showing the energy bandgap of 
NT NPs. 
 
3.4. SEM and EDAX studies 
Figure 4(a, b) demonstrates the SEM images of NT NPs exhibit cubic morphology. As known, NT is an ABO3 
perovskite-type structure, where TaO6 tetrahedra are coupled in a corner-sharing arrangement, allowing the 
establishment of cubic morphology [51]. The elemental composition of the as-prepared NT was estimated by 
the EDS aspect given in Fig. 4d. which displays the EDS spectrum derived for NT NPs, indicating the presence 
and consistency of O, Na, and Ta with atomic percentages (showed in the inset Fig. 4d).  The uniform 
distribution of the elements in the prepared NT sample was confirmed by the elemental mapping with colors 
red, green, and, blue for the elements O, Na, and Ta respectively, as outlined in Fig. 5(a-c). 

Fig. 4. FE-SEM images (a and c). low-magnification and (b) high-magnification SEM images. and d. EDS 
spectrum of the as-prepared NT NPs with composition.  

b) a) 
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Fig. 5. a-c. Elemental mapping of NT NPs. Elemental mapping of a. oxygen, b. sodium, and c. Tantalum. 
 
3.5. TEM analysis 
Using TEM analysis, more structural characterisation was carried out. The existence of nanocubes is revealed 
by the TEM image of NT NPs in Fig. 6(a, b). The synthesised NT nanocubes' crystallinity is confirmed by the 
selected area electron diffraction (SAED) pattern. Fig. 6c displays the NTO NPs' HRTEM image. The 
measured d spacing of about 0.22 nm corresponds to the (-1 1 1) planes of monoclinic phase NT NPs and 
Fig. 6d, also with bright circular fringes in SAED pattern closely matches the d-spacing values determined by 
XRD information having the highest intensity planes at (1 0 0), (-1 1 0) and (2 1 0) [52]. 
 
 
 
 
 
 
 
 
 
Fig. 6. a.b. TEM image of the NT nanocube sample. c. HRTEM image of a NT nanocube showing clear lattice 
fringes. d. SAED pattern of a NT nanocube.  
 
4. Photocatalytic dye degradation 
The process of PCD uses synthesized NT NPs to break down dye when exposed to UV light. For 180 min, 
photocatalytic tests were conducted on EB using quartz tubes and UV light to assess the mechanism of NT 
NPs Photocatalytic degradation. 10 to 50 mg of NT NPs were distributed and subjected to continuous mixing 
in a dark condition about 30 min. And UV light (250 W high pressure) exposure in 100 mL of EB dye 
solution with a defined concentration (4–20 ppm). Every 30 min interval, a defined volume (2 ml) of the dye 
solution was collected, and its absorbance spectrum was examined. To ascertain the level of deterioration, 
NT NPs are extracted from the solution mixture by centrifugation. The dye degradation percentage was 
determined using the following formula. 
                                                    % Degradation = (Ao-At)/Ao x 100 
 
where Ao and At are initial and final concentration of dye solution at time t. By altering the parameters, 
Concentration of dye, pH, photocatalyst load, and the light exposure time, experiments were repeated. 
4.1. The degradation of EB dye via photocatalysis 
It was examined how effectively NT NPs worked as a photocatalyst for the PCD of EB and Rhodamine B (Rh-
B) dyes. A 100 mL solution containing 5 ppm dye and 10 mg of photocatalyst was taken, and it was agitated 
for half an hour in the absence of light to reach the adsorption-desorption equilibrium. Subsequently, silicon 
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capillary tubes made silicon were inserted into quartz tubes for bubbling and to keep the particles from 
settling, and the tubes came into contact with light. As the trial went on, 2–3 milliliters of the test sample 
were taken every 30 min, and the absorbance wavelength was recorded using a UV-Vis spectrophotometer. 
After 180 minutes, 84% of the EB dye fades and less of the Rh-B dye disappears. This implies that NT 
photocatalyst can destroy anionic dyes more readily than cationic dyes. Thus, EB dye is chosen for more study. 
The rates of photodegradation of the dyes Rh-B and EB are depicted in Fig. 7.a. 
4.2. Catalysts vary 
NT NPs were added in amounts between 10 mg and 50 mg while maintaining a constant dye concentration 
of 5 ppm. This study examined the effects of NT NPs on EB degradation under the same conditions. Fig.7.b. 
demonstrates that 20 mg of photocatalyst shows maximum degradation and there is no appreciable change 
in degradation efficiency when the catalyst dosage is increased from 30 mg to 50 mg, and that the rate of 
deterioration stays essentially constant after that. The turbidity of the solution increases as the NT 
photocatalyst concentration exceeds 30 mg, which decreases the suspension's photoactivation potential and 
lessens light penetration. High catalyst concentrations could be inefficient due to aggregation and light 
scattering. 
4.3.  PPM Vary 
Using varying concentrations of EB solution, the impact of dye concentration on the reaction's rate was 
investigated. It was noted that the rate of PCD decreased as the dye concentration increased more. This could 
be because more molecules of the dye were obtainable for excitation and subsequent energy transfer as the 
dye concentration increased. However, the dye begins to function as a filter for incident light and prevents 
the required light intensity from reaching the dye molecules near the semiconductor particles if the 
concentration of EB is increased. As a result, It was noted that the rate of PCD had decreased as depicted in 
Fig.7.c. 
4.4. pH Vary 
Fig.7.d. illustrates how pH affects Evans blue PCD. The graph demonstrates how important the dye solution's 
pH is to the photocatalytic process. The solution's pH can be changed by adding 0.5 M HCl and 0.5 M 
NaOH. In basic environments, the rate of photodegradation is higher than in acidic environments. This 
claim is in line with the findings that were published. We looked into how different pH values, ranging from 
2 to 12, affected the rate at which dyes degradedIt is demonstrated that the rate of degradation in an acidic 
medium is quite good. The rate of deterioration rises from 92.20% to 100% in 90 minutes of reaction time 
between pH 8 and 12. 

Fig. 7. PCD activity of perovskite NT NPs a. Catalyst optimisation b. Variation in catalyst dosage c. dye 
concentration d. varying pH. 
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4.5. Study of scavengers 
The goal of scavenger studies on dye degradation is to understand how radical species contribute to the 
photocatalytic destruction of dyes. Numerous investigations on various scavengers and their impact on dye 
degradation mechanisms have provided information about the effectiveness and routes of these processes. 
Thus, •O2

− scavengers, •OH radicals scavengers, h+ scavengers, and e- scavengers were studied using ascorbic 
acid (AA), tertiary butyl alcohol (TBA), EDTA, and K2Cr2O7, respectively. Figure 8 presents the findings from 
EB's active species scavenger analysis. In this experiment, 5 mM quantities of AA, TBA, EDTA, and K2Cr2O7 
were added to the PCD process as •O2

− and h+ scavengers. When AA was added, RB's PCD efficiency 
decreased noticeably in contrast to the two other radical scavengers (TBA and K2Cr2O7). The results 
demonstrated that the e- and •OH had no appreciable influence on the procedure of photodegradation. 
Nevertheless, in contrast to AA, the TBA scavenger's PCD of EB dye was significantly lower. Consequently, 
it may be claimed that upon exposure of NTA NPs to visible light, h+, •O2

− and e− Active species are necessary 
for the PCD of the EB dye. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Scavengers' effects on the rate of EB dye degradation. 
 
4.6. Coumarin studies 
One important factor in the photodegradation of organic dyes is the presence of hydroxyl radical ions (OH•), 
which are unstable and extremely active chemical entities. To ascertain whether the generated NT 
photocatalyst is generating the OH• radical ions, a straightforward and considerate approach of detecting 
OH• radical ions is to use coumarin as a substrate model. In the presence of ultraviolet light when there is a 
photocatalyst, 7-hydroxyl coumarin is produced from coumarin, and releases OH• free radicals. This is 
validated by the PL peak at 457 nm. In the present study, 20 mg of the NT photocatalyst was combined with 
a coumarin solution (2 mM) and subjected to UV light. After 10 minutes, 2 mL of the sample was measured 
using a PL device. The findings showed the production of OH•  radical ions, which are required for the 
organic dyes' photodegradation. The NT photocatalysts' PL Spectra can be seen in Fig. 9. As the irradiation 
period increases, for each of the generated photocatalysts, the PL peak's strength at 456 nm rises, as seen in 
Figure. This implies that when irradiation time increases, •OH radical ions are continuously produced in 
addition to the system's enhanced production rate. Thus, the breakdown of EB occurs through a free-radical 
process when prepared photocatalysts are present. 
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Fig. 9. Quantification of •OH radicals. 
 
4.7. Kinetics 
Fig. 10. shows the kinetic graphs of the PCD of EB dye and rhodamine-B (Rh-B) under ideal conditions. Rh-
B and EB PCD reactions were carried out under ideal conditions to ascertain the order of the reaction. 
Plotting lnC0/C against radiation time reveals a straight-line trend, which is observed in each scenario. The 
first-order rate equation 
lnC0/Ct=Kt 
where, C0 (initial concentration), Ct (Final concentration), and time t, which in minutes show the substrate 
concentration. The slope (min-1) of the straight line can be used to determine the first-order rate constant, 
K. When the PCD of dyes was carried out for EB and Rh-B, respectively, the R2 values of the experimental 
data was found to be 0.971 and 0.976. This confirms that dye molecule degradation follows pseudo-first-order 
linear kinetics. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Kinetics of Rh-B and EB dyes subjected to photodegradation with percentage bars 
 
4.8. Recycling 
For photocatalysts to be used in practical applications, stability is just as crucial as photocatalytic activity. By 
using the same NT NPs sample in the EB degradation process for five consecutive reactions, the stability of 
the NT NPs was also investigated. By Centrifuging the samples, nanostructured materials can be easily 
extracted from the solution after each step. There were marginal drops in the catalytic activity following these 
successful reuses of NT NPs. 
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Fig. 11.  Cycling experiments of photodegradation EB dye over NTO. 
 
4.9. Degradation Mechanism 
Scheme 1. explains the potential mechanism of the photo-catalytic reaction. The semiconducting NT NPs use 
the light energy from the incoming source to excite an electron between the conduction band (CB) and the 
valence band (VB) during irradiation, leaving a hole behind. Hydroxyl radicals (•OH) can be produced by 
this hole by abstracting electrons from water. The dyes will then be oxidized by these radicals. Additionally, 
•O-

2 active species that were generated on NTO NPs' surface may further degrade the aromatic dyes. The 
electronic change from VB to CB caused by light absorption and subsequent adsorption of O2 molecules to 
generate •O-

2 active species can also be used to explain the likely mechanism. Together with the holes and 
photogenerated electrons, the generated •O-

2 also reacts to form H2O2, which in turn reacts with further 
photogenerated electrons to produce the hydroxyl radicals. Then, the dyes EB dye oxidized by both •O-

2 and 
•OH. 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme 1. Schematic mechanism for the degradation of EB. 
 
5. CONCLUSION 
Using a straightforward hydrothermal method, we developed NT nano photocatalysts. The strong XRD 
diffraction peaks, suggesting that the NT NPs were crystalline in nature. The produced NT NPs had cube-like 
shapes, according to TEM analysis. Using the Evans blue dye NT NPs' photocatalytic activity was investigated 
when exposed to UV light. The NT NPs showed exceptional photocatalytic activity and degraded EB at the 
rate of 96.2%. Additionally, the NT photocatalysts demonstrated better chemical stability. Superoxide and 
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hydroxyl radicals were the most common active species, according to the results of the active species trapping 
scavengers’ studies. 
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