
Sonochemical synthesis of titanium oxide nanoparticles (TONPs) was done at a low cost. Powder 
X-ray di�raction (PXRD) investigation has veri�ed that the average TiO2 crystallite size was 39.42 nm. 
Di�use re�ectance spectroscopy (DRS) by the Kubelka-Monk function was used to con�rm the 
average energy gap of TiO2 NPs (3.26 eV). TONPs have been successfully used with inventive 
photocatalysts to remove the dyes Direct green (DG) and Fast orange-red (F-OR). Direct Green (DG) 
and Fast Orange Red (F-OR) dyes were used as conventional dyes to investigate the photocatalytic 
properties of NPs under UV light and sunlight irradiation. Fast orange-red dye is excited at 498.59 nm 
and 489.20 nm, while Direct green dye was discovered to be stimulated at 609.7 nm and 613.3 nm 
under UV and sunlight. Using carbon paste electrodes in 0.1N HCl solution, cyclic voltammetry (CV) 
was used to examine the electrochemical characteristics of the produced sample. The TiO2 electrode 
that was produced could detect lead in an acidic solution. The TiO2 electrode is a promising electrode 
material for making sensor applications because of its higher electrochemical behavior.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

�erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

�e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃ (1)
Ti(OH)4→TiO(OH)2↓+H2O (2)
TiO(OH)2→TiO₂+H2O  (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

�e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

�e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+

to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

�e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

�e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

 �erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

 �e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

 In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃  (1)
Ti(OH)4→TiO(OH)2↓+H2O   (2)
TiO(OH)2→TiO₂+H2O    (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

Figure 1. PXRD Patterns of TiO₂ NPs.

Figure 2. FTIR spectra of TONPs. 

Where,
D = crystallite size,
K = 0.9∼diffraction constant (shape factor), 
λ = 1.54 (X-Ray source wavelength),
β = full width at half maximum intensity (FWHM) in radians and 
θ = angle of diffraction.

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

 �e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

 Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

 Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

 Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

 �e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+ 
to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

 In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

 Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
 2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
 ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

 �e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

 �e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

 Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

 �erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

 �e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

 In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃  (1)
Ti(OH)4→TiO(OH)2↓+H2O   (2)
TiO(OH)2→TiO₂+H2O    (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

 �e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

 Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

 Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

 Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

 �e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

� �

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+ 
to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

 In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Figure 3. Diffuse reflectance spectra and Energy gap spectra (Inset) 
of TONPs.

Figure 4. (a) TEM image (b) HRTEM and (c) SAED pattern of TONPs.

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

 Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
 2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
 ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

 �e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

 �e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

 Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

 �erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

 �e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

 In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃  (1)
Ti(OH)4→TiO(OH)2↓+H2O   (2)
TiO(OH)2→TiO₂+H2O    (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

Figure 5. Spectral absorbance of TiO₂ photocatalyst for the decolorization of DG under UV and Sunlight illumination.

Figure 6. . Spectral absorbance of TiO₂ photocatalyst for the decolorization of F-OR under UV and Sunlight illumination.

 �e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

 Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

 Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

 Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

 �e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+ 
to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

 In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

 Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
 2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
 ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

 �e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

 �e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

 Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

 �erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

 �e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

 In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃  (1)
Ti(OH)4→TiO(OH)2↓+H2O   (2)
TiO(OH)2→TiO₂+H2O    (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

Figure 7. Percentage of decolorization of TiO₂ photocatalyst for the decolorization of DG and F-OR under UV and sunlight illumination.

Figure 8. Schematic representation of dye degradation of TiO₂ photocatalyst on DG and F- OR dye under UV light.

 �e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

 Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

 Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

 Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

 �e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+ 
to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

 In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

 Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
 2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
 ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

 �e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

 �e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

 Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

 �erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

 �e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

 In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃  (1)
Ti(OH)4→TiO(OH)2↓+H2O   (2)
TiO(OH)2→TiO₂+H2O    (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

Figure 9. Schematic representation of dye degradation of TiO₂ photocatalyst on DG and F-OR dye under sunlight.

Figure 10. Rate of photodegradation for different dye concentration of TiO₂ photocatalyst for the decolorization of DG under UV and 
Sunlight illumination.

Figure 11. Rate of photodegradation for different dye concentration of TiO₂ photocatalyst for the decolorization of F-OR under UV and 
Sunlight illumination.

 �e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

 Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

 Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

 Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

 �e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+ 
to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

 In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

 Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
 2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
 ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

 �e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

 �e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

 Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

 �erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

 �e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

 In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃  (1)
Ti(OH)4→TiO(OH)2↓+H2O   (2)
TiO(OH)2→TiO₂+H2O    (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

 �e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

 Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

 Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

 Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

 �e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+ 
to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

 In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

 Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
 2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
 ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

 �e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

 �e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

 Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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Figure 12. . Rate of photodegradation for different ppm of TiO₂ photocatalyst for the decolorization of DG under UV and Sunlight illumination.

Figure 14. Recyclability of TiO₂ photocatalyst for the decolorization of DG under UV and Sunlight illumination.

Figure 13. Rate of photodegradation for different ppm of TiO₂ photocatalyst for the decolorization of F-OR under UV and Sunlight illumination.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

 �erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

 �e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

 In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃  (1)
Ti(OH)4→TiO(OH)2↓+H2O   (2)
TiO(OH)2→TiO₂+H2O    (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

 �e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

 Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

 Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

 Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

 �e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+ 
to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

 In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

 Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
 2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
 ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

 �e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

 �e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

 Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

 �erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

 �e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

 In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃  (1)
Ti(OH)4→TiO(OH)2↓+H2O   (2)
TiO(OH)2→TiO₂+H2O    (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

 �e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

 Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

 Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

 Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

 �e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+ 
to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

 In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

 Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
 2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
 ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

 �e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

 �e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

 Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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Figure 17. Scavenging examinations of TiO₂ photocatalyst for F-OR under UV and Sunlight illumination.

Figure 18. (a) Cyclic voltammogram of CPE using TONPs at different scan rate, (b) CV (50 cycles) at 10 mV/s, (c) Nyquist plot and 
proposed equivalent circuit and (d) Bode plot of TiO₂ electrode.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

 �erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

 �e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

 In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃  (1)
Ti(OH)4→TiO(OH)2↓+H2O   (2)
TiO(OH)2→TiO₂+H2O    (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

 �e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

 Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

 Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

 Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

 �e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+ 
to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

 In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

 Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
 2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
 ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

 �e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

 �e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

 Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

Solution resistance (RS) (Ω) 

 
Charge- transfer resistance (RCt) (Ω) Capacitance of double layer (Cdl) (F) 

19.62 184.35 0.000381 

 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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Figure 19. (a) Cyclic voltammogram of CPE electrode TONPs detection of Lead, concentration range 1–5 mM, (b) Cyclic voltammogram of 
CPE electrode TONPs with and without lead sensor and (c) Peak current vs concentration of Lead.

Table 1. EIS data of TiO2 electrode.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

 �erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

 �e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

 In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃  (1)
Ti(OH)4→TiO(OH)2↓+H2O   (2)
TiO(OH)2→TiO₂+H2O    (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

 �e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

 Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

 Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

 Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

 �e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+ 
to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

 In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

 Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
 2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
 ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

 �e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

 �e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

 Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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Many di�erent types of metal and metal oxide nanoparticles 
have been used in physical and chemical processes. Despite the 
fact that these systems have produced a large number of 
incredibly varied nanostructures, various environmental 
toxicity problems have surfaced [1]. Due to the enormous 
variety of structural, material, and functional characteristics 
displayed by their nanoparticles, metal oxides have recently 
received a lot of attention. Due to their unique characteristics 
when compared to the respective bulk metals, transition metal 
oxide nanoparticles have attracted a lot of scienti�c attention. 
�ey also have a wide range of industrial applications [2]. 
Di�erent synthetic methods have been used to create metal 
oxide nanoparticles with various morphologies and sizes. �ese 
include wet-chemical, hydrothermal, solvothermal, microwave, 
and vapor deposition techniques [3-5]. In the environmentally 
friendly process of photocatalysis, light energy is transformed 
into chemical energy in an environment-friendly manner. 
Environmental organic pollutants are mostly produced by the 
textile and paint industries, and solar-driven photocatalytic 
systems have demonstrated excellent performance in resolving 
environmental issues in recent years.

 �erefore, it is crucial that the latter is broken down and 
transformed into safe mineral compounds. �e photocatalyst 
can be used for environmental remediation, which includes the 
removal of organic pollutants from the air and the abstraction of 
pesticides, fungicides, and fertilizers from wastewater [6]. A   

semiconductor photocatalyst is activated by the absorption of 
a photon, which causes the production of a hole (h+) in the 
valence band and the transfer of an electron from the valence 
band to the conduction band. Any contaminants that are 
adsorbed onto the photocatalyst surface will undergo 
reduction or oxidation by the electron-hole pair, respectively, 
as a result of these photo-generated charge carriers. In 
photocatalysis, the metal oxide photocatalyst surface typically 
serves as an active centre by producing either OH radicals (by 
oxidizing OH- anions) or O2 radicals (by the reduction of O2) 
[7-12].

 �e organic pollutants that have been adsorbed then 
undergo a reaction with these photo-generated radicals and 
anions, decomposing or mineralizing them into less 
hazardous byproducts. Highly dangerous substances can be 
converted into less harmful or non-toxic products like CO2 
and H2O using the photocatalytic reaction [13,14]. Metal        
oxides can therefore be used as excellent candidates for the 
e�cient photocatalytic destruction of environmental 
pollutants. �e green synthesis of titanium oxide 
nanoparticles (TONPs) and their e�cient usage in the 
photocatalytic degradation of two commonly used organic 
dyes, Direct green (DG) and Fast orange red (FOR), have been 
the main topics of this study.

 In the present work, nanosized TiO2 is synthesized using 
a simple sonochemical method in a deoxygenated 

environment, without the need of any surfactants. �e 
structural, chemical composition, optical, photocatalytic, and 
sensor studies of the NPs were also carried out using X-ray 
di�raction (XRD), Fourier transform infrared spectroscopy 
(FT-IR), transmission electron microscopy (TEM), di�usion 
re�ectance spectroscopy (DRS), cyclic voltammetry (CV), and 
electrochemical impedance studies (EIS).

Material and Methods
Problem analysis
�e probe sonication technique was utilized to synthesize 
TONPs from the precursors cupric nitrate (Ti(NO3)4) and 
sodium hydroxide (NaOH). TONPs were synthesized by 
adding a 0.5M solution of sodium hydroxide dropwise to a 1M 
solution of titanium nitrate in a beaker volume of 250 ml and 
aggressively stirring the mixture until precipitation was 
achieved. A�er the combined solution was sonicated for one 
hour at a temperature of 45 °C with an ultrasonic pulse of 30 ± 
2 kHz, a gelatinous white precipitate was formed. A�er 
repeatedly washing it with demineralized water, �lter the 
precipitate that has formed. TONPs were created by annealing 
the precipitate for two hours at 600 °C following an hour-long 
dehydration period at 100 °C in a hot air chamber.
Ti(NO₃)4+4NaOH →Ti(OH)4↓+4NaNO₃  (1)
Ti(OH)4→TiO(OH)2↓+H2O   (2)
TiO(OH)2→TiO₂+H2O    (3)

Characterizations
�e phase structure and crystalline nature of TiO2 NPs were 
investigated by XRD utilizing a nickel �lter and a Shimadzu 
PXRD-7000 X-ray di�ractometer with CuK radiation (λ
=1.541 Ǻ). With KBr pellets ranging in size from 400 to 4000 
cm-1, FTIR analyses of the samples were carried out using a 
Perkin Elmer Spectrum-1000 FTIR Spectrophotometer. Elico 
SL- 150 spectrophotometer was used to study the samples 
using UV-Visible spectrophotometer in the 200-800 nm 
range. �e CV measurement was performed using a 
tri-electrode setup with a carbon paste electrode, platinum 
wire, and Ag/AgCl as the working, counter, and reference 
electrodes, respectively, and a 0.1N HCl solution as the 
electrolyte on an electrochemical analyzer (CHI608E 
potentiostat).

Preparation of Carbon paste electrode
�e prepared sample (TONPs), graphite powder, and silicon 
oil were manually combined in an agate mortar for around 30 
minutes at a mass ratio of 15:70:15 to create the carbon paste 
electrode. A handmade Te�on cavity tube was then �lled with 
the resulting paste. On a piece of weighing paper, the packed 
carbon paste's surface was smoothed [15].

Results and Discussions
PXRD analysis
�e PXRD patterns of the TONPs are depicted in Figure 1. 
�e di�raction peaks at 2θ = 25.40, 38.14, 48.15, 54.02, 55.04, 
and 62.70 that were assigned to the (101), (004), (200), (105), 
(211), (204), (116), and (220) planes, respectively, are in good 
agreement with JCPDS card No. 78-2486, which con�rms the 
anatase phase of TiO2 [16]. �e crystallite size (D) of the 
calcined samples was discovered to be between 37 and 40 nm 
using the Debye Scherrer's technique and the full width 
half-maximum (FWHM) of the powder di�raction peak.

FT-IR analysis
A broad intense band at 3430 cm-1 in the spectra can be 
assigned to the N-H stretching frequency coming from the 
peptide linkages present in the proteins of the biosynthesis of 
a �avus employing TiO2, according to FTIR investigations of 
the TONPs (Figure 2). Anhydride group's asymmetrical C-O 
linked (str.) vibration has a signi�cant absorption peak at 1775 
cm-1. With the aid of FTIR, it was possible to spot changes in 
the carbonyl region (1600-1800 cm-1), the emergence of 
distinctive bands at 1775 cm-1 and 1635 cm-1 that could be 
attributed to amide I and II, as well as a sharp decline in the 
relative intensity of the bands (representing the symmetric 
C-O stretching vibrations from maleic anhydride groups) 
[17]. 

UV-DRS studies
Figure 3 shows the DRS and energy gap spectra (Inset) of 
TONPs. Plotting of the spectra is done using F(R), which is the 
same as the absorption coe�cient. Divalent titanium ions have 
hexagonal-symmetric 3d2 electronic structures. Due to the 
hexagonal Ti4+ ions' spin-allowed d-d transitions, the main 
absorption bands were visible at 420 nm. �e sample of powder 
scatters light widely and thickly, making it di�cult to 
comprehend the absorption spectrum. To get over this 
challenging situation, equation (5) di�used re�ectance and 
Schuster-Kubelka-Munk (SKM) connection are employed to 
link the di�used re�ectance to the absorption coe�cient needed 
for analyzing the powders [18].

 �e optical band gap of the produced sample 
communicates with electron excitation from the valence band 
to the conduction band and was determined using the Tauc 
relation as in equation (6), where R is the absolute re�ectance 
of the sampled, and F(R) [19].

 Where A is a constant, hυ is the photon energy, n=2 for a 
direct allowed transition, and n=1/2 for an indirect allowed 
transition [20]. To obtain the direct band gap energy is 3.26 eV, 
the linear section of the curve was extrapolated to (F(R)h)2=0. 
�e band gap energy (Eg) value, which was determined from 
the plot and is depicted inset in Figure 3.

TEM analysis
Deep insights into the morphological characteristics of the 
TONPs have been gained by the e�ective usage of 
TEM-HRTEM-SAED technical micrographs and patterns. 
Figure 4a as-synthesized TONPs are generally spherical but 
also comprise both regular and asymmetric geometries, 
according to the TEM picture. �e existence of nanoparticles 
with a size of 40 nm or less demonstrates the e�ciency of the 
probe sonication method; otherwise, agglomerated particles 
would have formed. �e NPs' crystallinity and the crystalline 
structure of the material are supported by the accompanying 
HRTEM image (Figure 4b) and Bright spots that appear on the 
SAED pattern of TONPs (Figure 4c), which are in line with the 
previously mentioned XRD data.

Photocatalytic analysis
A Shimadzu UV-visible spectrophotometer model 2600 was 
used to perform photocatalytic activities. In a photocatalytic 
experiment, the created TiO2 NPs were utilized to degrade the 
selected dyes Direct Green-23 (DG-23) and F-OR in the 
presence of UV rays and sunlight illumination. Using 250 ml of 
dye solution at concentrations of 10, 15, 20, and 25 ppm, the 
dye stock solution was made. �is dye solution was put into a 

circular glass reactor along with 20, 30, 40, 50, and 60 mg of 
catalyst, respectively. �e reaction mixture was stirred 
magnetically and illuminated by a 400-watt mercury vapour 
lamp with a 254 nm wavelength. �e experiments were done in 
a Pyrex glass beaker. 5 mL of the sample solution was removed 
from the reaction mixture every 15 minutes for 120 minutes 
while being watched in the UV-visible range of 200-800 nm. �e 
reaction mixture was exposed to UV light in the open air. �e 

photocatalytic activity of TiO2 NPs was proxied by the 
degradation of the DG and F-OR aqueous solutions [21-23]. 
On Oct 2nd, 2022 (Sunday), at 1:30 pm, in Bengaluru, the 
Natural Sunlight photocatalytic experiment was conducted 
using the same methodology. DG and F-OR dye solutions 
containing 20 ppm were given 60 mg of the catalyst. �e 
generated dye solution was le� in this state in the absence of 
light before the experiment started to maintain the balance 

between adsorption and desorption. In the dark, the dye 
solution seems to deteriorate at a negligibly low rate (4%) A�er 
that, the dye was placed in the sun and subjected to UV rays for 
120 minutes [24-26]. �e photocatalytic activity of the TiO2 
nanoparticles was assessed using the photodegradation of DG, a 
cationic dye with maximal absorption at 609.7 nm and 613.3 nm 
under UV and sunlight, as shown in Figures 5a and 5b. An 
anionic dye called F-OR exhibits maximum UV and sunlight 
absorption at 498.59 nm and 489.20 nm, respectively (Figure 6a 
and 6b) [27,28]. �e photodegradation rate of the DG dye 
decolorized to 88.9% in UV and 67.75% in sunlight a�er 120 
minutes of exposure, while the photodegradation rate of the 
F-OR dye is 94.75% in UV and 83.75% in sunlight, respectively 
(Figure 7a and 7b). �is reveals unequivocally that TiO2 exhibits 
more photocatalytic action when acting as a catalyst to break 
down DG and F-OR dyes when exposed to UV light than 
sunlight. �e signi�cance of the fabrication method, crystal size, 
shape, and electron-hole recombination in the photocatalytic 

degradation of DG and F-OR dyes is highlighted by these 
results [29,30]. �e degradation percentage of the dyes was 
calculated using equation (7).

 Where C0 is the initial dye concentration and Ce is the dye 
concentration a�er adsorption at time t seconds. Further, 
C/Co values were also calculated by the following equation (8).

 Where Co and C are the dye concentrations at time t=0 
minutes and the testing time, respectively, and k is the �rst 
order rate constant. �e calculated data showed that log C/Co 
and k have a linear relationship, supporting �rst order kinetics. 
�e slope k was calculated for DG under UV is 0.005418 
min-1and Sunlight is 0.004533 min-1, F-OR under UV is 
0.011144 min-1 and Sunlight is 0.006959 min-1.

 �e following outlines a potential mechanism for dye 
decolorization using photocatalyst TiO2 exposed to UV and 
sunlight. As soon as UV and sunlight hit the material, the 
electrons in the valence band of TiO2 NPs were stimulated to the 
conduction band, leaving the equal number of holes in the 
valence band behind. �ese photoinduced holes may directly 

interact with the dye, surface oxygen vacancies, or 
surface-bound water to produce a hydroxyl radical (OH•). 
While this is happening, superoxide radical (O2•‾) may form 
when electrons come into contact with outside oxygen [31-33]. 
�is superoxide radical undergoes further interactions with H+ 
to produce HO2•, which combines with trapped electrons to 
produce more OH•.

�e steps involved in the photocatalytic degradation process 
under UV–visible light irradiation are as follows

As a result, as seen in Figures 8 and 9, the photo decolorization 
activity of dye is substantially determined by the amount of 
TiO2 photocatalyst used. By adjusting the catalyst dose from 20 
to 60 mg (20, 30, 40, 50, and 60 mg) while keeping a constant dye 
concentration of 20 ppm, the decolorization activity of DG and 
F-OR dyes was examined. According to Figures 10 and 11 (a,b), 

the rate of dye photodegradation increased a�er 120 minutes at 
the indicated catalyst concentration (60 mg) [34-36]. �e 
e�ects of screening and light scattering may have contributed 
to the activity decreasing as the catalyst dosage was increased 
by an additional 60 mg. �e concentration of dyes has been a 
major degradation in photocatalytic degradation in UV and 
sunlight. In order to establish the appropriate dye 
concentration, experimental techniques were employed to 
vary the DG and F-OR dye concentrations from 10 to 25 ppm 
(10,15, 20 and 25). As a result, the quantity of dye molecules 
that bind to the surface of the photocatalyst reduces as dye 
concentration rises. As shown in Figures 12 and 13 (a,b) 
[37,38], dye concentration demonstrates superior photo 
decolorization activities at 20 ppm.

 In addition to destroying the dye, the synthesized sample 
must to be recyclable and show photostability. �is nature was 
con�rmed by running a TiO2 sample through �ve cycles of the 
DG and F-OR dyes at a 20-ppm concentration while exposed to 
UV and sunshine [39]. When used for repeated cycles following 

the initial run, the photocatalyst was discovered to be 
photostable with no change in the decolorization percentage 
a�er each cycle, as illustrated in Figures 14 and 15 (a,b). Since 
nanoparticles were chosen for this work and due to its highly 
magnetic nature, the photocatalyst was simply removed using 
a magnet a�er each cycle [40,41].

Scavenging tests were also conducted, as shown in Figures 16 
and 17 (a,b), to con�rm the photo decolorization capabilities of 
highly energetic free radicals in the decolorization of DG and 
F-OR dye in the presence of TiO2 photocatalyst under UV and 
sunlight. According to the experimental techniques, the photo 
decolorization analysis uses three di�erent scavengers, 
including AgNO3, ethanol, and ethylenediamine tetraacetic 
acid (EDTA). �ese three scavengers produce results for DG 
that are respectively 74.05%, 72.59%, and 68.16% and for F-OR 
that are 84.13%, 78.21%, and 73.18% under UV light. �us, due 
to scavengers inhibiting the electrons, OH• radicals, and holes 
a�er 120 min, the experimental photo decolorization results 
indicated to be 85.3% for DG and 93.8% for F-OR, proving that 
holes (h+) are predominantly responsible for photo 
decolorization [42,43]. Additionally, under sunlight, photo 
decolorization study using AgNO3, ethanol, and EDTA reveals 
57.00%, 51.7%, and 47.5% for DG and 74.4%, 69.37%, and 
63.90% for F-OR, respectively. �us, a�er 120 minutes, the 

experimental photo decolorization results for DG and F-OR 
were 59.9% and 61.7%, respectively. As shown by the said data, 
UV is a greater decolorizer than sunlight for both DG and 
F-OR dyes [44,45]. When compared to dyes, F-OR decolorizes 
clothing more successfully than DG. �is clearly shows that 
TiO2 has superior photocatalytic action when acting as a 
catalyst to fade the colour of DG and F-OR in the presence of 
UV and sunshine. TiO2 NPs are therefore e�cient at treating 
sewage.

 Moreover, the change of optical absorption ability, the 
formation of N species and defects can be performed using 
EPR analysis has reported the EPR signal was obtained at g = 
2.002 which attributed as an oxygen vacancy with one electron 
in N doped TiO2 sample. �e oxygen vacancy defects 
attributed to the visible light absorption, and this will lead to a 
stability of active nitrogen species. Strong evidence of 
NPseq-TiO2 photocatalyst was found where the wavelength 
has been shi�ed towards higher wavelength hence so, it 
activated under visible light energy.

Electrochemical sensor study
TFigure 18(a) shows the CV curve of CPE using TONP at 
various scan rates. �e cathodic and anodic scans redox peaks 
demonstrate that pseudo-capacitance contributes signi�cantly 
to the electrochemical process. �e di�erence between the 
anodic (Epa) and cathodic (Epc) peak potentials, or Eac, is a clear 
sign of a redox reaction's reversibility [46]. Correlating the 
anodic and cathodic peaks to oxidation and reduction 
potentials, respectively, the Epa, Epc and ΔEa,c value for TiO2 
electrode are calculated. �e maximum potential di�erence Ea,c 
is only 0.568V. �is demonstrates how protons can simply 
intercalate into the oxide lattice during reduction and out of the 
oxide lattice during oxidation (reaction 13), allowing for the 

simple interconversion of oxygen and hydroxide [47].
 2𝑂𝐻− ↔ 𝑂2

2− + 𝐻2      (13)
�e working electrode surface area was calculated with the 
help of Randles-Sevcik formula [48,49].
 ip = 2.69 × 105 × 𝑛3/2 × 𝐴 × 𝐷1/2 × 𝐶0 × 𝑣1/2   (14)
K3Fe(CN)6 (1.0×10-3 M) was utilized as the test solution and 
KCl as the supporting electrolyte to determine the surface area 
(0.1 M). Utilizing the data of di�usion coe�cient (D) of 5.9 10- 
5 cm2s-1 and concentration of test solution(C0), the number of 
electrons (n) was calculated to be 1. To do this, use Figure 18a, 
we displayed the curve of ipa vs. v1/2, and from the slope, we 
computed that the CPE electrode's surface area was 0.045 cm2 
[50].

In order to comprehend the electrode stability of the generated 
oxides, a series of CV scans (of 50 cycles) at a scanning rate of 10 
mVs-1 were carried out for the TiO2 electrode (Figure 18(b)). 
Strong electrode stability is shown by the anodic and cathodic 
electrode peak sites not changing considerably with growth 
cycles [51]. �e TiO2 electrode Nyquist plot and equivalent 
circuit are displayed in the inset of Figure 18(c). �e electrode 
capacitance is represented by a straight line in the 

low-frequency region of the Nyquist plot, whereas charge 
transfer at the electrode-electrolyte interface is represented by 
a high-frequency region that is shown by a semicircle. �e 
diameter of the semicircle arc on the real axis can be 
determined directly from the charge-transfer resistance RCt 
[52,53]. Table 1 displays the EIS data derived from the Nyquist 
plot. �e TiO2 electrode impedance curve is skewed toward the 
Y axis, which suggests that the produced electrode has a low 
capacitance and minimal charge-transfer resistance.

Figure 18(d) explains the relation among the phase angle and 
frequency. It is seen that; the phase angle is -52º which is close 
for an ideal capacitor (-90º) [54].

 �e TONPs used to detect lead have cyclic 
voltammograms, which are shown in Figure19(a). A sharp shi� 
in the locations of the oxidation and reduction peaks suggests 
that the TONPs used to make the carbon paste electrode are 
appropriate for use as sensors in acidic media at concentrations 
of 1 to 5 mM. Additionally, the current response grows with 
additional injections of 1 mM lead over 50s of sampling time, 
reaching steady state in under 3s. �e anodic oxidation and 
reduction peaks on the TiO2 electrode are at 0.167 V and -0.401 
V, respectively (Figure 18(a)). On the anodic and cathodic sides 
of the lead sensor, there are additional peaks on the cyclic 

voltammogram, with oxidation peaks at 0.104 and 0.48 V and 
reduction peaks at -0.214 and -0.44 V.

 �e CV of the TiO2 electrode in the presence and absence 
of a lead sensor is shown in Figure 19(b), con�rming that the 
peak positions clearly change when lead is added to the 
electrolyte.

 Figure 19(c), shows the anodic and cathodic current 
responses in relation to lead concentration. �e TiO2 electrode 
sensor exhibits an approximately linear trend in with an 
increase in anodic current at both potentials, but a drop in 
cathodic current at -0.44 V and an increase at -0.214 V as lead 
concentration was increased. �is further highlights the 
exceptional sensitivity of the TiO2-modi�ed electrode to the 
electrochemical activity of the heavy metal under study.

Repeatability and reproducibility
For 1.0 mM lead, �ve replications of the CPE electrode TONPs 
repeatability were examined. For the investigations, the same 
electrode and standard lead solution were utilized. Using 
TONPs, the relative standard deviation (RSD) was estimated 
and found to be 1.6% for CPE. Additionally, for �ve electrodes 
made from the same batch of electrode material and used with 
1.0 mM lead, the repeatability of the electrode was examined. 
For CPE employing TONPs, an RSD of 2.08% was noted. �e 
outcomes were satisfactory for CPE as a sensor for lead 

determination. Further testing of the electrode storage 
capacity over a period of four weeks revealed no appreciable 
changes in the lead detection level. �e results showed a high 
lead recovery with a low RSD value, demonstrating the 
repeatability, reproducibility, and stability of the manufactured 
electrode and pointing to its possible use as a sensor to 
measure lead in real sample analysis.

Conclusions
�e probe sonication approach was used to successfully create 
TONPs. According to the PXRD analyses, the substance has an 

anatase structure with an average crystallite size of roughly 
39.46 nm. �e band gap value for TONPs was 3.26 eV as 
reported by UV-DRS investigations. A�er 120 minutes of 
exposure, TONPs achieved photocatalytic degradation 
e�ciencies for DG and F-OR dyes of 88.9 and 94.75%, 
respectively, under ultraviolet light. According to the CV study, 
this electrode was quite e�ective at �nding lead in an acidic 
solution. �e most striking result of the investigation was the 
quick reactivity of the electrode material (3s), which enabled it 
to detect the heavy metal at concentrations as low as 1 mM. �e 
decreased charge-transfer resistance value for TONPs, obtained 
a�er �tting with the equivalent circuit, was further con�rmed 
by an electrochemical impedance test. �e results show that 
TiO2 is a ready for commercialization electrode material that is 
inexpensive and promising for future sensing applications.
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