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Abstract 

In this study, non-toxic and inexpensive biosynthesized Ba-doped TiO2 nanoparticles 

were produced using chemical and green synthesis methods. In the green synthesis method, 

Blepharis maderaspatensis leaf extract was used as a natural stabilizing and reducing agent 

instead of chemical reagents.The biosynthesized TiO2 nanoparticles were characterized using 

XRD, UV-DRS, FTIR, SEM, and TEM. The crystalline tetragonal structure, phase purity, and 

average crystallite size of 20-40nm. Methylene blue was used as a model organic pollutant to 

assess the photocatalytic performance of the produced samples under UV–visible light 



irradiation. Notably, the biosynthesized Ba-doped TiO2 exhibited superior photocatalytic 

activity, achieving up to 96% degradation efficiency within 100 min, outperforming both 

chemically and biosynthesized nanoparticles. The DPPH assay was used to assess the antioxidant 

capacity of the biosynthesized TiO2 nanoparticles. At a concentration of 80μg/mL, the DPPH 

radical scavenging activities were 74.80% and 76.57% DPPH radical scavenging respectively. 

The powerful antioxidant qualities of Blepharis maderaspatensis extract demonstrate its promise 

as a sustainable and environmentally friendly substitute for traditional synthesis methods. 

 Keywords: Green synthesis, Blepharis maderaspatensis, Ba-doped TiO2, Hydrothermal 

method, Photocatalytic degradation, DPPH, Antioxidant, High recyclability, Industrial 

applications. 

1 Introduction 

Titanium dioxide (TiO2) nanoparticles have attracted considerable attention owing to 

their outstanding physicochemical properties, including high chemical stability, non-toxicity, 

strong oxidative potential, and excellent photocatalytic activity [1–3]. Owing to these properties, 

TiO2 is a viable option for various applications, including solar cells, medicinal devices, energy 

conversion, environmental cleanup, sensors, and cosmetics [4, 5]. Among the various TiO2 

polymorphs, the anatase phase, possessing a tetragonal crystal structure and a wide band gap of 

approximately 3.2–3.4 eV, is particularly favored for photocatalytic applications owing to its 

superior charge transport properties and higher surface reactivity [6-8]. Traditionally, physical 

and chemical techniques such as microwave [9], solvothermal hydrothermal sol–gel [10], solid-

state [11], solution route [12], chemical phase breakdown [13], ultrasonic irradiation [14], and 

green synthesis methods are used to create TiO2 nanoparticles. [15]. although these techniques 

offer substantial control over particle size and crystallinity, they often require high-energy inputs, 



toxic chemicals, and stringent reaction conditions, which limit their environmental sustainability 

and large-scale applicability. In recent years, green synthesis has emerged as a viable alternative, 

emphasizing the use of biological resources to produce nanomaterials in an eco-friendly, cost-

effective, and scalable manner. 

Plant-mediated synthesis has gained popularity because of the variety of bioactive 

substances that can simultaneously function as reducing, stabilizing, and capping agents, such as 

polyphenols, flavonoids, alkaloids, proteins, and carbohydrates. Using extracts from a variety of 

plant sources, such as Catharanthus roseus [16], Psidium guajava [17], Mentha arvensis [18], 

Murraya koenigii [19], Musa AAA and Jatropha curcas L [20], Psidium guajava [21], and 

Tinospora cordifolia [22], several studies have shown the successful green synthesis of TiO2 

nanoparticles, highlighting their potential for biological and environmental applications. Doping 

TiO2 with alkaline earth or transition metal ions is an effective strategy for further enhancing its 

photocatalytic efficiency by modifying its electronic structure, suppressing electron–hole 

recombination, and improving light absorption. In this context, Ba incorporation into the TiO2 

lattice has attracted interest because of its ability to influence crystallite growth, surface defects, 

and charge carrier dynamics, thereby improving the photocatalytic performance. Blepharis 

maderaspatensis is a medicinal plant traditionally used to treat various ailments, including 

wounds, ulcers, headaches, and inflammation. The plant is rich in phytochemicals that can serve 

as natural reducing and stabilizing agents, making it an excellent candidate for synthesizing 

green nanomaterials. However, the utilization of Blepharis maderaspatensis leaf extract for the 

synthesis of Ba-doped TiO2 nanoparticles and their photocatalytic applications remains relatively 

unexplored. 

 



2. Materials and methods 

2.1. Preparation of Blepharis maderaspatensis leaf extract  

Fresh leaves of Blepharis maderaspatensis were collected from the Parvathamalai Hills 

in the Thiruvannamalai District of Tamil Nadu, India (12.4352° N, 78.9684° E). To remove dust 

and surface contaminants, the leaves were thoroughly cleaned several times using double-

distilled water. In a 250 mL glass beaker, 10 g of finely chopped leaves were mixed with 100 mL 

of distilled water. The mixture was heated to 60°C with constant magnetic stirring for 30 min, 

during which time the color of the solution progressively changed from colorless to pale yellow, 

signifying the extraction of phytochemicals. Whatman No. 1 filter paper was used to filter the 

extract once it had cooled to room temperature, and the extract was stored for later use. 

2.2. Green synthesis of TiO2 and Ba-doped TiO2 nanoparticles  

To create the TiO2 nanoparticles, 12.5 mL of titanium isopropoxide and 80 mL of 2-

propanol were combined, and the mixture was magnetically agitated for 30 min at 60°C. To aid 

in the bioreduction and stability of TiO2 nanoparticles, 20 mL of the produced leaf extract was 

added dropwise while being continuously stirred. For Ba doping, 0.0892g of Ba (NO₃)₂ was 

dissolved in 5mL of distilled water to create an aqueous solution of barium nitrate (0.01M). The 

reaction mixture was continually stirred while the barium precursor solution was gradually 

added. After allowing the resultant suspension to settle at room temperature, it was filtered 

through Whatman No. 1 filter paper and repeatedly cleaned with deionized water to remove any 

remaining contaminants. To increase the crystallinity of the precipitate, it was first dried in an 

oven at 100°C for five hours and then annealed at 700°C for two hours. The finished Ba-doped 

TiO2 nanoparticles were collected and examined. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Preparation of G-Ba doped TiO2 nanoparticles 
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2.3 Photocatalytic degradation  

Methylene blue (MB) was used as a model organic pollutant to assess the photocatalytic 

efficacy of the nanoparticles. To ensure equal dispersion, 50 mL of MB solution and 100 mg of 

the photocatalyst were combined in a 100 mL beaker and ultrasonicated for 20 min. To create an 

adsorption–desorption equilibrium, the suspension was left in the dark for 30 min before being 

exposed to light. Aliquots were taken at regular intervals of 30 min during the photodegradation 

studies, which were carried out under UV–visible light irradiation. A UV-visible 

spectrophotometer was used to measure the absorbance at 664 nm to track the concentration of 

MB. 

2.4 Antioxidant activity  

The DPPH free radical assay was used to evaluate the antioxidant activity of various 

extracts (20, 40, 60, and 80 µg/ml).  In an ethanol solution, the samples reacted with stable 

DPPH radicals.  The reaction mixture was composed of 0.5 ml of the sample, 3 ml of absolute 

ethanol, and 0.3 ml of DPPH radical solution in 0.5 ml of ethanol.  The DPPH radical is reduced 

when it interacts with hydrogen-donating antioxidants.  After 100 min of processing, the hue 

shift (from deep violet to light yellow) was measured at 517 nm. The blank was a combination of 

ethanol (3.3 ml) and the sample (0.5 ml).  Ethanol (3.5 ml) and DPPH radical solution (0.3 ml) 

were combined to prepare the control solution.  The percentage of scavenging activity of the 

antioxidant activity was determined using equation (1):                             

                                                                (AControl) - (ASample) 

DPPH scavenging activity %     =    ------------------------- ×100 

                                                                      (ASample) 

Control=control absorption (without antioxidant), Sample=absorption after addition of 

biosynthesized TiO2 Nanoparticles for each concentration 



2.5 Characterization Techniques 

X-ray diffraction (XRD) was used to examine the crystal structure and phase purity of the 

produced nanoparticles (PANalytical X'Pert PRO diffractometer). A Perkin Elmer 

spectrophotometer was used to record FTIR spectra in the 400–4000 cm⁻¹ range to identify the 

surface functional groups. A LABINDIA UV 3092 spectrophotometer was used to acquire UV–

visible diffuse reflectance spectra in the 200–800 nm wavelength range. The surface morphology 

and elemental composition were investigated using scanning electron microscopy (SEM) and 

energy-dispersive X-ray spectroscopy (EDS; Quanta FEG-200). The size, shape, and crystallinity 

of the particles were examined using high-resolution transmission electron microscopy (HR-

TEM; JEOL JEM-2100 Plus). For the DPPH radical scavenging activity experiment, the 

absorbance at 517 nm was measured using a UV-Vis spectrophotometer (UV-10, Thermo). 

3 Results and discussion 

3.1 X‑Ray Diffraction Analysis 

X-ray diffraction analysis was used to analyze the crystalline structure, phase 

composition, and average crystallite size of the chemically synthesized TiO2 (C-TiO2), green-

synthesized TiO2 (G-TiO2), and Ba-doped biosynthesized TiO2 nanoparticles. Figure 2 shows the 

XRD patterns of each sample. The formation of a tetragonal TiO2 crystal structure was 

confirmed by the diffraction angles (2θ) at 25.62°, 37.26°, 38.10°, 48.35°, 54.16°, 55.36°, 

62.41°, 68.99°, 70.54°, and 75.28°, which correspond to the Bragg reflection planes of anatase 

TiO2.The obtained diffraction patterns show excellent agreement with the standard JCPDS card 

No. 89-4921, indicating high phase purity without detectable impurities [23].Compared to C-

TiO2,G-TiO2 exhibited slightly broader diffraction peaks, suggesting a reduction in the crystallite 

size induced by phytochemical capping from the plant extract. In the case of Ba-doped TiO2 



nanoparticles, additional weak diffraction peaks appeared at 2θ = 31.55◦, 38.67◦, 44.71◦, 56.14◦, 

65.91◦ and 75.12◦, which corresponded to the (110), (111), (200), (211), (220) and (310) planes 

of the cubic Ba-related phases, in accordance with JCPDS card No. 75-0461 [24]. The absence of 

secondary impurity phases indicates the successful incorporation of Ba2+ ions into the TiO2 

lattice and their uniform dispersion within the host matrices. A slight shift in the peak positions 

and variation in the peak intensities were observed for the Ba-doped TiO2 sample, which can be 

attributed to the lattice distortion caused by the substitution of Ti4+ ions (ionic radius ≈ 0.61 Å) 

with larger Ba2+  ions (ionic radius ≈ 1.35 Å). This lattice strain plays a crucial role in 

modulating the electronic structure and charge carrier dynamics of TiO2. The average crystalline 

size was calculated using Debye- Scherrer’s formula  

D =  ߠ ܱܵܥ ߚߣ ܭ

The average crystalline size of C-TiO2 average crystallite size was approximately 37 nm of C-

TiO2 was 20 nm for G-TiO2, and in the range of 20–25 nm for Ba-doped TiO2 nanoparticles. The 

reduced crystallite size of the green-synthesized samples enhanced the surface-to-volume ratio, 

which is favorable for photocatalytic reactions. 



 

 

Fig. 2 XRD pattern of C-TiO2, G-TiO2 and G-Ba doped TiO2 nanoparticles 

3.2 UV–Visible spectroscopy 

The optical behavior of the C-TiO2, G-TiO2, and G-Ba-doped TiO2 nanoparticles was 

examined using UV–visible reflectance spectroscopy. The UV-visible reflectance spectra of C-

TiO2, G-TiO2, and G-Ba-doped TiO2 nanoparticles are displayed in Fig. 3 (a), with maximum 

reflectance at 354, 373, and 382 nm, respectively. 
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Fig. 3 (a) UV-Vis spectra of C-TiO2, G-TiO2, and G-Ba-doped TiO2 nanoparticles 

The reflectance and photon energy in the high-energy part of the absorption are related to 

the optical energy bandgap by the following equation: Eg = hcλ  eV 

C-TiO2, G-TiO2, and G-Ba-doped TiO2 were found to have band gap energies of 3.5, 3.32, and 

3.24 eV, respectively. 
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Fig.3 (b) Band Gap curve (Tauc plot) of C-TiO2, G-TiO2 and G-Ba doped TiO2 nanoparticles 

The (αhv) 2 tauC plot against the photon energy hν is displayed in Fig. 3(b). The Eg 

values of C-TiO2, G-TiO2, and G-Ba doped TiO2 nanoparticles were determined to be 3.5 eV, 3.3 

eV, and 3.2 eV, respectively, by expanding the linear areas. Lattice distortion, size reduction, and 

surface modification with phytochemicals are linked to the little rise in bandgap energy with Ba 

doping and green synthesis. Together, these factors affect charge carrier mobility and reduce 

electron-hole recombination, which improves photocatalytic performance. [25].   

   



3.3 Fourier Transform Infrared Spectroscopy 
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Fig. 4 FTIR spectra for C-TiO2, G-TiO2 and G-Ba doped TiO2 nanoparticles 

FTIR spectroscopy was used to identify the biomolecules that capped the bioreduced 

TiO2 and Ba-doped TiO2 nanoparticles generated using Blepharis maderaspatensis leaf extract 

(Fig. 4). The O–H stretching of alcohol was represented by a prominent peak in the FT-IR 

spectra of the leaf extract at 3416 cm−1, whereas the C–H stretching vibrations of alkyl and 



aldehyde groups were represented by peaks at 2923 cm−1 and 2852 cm−1, respectively. A clear, 

very strong absorption band at 1644 cm−1 was identified as amide due to the carbonyl bending 

vibrations in the amide linkages of the proteins in the extract. The peaks at 1417 cm−1 were 

indicative of the bending vibrations of the CH functional groups. The peaks at 1384 cm−1 and 

1032 cm−1 are attributed to the C–N stretching vibrations of aromatic and aliphatic amines, 

respectively. The band at 879cm−1 is thought to show the bending vibrations of the C–H groups 

of the phenyl rings. The presence of an aromatic C-H group is associated with a peak at 618cm−1 

[26].The O-H stretching caused by the alcoholic group is shown by the peak at 3417cm−1 in the 

FTIR spectra of TiO2 nanoparticles, whereas the distinctive peak of the N–H bent bond is 

represented by the band at 1641cm−1 [27]. The vibration of the Ti-O-O bond was reflected by the 

peaks at 779cm−1 and 679cm−1 [28]. The FTIR spectra of the G-TiO2 and G-Ba-doped TiO2 

nanoparticles showed the typical C = C bonds at 1645 cm−1 for asymmetric carboxylic 

vibrations. The G-TiO2 nanoparticles displayed a peak at 1418 cm − 1 for symmetric carboxylic 

vibrations. These peak shifts indicate that the Blepharis maderaspatensis extract was 

incorporated into the nanoparticles. For G-TiO2 and Ba-doped TiO2 nanoparticles, the O-H 

stretching is observed at 3412 cm−1, and the peaks at 779 cm−1 and 658 cm−1 indicate the 

presence of Ti-O-Ti. This contributes to the photocatalytic activity of the nanoparticles, 

guaranteeing the successful synthesis of titanium dioxide nanoparticles utilizing leaf extract. 

They ensured the successful creation of titanium dioxide nanoparticles using leaf extract and 

contributed to the photocatalytic activity of these nanoparticles. 

 

 

 



3.4 Scanning Electron Microscopy with Energy-Dispersive X-ray 

Spectroscopy  

 

Fig. 5 SEM (a) C-TiO2 (b) G-TiO2 (c) G-Ba doped TiO2 & (d) EDAX images of G-Ba doped 

TiO2 nanoparticles 

The surface morphologies of the chemically synthesized TiO2, green-synthesized TiO2, 

and green-synthesized Ba-doped TiO2 nanoparticles were examined using scanning electron 

microscopy, as shown in Fig. 5. The chemically synthesized TiO2 nanoparticles exhibited 

noticeable agglomeration with irregular particle distribution, which can be attributed to the 



absence of surface-stabilizing agents during the synthesis. In contrast, the green-synthesized 

TiO2 nanoparticles displayed a relatively uniform and quasi-spherical morphology with reduced 

agglomeration, indicating the effective capping action of the phytochemicals present in the 

Blepharis maderaspatensis leaf extract [29]. Notably, the Ba-doped green-synthesized TiO2 

nanoparticles exhibited a more homogeneous distribution with well-defined spherical features 

and smoother surfaces. The average particle size, estimated from the SEM micrographs, was 

found to be in the range of 20–40nm, which is consistent with the crystallite sizes obtained from 

the XRD analysis. The observed reduction in particle size upon green synthesis and Ba 

incorporation can be ascribed to the combined influence of phytochemical capping and dopant-

induced crystal growth inhibition. 

Energy-dispersive X-ray spectroscopy was employed to confirm the elemental 

composition and purity of the synthesized nanoparticles. The EDS spectrum of Ba-doped TiO2 

nanoparticles (Fig. 4d) revealed the presence of Ti, O, and Ba without any detectable impurity 

elements, confirming the successful incorporation of Ba into the TiO₂ matrix. Weight and atomic 

percentage analyses further substantiated the homogeneous distribution of Ba dopants within the 

TiO2 lattice. The enhanced surface area and abundance of active sites observed in Ba-doped TiO2 

nanoparticles are expected to promote efficient charge transfer and contribute significantly to 

their superior photocatalytic performance [30]. 

 

 

 



3.5. High Resolution Transmission Electron Microscopy (HR-TEM) 

High-resolution transmission electron microscopy was employed to gain deeper insight 

into the morphology, particle size distribution, and crystallinity of the C-TiO2, G-TiO2, and Ba-

doped G-TiO2 nanoparticles, as illustrated in Fig.6–8. HR-TEM images revealed that the 

chemically synthesized TiO2 nanoparticles possessed comparatively larger particle sizes with 

partial agglomeration. In contrast, the green-synthesized TiO2 and Ba-doped TiO2 nanoparticles 

predominantly exhibited quasi-spherical morphologies with improved dispersion and reduced 

particle size. The average particle sizes estimated from the TEM histograms were approximately 

32 nm for C-TiO2, 19 nm for G-TiO2, and 21 nm for Ba-doped G-TiO2 nanoparticles. The 

noticeable size reduction in the green-synthesized samples confirms the crucial role of plant-

derived phytochemicals in regulating nucleation and growth processes during nanoparticle 

formation. Furthermore, Ba doping slightly increased the particle size compared to undoped G-

TiO2, which can be attributed to the lattice distortion and localized structural rearrangements 

induced by the larger Ba2+ ions. The selected-area electron diffraction (SAED) patterns exhibited 

distinct concentric rings corresponding to the (101), (200), and (220) planes of anatase TiO₂, 

confirming the polycrystalline nature and high crystallinity of all the samples. The absence of 

additional diffraction rings further supports the phase purity of the synthesized nanoparticles. 

The HR-TEM and SAED results were in excellent agreement with the XRD findings, validating 

the successful green synthesis and structural integrity of the Ba-doped TiO2 nanoparticles. 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6(a) TEM, (b) HRTEM images (c) SAED of C-TiO2 and (d) Particle size histogram of C-

TiO2 nanoparticles 
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Fig. 7(a) TEM, (b) HRTEM images (c) SAED of G-TiO2 and (d) Particle size histogram of G-

TiO2 nanoparticles 
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Fig. 8 (a) TEM, (b) HRTEM images (c) SAED of G-Ba doped TiO2 and (d) Particle size 

histogram of G-Ba doped TiO2 nanoparticles 
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3.6 Photocatalytic Activity 

UV-visible irradiation was used to investigate the photodegradation of methylene blue 

dye. The photodegradation of methylene blue is depicted schematically in Figures 9–11. The 

following formula was used to determine the TiO2 nanoparticles photodegradation efficiency: 

Degradation (%) = (C0 – Ct) / C0 × 100 

Where C0 is the initial concentration of MB, and Ct is the temporal concentration of MB 

at time t [32]. The photocatalytic activities of chemically and biomedically mediated TiO2 

Nanoparticles and Ba-TiO2 Nanoparticles were evaluated using methylene blue. As methylene 

blue dye is frequently used in the textile industry for coloring and is more dangerous to people, it 

was used as a pollutant in this study. Thus, the removal of methylene blue from wastewater is 

challenging [33]. The methylene blue dye absorption spectra and photodegradation efficiency 

were measured at regular intervals. The UV absorption spectra of methylene blue at 664 nm 

correspond to the π–π* transition. Methylene blue deteriorates, according to the results of the 

absorption peak intensity reduction. Compared to chemically and environmentally synthesized 

TiO2 Nanoparticles, biologically produced Ba-TiO2 Nanoparticles have higher degradation 

efficiency. The degradation efficiency of the jasmine flower extract was improved by the 

hydroxyl group. The maximum degradation of bio-mediated Ba-TiO2 Nanoparticles less than 

100 min of exposure was 96%. 
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Fig. 9 UV–visible spectra of methylene blue degradation of C-TiO2 nanoparticles 
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Fig. 10 UV–visible spectra of methylene blue degradation of G-TiO2 nanoparticles 
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Fig.11 UV–visible spectra of methylene blue degradation of G-Ba doped TiO2 nanoparticles 

Mechanism 

In the context of MB dye, a hole (h+) operates as a dominant scavenger, whereas an 

electron acts as a substantial scavenger, according to the previously reported experimental study. 

To put it another way, MB dye demonstrates that electrons are primarily responsible for 

scavenging radicals. This suggests that donating electrons to neutralize radicals is more likely. 

Holes in the MB dye dominate the radical scavenging mechanism. This result implies that it is 

more likely to require electrons to combat radicals. 



Additionally, the presence of both existing and stabilized electrons and holes resulted in a greater 

number of radicals, as shown by the mechanism presented in Eqs. (1), (2), (3), (4), (5), (6), and 

(7). 

 (1) C-TiO2 Nanoparticles + G-TiO2Nanoparticles + G-Ba-TiO2 Nanoparticles + hv → G-TiO2 

(Ba2+) Nanoparticles* + e−
CB + hVB

+ 

(2) H2O + hVB
+ → H+ +OH• 

(3) O2 + eCB
− → O2

− 

(4) OH− + h+ → OH• 

(5) O2 + 2H + 2e−→H2 + O2
− 

(6) H2O2 + e−→ OH– +OH• 

(7) MB + OH• or h+→   Degradation products 

When radiation with energy equal to or higher than the band gap energy strikes TiO2 particles, 

O2
− represents the superoxide radical adsorbed on the surface of the catalyst particles, and e- 

CB+ h+ VB represents the photoexcited electrons in the conduction band (CB) and holes in the 

valence band (VB), respectively [34–36]. The generation of photoexcited charge carriers and the 

ensuing redox reactions that propel the degradation of the MB dye are depicted in Figure 12. 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 12 Schematic diagram of Methylene blue dye degradation process 

 

An electron-hole pair was produced when UV-visible light was applied to the C-TiO2, G-TiO2, 

and G-Ba-TiO2 nanoparticles. G-Ba-TiO2 nanoparticles positive holes split water molecules into 

hydrogen gas and free radicals, while their negative electrons combine with oxygen molecules to 

create superoxide anions. Superoxide (O2
•−) and hydroxyl groups (OH•) are produced by 

electron–hole pairs. These superoxide and hydroxyl groups break down methylene blue. 
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Methylene blue is converted to Leuco methylene blue (LMB) during the reduction process 

(Figure 12). The bio-mediated Ba-TiO2 nanoparticles, bio-mediated TiO2, and chemically 

synthesized TiO2 nanoparticles exhibited degradation efficiencies of 96%, 82%, and 81%, 

respectively. 

3.7Antioxidant Activity  

An antioxidant test based on electron transfer, the DPPH (2, 2-diphenyl-1-picryl-

hydrazyl-hydrate) free radical method, produces a violet solution in ethanol. The capacity of the 

biosynthesized TiO₂ nanoparticles to scavenge free radicals was examined in relation to DPPH 

free radicals [37]. The antioxidant effectiveness of the produced TiO2 Nanoparticles is shown in 

Fig. 13-14. Both the biosynthesized TiO2 nanoparticles and the ethanol concentration utilized as 

a positive control were identical. TiO2 and ethanol were used in varying amounts (20, 40, 60, and 

80 μg/mL). At a concentration of 80μg/mL, the green TiO2 nanoparticles produced exhibited 

approximately 74.80% and 76.57% DPPH radical scavenging activity (Table 1-2). The phenolic 

components of phytochemicals on the surface of TiO2 Nanoparticles produced using 

environmentally friendly techniques demonstrated a discernible antioxidant capability. 

 

 



 

 

Fig. 13 Antioxidant activity of G-TiO2 for Different Concentration 

 

S.No 
Concentration 

(µg/ml) 
OD (517 nm) % of DPPH activity 

1 1000 0.228 74.80 

2 500 0.341 67.29 

3 250 0.521 42.43 

4 125 0.653 27.84 

5 Standard 0.135 85.08 

 

Table 1 Antioxidant activity of G-TiO2 for Different Concentration 
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Fig. 14 Antioxidant activity of Ba-doped G-TiO2 for Different Concentration 

 

S.No 
Concentration 

(µg/ml) 
OD (517 nm) % of DPPH activity 

1 1000 0.212 76.57 

2 500 0.318 64.86 

3 250 0.421 53.48 

4 125 0.602 33.48 

5 Standard 0.131 85.52 

 

Table 2 Antioxidant activity of Ba-doped G-TiO2 for Different Concentration 
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 4 Conclusion 

In this study, C-TiO2, G-TiO2, and G-Ba-doped TiO2 nanoparticles were successfully 

prepared using a hydrothermal technique with Blepharis maderaspatensis leaf extract. Structural, 

optical, functional, and morphological characterizations employing X-ray diffraction (XRD), 

UV-Vis spectroscopy, Fourier-transform infrared (FTIR) spectroscopy, scanning electron 

microscopy (SEM), energy-dispersive X-ray spectroscopy (EDS), and high-resolution 

transmission electron microscopy (HR-TEM) indicated the successful synthesis of C-TiO2, G-

TiO2, and G-Ba-doped TiO2 nanoparticles. According to the XRD examination, the ecologically 

generated material had a tetragonal structure (anatase phase) with an average crystal size 

between 20-40 nm. The bandgap energies of C-TiO2, G-TiO2, and G-Ba-doped TiO2 

nanoparticles increased following barium doping, according to the UV-Vis absorption spectra. 

FTIR analysis revealed the presence of O-Ti-O group bonds that could be adsorbed on G-Ba-

doped TiO2 nanoparticles. However, the SEM study showed that the morphology was 

agglomerated and spherical. Under UV-visible light, methylene blue undergoes 

photodegradation. Biomedicated TiO2 showed a maximum degradation efficiency of 96% after 

100 min of exposure. For use in wastewater treatment and biomedical industries, G-Ba-doped 

TiO2 nanoparticles were found to be more efficient photocatalysts than C-TiO2 nanoparticles. 

Furthermore, the strong capacity of the biosynthesized TiO2 nanoparticles to scavenge free 

radicals was confirmed by the antioxidant potential evaluated using DPPH tests. Furthermore, 

the strong capacity of the biosynthesized TiO2 nanoparticles to scavenge free radicals was 

corroborated by the antioxidant potential evaluated using the DPPH assay.    
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