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Abstract 

Titanium dioxide (TiO₂) nanoparticles (NPs) have emerged as versatile and 

promising materials in biomedical applications due to their unique physicochemical 

properties, including high stability, biocompatibility, photocatalytic activity, and 

tunable surface chemistry. This review explores their broad spectrum of applications 

in the biomedical field, emphasizing their role in drug delivery, cancer therapy, 

antimicrobial coatings, and biosensing. TiO₂ NPs demonstrate significant potential 

in targeted drug delivery systems due to their ability to conjugate with bioactive 

molecules, enabling controlled and site-specific therapeutic release. Their 

photocatalytic properties make them suitable for photodynamic and photothermal 

therapies, providing effective, minimally invasive treatments for cancer. 

Furthermore, TiO₂ NPs exhibit strong antimicrobial activity, offering innovative 

solutions for infection control in medical devices and implants. Recent 

advancements in TiO₂-based biosensors have facilitated the sensitive and rapid 

detection of biomarkers, enhancing diagnostic accuracy. Despite their promising 

applications, challenges such as potential toxicity and long-term biocompatibility 

must be addressed through rigorous research and development. This paper 

highlights the current progress and future perspectives of TiO₂ nanoparticles, 

underscoring their transformative potential in advancing biomedical technologies. 
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1. INTRODUCTION 

In recent decades, nanotechnology has revolutionized 

numerous fields, including medicine, by offering 

novel approaches to disease diagnosis, treatment, and 

prevention. Among the diverse range of 

nanomaterials, titanium dioxide (TiO2) nanoparticles 

(NPs) have garnered significant attention due to their 

exceptional physicochemical properties[1]. TiO2 NPs 

are characterized by their high surface area-to-

volume ratio, chemical stability, non-toxicity, 

photocatalytic activity, and biocompatibility, making 

them highly suitable for a wide array of biomedical 

applications[2]. These nanoparticles can be 

synthesized in various forms, including anatase, 

rutile, and brookite crystalline phases, each with 

distinct properties that can be tailored to meet 

specific biomedical requirements[3].One of the 

primary advantages of TiO₂ NPs lies in their ability 

to function as multifunctional agents in therapeutic 

and diagnostic settings[4]. Their surface can be easily 

modified to conjugate with bioactive molecules, 

enabling targeted drug delivery systems that reduce 

off-target effects and enhance therapeutic 

efficacy[5]. Additionally, the unique photocatalytic 

properties of TiO₂, particularly under ultraviolet 

(UV) or near-infrared (NIR) light, allow for their use 

in photodynamic and photothermal therapies, 

providing non-invasive and site-specific treatment 

options for cancer and other diseases[6].TiO₂ NPs 

also play a pivotal role in combating microbial 

infections, a growing concern in clinical settings due 

to the rise of antibiotic-resistant pathogens. These 

nanoparticles exhibit strong antimicrobial properties, 

attributed to the generation of reactive oxygen 

species (ROS) under light irradiation, which can 

effectively kill bacteria, fungi, and viruses[7]. As a 

result, TiO₂ coatings have been extensively studied 

for application on medical devices, implants, and 

surgical instruments to prevent biofilm formation and 

reduce the risk of infection[8].Moreover, TiO₂ NPs 

have shown remarkable potential in biosensing 

applications, where their optical and electronic 

properties enable the development of sensitive and 

selective diagnostic platforms[9]. These biosensors 

can detect a wide range of biomarkers, including 

proteins, nucleic acids, and small molecules, with high 

precision, making them invaluable tools in early 

disease detection and monitoring[10].Despite their 

promising applications, concerns regarding the safety 

and long-term biocompatibility of TiO₂ NPs remain a 

significant challenge. Studies have highlighted 

potential risks associated with their accumulation in 

biological systems, oxidative stress induction, and 

inflammation[11]. As a result, rigorous preclinical and 

clinical studies are necessary to ensure the safe 

integration of TiO₂ NPs into medical practice[12].This 

comprehensive review delves into the current 

advancements and challenges in the biomedical 

applications of TiO₂ nanoparticles. It explores their 

role in drug delivery, cancer therapy, antimicrobial 

coatings, and biosensing while discussing strategies to 

overcome limitations and maximize their 

potential[13]. By addressing these aspects, this work 

aims to provide a holistic understanding of how TiO₂ 

NPs can contribute to the development of innovative, 

effective, and safe biomedical technologies[14]. 

2. PROPERTIES OF TiO₂ NANOPARTICLES 

Titanium dioxide (TiO₂) nanoparticles possess a range 

of unique properties that make them particularly 

valuable in biomedical applications. One of their most 

significant features is their photocatalytic activity, 

which enables the generation of reactive oxygen 

species (ROS) upon exposure to specific wavelengths 

of light[15]. This capability has been extensively 

leveraged in antimicrobial treatments and cancer 

therapies, where ROS play a crucial role in effectively 

damaging pathogens and malignant cells[16].Another 

important property of TiO₂ nanoparticles is their 

biocompatibility. Due to their inert nature and low 

toxicity when used at controlled concentrations, these 

nanoparticles are generally well-tolerated by 

biological systems. This makes them a suitable choice 

for a variety of therapeutic and diagnostic 

applications[17].Additionally, TiO₂ nanoparticles 

exhibit excellent surface modifiability. Their surfaces 

can be functionalized with a diverse array of organic 

and inorganic materials, enhancing their selectivity, 

targeting efficiency, and overall functionality[18]. 

This flexibility allows them to be tailored for specific 
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biomedical purposes, improving their performance in 

a variety of contexts[19].Finally, TiO₂ nanoparticles 

are known for their high stability. They are highly 

resistant to degradation in physiological 

environments, ensuring their structural integrity and 

prolonged effectiveness even under challenging 

biological conditions[20]. This stability is a key 

factor in their reliable performance in long-term 

applications. Together, these properties underscore 

the immense potential of TiO₂ nanoparticles in 

advancing biomedical technologies[21]. 

3. BIOMEDICAL APPLICATIONS 

3.1 Photodynamic And Photothermal Therapy 

Titanium dioxide (TiO₂) nanoparticles have emerged 

as a promising tool in advanced cancer treatments, 

particularly in photodynamic therapy (PDT) and 

photothermal therapy (PTT). Their ability to interact 

with light and generate reactive oxygen species 

(ROS) under UV or visible light is central to their 

therapeutic potential. This mechanism induces 

oxidative stress in targeted cells, leading to cell death, 

which is especially advantageous for treating cancer 

due to its selective action[22, 23].In Photodynamic 

Therapy (PDT),TiO₂ nanoparticles serve as efficient 

photosensitizers. Upon light activation, they produce 

ROS that selectively destroy cancerous cells while 

minimizing damage to surrounding healthy tissues. 

This selectivity not only improves treatment efficacy 

but also reduces adverse side effects, making PDT a 

safer alternative to conventional cancer 

therapies[24].In Photothermal Therapy (PTT), 

functionalized TiO₂ nanoparticles play a pivotal role 

in converting light energy into heat. By absorbing 

specific wavelengths of light, these nanoparticles 

produce localized heat capable of ablating tumor 

tissues with high precision[25]. The functionalization 

of TiO₂ nanoparticles enhances their light absorption 

properties and allows for targeted delivery to tumor 

sites, thereby increasing the therapeutic efficiency of 

PTT. Together, these therapies showcase the 

versatility of TiO₂ nanoparticles as a multifunctional 

platform in the fight against cancer[26]. 

3.2 Antimicrobial Coatings 

Titanium dioxide (TiO₂) nanoparticles are increasingly 

utilized in antimicrobial coatings due to their potent 

photocatalytic activity. When exposed to light, TiO₂ 

nanoparticles generate reactive oxygen species (ROS), 

which disrupt microbial cell walls, membranes, and 

DNA[27]. This photocatalytic mechanism effectively 

inhibits the growth and survival of a wide range of 

pathogens, including bacteria, viruses, and fungi[28]. 

One of the key applications of TiO₂-based 

antimicrobial coatings is in the prevention of biofilm 

formation on medical devices and implants. Biofilms, 

which are complex communities of microorganisms 

adhering to surfaces, pose a significant challenge in 

clinical settings as they are highly resistant to 

conventional treatments[29]. By integrating TiO₂ 

nanoparticles into the surface coatings of medical 

devices such as catheters, surgical instruments, and 

implants, biofilm formation can be effectively 

mitigated. This not only reduces the risk of device-

associated infections but also enhances the longevity 

and safety of these devices in biomedical 

applications[30].These coatings, which are durable 

and highly effective under physiological conditions, 

represent a valuable advancement in infection control 

strategies, particularly in hospital environments where 

the risk of healthcare-associated infections is high. 

Below is Table 01 in which different type of Titanium 

oxide along with there use in Antimicrobial activity is 

shown.

       

 

Table 01: Different type of Titanium oxide along with use in Antimicrobal Coating 
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Serial 

No 

Name of Material Morphology Applications References 

01 Titanium Dioxide (TiO₂) Nanoparticles Antimicrobial Coating [31] 

02 TiO₂-ZnO Composite Nanorods Antibacterial Surface [32] 

03 TiO₂-Ag Nanocomposite Nanotubes Antiviral Protective 

Coating 

[33] 

04 TiO₂-PVA Hybrid Thin Films Antimicrobial Packaging [34] 

05 TiO₂-CuO Composite Nanoparticles Self-cleaning Surfaces [35] 

06 Doped TiO₂ (N-TiO₂) Porous Structures Water Purification 

Coatings 

[36] 

07 TiO₂-SiO₂ Composite Core-Shell Structures Anti-biofilm Coating [37] 

08 TiO₂-Graphene Oxide 

Hybrid 

Nanosheets Antibacterial Wound 

Dressings 

[38] 

09 TiO₂-Zeolite Composite Mesoporous Structures Food Preservation 

Coatings 

[39] 

10 TiO₂-Polymer 

Nanocomposite 

Fibrous Networks Medical Device 

Coatings 

[40] 

11 TiO₂-Fe₂O₃ Hybrid Hollow Microspheres Air Purification via 

Photocatalysis 

[41] 

12 TiO₂-Au Nanoparticles Spherical Nanostructures Antiviral Textile 

Coatings 

[42] 

13 TiO₂-Carbon Nanotube 

Blend 

Nanorod Bundles Self-disinfecting 

Surfaces 

[43] 

14 TiO₂-Cu Nanoparticles Porous Thin Films Hospital Sterilization 

Coatings 

[44] 

15 TiO₂-Al₂O₃ Composite Nanoaggregates Food Preservation [45] 

 

3.3 Drug Delivery Systems 

Titanium dioxide (TiO₂) nanoparticles have shown 

great promise in drug delivery systems due to their 

unique physicochemical properties. Their high 

surface area and ability to bind to a variety of 

molecules make them ideal carriers for controlled and 

targeted drug release[46]. The mechanism primarily 

involves the nanoparticles acting as vehicles to deliver 

therapeutic agents with precision, minimizing off-

target effects and enhancing drug efficacy[47].One of 

the major applications of TiO₂ nanoparticles in drug 
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delivery is the delivery of chemotherapeutic agents 

directly to tumor sites[48]. By functionalizing the 

nanoparticles, they can be engineered to specifically 

target cancer cells, reducing systemic toxicity and 

improving the therapeutic index of anticancer 

drugs[49].Additionally, TiO2 nanoparticles are 

utilized in pH-responsive drug release systems, 

taking advantage of the acidic microenvironment of 

tumors[50]. In such systems, the nanoparticles 

release their payload in response to the lower pH of 

the tumor site, ensuring that the therapeutic agents are 

delivered exactly where they are needed while 

remaining stable in normal physiological 

conditions[51].Recent advances in this field have 

focused on functionalizing TiO2 nanoparticles with 

specific ligands, which further enhance their 

selectivity and bioavailability[52]. These 

functionalized nanoparticles can bind to receptors on 

the surface of target cells, ensuring precise delivery of 

the therapeutic agents. This not only improves drug 

efficacy but also reduces side effects, making TiO₂ 

nanoparticles a versatile platform for next-generation 

drug delivery systems[53].Below is Table 02 Consist 

of Different type of Titanium Oxide along with their 

use in Drug delivery System. 

      Table 02: Titanium oxide and their Applications in Drug Delivery System 

Serial 

No 
 

Name of the Material 
 

Morphology 
 

Application 
 

References 
 

1 
 

Titanium Dioxide (TiO₂) 
 

Nanoparticles 
 

Controlled Drug Release 
 

[54] 

2 
 

TiO₂-PEG Nanocomposite 
 

Mesoporous 

Nanoparticles 
 

Targeted Drug Delivery 
 

[55] 

3 
 

TiO₂-Doped Hydroxyapatite 
 

Porous Microspheres 
 

Bone Tissue Engineering 

and Drug Delivery 
 

[56] 

4 
 

TiO₂-Polylactic Acid (PLA) 

Hybrid 
 

Nanotubes 
 

Cancer Therapy Drug 

Carriers 
 

[57] 

5 
 

TiO₂-Graphene Oxide Hybrid 
 

Nanosheets 
 

Chemotherapeutic Drug 

Delivery 
 

[58] 

6 
 

TiO₂-Polymer Nanocomposite 
 

Fibrous Structures 
 

Sustained Release of 

Antibiotics 
 

[59] 

7 
 

TiO₂-ZnO Nanocomposite 
 

Hollow 

Nanoparticles 
 

Multi-drug Delivery 

Platforms 
 

[60] 

8 
 

Doped TiO₂ (N-TiO₂) 
 

Nanorods 
 

pH-Sensitive Drug 

Delivery Systems 
 

[61] 

9 
 

TiO₂-Silica Composite 
 

Core-Shell 

Nanoparticles 
 

Dual-Drug Delivery 

Systems 
 

[62] 

10 
 

TiO₂-Curcumin Hybrid 
 

Nanoparticles 
 

Anti-inflammatory Drug 

Delivery 
 

[63] 

11 
 

TiO₂-Chitosan Composite 
 

Thin Films 
 

Wound Healing and Drug 

Release 
 

[64] 

12 
 

TiO₂-Cerium Oxide Hybrid 
 

Porous 

Nanostructures 
 

Antioxidant Drug 

Delivery 
 

[65] 

13 
 

TiO₂-Alumina 

Nanocomposite 
 

Mesoporous Films 
 

Protein and Peptide Drug 

Delivery 
 

[66] 

14 
 

TiO₂-CNT (Carbon 

Nanotube) Blend 
 

Tubular 

Nanostructures 
 

Gene Therapy Delivery 

Systems 
 

[67] 
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15 
 

TiO₂-Polysaccharide Hybrid 
 

Nanoparticles 
 

Targeted Anticancer Drug 

Delivery 
 

[68] 

 

3.4. Tissue Engineering And Regeneration 

Titanium dioxide (TiO₂) nanoparticles have gained 

prominence in tissue engineering and regenerative 

medicine due to their ability to mimic the natural 

extracellular matrix. Their surface properties and 

biocompatibility promote cell adhesion, proliferation, 

and differentiation, making them an ideal material for 

scaffold development in tissue regeneration[69].One key 

application is in bone regeneration, where TiO₂ 

nanoparticles enhance osteoblast activity and 

mineralization. The nanoparticles provide a bioactive 

surface that facilitates the deposition of hydroxyapatite, a 

key component of bone tissue, thereby accelerating the 

healing process and improving bone strength[70, 71].In 

cartilage repair, TiO₂-based scaffolds provide structural 

support to damaged cartilage tissues. These 

biocompatible scaffolds not only promote chondrocyte 

adhesion but also ensure the mechanical integrity 

required for cartilage regeneration[72].Advancements in 

this field have led to the development of composite 

scaffolds that combine TiO₂ nanoparticles with polymers 

such as collagen or chitosan. These hybrid scaffolds are 

both bioactive and biodegradable, offering the dual 

benefits of supporting tissue regeneration and degrading 

naturally over time as the new tissue forms[73]. Such 

innovations have paved the way for creating more 

effective and tailored solutions in tissue engineering[74]. 

3.5 BIOSENSING AND DIAGNOSTICS 

Titanium dioxide (TiO₂) nanoparticles have garnered 

significant attention in the field of biosensing and 

diagnostics due to their unique optical and 

electrochemical properties. These properties enable the 

sensitive detection of various biomolecules, making TiO₂ 

a valuable component in advanced biosensing 

technologies[10]. TiO₂ nanoparticles exhibit high surface 

area, excellent biocompatibility, and unique 

photocatalytic activity, which collectively facilitate their 

use in biosensing applications. Their optical properties, 

such as fluorescence quenching and photoabsorption, and 

electrochemical capabilities, such as electron transfer, 

enable precise detection of biomolecules[75]. When 

functionalized with specific recognition elements (e.g., 

antibodies, enzymes, or DNA probes), TiO₂ nanoparticles 

can selectively bind target molecules, producing detectable 

signals for diagnostic purposes[76].TiO₂ nanoparticles are 

widely used in glucose sensors to monitor blood sugar 

levels in diabetic patients. Their photocatalytic properties 

enhance the oxidation of glucose, resulting in amplified 

electrochemical signals that improve the sensitivity and 

accuracy of glucose measurements[77]. In diagnostic 

devices, TiO₂ nanoparticles are employed to detect DNA 

sequences, proteins, and specific biomarkers associated 

with various diseases. For example, nanostructured TiO₂ 

substrates can enhance the immobilization of 

biomolecules, improving the stability and sensitivity of 

assays. This application is critical in early disease 

detection, such as cancer diagnostics, where identifying 

biomarkers at low concentrations is crucial[78].Recent 

advances in nanotechnology have further elevated the 

performance of TiO₂-based biosensors. The development 

of nanostructured TiO₂, such as nanotubes, nanorods, and 

mesoporous structures, has led to significant 

improvements in signal amplification and sensitivity[79]. 

These nanostructures provide a larger active surface area 

and facilitate better interaction with target molecules. 

Additionally, the incorporation of TiO₂ nanoparticles with 

other nanomaterials, such as graphene or gold 

nanoparticles, has resulted in hybrid sensors with 

synergistic properties, further enhancing detection 

capabilities[80].Overall, TiO₂ nanoparticles continue to 

revolutionize biosensing and diagnostics, paving the way 

for more accurate, reliable, and efficient diagnostic tools. 

Their integration into portable and point-of-care devices 

holds great promise for improving healthcare outcomes 

through early disease detection and management[81]. 

4. FUTURE PERSPECTIVES 
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To address existing challenges and enhance the 

biomedical utility of titanium dioxide (TiO₂) 

nanoparticles, future research must explore several key 

areas to unlock their full potential in medical 

applications. These efforts will help overcome current 

limitations while broadening their scope for clinical 

use.Surface functionalization is a critical area for 

improving the biocompatibility and functionality of TiO₂ 

nanoparticles. Developing advanced coatings and 

functional ligands can enable more precise targeting in 

therapeutic applications, reducing off-target effects and 

enhancing efficacy. Biocompatible polymers, peptides, 

and antibodies could be used to improve the 

nanoparticles' interaction with biological environments, 

facilitating their use in targeted drug delivery and 

diagnostics. Functionalization also aids in minimizing 

potential toxicity, ensuring safer biomedical 

applications.Multifunctionality is another promising 

direction, focusing on integrating TiO₂ nanoparticles with 

other nanomaterials such as gold, graphene, or magnetic 

nanoparticles. These combinations can produce 

synergistic effects that enhance the nanoparticles' optical, 

electronic, and therapeutic properties. For example, 

coupling TiO₂ with gold can amplify its photothermal 

effects, while integration with graphene can improve 

conductivity and mechanical strength, making these 

hybrid materials more versatile for applications like 

biosensing, imaging, and cancer therapy.Advancements 

in light activation strategies are essential for expanding 

the therapeutic applications of TiO₂ nanoparticles. 

Traditional TiO₂-based photodynamic therapies rely on 

ultraviolet (UV) light activation, which has limited tissue 

penetration and potential for causing damage to 

surrounding tissues. Future research should prioritize the 

development of visible and near-infrared (NIR) light 

activation methods to achieve deeper tissue penetration 

with reduced side effects. This can significantly enhance 

the effectiveness of TiO₂ nanoparticles in photodynamic 

and photothermal therapies, particularly for treating 

cancers and other deep-seated diseases.Comprehensive in 

vivo studies are indispensable for accelerating the clinical 

translation of TiO₂-based biomedical technologies. While 

in vitro experiments have demonstrated promising 

results, the safety, biodistribution, and long-term effects 

of TiO₂ nanoparticles need thorough evaluation in living 

organisms. These studies should focus on understanding 

toxicity, clearance mechanisms, and efficacy in realistic 

physiological conditions, providing essential data for 

regulatory approval and clinical adoption.Regenerative 

medicine offers a significant frontier for the application of 

TiO₂ nanoparticles, particularly in tissue engineering and 

scaffolding. While TiO₂ scaffolds are already used for 

bone regeneration, expanding their use for soft tissue 

engineering is a promising avenue. Research should aim to 

optimize the mechanical properties, porosity, and 

biocompatibility of TiO₂-based scaffolds to support the 

growth and differentiation of soft tissue cells. 

Functionalization with biomolecules or growth factors 

could further enhance their regenerative capabilities, 

opening new possibilities in wound healing, vascular tissue 

engineering, and organ repair.By focusing on these 

strategic areas, future research can overcome the current 

limitations of TiO₂ nanoparticles and unlock their full 

potential for diverse biomedical applications. These efforts 

will not only improve their performance and safety but also 

pave the way for innovative therapies and diagnostic tools 

that can transform modern medicine. 

5. CONCLUSION 

Titanium dioxide (TiO₂) nanoparticles have emerged as a 

versatile and promising material in the realm of biomedical 

applications. Their unique physicochemical properties, 

including high biocompatibility, photocatalytic activity, 

and optical characteristics, make them suitable for a wide 

range of medical uses. These applications span cancer 

therapies, antimicrobial coatings, biosensing, and tissue 

engineering, showcasing their immense potential in 

advancing healthcare technologies.One of the most 

significant applications of TiO₂ nanoparticles is in cancer 

therapies. Their photocatalytic properties enable their use 

in photodynamic therapy (PDT) and photothermal therapy 

(PTT). In PDT, TiO₂ nanoparticles generate reactive 

oxygen species (ROS) upon light activation, leading to the 

targeted destruction of cancer cells. This approach 

minimizes damage to surrounding healthy tissues 

compared to conventional cancer treatments. Efforts to 

improve light penetration using visible and near-infrared 

(NIR) wavelengths have further enhanced the efficacy of 

TiO₂-based PDT, making it a promising tool for treating 

deep-seated tumors. Additionally, their ability to be 

functionalized with targeting ligands, such as peptides or 
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antibodies, enables the precise delivery of therapeutic 

agents, paving the way for more personalized cancer 

treatments.In the fight against infections, TiO₂ 

nanoparticles have proven to be effective antimicrobial 

agents. Their photocatalytic generation of ROS disrupts 

microbial cell membranes and DNA, making them highly 

effective against a broad spectrum of pathogens, 

including bacteria, fungi, and viruses. This property has 

led to their incorporation into antimicrobial coatings for 

medical devices, implants, and hospital surfaces, 

reducing the risk of healthcare-associated infections. 

Moreover, the long-lasting antimicrobial activity of TiO₂ 

nanoparticles under light exposure makes them an 

excellent candidate for sustainable and self-disinfecting 

surfaces.The field of tissue engineering has also benefited 

from the unique attributes of TiO₂ nanoparticles. They are 

widely used in the development of scaffolds for bone 

regeneration due to their excellent mechanical strength, 

biocompatibility, and osteogenic properties. These 

scaffolds provide a supportive framework for cell 

attachment, proliferation, and differentiation, facilitating 

the repair of damaged bone tissue. Beyond bone 

applications, recent research is exploring their potential 

in soft tissue engineering, such as vascular and skin tissue 

regeneration. Functionalization with bioactive molecules 

or growth factors can further enhance their regenerative 

capabilities, expanding their use in complex tissue 

engineering applications.Despite their many advantages, 

challenges remain in the widespread clinical adoption of 

TiO₂ nanoparticles. Toxicity concerns, particularly the 

generation of ROS and their interaction with healthy 

cells, need to be thoroughly addressed through careful 

design and functionalization. Coating TiO₂ nanoparticles 

with biocompatible materials or polymers can mitigate 

these effects, improving their safety profile. Additionally, 

the scalability of TiO₂ nanoparticle production for clinical 

use is an ongoing challenge. Developing cost-effective 

and reproducible synthesis methods that meet regulatory 

standards is essential for translating laboratory research 

into practical medical applications.Advances in material 

engineering and functionalization techniques continue to 

push the boundaries of TiO₂ nanoparticle applications. By 

combining TiO₂ with other nanomaterials such as gold, 

graphene, or magnetic nanoparticles, researchers are 

creating hybrid systems with enhanced properties, such 

as improved light absorption, stronger antimicrobial 

activity, and multifunctionality. These advancements 

enable TiO₂ nanoparticles to be tailored for specific 

medical applications, ranging from precision therapies to 

real-time diagnostics.With continued research and 

development, TiO₂ nanoparticles are poised to play a 

pivotal role in the future of medicine. Their integration into 

innovative treatment modalities and medical devices holds 

the potential to revolutionize healthcare by enabling more 

effective, targeted, and personalized treatments. As 

researchers overcome the current challenges and expand 

their applications, TiO₂ nanoparticles are likely to become 

a cornerstone of next-generation biomedical technologies. 

An acknowledgement  

All the author thankful to the Department of Chemistry 

AWKUM Mardan, KP, Pakistan 

Conflicts of interest 

The author declares that they have no conflicts of interest. 

Funding 

Not applicable. 

6.0 REFERENCES 

 

[1] U. Yezdani, M.G. Khan, N. Kushwah, A. Verma, 

F.J.W.J.P.P.S. Khan, Application of nanotechnology in 

diagnosis and treatment of various diseases and its future 

advances in medicine, 7 (2018) 1611-1633. 

[2] M. Shah, A. Hameed, M. Kashif, N. Majeed, J. 

Muhammad, N. Shah, T. Rehan, A. Khan, J. Uddin, 

A.J.C.P. Khan, Advances in agar-based composites: A 

comprehensive review, (2024) 122619. 

[3] D.R. Eddy, M.D. Permana, L.K. Sakti, G.A.N. Sheha, 

Solihudin, S. Hidayat, T. Takei, N. Kumada, I.J.N. 

Rahayu, Heterophase polymorph of TiO2 (Anatase, Rutile, 

Brookite, TiO2 (B)) for efficient photocatalyst: fabrication 

and activity, 13 (2023) 704. 

[4] M. Kashif, S. Muhammad, A. Ali, K. Ali, S. Khan, S. 

Zahoor, M.J.J.o.X.a.S.U. Hamza, Bismuth oxide 

nanoparticle fabrication and characterization for 

photocatalytic bromophenol blue degradation, 19 (2023) 

521-544. 

[5] S. Çeşmeli, C.J.J.o.d.t. Biray Avci, Application of 

titanium dioxide (TiO2) nanoparticles in cancer therapies, 

27 (2019) 762-766. 

[6] N. Rodríguez-Barajas, L.M. Anaya-Esparza, Z. 

Villagran-de La Mora, J.A. Sánchez-Burgos, A.J.A.-

C.A.i.M.C. Pérez-Larios, Review of therapies using TiO2 



Review Article                         Phytopharmacology Research Journal (PRJ) Open Access 

                                     

 P h y t o p h a r m a c o l .  R e s .  J .  V o l . 3 ,  I s s u e ,  3 .  D e c e m b e r  2 0 2 4 ,  p p .  2 9 - 4 0  

nanomaterials for increased anticancer capability, 22 

(2022) 2241-2254. 

[7] M. Rai, K. Kon, A. Gade, A. Ingle, D. Nagaonkar, P. 

Paralikar, S.J.A.R. da Silva, Antibiotic resistance: can 

nanoparticles tackle the problem, (2016). 

[8] A.T. Al-Sa'ady, F.H.J.S.R.i.P. Hussein, Nanomedical 

Applications of Titanium Dioxide Nanoparticles as 

Antibacterial Agent against Multi-Drug Resistant 

Streptococcus Pneumoniae, 11 (2020). 

[9] M. Gul, M. Kashif, K.J.P.R.J. Shahid, Eco-Friendly 

Approaches in the Synthesis of ZnO Nanoparticles using 

Plant Extract: A Review, 3 (2024) 1-25. 

[10] T. Mavrič, M. Benčina, R. Imani, I. Junkar, M. 

Valant, V. Kralj-Iglič, A. Iglič, Electrochemical 

biosensor based on TiO2 nanomaterials for cancer 

diagnostics, in:  Advances in Biomembranes and Lipid 

Self-Assembly, Elsevier, 2018, pp. 63-105. 

[11] M. Kashif, M. Jawad, A.A. Khan, H. Sun, K. Ullah, 

O. Fakayode, S.J.J.o.A.R.i.W. Azizi, Wastewater, Fe/Ti-

codoped strontium oxide nanoparticles for enhanced 

photocatalytic degradation of methyl orange, 11 (2024) 

8-14. 

[12] S. Jafari, B. Mahyad, H. Hashemzadeh, S. Janfaza, 

T. Gholikhani, L.J.I.j.o.n. Tayebi, Biomedical 

applications of TiO2 nanostructures: recent advances, 

(2020) 3447-3470. 

[13] M. Kashif, M. Ali, S. Naz, J. Amir, S. Murad, M. 

Atif, O.A. Khattak, S. Ullah, S. Aleena, N.J.B.J.o.S. 

Khan, Formulation development and characterization of 

quercetin loaded poly caprolactone nanoparticles for 

tumors, 3 (2024) 82-92. 

[14] A. Ghareeb, A. Fouda, R.M. Kishk, W.M.J.M.C.F. 

El Kazzaz, Unlocking the potential of titanium dioxide 

nanoparticles: an insight into green synthesis, 

optimizations, characterizations, and multifunctional 

applications, 23 (2024) 341. 

[15] I. Ghani, M. Kashif, O.A. Khattak, M. Shah, S. 

Nawaz, S. Ullah, S. Murad, S. Naz, H.W. Khan, 

S.J.J.o.X.a.S.U. Muhammad, Hydrothermal synthesis 

and characterization of Cobalt doped Bismuth oxide NPs 

for photocatalytic degradation of methyl orange dye, 19 

(2023) 1195-1217. 

[16] D. Ziental, B. Czarczynska-Goslinska, D.T. 

Mlynarczyk, A. Glowacka-Sobotta, B. Stanisz, T. 

Goslinski, L.J.N. Sobotta, Titanium dioxide 

nanoparticles: prospects and applications in medicine, 10 

(2020) 387. 

[17] M. Magro, A. Venerando, A. Macone, G. Canettieri, 

E. Agostinelli, F.J.B. Vianello, Nanotechnology-based 

strategies to develop new anticancer therapies, 10 (2020) 

735. 

[18] S. Zaman, M. Kashif, M. Shah, A. Hameed, N. 

Majeed, M. Ismail, I. Khan, S. Ullah, N.J.B.J.o.S. Khan, 

Investigating the enhanced photocatalytic degradation of 

bromophenol blue using Ni/Zn co-doped Strontium Oxide 

nanoparticles synthesized via hydrothermal method, 3 

(2024) 102-114. 

[19] E.N. Ngouangna, M.Z. Jaafar, M.M. Norddin, A. Agi, 

J.O. Oseh, S.J.J.o.M.L. Mamah, Surface modification of 

nanoparticles to improve oil recovery Mechanisms: A 

critical review of the methods, influencing Parameters, 

advances and prospects, 360 (2022) 119502. 

[20] M. Jamal, G.A.K. Nabi, H. Sun, K. Ullah, O.A. 

Khattak, M. Kashif, S. Khan, M. Alam, S. Hussain, 

M.J.A.o.A.E.S. Ullah, Preparation of Manganese-Doped 

Bismuth Oxide for the Photocatalytic Degradation of 

Methylene Blue, (2024) 1-7. 

[21] M. Bowker, C. O’Rourke, A.J.T.i.C.C. Mills, The role 

of metal nanoparticles in promoting photocatalysis by 

TiO2, 380 (2022) 17. 

[22] A. Maleki, M. Seyedhamzeh, M. Yuan, T. Agarwal, 

I. Sharifi, A. Mohammadi, P. Kelicen‐Uğur, M. Hamidi, 

M. Malaki, A.A.J.S. Al Kheraif, Titanium‐based 

nanoarchitectures for sonodynamic therapy‐involved 

multimodal treatments, 19 (2023) 2206253. 

[23] M. Ahsan, S. Qasim, A. Shah, I. Nawaz, M. Kashif, 

W.J.B.J.o.S. Ahmad, Loading of anticancer drug 

anastrozole using Fe3O4@ SiO2, 3 (2024) 93-101. 

[24] H. Zhang, Y. Shan, L.J.J.o.b.n. Dong, A comparison 

of TiO2 and ZnO nanoparticles as photosensitizers in 

photodynamic therapy for cancer, 10 (2014) 1450-1457. 

[25] M. Kashif, A.A. Khan, H. Sun, J. Kamal, M.I.A. Shah, 

S. Hussain, J. Amir, Y. Jamal, T.J.B.J.o.S. Ahmad, 

Synthesis and characterization of Fe-doped CuO 

nanoparticles: Catalytic efficiency in crystal violet dye 

degradation and exploration of electrical properties, 3 

(2024) 1-18. 

[26] M.A. Behnam, F. Emami, Z. Sobhani, 

A.R.J.I.j.o.b.m.s. Dehghanian, The application of titanium 

dioxide (TiO2) nanoparticles in the photo-thermal therapy 

of melanoma cancer model, 21 (2018) 1133. 

[27] J. Amir, S. Muhammad, M. Kashif, A.A. Khan, M. 



Review Article                                               Phytopharmacology Research Journal (PRJ) Open access                                      
 

P h y t o p h a r m a c o l .  R e s .  J .  V o l . 3 ,  I s s u e ,  3 .  D e c e m b e r  2 0 2 4 ,  p p .  2 9 - 4 0  

Gul, H. Sun, M. Shah, S. Azizi, M.J.J.o.t.I.C.S. Maaza, 

Synthesis, characterization and dielectric properties 

evaluation of NiO-Co3O4 nanocomposite, (2024) 1-10. 

[28] V. Kumaravel, K.M. Nair, S. Mathew, J. Bartlett, 

J.E. Kennedy, H.G. Manning, B.J. Whelan, N.S. Leyland, 

S.C.J.C.E.J. Pillai, Antimicrobial TiO2 nanocomposite 

coatings for surfaces, dental and orthopaedic implants, 

416 (2021) 129071. 

[29] S. Muhammad, A. Ali, J. Shah, M. Hamza, M. 

Kashif, B.K.A. Khel, A.J.N. Iqbal, A.S.I. Journal, Using 

Moringa oleifera stem extract for green synthesis, 

characterization, and anti-inflammatory activity of silver 

oxide nanoparticles, 4 (2023) 80-97. 

[30] C. Wang, Y. Su, S.S. Shahriar, Y. Li, J.J.M.B. Xie, 

Emerging strategies for treating medical device and 

wound‐associated biofilm infections, 17 (2024) e70035. 

[31] S.H. Othman, N.R. Abd Salam, N. Zainal, R. Kadir 

Basha, R.A.J.I.J.o.P. Talib, Antimicrobial activity of 

TiO2 nanoparticle‐coated film for potential food 

packaging applications, 2014 (2014) 945930. 

[32] M. Duraisamy, S. Sreekantan, G.A. Govindasamy, 

S.S. Murthe, J.N. Appaturi, S.S.J.J.o.S.-G.S. Md Noor, 

Technology, An in-vitro study of antibacterial, 

cytocompatibility and physicochemical properties of 

TiO2-ZnO nanocomposite, (2024) 1-13. 

[33] T. Ghosh, G.B. Raj, K.K.J.M.F. Dash, A 

comprehensive review on nanotechnology based sensors 

for monitoring quality and shelf life of food products, 7 

(2022) 100049. 

[34] H.G. El Gohary, I.A. Alhagri, T.F. Qahtan, A.N. Al-

Hakimi, A. Saeed, F. Abolaban, E.M. Alshammari, 

G.J.C.I. Asnag, Reinforcement of structural, thermal and 

electrical properties and antibacterial activity of PVA/SA 

blend filled with hybrid nanoparticles (Ag and TiO2 

NPs): Nanodielectric for energy storage and food 

packaging industries, 49 (2023) 20174-20184. 

[35] J. Woo, S. Kim, S.J.S. Lee, Interfaces, Durable and 

regenerable CuO/TiO2 coatings with long-lasting 

antifogging and self-cleaning abilities, 53 (2024) 104984. 

[36] C.B. Anucha, I. Altin, E. Bacaksiz, V.N.J.C.E.J.A. 

Stathopoulos, Titanium dioxide (TiO₂)-based 

photocatalyst materials activity enhancement for 

contaminants of emerging concern (CECs) degradation: 

In the light of modification strategies, 10 (2022) 100262. 

[37] A. Luceri, Innovative smart composite coatings 

endowing antimicrobial properties to several materials, 

(2024). 

[38] J. Prakash, K.S.K. Venkataprasanna, D. Prema, S.M. 

Sahabudeen, S. Debashree Banita, G.D.J.T.M. 

Venkatasubbu, Methods, Investigation on photo-induced 

mechanistic activity of GO/TiO2 hybrid nanocomposite 

against wound pathogens, 30 (2020) 508-525. 

[39] R. Siangyai, P. Sujaridworakun, D. Aht-Ong, I.J.F.P. 

Hongrattanavichit, S. Life, Synthesis and characterization 

of zeolite–Titanium dioxide composite material for 

ethylene adsorbing and scavenging dual action in coated 

paper packaging for postharvest product, 46 (2024) 

101399. 

[40] H. Nawaz, M. Umar, R. Maryam, I. Nawaz, H. 

Razzaq, T. Malik, X.J.A.E.M. Liu, Polymer 

Nanocomposites based on TiO2 as a reinforcing agent: An 

Overview, 24 (2022) 2200844. 

[41] Z. Zhou, H. Yin, Y. Zhao, J. Zhang, Y. Li, J. Yuan, J. 

Tang, F.J.C. Wang, Synthesis of magnetic α-Fe2O3/rutile 

TiO2 hollow spheres for visible-light photocatalytic 

activity, 11 (2021) 396. 

[42] V. Rawat, D.S. Negi, A.J.C.B.O.F.N. Kumar, 

Antimicrobial textiles based on nanoparticles and 

composite, antiviral and antimicrobial coatings based on 

functionalized nanomaterials, (2023) 389. 

[43] D. Pramudita, V. Suendo, M.M. Azis, A.J.N.f.E.A. 

Indarto, Nanomaterials for Air Purification: Advances and 

Challenges, (2022) 281-315. 

[44] T. Koklic, I. Urbančič, I. Zdovc, M. Golob, P. Umek, 

Z. Arsov, G. Dražić, Š. Pintarič, M. Dobeic, J.J.P.O. 

Štrancar, Surface deposited one-dimensional copper-

doped TiO2 nanomaterials for prevention of health care 

acquired infections, 13 (2018) e0201490. 

[45] R. Mahanta, P. Chetri, N. Shukla, D.J.P.B.C.M. Bora, 

Daylight photocatalytic activity of SnO2@ Al2O3 core-

shell: an experimental & first principles study, 690 (2024) 

416230. 

[46] R. Nazir, M. Khan, S. Shujah, M. Khan, M. Ullah, A. 

Zada, N. Mahmood, I. Ahmad, Adsorption of selected azo 

dyes from an aqueous solution by activated carbon derived 

from Monotheca buxifolia waste seeds, (2020). 

[47] F. Zuo, Y. Zhu, T. Wu, C. Li, Y. Liu, X. Wu, J. Ma, 

K. Zhang, H. Ouyang, X.J.P. Qiu, Titanium dioxide 

nanomaterials: Progress in synthesis and application in 

drug delivery, 16 (2024) 1214. 

[48] A. Zada, M. Khan, M.N. Qureshi, S.-y. Liu, R.J.F.i.C. 

Wang, Accelerating photocatalytic hydrogen production 



Review Article                         Phytopharmacology Research Journal (PRJ) Open Access 

                                     

 P h y t o p h a r m a c o l .  R e s .  J .  V o l . 3 ,  I s s u e ,  3 .  D e c e m b e r  2 0 2 4 ,  p p .  2 9 - 4 0  

and pollutant degradation by functionalizing g-C3N4 

with SnO2, 7 (2020) 941. 

[49] T. Wang, H. Jiang, L. Wan, Q. Zhao, T. Jiang, B. 

Wang, S.J.A.b. Wang, Potential application of functional 

porous TiO2 nanoparticles in light-controlled drug 

release and targeted drug delivery, 13 (2015) 354-363. 

[50] X. Zhao, J. Zhang, B. Wang, A. Zada, M.J.M. 

Humayun, Biochemical synthesis of Ag/AgCl 

nanoparticles for visible-light-driven photocatalytic 

removal of colored dyes, 8 (2015) 2043-2053. 

[51] J. Han, E.-K. Jang, M.-R. Ki, R.G. Son, S. Kim, Y. 

Choe, S.P. Pack, S.J.J.o.I. Chung, E. Chemistry, pH-

responsive phototherapeutic poly (acrylic acid)-calcium 

phosphate passivated TiO2 nanoparticle-based drug 

delivery system for cancer treatment applications, 112 

(2022) 258-270. 

[52] B. Xu, A. Zada, G. Wang, Y.J.S.E. Qu, Fuels, 

Boosting the visible-light photoactivities of BiVO 4 

nanoplates by Eu doping and coupling CeO x 

nanoparticles for CO 2 reduction and organic oxidation, 

3 (2019) 3363-3369. 

[53] F.H. Haghighi, M. Mercurio, S. Cerra, T.A. 

Salamone, R. Bianymotlagh, C. Palocci, V.R. Spica, 

I.J.J.o.M.C.B. Fratoddi, Surface modification of TiO 2 

nanoparticles with organic molecules and their biological 

applications, 11 (2023) 2334-2366. 

[54] Y. Wang, L. Yuan, C. Yao, J. Fang, M.J.J.o.n. Wu, 

nanotechnology, Cytotoxicity evaluation of pH-

controlled antitumor drug release system of titanium 

dioxide nanotubes, 15 (2015) 4143-4148. 

[55] Z. Sobhani, R. Khademi, M.A. Behnam, 

A.R.J.T.i.P.S. Akbarizadeh, Preparation and 

characterization of TiO2-PEG NPs loaded doxorubicin, 5 

(2019) 93-102. 

[56] A. Sengottuvelan, M. Mederer, A.R.J.I.J.o.A.C.T. 

Boccaccini, Preparation and characterization of 

mesoporous calcium‐doped silica‐coated TiO2 scaffolds 

and their drug releasing behavior, 15 (2018) 892-902. 

[57] S. Samadi, M. Moradkhani, H. Beheshti, M. Irani, 

M.J.I.j.o.b.m. Aliabadi, Fabrication of chitosan/poly 

(lactic acid)/graphene oxide/TiO2 composite nanofibrous 

scaffolds for sustained delivery of doxorubicin and 

treatment of lung cancer, 110 (2018) 416-424. 

[58] T.P. Huynh, T.C.M.V. Do, P.H.J.A.A.N.M. Le, 

TiO2 Nanotube Arrays Decorated with 

Graphene/Graphite Oxide Nanocomposite for the 

Photocatalytic Degradation of Anticancer Drugs in the 

Aquatic Environment, 7 (2024) 20012-20023. 

[59] M. Ansarizadeh, S.A. Haddadi, M. Amini, M. 

Hasany, A.J.J.o.A.P.S. Ramazani SaadatAbadi, Sustained 

release of CIP from TiO2‐PVDF/starch nanocomposite 

mats with potential application in wound dressing, 137 

(2020) 48916. 

[60] S. Saha, M. Ali, M. Khaleque, M. Bacchu, M.A.S. 

Aly, M.J.J.o.D.D.S. Khan, Technology, Metal oxide 

nanocarrier for targeted drug delivery towards the 

treatment of global infectious diseases: A review, (2023) 

104728. 

[61] N. Liu, S. Tu, S. Zhang, D. Chen, X. Xiao, T. Zhang, 

H.J.J.o.D.D.S. Zheng, Technology, A pH and near-

infrared light dual-responsive drug delivery system based 

on TiO2 nanotube arrays modified with polydopamine and 

Fe3+, 99 (2024) 106003. 

[62] M.A. Rawand, Silica core@ shell Nanoparticles for 

Biomedical Applications: A study in Pharmaceutical 

Sciences, (2024). 

[63] U. Joshi, U. Goyal, S.V. Menon, S. Sriram, M. 

Faujdar, B. Bhushan, H.S. Almoallim, T.A.J.J.o.D.D.S. 

Alahmadi, Technology, Targeting Pathogenic Microbes 

and Cervical Cancer with Curcumin-Loaded Titanium 

dioxide Nanoparticles, (2024) 106573. 

[64] G.D. Venkatasubbu, S. Nagamuthu, T. Anusuya, J. 

Kumar, R. Chelliah, S.R. Ramakrishnan, U. Antony, I. 

Khan, D.-H.J.M.R.E. Oh, TiO2 nanocomposite for the 

controlled release of drugs against pathogens causing 

wound infections, 5 (2018) 024003. 

[65] M.Ç. Yurtsever, G.J.J.o.t.M.B.o.B.M. Güldağ, TiO2, 

CeO2, and TiO2–CeO2 nanoparticles incorporated 2.5 D 

chitosan hydrogels: Gelation behavior and 

cytocompatibility, 146 (2023) 106088. 

[66] H. Arora, C. Doty, Y. Yuan, J. Boyle, K. Petras, B. 

Rabatic, T. Paunesku, G.J.N.f.L.S. Woloschak, C. Kumar, 

Ed., W.-V.V. GmbH, G. Co. KGaA: Weinheim, Titanium 

dioxide nanocomposites, 8 (2010). 

[67] H. Zare, S. Ahmadi, A. Ghasemi, M. Ghanbari, N. 

Rabiee, M. Bagherzadeh, M. Karimi, T.J. Webster, M.R. 

Hamblin, E.J.I.j.o.n. Mostafavi, Carbon nanotubes: Smart 

drug/gene delivery carriers, (2021) 1681-1706. 

[68] M. Shabib Akhtar, K. Chandrasekaran, S. 

Saminathan, S.R. Rajalingam, N. Mohsin, K.A. Awad 

Alkarem Ahmed, Y. Alhazmi, I.A. Walbi, B.A. Abdel-

Wahab, A.D.J.S.R. Gholap, Nanoengineered chitosan 



Review Article                                               Phytopharmacology Research Journal (PRJ) Open access                                      
 

P h y t o p h a r m a c o l .  R e s .  J .  V o l . 3 ,  I s s u e ,  3 .  D e c e m b e r  2 0 2 4 ,  p p .  2 9 - 4 0  

functionalized titanium dioxide biohybrids for bacterial 

infections and cancer therapy, 14 (2024) 3705. 

[69] H. Nosrati, M.J.B. Heydari, Trauma, Titanium 

dioxide nanoparticles: a promising candidate for wound 

healing applications, 13 (2025) tkae069. 

[70] S. Guo, Z. Zhang, L. Cao, T. Wu, B. Li, Y.J.P.B. 

Cui, Nanocomposites containing ZnO-TiO2-Chitosan 

and berbamine promote osteoblast differentiation, 

proliferation, and calcium mineralization in MG63 

osteoblasts, 124 (2023) 63-70. 

[71] S. Ali, P.M. Ismail, M. Khan, A. Dang, S. Ali, A. 

Zada, F. Raziq, I. Khan, M.S. Khan, M.J.N. Ateeq, 

Charge transfer in TiO 2-based photocatalysis: 

fundamental mechanisms to material strategies, (2024). 

[72] F. Sahebjam, Efficacy of sustained-release novel 

bupivacaine formulations in sheep: a thesis presented in 

partial fulfilment of the requirements for the degree of 

Master of Veterinary Studies (MVS) Institute of 

Veterinary, Animal and Biomedical Sciences, Massey 

University, Palmerston North, New Zealand, in, Massey 

University, 2017. 

[73] A. Zada, M. Khan, M.A. Khan, Q. Khan, A. Habibi-

Yangjeh, A. Dang, M.J.E.R. Maqbool, Review on the 

hazardous applications and photodegradation 

mechanisms of chlorophenols over different 

photocatalysts, 195 (2021) 110742. 

[74] B.K. Shanmugam, S. Rangaraj, K. Subramani, S. 

Srinivasan, W.K. Aicher, R.J.M.S. Venkatachalam, E. C, 

Biomimetic TiO2-chitosan/sodium alginate blended 

nanocomposite scaffolds for tissue engineering 

applications, 110 (2020) 110710. 

[75] A. Zada, N. Ali, M. Ateeq, A.M. Huerta‐Flores, Z. 

Hussain, S. Shaheen, M. Ullah, S. Ali, I. Khan, 

W.J.J.o.t.C.C.S. Ali, Surface plasmon resonance excited 

electron induction greatly extends H2 evolution and 

pollutant degradation activity of g‐C3N4 under visible 

light irradiation, 67 (2020) 983-989. 

[76] S. Wu, Z. Weng, X. Liu, K. Yeung, P.K.J.A.f.m. 

Chu, Functionalized TiO2 based nanomaterials for 

biomedical applications, 24 (2014) 5464-5481. 

[77] A. Zada, P. Muhammad, W. Ahmad, Z. Hussain, S. 

Ali, M. Khan, Q. Khan, M.J.A.F.M. Maqbool, Surface 

plasmonic‐assisted photocatalysis and optoelectronic 

devices with noble metal nanocrystals: design, synthesis, 

and applications, 30 (2020) 1906744. 

[78] V. Kumar, S.K. Shukla, M. Choudhary, J. Gupta, P. 

Chaudhary, S. Srivastava, M. Kumar, M. Kumar, D.K. 

Sarma, B.C.J.S. Yadav, Ti2C-TiO2 MXene 

nanocomposite-based high-efficiency non-enzymatic 

glucose sensing platform for diabetes monitoring, 22 

(2022) 5589. 

[79] A. Zada, M. Khan, Z. Hussain, M.I.A. Shah, M. 

Ateeq, M. Ullah, N. Ali, S. Shaheen, H. Yasmeen, 

S.N.J.Z.f.P.C. Ali Shah, Extended visible light driven 

photocatalytic hydrogen generation by electron induction 

from g-C3N4 nanosheets to ZnO through the proper 

heterojunction, 236 (2022) 53-66. 

[80] N. Joshi, R. Kaur, S. Saud, T.U. Rahman, A. Bhatti, 

S. Fahad, T. Nawaz, Nanotechnology-Based Impacts on 

Agricultural Soils, in:  Revolutionizing Agriculture: A 

Comprehensive Exploration of Agri-Nanotechnology, 

Springer, 2024, pp. 201-230. 

[81] M. Pourmadadi, M. Rajabzadeh-Khosroshahi, M.M. 

Eshaghi, E. Rahmani, H. Motasadizadeh, R. Arshad, A. 

Rahdar, S.J.J.o.D.D.S. Pandey, Technology, TiO2-based 

nanocomposites for cancer diagnosis and therapy: a 

comprehensive review, 82 (2023) 104370. 

 


