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ABSTRACT : 

The integration of nanomaterials represents a transformative frontier with significant potential for scientific and technological advancement. This review looks at 

how nanotechnology is being used and what its future holds, trying to find current trends, problems, and possible new uses. We employed a scientometric 

approach to gather and analyze the existing research and literature within the realm of nanotechnology. By systematically reviewing recent studies and 

developments, we identified significant trends, challenges, and potential directions for future research and applications. This review's findings demonstrate the 

significant impact of nanotechnology on the discovery and design of new materials, healthcare, environmental monitoring, energy conversion, and quantum 

computing. Challenges require careful assessment and mitigation; nevertheless, the opportunities for innovation and progress in diverse domains are 

unmistakable. This review underscores the importance of nanotechnology in achieving its full potential, thereby impacting the future.  
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Fig. 1: Graphical Abstract 

Introduction 

Nanomaterials are now one of the most important types of materials in modern science because they link basic research to advanced technological uses. 

These materials have physical, chemical, and mechanical properties that are very different from those of bulk materials [1–3]. Their structural 

characteristics at the nanometer scale (typically 1–100 nm) delineate them. This is due to quantum confinement, changes in the ratio of surface area to 

volume, and changes in the electronic structures [4, 5]. Nanotechnology has made a lot of progress in the last 20 years. Now, scientists can design and 

make nanomaterials with full control over their size, shape, and composition. A lot of fields have changed a lot because of this [6].  

Nanomaterials are very important in many fields today, such as electronics, energy storage, catalysis, medicine, cleaning up the environment, and 

sensing. Their adjustable properties have made solar cells work better [7], chemical sensors more selective [8], drugs easier to deliver to specific places 

[9], and defects [10] and lighter composites [11] easier to make. Nanomaterials can also be used in new areas like artificial intelligence [12], 

biotechnology [13], and sustainable energy systems [14]. This shows how they could help solve problems in science and society all over the world.  

Nanomaterials are important to study because they have unique physical, chemical, and biological properties that bulk materials lack. This opens up 
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new possibilities for scientific and technological applications. They are very reactive because they have a large surface area compared to their volume. 

This is why they are great for sensors, catalysis, and cleaning up the environment [15, 16]. Nanomaterials improve the performance of electronics by 

making devices that are faster and use less energy, and by helping to make progress in energy storage and conversion. In medicine, they enable targeted 

drug delivery and novel diagnostic instruments [17], transforming healthcare practices and the customization of treatments for individual patients. 

Nanomaterials research helps us find long-term ways to clean up water, make energy from renewable sources, and cut down on pollution [17–20]. We 

can guess what dangers nanomaterials might pose to people and work to make them less dangerous if we know about them. Their ability to change 

encourages new ideas in many fields, such as biotechnology, packaging, and manufacturing. Even though society has a lot of problems to deal with, 

research on nanomaterials is still an important part of scientific progress in the future.  

The Rationale of the Review 

This review aims to satisfy the growing necessity for a comprehensive understanding of nanomaterials and their various applications in scientific and 

technological domains. This review systematically analyzes the existing research landscape, identifying critical knowledge gaps, clarifying emerging 

trends, and providing insights into the practical, environmental, and industrial implications of nanomaterials. The reason for this review is that 

nanomaterials have already changed fields like energy, healthcare, electronics, environmental cleanup, and agriculture because of their unique size-

dependent properties. They are better than other materials because they have a unique surface area, quantum effects, and properties that can be changed 

for light, electricity, and chemicals. Learning about these applications is not just an academic exercise; it is also necessary because nanomaterials can 

make technology more energy-efficient, improve medical diagnostics and treatments, make sensitive sensors possible, and help create long-lasting 

technological solutions [21].  

The study aims to provide a thorough examination of current applications of nanomaterials within scientific fields, highlighting recent developments 

and future research directions. It also talks about issues like toxicity, scalability, cost-effectiveness, and rules that must be followed. This review seeks 

to direct subsequent research trajectories, educate policymakers, and advocate for the ethical advancement and utilization of nanomaterials across 

scientific domains [22]. It does this by emphasizing how important it is for materials scientists, engineers, and experts in specific fields to work 

together.  

 

Methodology 

 

We used academic databases like PubMed, IEEE Xplore, Google Scholar, and Scopus to do a thorough review of the literature. Searching for terms like 

"Nanotechnology," "nanomaterials," and "Nano applications" led us to useful research articles, conference papers, and reviews. We picked articles from 

2015 to 2025 to look at recent trends and changes. This time frame was chosen so that the most up-to-date research could be included and deadlines for 

publication could be met. The review had articles about how to use nanomaterials in real life and new ways to use them. We didn't include papers that 

only looked at theoretical ideas and didn't have any real-world applications.  

 

Applications of Nanomaterials 

4.1 Energy conversion and storage 

Nanomaterials are very important for making energy applications better because they have special properties like a large surface area, an electronic 

structure that can be changed, and better catalytic activity: 

✓ Energy Generation: Nanomaterials are used in photovoltaics (solar cells) to make solar panels work better by helping them absorb light 

and move charges. Nanomaterials like TiO₂ [23], ZnO [24], SnO₂ [25], NiO [26], Fe₂O₃ [27], CdS [28], PbS [29], and CdSe [30] can make 

solar cells work better.  

 

✓ Energy Storage: Nanomaterials improve batteries and supercapacitors by giving the electrodes more surface area, better conductivity, and 

more room to store charge. Nanostructures like carbon nanotubes, graphene, and metal oxide nanostructures are important for making 

energy storage devices better [31].  

✓ Hydrogen Production: Nanocatalysts improve the process of splitting water into hydrogen using light or electricity. Nanostructured 

materials like MgH2 nanoparticles make it easier to store hydrogen by making storage capacity and speed better. Aluminum, sodium, and 

zinc [32].  

. 

✓ Fuel Cells: Nanomaterials make fuel cell electrodes better, which makes electrochemical reactions work better and last longer. Carbon, 

oxygen, and hydrogen [33–35].  

 

We need these improvements in nanomaterials to make energy technologies that are clean, efficient, and last a long time. These technologies will meet 

the world's energy needs and have less of an impact on the environment.  
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4.2 Sensors and Detection 

Nanomaterials are very important for improving sensors and detection systems because they have a lot of surface area and special electronic properties. 

They help you find tiny amounts of gases and chemicals. Quantum dots, metal nanoparticles, and carbon-based nanomaterials are common in 

biosensors, optical sensors, and electrochemical sensors. People have been paying more attention to CuO [36], NiO [37], and ZnO [38] sensors lately. 

Biomedical and Healthcare 

Nanomaterials can kill cancer cells when they are delivered to the right place. In medicine and health care, nanomaterials are used a lot. They let drugs 

go straight to sick cells, which lowers the chance of side effects. They improve imaging techniques such as MRI, CT, and fluorescent tagging. You can 

also use NiO thin films to test for bacteria. Coatings help find diseases and stop infections from spreading. Researchers are still working to make them 

safer, more stable, and more useful in the clinic. Radiation and chemotherapy are two current cancer treatments that are invasive and have side effects 

that make people feel bad. These treatments kill both cancer cells and healthy cells [39, 40].   

Agriculture 

Today, nanotechnology is changing the way we farm. Nanofertilizers make it easier for plants to get and use nutrients. Nano-pesticides and herbicides 

work better to get rid of weeds and bugs. Nanosensors watch the soil's quality, moisture level, and pathogens in real time. Research is still going on to 

make these uses safe, useful, and long-lasting [41].  

 

Catalysis and Chemical Processing 

InNanotechnology has enabled the chemical industry to utilize materials with extensive surface areas and nanoscale reactivity to enhance catalysis and 

optimize processes. Nanocatalysts speed up reactions, make them more selective, and make them work better overall. This means that less energy is 

needed for processes like making hydrogen, refining fuel, and making petrochemicals. Nanoparticles of metals and metal oxides have a lot of active 

sites, which makes chemical changes happen quickly. They are also used in environmental settings to break down pollutants and clean up wastewater, 

and they help with making chemicals in a way that is good for the environment. Even with these benefits, there are still issues like the stability of the 

catalyst, the cost, the recovery, and the safety of the environment. Researchers are looking for strong, reusable, and eco-friendly nanocatalyst solutions 

for this reason [42].  

 

Electronics and Communication 

New Nanomaterials are improving electronics and communication technology. Some of the materials that make electrical, optical, and thermal 

properties better are graphene, carbon nanotubes, quantum dots, and silver nanoparticles. They are very useful in sensors, transistors, flexible displays, 

and high-speed communication devices. Nanoscale materials let signals be processed more quickly, hold more data, and use less power. Research is 

still making progress on stability, large-scale production, and making new electronic systems work with old ones [43].  

 

Food safety 

nanomaterials are being used to check the safety and quality of food. Ag nanoparticles, TiO2, and WO3 keep microbes out of things so that pathogens, 

toxins, and spoilage can be found right away. Nanocoatings on packaging help keep chemicals from moving and make it last longer. Research focuses 

on safe, effective, and environmentally friendly techniques for food monitoring and preservation [44].  

 

Textile and clothing 

Nanomaterials have shown that there is a lot of room for growth in the textile and clothing industries, which are usually very traditional. It is important 

to have UV protection, easy cleaning, water and stain resistance, and odor resistance here [45].  

 

Challenges and Limitations 

Nanoscience might be useful in everyday life, but there are some issues that need to be fixed before it can be used. The table below shows a more 

complete picture of the problems, gives a short description of each one, and explains how they affect applications. This will give you a new way to 

handle the problems we have now.  

Table 1: Challenges and limitations of nanomaterials 

Challenges Description Impact on Applications Ref. 

Synthesis Control 
Difficult to produce uniform size & 

shape of nanomaterials. 
Variation affects performance. 46 

Stability High surface energy causes reducing Low efficiency. 47 
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active surface area. 

High Cost 
Expensive & high energy requirement 

for production. 
Hinders industrial and commercial use. 48 

Integration 
Difficulty to tune nanomaterials existing 

systems. 
Limits practical implementation. 49 

Lifespan 
Nanomaterials may degrade under 

environmental conditions. 
Reduces durability. 50 

Emerging Trends and Future Scope 

For almost twenty years, the number of patents and technical papers about nanotechnology and nanoproducts has been steadily rising. Nanotechnology 

is expected to be worth more than $1 trillion in business use in 10 to 15 years. This technology will have a big effect on science, technology, education, 

manufacturing, and the way people live all over the world. Nanotechnology is also used in quantum computers. It gives us the tools we need to control 

these quantum systems at the nanoscale, which helps us build quantum computers and other technologies that use quantum mechanics. . 

Conclusion 

Nano science is useful in many areas, such as sensors, food science, energy, catalysis, and more. Nanotechnology also gives us new ways to measure, 

keep track of, and control things. Nanotechnology is a field that is growing and changing at a very fast rate. New generations of nanomaterials will 

come out, and they will bring with them problems that we may not have thought of. It is the future of advanced development. Nanomaterials have some 

issues to work out, but we should push for them more for the sake of our future and the betterment of our lives.  

 

Credit authorship contribution statement 

Shital: Central theme, Original draft. Rutuja: Writing- review & editing. Abhilasha: Figure, Investigation. Shivani: Literature survey, Methodology. 

Pooja: Review on applications. Nandini: Analysis of Limitations. Nageshwari: references.  Digvijay: Supervision and Conceptualization. 

 

Conflict of interest 

The authors affirm that, there is no conflict of interest that, could have appeared to influence the research work reported in this paper. 

 

REFERENCES 

 

[1] Winter M, Brodd RJ (2004) What are batteries, fuel cells, and super-capacitors? Chem Rev 104:4245. https:// doi. org/ 10. 1021/ cr020 730k  

[2] Chen Z, Dinh HN, Miller E (2013) Photoelectrochemical water splitting. Springer, New York. https:// doi. org/ 10. 1007/ 978-1- 4614- 

8298-7  

[3] Ting Z (2023) Springer briefs in energy. Photoelectrochemical water splitting standards, experimental methods, and protocols. Accessed 6 

July 2023. https:// www. acade mia. edu/ 44179 757/ SPRIN GER_ BRIEFS_ IN_ ENERGY_ Photo elect roche mical_ Water_ Split ting_ Stand ards_ 

Exper iment al_ Metho ds_ and_ Proto cols  

[4] Wang G, Wang H, Ling Y, Tang Y, Yang X, Fitzmorris RC, Wang C, Zhang JZ, Li Y (2011) Hydrogen-treated TiO2 nanowire arrays for 

photoelectrochemical water splitting. Nano Lett 11(7):3026 3033. https:// doi. org/ 10. 1021/ nl201 766h  

[5.] Zhang Z, Zhang L, Hedhili MN, Zhang H, Wang P (2013) Plas monic gold nanocrystals coupled with photonic crystal seamlessly on TiO2 

nanotube photoelectrodes for efficient visible light pho toelectrochemical water splitting. Nano Lett 13(1):14–20. https:// doi. org/ 10. 1021/ nl302 9202  

[6] Zhonghai Zhang Md, Hossain F, Takahashi T (2010) Photoelec trochemical water splitting on highly smooth and ordered TiO2 nanotube 

arrays for hydrogen generation. Int J Hydrog Energy 35(16):8528–8535. https:// doi. org/ 10. 1016/j. ijhyd ene. 2010. 03. 032  

[7] Oni, A. M., Mohsin, A. S., Rahman, M. M., & Bhuian, M. B. H. (2024). A comprehensive evaluation of solar cell technologies, associated 

loss mechanisms, and efficiency enhancement strategies for photovoltaic cells. Energy Reports, 11, 3345-3366. 

[8] Perala, R. S., Chandrasekar, N., Balaji, R., Alexander, P. S., Humaidi, N. Z. N., & Hwang, M. T. (2024). A comprehensive review on 

graphene-based materials: From synthesis to contemporary sensor applications. Materials Science and Engineering: R: Reports, 159, 100805. 

[9] Dykman, L., Khlebtsov, B., & Khlebtsov, N. (2025). Drug delivery using gold nanoparticles. Advanced Drug Delivery Reviews, 216, 

115481. 

[10] Paleti, S. H. K., Kim, Y., Kimpel, J., Craighero, M., Haraguchi, S., & Müller, C. (2024). Impact of doping on the mechanical properties of 

conjugated polymers. Chemical Society Reviews, 53(4), 1702-1729. 

[11] Cheng, Z. Q., Liu, H., & Tan, W. (2024). Advanced computational modelling of composite materials. Engineering Fracture 

Mechanics, 305, 110120. 

[12] Sperling, K., Stenberg, C. J., McGrath, C., Åkerfeldt, A., Heintz, F., & Stenliden, L. (2024). In search of artificial intelligence (AI) literacy 

in teacher education: A scoping review. Computers and Education Open, 6, 100169. 

[13] Ali, M., Shabbir, K., Ali, S., Mohsin, M., Kumar, A., Aziz, M., ... & Sultan, H. M. (2024). A new era of discovery: How artificial 

intelligence has revolutionized the biotechnology. Nepal Journal of Biotechnology, 12(1), 1-11. 



International Journal of Research Publication and Reviews, Vol (6), Issue (10), October (2025), Page –  2356-2361               2360 

 

[14] Yi, X., Lu, T., Li, Y., Ai, Q., & Hao, R. (2025). Collaborative planning of multi-energy systems integrating complete hydrogen energy 

chain. Renewable and Sustainable Energy Reviews, 210, 115147. 

[15] Sivula K, Le Formal F, Graetzel M (2011) Solar water splitting: progress using hematite (Fe2O3) photoelectrodes. ChemSusChem 4:432–

49. https:// doi. org/ 10. 1002/ cssc. 20100 0416 

[16] Y. Chen, Y. Zheng, X. Yue, and S. Huang, “Hydrogen evolution reaction in full pH range on nickel doped tungsten carbide nanocubes as 

efficient and durable non-precious metal electrocatalysts,” Int J Hydrogen Energy, vol. 45, no. 15, pp. 8695–8702, Mar. 2020, doi: 

10.1016/j.ijhydene.2020.01.132. 

[18] Wang, Q., Zhong, L., Zhou, Y., Feng, S., Liu, J., Liu, H., & Zhu, Q. (2025). Regioselective functionalization of cellulose nanomaterial for 

advanced application. Carbohydrate Polymers, 348, 122889. 

[19] Mei, Y., Cao, Y., & Wang, W. (2025). Emerging Violet Phosphorus Nanomaterial for Biomedical Applications. Advanced Healthcare 

Materials, 14(6), 2403576. 

[20] Yang, F., & Pan, Y. (2025). An emerging 2D borophene nanomaterial: Synthesis, properties and hydrogen energy 

applications. Coordination Chemistry Reviews, 545, 217015. 

[21] Donge W, Li R, Zhu J, Shi J, Han J, Zong X (2012) Photocatalytic water oxidation on BiVO4 with the electrocatalyst as an oxidation 

cocatalyst: essential relations between electrocatalyst and photo catalyst. J Phys Chem C 116(8):5082–89. https:// doi. org/ 10. 1021/ jp210 584b  

[22] Jo WJ, Jang J-W, Kong K-j, Kang HJ, Kim JY, Jun H, Parmar KPS, Lee JS (2012) Phosphate doping into monoclinic BiVO4 for enhanced 

photoelectrochemical water oxidation activity. Angew Chem Int E 

[23] Gao, D., Li, B., Liu, Q., Zhang, C., Yu, Z., Li, S., ... & Zhu, Z. (2024). Long-term stability in perovskite solar cells through atomic layer 

deposition of tin oxide. Science, 386(6718), 187-192,  

[24] Sekar, K., Doineau, R., Mayarambakam, S., Schmaltz, B., & Poulin-Vittrant, G. (2024). Control of ZnO nanowires growth in flexible 

perovskite solar cells: A mini-review. Heliyon, 10(3).,  

[25] Paik, M. J., Kim, Y. Y., Kim, J., Park, J., & Seok, S. I. (2024). Ultrafine SnO2 colloids with enhanced interface quality for high-efficiency 

perovskite solar cells. Joule, 8(7), 2073-2086. 

[26] Naik, P., Elias, L., Keremane, K. S., Babu, D. D., & Abdellah, I. M. (2024). Metal‐Free Organic Dyes for NiO‐Based Dye‐Sensitized Solar 

Cells: Recent Developments and Future Perspectives. Energy Technology, 12(7), 2301666.,  

[27] Jan, M. A., Qureshi, A. A., Noman, H. M., & Yang, F. (2024). α-Fe2O3/SnO2 electron transport bilayer for efficient and stable perovskite 

solar cells. Journal of Materials Science: Materials in Electronics, 35(27), 1784.,  

[28] Mo, Y., Li, C., Yang, J., Wang, X., Hu, P., Chen, X., ... & Li, J. (2025). High‐Efficiency All‐Antimony Chalcogenide Tandem Solar Cells 

via Thermal‐Evaporated CdS Interface Engineering. Advanced Materials, e06372.,  

[29] Chiu, A., Lu, C., Kachman, D. E., Rong, E., Chintapalli, S. M., Lin, Y., ... & Thon, S. M. (2024). Role of the ZnO electron transport layer in 

PbS colloidal quantum dot solar cell yield. Nanoscale, 16(17), 8273-8285. 

[30] Neupane, S., Li, D. B., Jamarkattel, M. K., Abudulimu, A., Jiang, C. S., Bista, S. S., ... & Yan, Y. (2024). Evaporated CdSe for Efficient 

Polycrystalline CdSeTe Thin-Film Solar Cells. ACS Energy Letters, 9(12), 6233-6237. 

[31] Khan, M. K., Raza, M., Shahbaz, M., Farooq, U., & Akram, M. U. (2024). Recent advancement in energy storage technologies and their 

applications. Journal of Energy Storage, 92, 112112. 

[32] Sadeq, A. M., Homod, R. Z., Hussein, A. K., Togun, H., Mahmoodi, A., Isleem, H. F., & Moghaddam, A. H. (2024). Hydrogen energy 

systems: Technologies, trends, and future prospects. Science of The Total Environment, 939, 173622. 

[33] Halder, P., Babaie, M., Salek, F., Shah, K., Stevanovic, S., Bodisco, T. A., & Zare, A. (2024). Performance, emissions and economic 

analyses of hydrogen fuel cell vehicles. Renewable and Sustainable Energy Reviews, 199, 114543. 

[34] Qasem, N. A., & Abdulrahman, G. A. (2024). A recent comprehensive review of fuel cells: history, types, and applications. International 

Journal of Energy Research, 2024(1), 7271748. 

[35] Togun, H., Aljibori, H. S. S., Abed, A. M., Biswas, N., Alshamkhani, M. T., Niyas, H., & Paul, D. (2024). A review on recent advances on 

improving fuel economy and performance of a fuel cell hybrid electric vehicle. International Journal of Hydrogen Energy, 89, 22-47. 

[36] Crafting CuO Thin Films: Structural and morphological insights, July 2025, International Journal of Research Publication and Reviews 

6(7):2569-2572, DOI: 10.55248/gengpi.6.0725.2599, Digvijay Gore, Abhilash Phulmante, Kshitij Gore, C.T. Londhe 

[37] Pai, S. H. S., Pandey, S. K., Samuel, E. J. J., Jang, J. U., Nayak, A. K., & Han, H. (2024). Recent advances in NiO-based nanostructures for 

energy storage device applications. Journal of Energy Storage, 76, 109731. 

[38] Rasheed, H. M., Aroosh, K., Meng, D., Ruan, X., Akhter, M., & Cui, X. (2025). A review on modified ZnO to address environmental 

challenges through photocatalysis: Photodegradation of organic pollutants. Materials Today Energy, 48, 101774. 

[39] Dongale TD, Mohite SV, Bagade AA, Kamat RK, Rajpure KY (2017) Bio-mimicking the synaptic weights, analog memory, and forgetting 

effect using spray deposited WO3 memristor device. Microelectron Eng 183–184:12–18. https:// doi. org/ 10. 1016/j. mee. 2017. 10. 003  

[40] Kolhe PS, Shirke PS, Maiti N, More MA, Sonawane KM (2019) Facile Hydrothermal synthesis of WO3 nanoconifer thin film: mul 

tifunctional behavior for gas sensing and field emission applica tions. J Inorg Organomet Polym Mater 29(1):41–48. https:// doi. org/ 10. 1007/ s10904- 

018- 0962-0 43.  

[41] Ruan Q, Bayazit MK, Kiran V, Xie J, Wang Y, Tang J (2019) Key factors affecting photoelectrochemical performance of g-c3n4 polymer 

Films. Chem Commun 55(50):7191–7194. https:// doi. org/ 10. 1039/ C9CC0 3084K  

[42] Mohamedkhair AK, Drmosh QA, Qamar M, Yamani ZH (2021) Tuning structural properties of WO3 thin films for photoelectro catalytic water 

oxidation. Catalysts 11(3):381. https:// doi. org/ 10. 3390/ catal 11030 381  



International Journal of Research Publication and Reviews, Vol (6), Issue (10), October (2025), Page –  2356-2361               2361 

 

[43] Deepika DG, Chauhan V, Mahajan A, Rashi Gupta S, Ali A, Kumar R (2023) Influence of gamma radiation on optical, struc tural and 

surface morphological properties of WO3 thin films grown by RF sputtering. Radiat Phys Chem 202:110554. https:// doi. org/ 10. 1016/j. radph 

yschem. 2022. 110554  

[44] Mouratis K, Tudose IV, Romanitan C, Pachiu C, Popescu M, Simistiras G, Couris S, Suchea MP, Koudoumas E (2022) WO3 f ilms grown by 

spray pyrolysis for smart windows applications. Coatings 12(4):545. https:// doi. org/ 10. 3390/ coati ngs12 040545  

[45] Ross-Medgaarden EI, Wachs IE (2007) Structural determination of bulk and surface tungsten oxides with UV–vis diffuse reflec tance 

spectroscopy and raman spectroscopy. J Phys Chem C 111(41):15089–15099. https:// doi. org/ 10. 1021/ jp074 219c  

[46] Johansson MB, Niklasson GA, Österlund L (2012) Structural and optical properties of visible active photocatalytic WO3 thin f ilms 

prepared by reactive DC magnetron sputtering. J Mater Res 27(24):3130–3140. https:// doi. org/ 10. 1557/ jmr. 2012. 384 

[47] Mu W, Qianghong Y, Rui H, Li X, Wei H, Jian Y (2017) Porous three-dimensional reduced graphene oxide merged with WO3 for efficient 

removal of radioactive strontium. Appl Surf Sci 423:1203–11. https:// doi. org/ 10. 1016/j. apsusc. 2017. 06. 206 

[48] Zhang L, Mohamed HH, Dillert R, Bahnemann D (2012) Kinetics and mechanisms of charge transfer processes in photocatalytic sys tems: a 

review. J Photochem Photobiol, C 13(4):263–276. https:// doi. org/ 10. 1016/j. jphot ochem rev. 2012. 07. 002  

[49] Saeki A, Seki S, Koizumi Y, Sunagawa T, Ushida K, Tagawa S (2005) Increase in the mobility of photogenerated positive charge carriers in 

polythiophene. J Phys Chem B 109(20):10015–10019. https:// doi. org/ 10. 1021/ jp044 2145  

[50] Costa M, Costa G, Lima A, Luz G, Longo E, Cavalcante L, San tos R (2018) Investigation of charge recombination lifetime in γ-WO3 films 

modified with AgO and PtO nanoparticles and its influence on photocurrent density. Ionics. https:// doi. org/ 10. 1007/ s11581- 018- 2640-1  

 

 


