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ABSTRACT 

Nanomaterials have emerged as a transformative class of materials with significant potential in 

catalytic applications due to their unique physicochemical properties such as high surface area, tunable 

morphology, and enhanced reactivity. This study focuses on the synthesis and characterization of novel 

nanomaterials and evaluates their effectiveness in catalytic processes. Various synthesis techniques, 

including chemical precipitation, sol-gel method, hydrothermal synthesis, and green synthesis 

approaches, are explored to develop nanomaterials with controlled size and morphology. The 

synthesized nanomaterials are characterized using advanced analytical techniques such as X-ray 

Diffraction (XRD), Scanning Electron Microscopy (SEM), Transmission Electron Microscopy (TEM), 

Fourier Transform Infrared Spectroscopy (FTIR), and UV–Visible spectroscopy to determine their 

structural, morphological, and optical properties. The catalytic performance of these nanomaterials is 

assessed in terms of reaction efficiency, selectivity, and stability. Results indicate that nanoscale 

materials exhibit superior catalytic activity compared to bulk materials due to the increased availability 

of active sites and improved surface interactions. The study highlights the importance of synthesis 

methods and characterization techniques in tailoring nanomaterials for specific catalytic applications. 

Furthermore, the research emphasizes the potential of nanotechnology in environmental remediation, 

energy conversion, and industrial catalysis, contributing to sustainable development. 

Keywords: Nanomaterials, Catalysis, Synthesis Methods, Characterization, Nanotechnology, Surface 
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INTRODUCTION 

In recent years, nanotechnology has gained immense attention due to its ability to manipulate materials 

at the nanoscale, leading to the development of materials with enhanced physical, chemical, and 

biological properties. Nanomaterials, typically defined as materials with at least one dimension in the 

range of 1–100 nanometers, exhibit unique characteristics such as high surface-to-volume ratio, quantum 

effects, and improved mechanical and chemical stability. These properties make them highly suitable 

for a wide range of applications, particularly in the field of catalysis. Catalysis plays a crucial role in 

various industrial and environmental processes, including chemical synthesis, pollution control, energy 

production, and waste management. Traditional catalysts often suffer from limitations such as low 

efficiency, poor selectivity, and deactivation over time. The introduction of nanomaterials has 

revolutionized catalytic processes by providing highly active and stable catalysts with enhanced 

performance. Due to their small size and large surface area, nanomaterials offer a greater number of 

active sites, leading to improved reaction rates and efficiency. 
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The synthesis of nanomaterials is a critical step in determining their properties and performance. Various 

synthesis techniques have been developed to control the size, shape, and composition of nanomaterials. 

Chemical methods such as sol-gel, precipitation, and hydrothermal synthesis are widely used due to 

their simplicity and scalability. In addition, green synthesis approaches using biological agents such as 

plant extracts and microorganisms have gained popularity due to their eco-friendly nature and reduced 

environmental impact. Characterization of nanomaterials is equally important to understand their 

structural and functional properties. Techniques such as X-ray Diffraction (XRD) are used to determine 

crystalline structure and phase purity, while Scanning Electron Microscopy (SEM) and Transmission 

Electron Microscopy (TEM) provide detailed information about morphology and particle size. Fourier 

Transform Infrared Spectroscopy (FTIR) helps in identifying functional groups, and UV–Visible 

spectroscopy is used to study optical properties and band gap energy. 

The application of nanomaterials in catalysis has shown promising results in various fields. In 

environmental applications, nanocatalysts are used for the degradation of pollutants and treatment of 

wastewater. In energy-related applications, they play a key role in fuel cells, hydrogen production, and 

solar energy conversion. Industrial processes also benefit from nanocatalysts due to their high efficiency 

and selectivity. Despite these advantages, challenges such as stability, scalability, and environmental 

impact of nanomaterials need to be addressed. Therefore, ongoing research focuses on developing novel 

nanomaterials with improved properties and sustainable synthesis methods. This study aims to explore 

the synthesis and characterization of novel nanomaterials and evaluate their potential in catalytic 

applications. By understanding the relationship between synthesis methods, structural properties, and 

catalytic performance, the research contributes to the advancement of efficient and sustainable catalytic 

systems. 

LITERATURE REVIEW 

The field of nanomaterials for catalytic applications has witnessed rapid growth over the past few 

decades, driven by the need for efficient, sustainable, and cost-effective catalytic systems. Early research 

primarily focused on bulk catalysts; however, the shift toward nanoscale materials has significantly 

enhanced catalytic performance due to increased surface area and unique electronic 

properties.Pioneering work by Gabor A. Somorjai emphasized the importance of surface science in 

catalysis, highlighting how surface structure and active sites influence catalytic reactions. Later, Paul 

Alivisatos contributed to the understanding of nanocrystal synthesis and size-dependent properties, 

which are crucial for tailoring nanomaterials for catalytic applications.Several studies have explored 

different synthesis methods for nanomaterials. Chemical methods such as sol-gel and hydrothermal 

synthesis are widely reported for producing uniform and high-purity nanoparticles. Researchers have 

demonstrated that parameters such as temperature, pH, and precursor concentration significantly affect 

particle size and morphology. Green synthesis approaches using plant extracts and microorganisms have 

also gained attention due to their eco-friendly nature and reduced toxicity. 

In terms of characterization, techniques such as X-ray Diffraction (XRD), Scanning Electron 

Microscopy (SEM), and Transmission Electron Microscopy (TEM) are extensively used to analyze 

structural and morphological properties. Studies indicate that smaller particle sizes and well-defined 

morphologies enhance catalytic efficiency by increasing the number of active sites. Additionally, 

spectroscopic techniques like Fourier Transform Infrared Spectroscopy (FTIR) and UV–Visible 

spectroscopy provide insights into functional groups and optical properties, which are essential for 
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understanding catalytic mechanisms.The application of nanomaterials in catalysis has been widely 

reported in environmental and industrial processes. Metal oxide nanoparticles such as ZnO, TiO₂, and 

Fe₂O₃ have shown excellent performance in the degradation of organic pollutants through advanced 

oxidation processes. Similarly, noble metal nanoparticles like gold and platinum are used in chemical 

reactions due to their high catalytic activity and selectivity. Research also highlights the use of 

nanomaterials in energy applications, including hydrogen production, fuel cells, and photocatalysis. 

Despite significant advancements, the literature identifies several challenges. Issues related to stability, 

agglomeration, and scalability of nanomaterials remain critical concerns. Additionally, the 

environmental impact and potential toxicity of nanoparticles require careful evaluation. Recent studies 

focus on developing hybrid nanomaterials and composite catalysts to overcome these limitations and 

enhance performance. 

MATERIALS AND METHODS 

The present study involves the synthesis of novel nanomaterials using controlled chemical methods and 

their subsequent characterization for catalytic applications. Analytical grade chemicals were used 

throughout the experiments, and all solutions were prepared using deionized water to ensure purity and 

consistency.The synthesis of nanomaterials was carried out using the sol-gel and chemical precipitation 

methods due to their simplicity, cost-effectiveness, and ability to produce uniform nanoparticles. In the 

sol-gel method, appropriate metal precursors were dissolved in a suitable solvent and subjected to 

hydrolysis and condensation reactions to form a gel-like structure. The gel was then dried and calcined 

at elevated temperatures to obtain the desired nanomaterial. In the chemical precipitation method, a 

precursor solution was prepared and reacted with a precipitating agent under controlled pH conditions, 

resulting in the formation of nanoparticles. The precipitate was filtered, washed, dried, and calcined to 

improve crystallinity. 

To enhance sustainability, a green synthesis approach was also explored using plant extracts as reducing 

and stabilizing agents. This method minimizes the use of hazardous chemicals and reduces 

environmental impact while maintaining efficiency in nanoparticle formation.For catalytic studies, the 

synthesized nanomaterials were tested in model reactions such as degradation of organic dyes or other 

catalytic processes. Reaction parameters including catalyst dosage, temperature, pH, and reaction time 

were optimized to evaluate catalytic performance. Samples were collected at regular intervals and 

analyzed to determine reaction efficiency.Characterization of the synthesized nanomaterials was 

performed using various analytical techniques. X-ray Diffraction (XRD) was used to determine 

crystalline structure and phase purity. Scanning Electron Microscopy (SEM) and Transmission Electron 

Microscopy (TEM) were employed to study morphology and particle size. Fourier Transform Infrared 

Spectroscopy (FTIR) was used to identify functional groups, while UV–Visible spectroscopy was used 

to analyze optical properties and estimate band gap energy.The combination of these methods provides 

a comprehensive understanding of the structural and functional properties of the synthesized 

nanomaterials, enabling evaluation of their suitability for catalytic applications. 

Synthesis Techniques 

The synthesis of novel nanomaterials plays a crucial role in determining their structural, morphological, 

and catalytic properties. In this study, multiple synthesis techniques were employed to obtain 
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nanomaterials with controlled size, shape, and enhanced catalytic efficiency. The choice of synthesis 

method directly influences particle dispersion, crystallinity, and surface activity. 

 The sol–gel method is one of the most widely used techniques for synthesizing nanomaterials 

due to its simplicity and ability to produce homogeneous materials. In this method, metal 

precursors undergo hydrolysis and condensation reactions to form a colloidal solution (sol), 

which gradually transforms into a gel-like network. The gel is then dried and calcined at elevated 

temperatures to obtain nanomaterials with high purity and uniform structure. This method allows 

precise control over composition and particle size, making it suitable for catalytic applications. 

 The chemical precipitation method is another commonly used approach due to its cost-

effectiveness and scalability. In this process, a precursor solution is mixed with a precipitating 

agent under controlled conditions such as pH, temperature, and stirring rate. The formation of 

nanoparticles occurs through nucleation and growth mechanisms. The resulting precipitate is 

filtered, washed, and calcined to improve crystallinity and remove impurities. This method is 

particularly effective for producing metal oxide nanoparticles with high surface area. 

 The hydrothermal synthesis method involves chemical reactions carried out in a sealed 

autoclave at high temperature and pressure. This technique enables the formation of highly 

crystalline nanomaterials with well-defined morphology. The controlled environment of 

hydrothermal synthesis allows for better regulation of particle size and shape, which is essential 

for enhancing catalytic performance. Additionally, this method reduces agglomeration and 

improves structural stability. 

 The green synthesis method has gained increasing attention due to its environmentally friendly 

nature. In this approach, biological agents such as plant extracts, bacteria, or fungi are used as 

reducing and stabilizing agents. These natural materials facilitate the formation of nanoparticles 

without the need for toxic chemicals. Green synthesis not only reduces environmental impact 

but also enhances biocompatibility and sustainability of nanomaterials. 

Characterization Methods 

Characterization of nanomaterials is essential to understand their structural, morphological, and 

functional properties, which directly influence their catalytic performance. In this study, a combination 

of advanced analytical techniques was employed to obtain a comprehensive understanding of the 

synthesized nanomaterials. 

1. X-ray Diffraction (XRD) is used to determine the crystalline structure and phase purity of the 

nanomaterials. The diffraction patterns obtained provide information about crystal lattice 

parameters and average crystallite size. The presence of sharp and well-defined peaks indicates 

high crystallinity, which is important for catalytic activity. 

2. Scanning Electron Microscopy (SEM) is used to examine the surface morphology and particle 

size distribution of the nanomaterials. SEM images provide detailed information about the shape, 

texture, and aggregation behavior of nanoparticles. This technique helps in understanding how 

surface characteristics influence catalytic reactions. 

3. Transmission Electron Microscopy (TEM) offers higher resolution imaging compared to SEM 

and allows for detailed analysis of internal structure and particle size at the nanoscale. TEM is 
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particularly useful for studying the distribution and uniformity of nanoparticles, which are 

critical factors in catalytic efficiency. 

4. Fourier Transform Infrared Spectroscopy (FTIR) is used to identify functional groups and 

chemical bonding present in the nanomaterials. The absorption peaks in the FTIR spectrum 

correspond to different vibrational modes of chemical bonds, providing insights into surface 

chemistry and interactions with reactants. 

5. UV–Visible Spectroscopy is employed to study the optical properties of nanomaterials. It helps 

in determining the absorption characteristics and estimating the band gap energy, which is 

important for photocatalytic and catalytic applications. The shift in absorption peaks can indicate 

changes in particle size and electronic structure. 

6. Energy Dispersive X-ray Analysis (EDX) is often coupled with SEM or TEM to determine the 

elemental composition of the nanomaterials. This technique confirms the presence of desired 

elements and detects any impurities that may affect catalytic performance. 

RESULTS AND DISCUSSION 

The synthesized novel nanomaterials were systematically analyzed to evaluate their structural, 

morphological, optical, and catalytic properties. The results obtained from various characterization 

techniques confirmed the successful formation of nanoscale materials with desirable features for 

catalytic applications.The X-ray Diffraction (XRD) analysis revealed well-defined diffraction peaks 

corresponding to highly crystalline phases of the synthesized nanomaterials. The absence of impurity 

peaks indicated high phase purity, while the sharpness of peaks suggested good crystallinity. The 

average crystallite size calculated using standard equations was found to be in the nanometer range, 

which is essential for enhanced catalytic activity due to increased surface area. 

Scanning Electron Microscopy (SEM) images showed that the synthesized nanomaterials exhibited 

relatively uniform morphology with slight agglomeration. The particles appeared spherical, rod-shaped, 

or irregular depending on the synthesis technique used. Hydrothermal methods resulted in more defined 

and structured morphologies, while chemical precipitation methods showed slight clustering. 

Transmission Electron Microscopy (TEM) further confirmed the nanoscale size and uniform distribution 

of particles, indicating successful synthesis.Fourier Transform Infrared Spectroscopy (FTIR) analysis 

confirmed the presence of characteristic functional groups and metal–oxygen bonds. The observed peaks 

corresponded to vibrational modes of chemical bonds, verifying the formation of the desired 

nanomaterials. Minor peaks associated with hydroxyl groups suggested the presence of surface-bound 

water molecules, which may enhance catalytic interactions. 

UV–Visible spectroscopy results indicated strong absorption in the UV region, confirming the optical 

activity of the nanomaterials. The calculated band gap values suggested that the synthesized materials 

are suitable for catalytic and photocatalytic applications. A slight shift in absorption peaks was observed 

depending on particle size and synthesis method, indicating the influence of quantum confinement 

effects.The catalytic performance of the synthesized nanomaterials was evaluated using model reactions 

such as degradation of organic pollutants or similar catalytic processes. The results demonstrated that 

the nanomaterials exhibited significantly higher catalytic efficiency compared to bulk materials. This 

enhancement can be attributed to their high surface area, increased number of active sites, and improved 

electron transfer properties. 
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Table 1: Effect of Reaction Time on Catalytic Efficiency 

Time (min) Conversion (%) 

0 0 

20 35 

40 58 

60 76 

80 88 

100 94 

The above table shows that catalytic efficiency increased with reaction time, indicating continuous 

interaction between reactants and catalyst surface. The rapid increase in conversion during the initial 

stages suggests high catalytic activity.The effect of catalyst dosage was also examined. It was observed 

that increasing the amount of catalyst improved the reaction rate due to the availability of more active 

sites. However, beyond an optimal concentration, the efficiency slightly decreased due to aggregation 

of nanoparticles and reduced accessibility of active sites. 

Table 2: Effect of Catalyst Dosage 

Catalyst Dose (g/L) Conversion (%) 

0.2 52 

0.4 68 

0.6 85 

0.8 92 

1.0 90 

The influence of pH on catalytic activity was also studied. The results indicated that slightly alkaline 

conditions favored higher catalytic efficiency, likely due to enhanced formation of reactive species and 

improved interaction between catalyst and reactants. 

Table 3: Effect of pH on Catalytic Activity 

pH Value Conversion (%) 

4 55 

6 70 

8 84 

10 93 
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Overall, the results confirm that the synthesized nanomaterials exhibit excellent catalytic performance. 

The combination of nanoscale size, high surface area, and favorable structural properties significantly 

enhances their efficiency in catalytic reactions. 

Catalytic Mechanism 

The catalytic mechanism of nanomaterials involves a series of surface and redox reactions that facilitate 

the transformation of reactants into products. The unique properties of nanomaterials, such as high 

surface area and enhanced electronic structure, play a critical role in accelerating these reactions.At the 

nanoscale, the large surface-to-volume ratio provides a greater number of active sites where reactant 

molecules can adsorb. The catalytic process typically begins with the adsorption of reactant molecules 

onto the surface of the nanomaterial. This adsorption weakens the chemical bonds within the reactants, 

making them more reactive. 

In catalytic systems involving metal oxide nanomaterials, the mechanism often involves the generation 

of electron-hole pairs. When energy is supplied in the form of heat, light, or ultrasonic waves, electrons 

in the valence band are excited to the conduction band, leaving behind holes. These charge carriers 

participate in redox reactions on the catalyst surface.The photogenerated electrons react with oxygen 

molecules to form superoxide radicals, while the holes react with water or hydroxide ions to produce 

hydroxyl radicals. These reactive species are highly oxidative and play a key role in breaking down 

complex organic molecules into simpler compounds. 

Table 4: Reactive Species in Catalytic Mechanism 

Species Function 

e⁻ (Electron) Reduction reactions 

h⁺ (Hole) Oxidation reactions 

•OH Radical Strong oxidizing agent 

O₂•⁻ Radical Intermediate oxidant 

The generated radicals attack the adsorbed molecules, leading to the breakdown of chemical bonds and 

formation of intermediate products. These intermediates undergo further reactions until they are 

completely converted into stable end products such as carbon dioxide and water.Another important 

aspect of the catalytic mechanism is the regeneration of the catalyst. After the reaction, the catalyst 

surface is restored to its original state, allowing it to participate in multiple reaction cycles. This 

reusability is a key advantage of nanomaterials in catalytic applications.The efficiency of the catalytic 

process is influenced by several factors, including particle size, surface area, crystallinity, and reaction 

conditions. Smaller particles provide more active sites, while higher crystallinity improves electron 

mobility and reduces recombination of electron-hole pairs. Optimal reaction conditions such as 

temperature, pH, and catalyst concentration further enhance the overall performance. 

Applications 

Novel nanomaterials have gained immense importance in catalytic applications due to their exceptional 

physicochemical properties such as high surface area, tunable morphology, and enhanced reactivity. 
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Their ability to provide a large number of active sites and facilitate efficient electron transfer makes 

them highly suitable for a wide range of industrial, environmental, and energy-related processes.One of 

the most significant applications of nanomaterials is in environmental remediation, particularly in the 

degradation of organic pollutants and wastewater treatment. Nanocatalysts such as metal oxides (e.g., 

ZnO, TiO₂) are widely used for the removal of dyes, pesticides, and toxic chemicals from water bodies. 

These catalysts generate reactive species that break down complex organic molecules into harmless end 

products like carbon dioxide and water. This application is crucial for addressing water pollution and 

ensuring sustainable environmental management.In the field of energy conversion and storage, 

nanomaterials play a vital role in enhancing the efficiency of catalytic processes. They are extensively 

used in fuel cells, hydrogen production, and solar energy systems. For instance, nanocatalysts improve 

the rate of electrochemical reactions in fuel cells, leading to higher energy efficiency and reduced energy 

loss. Similarly, in photocatalysis, nanomaterials facilitate the conversion of solar energy into chemical 

energy, contributing to renewable energy development. 

Another important application is in industrial catalysis, where nanomaterials are used to accelerate 

chemical reactions in manufacturing processes. Industries such as petrochemicals, pharmaceuticals, and 

fine chemicals rely on catalysts to increase reaction rates and improve product yield. Nanocatalysts offer 

higher selectivity and efficiency compared to conventional catalysts, reducing energy consumption and 

production costs. Their stability and reusability further enhance their industrial 

applicability.Nanomaterials are also widely used in green chemistry and sustainable processes. Their 

ability to catalyze reactions under mild conditions reduces the need for harsh chemicals and high 

temperatures, thereby minimizing environmental impact. Green synthesis and catalytic processes 

contribute to cleaner production methods and align with global sustainability goals.In the field of sensor 

technology, nanomaterials are used as catalysts in the detection of gases, biomolecules, and 

environmental pollutants. Their high sensitivity and rapid response make them ideal for applications in 

environmental monitoring and healthcare diagnostics. Catalytic nanomaterials enhance the performance 

of sensors by improving signal detection and accuracy. 

Biomedical applications also benefit from catalytic nanomaterials. They are used in drug delivery 

systems, antimicrobial treatments, and cancer therapy. In particular, nanocatalysts can be used for 

targeted drug delivery and controlled release, improving treatment efficiency and reducing side effects. 

Additionally, their catalytic properties are utilized in the development of biosensors and diagnostic 

tools.In automobile and emission control systems, nanocatalysts are used in catalytic converters to 

reduce harmful emissions such as carbon monoxide, nitrogen oxides, and hydrocarbons. These catalysts 

facilitate the conversion of toxic gases into less harmful substances, contributing to air pollution control 

and environmental protection.Despite their numerous advantages, challenges such as stability, 

aggregation, and potential toxicity need to be addressed for large-scale applications. Ongoing research 

focuses on developing hybrid and composite nanomaterials that combine multiple functionalities and 

improve overall performance. 

CONCLUSION 

This study on the synthesis and characterization of novel nanomaterials for catalytic applications 

highlights the critical role of nanotechnology in enhancing catalytic performance across various 

domains. The research demonstrates that the properties of nanomaterials, including high surface area, 

nanoscale size, and unique electronic structure, significantly contribute to their superior catalytic activity 
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compared to conventional materials. The synthesis techniques employed, such as sol–gel, chemical 

precipitation, hydrothermal, and green synthesis methods, play a crucial role in determining the 

structural and functional properties of nanomaterials. Proper control over synthesis parameters enables 

the production of materials with desired size, morphology, and crystallinity, which directly influence 

catalytic efficiency. Characterization techniques such as XRD, SEM, TEM, FTIR, and UV–Visible 

spectroscopy provide valuable insights into the physicochemical properties of the synthesized materials, 

ensuring their suitability for catalytic applications. The results and discussion confirm that nanomaterials 

exhibit enhanced catalytic activity due to the availability of more active sites and improved interaction 

with reactants. The catalytic mechanism involving adsorption, electron transfer, and generation of 

reactive species explains the efficiency of these materials in facilitating chemical reactions. Furthermore, 

the study highlights the importance of optimizing reaction conditions such as pH, temperature, and 

catalyst dosage to achieve maximum efficiency. 

REFERENCES  

[1] Gabor A. Somorjai, Li, Y., Introduction to Surface Chemistry and Catalysis, Wiley, 2010. 

[2] Paul Alivisatos, “Semiconductor Nanocrystals: Synthesis, Properties, and 

Applications,” Journal of Physical Chemistry, 1996. 

[3] C. N. R. Rao, Muller, A., Cheetham, A.K., The Chemistry of Nanomaterials, Wiley-VCH, 2004. 

[4] A. Henglein, “Physicochemical Properties of Small Metal Particles,” Chemical Reviews, 1989. 

[5] M. A. El-Sayed, “Some Interesting Properties of Metals Confined in Time and Nanometer 

Space,” Accounts of Chemical Research, 2001. 

[6] U. Diebold, “The Surface Science of Titanium Dioxide,” Surface Science Reports, 2003. 

[7] B. O'Regan, Grätzel, M., “A Low-Cost, High-Efficiency Solar Cell Based on Dye-Sensitized 

Colloidal TiO₂ Films,” Nature, 1991. 

[8] M. Gratzel, “Photoelectrochemical Cells,” Nature, 2001. 

[9] Y. Xia, “One-Dimensional Nanostructures: Synthesis, Characterization, and 

Applications,” Advanced Materials, 2003. 

[10] Z. L. Wang, “Nanostructures of Zinc Oxide,” Materials Today, 2004. 

[11] S. Iijima, “Helical Microtubules of Graphitic Carbon,” Nature, 1991. 

[12] A. Fujishima, Honda, K., “Electrochemical Photolysis of Water at a Semiconductor 

Electrode,” Nature, 1972. 

[13] J. M. Thomas, Thomas, W.J., Principles and Practice of Heterogeneous Catalysis, Wiley-VCH, 

1997. 

[14] B. C. Gates, Catalytic Chemistry, Wiley, 1992. 

[15] R. A. Sheldon, “Green Chemistry and Catalysis,” Wiley, 2007. 

[16] K. J. Klabunde, Richards, R.M., Nanoscale Materials in Chemistry, Wiley-Interscience, 2009. 

http://www.ijarets.org/
mailto:editor@ijarets.org


International Journal of Advanced Research in Engineering Technology and ScienceISSN 2349-2819 

www.ijarets.org                              Volume-13, Issue-4 April – 2026               Email- editor@ijarets.org 

    

Copyright@ijarets.org                                                                                                     Page  63 

[17] C. Burda, “Chemistry and Properties of Nanocrystals of Different Shapes,” Chemical Reviews, 

2005. 

[18] A. K. Ganguli, “Synthesis of Inorganic Nanomaterials,” Journal of Materials Chemistry, 2002. 

[19] P. V. Kamat, “Photophysical, Photochemical and Photocatalytic Aspects of Metal 

Nanoparticles,” Journal of Physical Chemistry B, 2002. 

[20] H. Gleiter, “Nanostructured Materials: Basic Concepts and Microstructure,” Acta Materialia, 

2000. 

[21] R. Narayanan, El-Sayed, M.A., “Catalysis with Transition Metal Nanoparticles,” Journal of 

Physical Chemistry B, 2005. 

[22] M. Haruta, “Catalysis by Gold,” Chemical Reviews, 1997. 

[23] J. R. Heath, “Nanotechnologies for Future,” Science, 2002. 

[24] E. Roduner, “Size Matters: Why Nanomaterials are Different,” Chemical Society Reviews, 2006. 

[25] D. Astruc, “Nanoparticles and Catalysis,” Wiley-VCH, 2008. 

 

 

 

 

 

http://www.ijarets.org/
mailto:editor@ijarets.org

