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Abstract. 
The study explores the application of next-generation nanomaterials in the field of chemical 

expertise, focusing on their role in improving the accuracy, sensitivity, and efficiency of 

toxicological and environmental analyses. With the rapid development of nanotechnology, 

materials such as TiO₂, ZnO, graphene oxide, and carbon nanotubes have shown significant 
potential in detecting, adsorbing, and degrading hazardous chemical compounds. The 

integration of nanomaterials into modern analytical instruments including GC-MS, LC-MS, and 

FTIR has expanded the possibilities for forensic and environmental investigations. This 

research emphasizes innovative analytical approaches that combine nanotechnology with green 

chemistry principles and AI-based data processing to ensure sustainable, rapid, and precise 

identification of toxic substances. The study also highlights the ethical and safety 

considerations associated with the use of nanomaterials in chemical expertise and outlines 

future directions for developing eco-friendly and smart analytical systems.  
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Introduction. Chemical expertise plays a crucial role in 

ensuring the accuracy, reliability, and safety of analytical 

investigations in both forensic and environmental fields. The 

growing complexity of chemical pollutants, industrial waste, 

and synthetic substances has led to a demand for more advanced 

analytical methods capable of detecting trace levels of 

contaminants with high precision. In this context, 

nanomaterials have emerged as one of the most promising 

innovations in chemical analysis. Their unique 

physicochemical properties—such as large surface area, high 

reactivity, and tunable electronic structures make them ideal 

for use in sensors, catalysts, and adsorbents during expert 

chemical examinations[1-4]. 

Recent advancements in nanotechnology have enabled the 

integration of materials like titanium dioxide (TiO₂), zinc 
oxide (ZnO), graphene oxide, and carbon nanotubes into modern 

instrumental systems (GC-MS, LC-MS, FTIR, UV–Vis 

spectrophotometry, etc.), significantly enhancing their 

sensitivity and selectivity. In chemical expertise, this 

development opens new opportunities for identifying toxic 

compounds, drug residues, and environmental pollutants. 

Moreover, combining nanotechnology with artificial 

intelligence (AI) and green chemistry principles creates the 

foundation for sustainable and intelligent analytical systems 

that reduce reagent use, minimize waste, and improve data 

interpretation accuracy. Therefore, the study of next-

generation nanomaterials in chemical expertise represents an 

innovative direction for future research. It bridges 

chemistry, materials science, and environmental protection, 

contributing not only to the advancement of analytical 

capabilities but also to the broader goal of sustainable 

development [5-7] 

Literature Review. Recent years have witnessed a 

significant increase in studies investigating the use of 

nanomaterials in analytical and forensic chemistry. 

Researchers have demonstrated that nanoscale materials such 

as metallic nanoparticles (Ag, Au, Cu), metal oxides (TiO₂, 
ZnO, Fe₃O₄), and carbon-based nanostructures can be 

effectively applied in sample preparation, extraction, and 

detection processes. These materials enhance the adsorption 
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of analytes, improve reaction kinetics, and enable trace-

level detection of hazardous substances. For example, TiO₂ 
nanoparticles have been successfully utilized in 

photodegradation of organic pollutants, while graphene-based 

composites have shown superior efficiency in detecting heavy 

metals and organic toxins in complex matrices. 

Furthermore, the application of green synthesis methods 

for producing nanomaterials has attracted attention as an 

environmentally safe alternative. Plant-based and microbial 

synthesis routes not only reduce toxic by-products but also 

enhance biocompatibility, making nanomaterials safer for 

toxicological analyses. At the same time, AI-driven 

chemometric tools have begun to support the interpretation of 

spectral and chromatographic data, leading to faster and more 

reliable decision-making in chemical expertise. Despite these 

advancements, there remain challenges related to 

standardization, risk assessment, and ethical regulation in 

the application of nanomaterials for chemical expertise. 

Therefore, this research emphasizes the development of an 

integrated model that combines nanotechnology, green 

chemistry, and artificial intelligence to strengthen the 

analytical, ecological, and ethical dimensions of modern 

chemical expertise. 

Materials and methods. The research methodology was 

structured to comprehensively explore the synthesis, 

characterization, and application of nanomaterials in 

chemical expertise. The study proceeded through five key 

stages.First, nanomaterials such as TiO₂, ZnO, and graphene 
oxide were synthesized using both chemical and green methods. 

Environmentally friendly synthesis employed plant extracts 

like pomegranate peel, green tea, and walnut shell as natural 

reducing and stabilizing agents, ensuring minimal waste and 

adherence to green chemistry principles. 

Second, the characterization of nanomaterials was 

conducted using advanced analytical techniques — FTIR, XRD, 

SEM, and UV–Vis spectroscopy to determine structural, 

morphological, and optical properties. Third, the practical 

application of these nanomaterials was tested within standard 

analytical systems (GC–MS, LC–MS, AAS) to enhance the 

detection of toxic substances, including heavy metals, 
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organic pollutants, and pharmaceutical residues. Comparative 

analysis demonstrated improvements in sensitivity, 

selectivity, and reproducibility over traditional methods. 

Fourth, AI-based chemometric analysis tools such as PCA and 

PLSR were utilized to process and interpret complex data sets, 

increasing the precision and reliability of analytical 

outcomes. Finally, all procedures adhered to ethical and 

safety standards, ensuring responsible use and disposal of 

nanomaterials while promoting transparency, ecological 

sustainability, and laboratory safety.This comprehensive 

methodology provides a strong foundation for integrating 

nanotechnology, artificial intelligence, and green chemistry 

into modern chemical expertise practices. 

Results and Discussion. The study showed that 

nanomaterials synthesized by both chemical and green methods 

demonstrated high efficiency and stability in chemical 

expertise. Green-synthesized TiO₂ and ZnO nanoparticles had 
uniform size and high surface area, improving their adsorption 

and catalytic properties. Characterization results confirmed 

that FTIR spectra identified active surface groups, XRD 

analysis revealed crystalline structures, and SEM images 

showed evenly distributed nanoparticles. UV–Vis spectra 

indicated strong optical activity suitable for analytical 

applications. 

When applied in GC–MS, LC–MS, and AAS systems, the 

nanomaterials enhanced sensitivity and selectivity, lowering 

detection limits for heavy metals and organic pollutants. 

Graphene oxide composites showed high selectivity for 

aromatic compounds.AI-based data processing using PCA and 

PLSR increased the accuracy of interpretation and reduced 

human error. The use of green synthesis and proper waste 

management ensured safety and environmental sustainability. 

Overall, the results confirm that integrating nanomaterials, 

artificial intelligence, and green chemistry provides a 

modern and eco-friendly framework for advancing chemical 

expertise. 

This composite figure illustrates the full methodological 

framework of the study on nanomaterials in chemical expertise. 

The top-left schematic shows the green synthesis process of 

TiO₂ and ZnO nanoparticles using natural plant extracts 
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(pomegranate peel, green tea, and walnut shell) as reducing 

and stabilizing agents, highlighting the eco-friendly 

approach. The top-right SEM images compare nanoparticle 

morphology obtained through chemical and green synthesis, 

demonstrating that green-synthesized particles are more 

uniform and less agglomerated. The bottom-left bar chart 

presents the comparison of detection limits for heavy metals 

(Pb, Cd, Hg) using conventional and nanomaterial-assisted 

analytical methods, where lower values indicate improved 

sensitivity. 

 

 
Figure 1 

Integrated Visualization of Nanomaterials in Chemical Expertise 
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The bottom-right conceptual model shows the integration 

of nanotechnology, analytical systems, and AI-based data 

processing within the framework of green chemistry, 

emphasizing sustainability and innovation in modern chemical 

expertise. Together, these visuals summarize the study’s 

innovative approach merging nanotechnology, artificial 

intelligence, and green chemistry to advance analytical 

precision, sustainability, and ethical responsibility in 

chemical analysis. 

Conclusion. The study concludes that next-generation 

nanomaterials offer great potential for advancing chemical 

expertise, particularly in toxicological and environmental 

analyses. Their unique physicochemical properties 

significantly improve the sensitivity, selectivity, and 

reliability of modern analytical methods. Green synthesis of 

TiO₂, ZnO, and graphene oxide nanoparticles provides an eco-
friendly alternative to conventional techniques, reducing 

environmental impact and ensuring safer laboratory practices. 

The integration of these materials into analytical systems 

such as GC–MS, LC–MS, and AAS enhances detection accuracy for 

pollutants and toxic compounds. Moreover, the application of 

AI-based chemometric tools strengthens data interpretation 

and accelerates analytical processes. Overall, the 

combination of nanotechnology, artificial intelligence, and 

green chemistry establishes an innovative, sustainable, and 

ethical model for future developments in chemical expertise. 
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