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ABSTRACT 

Green Chemistry focuses on creating products and designing processes that minimize or completely avoid the 

use and production of harmful substances, thus supporting more efficient use of resources and helping in 

environmental protection and sustainability. In the past, developing sustainable synthetic methods has been a 

time-consuming and repetitive process, relying more on trial-and-error experimentation. Artificial Intelligence 

(AI) is increasingly transforming the field of chemistry, offering powerful tools to address pressing 

sustainability challenges, data-driven approaches to improve reaction design, select suitable materials, and 

optimize entire process. By integrating machine learning, advanced computational models, data-driven 

modelling, and predictive analytics, AI enables chemists to design greener processes, optimize resource 

utilization, and accelerate the discovery of sustainable materials and processes. This review paper explores the 

integration of chemistry and AI with a focus on sustainability, waste reduction, and circular economy practices, 

highlighting key challenges such as data scarcity, model interpretability, and ethical considerations in 

deployment and strategies to overcome these problems. The discussion emphasizes not only technological 

innovation but also the need for interdisciplinary collaboration and policy support to ensure responsible 

implementation. Ultimately, this work demonstrates that AI, when strategically applied to chemistry, can 

provide scalable solutions to global sustainability issues, bridging the gap between scientific discovery and 

societal impact. 

Keywords: Green Chemistry, Artificial Intelligence, Sustainable Chemistry, Machine Learning, Green 

Innovation, Green Catalysis, Circular Economy. 

INTRODUCTION 

The pursuit of sustainability [1] has become one of the defining challenges of the twenty-first century. Global 
concerns such as resource depletion, climate change, and environmental degradation demand innovative 
solutions that transcend traditional disciplinary boundaries. The chemical industry, while central to 
technological progress, has historically been associated with high energy consumption, hazardous waste 
generation, and reliance on non-renewable raw materials (Pulipati et al., 2024). Addressing these challenges 
requires a fundamental rethinking of how new compounds are discovered, how reactions are optimized, and 
how industrial processes are designed. Green Chemistry, as the science of matter and transformation, plays a 
central role in addressing these challenges by enabling the design of cleaner and greener processes, the 
development of renewable energy technologies, and the discovery of sustainable materials by changing the 
intrinsic properties of the molecules. [2,3] Improving sustainability in the design of complex systems becomes 
especially challenging when conventional reductionist approaches are applied [4] However, the complexity of 
chemical systems and the scale of global sustainability issues require new approaches that go beyond 
conventional experimentation and theory. 

There is a famous saying of Einstein “problems cannot be solved at the same level of awareness that created 
them” [5]. 

Thus, achieving sustainability requires moving beyond purely reductionist views and embracing integrative 
systems perspectives in future design processes.[6,7] 

Artificial Intelligence (AI) has emerged as a transformative tool capable of accelerating scientific discovery and 
optimizing complex systems. It refers to the development of computational systems capable of performing tasks 
that typically require human intelligence, such as learning, reasoning, and problem-solving. Unlike conventional 
computer programs that function strictly according to predefined logical rules, AI-based systems are designed to 
analyze patterns, relationships, and trends within data to produce adaptive and intelligent responses. Since its 
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emergence as a scientific discipline in the 1950s, AI has evolved into several specialized domains, including 
machine learning which focuses on enabling systems to learn from data and enhance their performance over 
time without explicit programming. 

Artificial intelligence (AI) provides a paradigm shift by enabling rapid analysis of large datasets, uncovering 
hidden correlations, and guiding experimental design. Machine learning algorithms can predict molecular 
properties, simulate reaction pathways, and identify optimal conditions with remarkable speed and accuracy 
(ETH Zurich, 2023). This data-based strategy minimizes the reliance on extensive laboratory experimentation, 
enabling researchers to concentrate on the most viable pathways toward sustainable innovation. 

Artificial intelligence methods are now extensively used in many fields [8] especially in scientific research. 
Among the various scientific domains, chemistry has experienced a particularly rapid growth in research driven 
by AI applications which range from predictive modelling of reactions and materials to the design of energy-
efficient processes and waste reduction strategies. Machine learning algorithms can analyze vast datasets, 
uncover hidden patterns, and generate insights that would be difficult or impossible to achieve through 
traditional methods. In this context, AI has contributed significantly to the analysis of molecular characteristics, 
the development of new molecules, and the prediction of chemical reaction results. This synergy between 
chemistry and AI offers unprecedented opportunities to advance sustainability goals. 

Research activity in chemistry related to AI has intensified in recent years, nearly half of the research 
publications in chemistry focusing on AI have appeared within the past four years [9-13]. The United States and 
China dominate this area, contributing more than 40% of journal articles globally. Meanwhile, India, Iran, the 
United Kingdom, and Germany collectively contribute around 20% of the published work. 

In this paper, we explore how AI-driven approaches are reshaping the field of sustainable chemistry. We 
examine applications in chemical discovery, catalysis, renewable energy, and circular economy practices, while 
also considering the challenges and ethical implications of integrating AI into scientific research. 

LITERATURE REVIEW 

The integration of Artificial Intelligence (AI) into chemistry has gained significant attention as a pathway 
toward sustainability. Recent studies highlight how AI-driven methods, particularly machine learning (ML) 
and deep learning (DL), can accelerate chemical discovery, optimize processes, and reduce environmental 
impact.[14] 

AI applications in green chemistry include predictive modelling of reaction outcomes, solvent selection, and 
the design of biodegradable materials[15]. These approaches reduce reliance on trial-and-error experimentation, 
thereby saving time, resources, and energy JETIR.[16] For example, ML algorithms have been successfully 
applied to predict the biodegradability of organic compounds, offering alternatives to costly density functional 
theory (DFT) calculations Springer[17]. 

A comprehensive review by Yadav et al. (2025) [17] emphasizes that AI and data science are reshaping 
sustainable chemistry by enabling efficient resource management and reducing hazardous waste Springer [15], 
[18]. Similarly, Pulipati et al., (2024) [19] discuss AI’s role in green organic chemistry, noting its potential to 
design eco-friendly processes and materials. The American Chemical Society also highlights AI’s 
transformative role in sustainable resource management, particularly in chemical engineering processes, where 
it enhances efficiency and reduces capital costs ACS Publications [20]. 

Despite these advances, challenges remain [21]. Data scarcity limits the accuracy of predictive models, while 
model interpretability raises concerns about transparency and trust in AI-driven decisions. Ethical 
considerations, such as responsible deployment and equitable access to AI technologies, are also critical. 
Addressing these issues requires interdisciplinary collaboration, combining expertise from chemistry, 
computer science, and policy-making to ensure responsible innovation. 

Overall, the literature demonstrates that AI is not merely a computational tool but a catalyst for sustainable 

innovation in chemistry. By bridging experimental and computational approaches, AI can accelerate the 
transition toward greener chemical practices and contribute to global sustainability goals. 

https://www.jetir.org/papers/JETIR2503780.pdf
https://link.springer.com/article/10.1007/s11814-024-00202-5
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APPLICATIONS 

AI in Chemical Discovery 

Artificial intelligence is revolutionizing the way chemists approach discovery, offering tools that dramatically 
reduce the reliance on traditional trial-and-error experimentation. By harnessing predictive modelling, virtual 
screening, and generative design, AI enables researchers to identify sustainable compounds and optimize 
chemical processes with unprecedented speed and accuracy. 

● Predictive Modelling: 
Machine learning algorithms are increasingly used to predict molecular properties, reaction outcomes, and 
toxicity profiles. These models rely on large datasets of chemical structures and experimental results to learn 
correlations between molecular features and their behavior. For example, predictive models can estimate 
solubility, stability, or biodegradability before a compound is synthesized in the laboratory. This reduces wasted 
resources and accelerates the identification of environmentally friendly alternatives. Importantly, predictive 
modelling also supports risk assessment by flagging potentially hazardous compounds early in the design 
process [19] (Pulipati et al., 2024). 

Recent studies have shown that combining mechanistic understanding with machine learning [22, 23] can 
significantly improve the prediction of SNAr reactions. Hybrid models that integrate transition-state information 
with traditional physical organic descriptors of reactants and products have demonstrated high predictive 
accuracy. In particular, Gaussian Process Regression models achieved errors well within the commonly 
accepted chemical accuracy limit, while also successfully predicting regio- and chemoselectivity for real patent 
reaction data—even without being explicitly trained for selectivity tasks. 

Analysis of different feature sets and dataset sizes reveals that the performance of reaction models strongly 
depends on the amount of available data. For very small datasets, machine learning models are unlikely to be 
robust, and conventional mechanistic approaches based on DFT remain more appropriate despite their known 
limitations. As dataset sizes increase, hybrid mechanistic–machine learning models become the most effective 
option, offering improved accuracy when sufficient computational resources are available. 

Current workflows are capable of describing both concerted and stepwise SNAr mechanisms and are being 
extended to include the effects of acid–base catalysis and related reaction types. This represents a notable 
advance over earlier models that were limited to stepwise mechanisms and therefore applicable to a narrower 
range of reactions. 

Despite their strong potential, the wider adoption of hybrid models is still limited by the computational 
challenges associated with locating and characterizing transition states. On-going developments in deep learning 
are expected to address these issues by enabling the direct prediction of transition-state structures and activation 
barriers from large datasets. Ultimately, accurate reaction prediction requires close agreement with experimental 
data, and transfer learning approaches that combine high-quality experimental kinetics with large computational 
datasets are likely to play a central role. Such predictive models are expected to become essential tools for 
accelerating reaction design, optimization, and process development in both academic and industrial chemistry. 

● Virtual Screening: 
Virtual screening leverages AI to rapidly evaluate thousands of molecules against desired sustainability criteria 
such as biodegradable polymers or non-toxic solvents. Instead of physically testing each compound, algorithms 
simulate interactions and rank molecules based on their likelihood of success. This approach has proven 
especially valuable in identifying biodegradable polymers, non-toxic solvents, and catalysts that minimize 
waste. By narrowing down the chemical space to the most promising candidates, virtual screening significantly 
shortens the discovery timeline and reduces the environmental footprint of research [17], (Springer, 2025); [24]. 

● Generative Models 

Deep generative networks represent one of the most exciting frontiers in AI-driven chemistry. These models can 
design entirely new molecules with tailored properties, such as recyclability, low carbon footprint, or reduced 
toxicity. Unlike traditional methods, which modify existing compounds, generative models create novel 
structures that may not have been considered before. For sustainability, this means designing materials that are 
not only functional but also aligned with ecological goals. For instance, AI-generated molecules for green 
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solvents or recyclable plastics can be tested virtually before synthesis, saving both time and resources [17, 25] 
(Pulipati et al., 2024; ETH Zurich, 2023). 

Together, predictive modelling, virtual screening, and generative design form a powerful toolkit for sustainable 
chemical discovery. They enable researchers to explore vast chemical spaces efficiently, prioritize eco-friendly 
solutions, and accelerate the transition towards greener industrial practices. 

By using AI-based methods, scientists can design catalysts and reagents that minimize toxic waste and lower 
energy requirements. 

AI in Green Catalysis: 

Catalysis is central to sustainable chemistry, as it enables chemical reactions to proceed more efficiently, often 
under milder conditions, and with reduced waste generation.  

The design of effective catalysts has traditionally been a labor-intensive process, requiring extensive 
experimentation and costly trial-and-error approaches. Artificial intelligence (AI) is now transforming this 
landscape by offering data-driven methods to accelerate catalyst discovery, optimize reaction pathways, and 
identify eco-friendly alternatives to conventional materials. For example, supervised learning models have been 
used to identify optimal ligand structures in transition-metal catalysis, leading to more efficient and sustainable 
reactions [17] (Pulipati et al., 2024). 

Thus, AI contributes by: 

● Catalyst Design and Optimization: AI predicts activity, selectivity, and stability, reducing laboratory 
testing. 

● Eco-Friendly Alternatives: Machine learning identifies substitutes for rare or toxic metals. 

● Reaction Pathway Prediction: AI forecasts mechanisms that minimize energy consumption. 
chab.ethz.ch.[25] 

● Real-Time Monitoring: Adaptive control ensures catalytic efficiency under industrial conditions [19,17] 
(Pulipati et al., 2024; Springer, 2025). 

AI for Renewable Energy and Eco-Friendly Materials: 

One of the pressing challenges of the 21st century in catalysis is the reliance on rare or toxic metals such as 
platinum, palladium, or chromium and transition to renewable energy and sustainable materials. Green 
Chemistry plays a central role in this transformation, from designing efficient energy storage systems to 
developing eco-friendly materials. AI helps address this issue by enabling predictive modelling, screening vast 
chemical spaces to identify alternative materials that are abundant, less hazardous, and equally effective. This 
approach supports the development of catalysts based on earth-abundant metals like iron or nickel, aligning 
with sustainability goals [17] (Springer, 2025). 

● Battery Chemistry: 
Energy storage is critical for renewable energy adoption, and batteries remain at the forefront of this effort. 
Traditional battery development is slow and resource-intensive, requiring years of experimentation to identify 
suitable electrode and electrolyte materials. AI models can predict electrochemical properties, cycle life, and 
degradation pathways, allowing researchers to design next-generation batteries with higher efficiency and 
reduced reliance on scarce materials such as cobalt and lithium. Machine learning has already been applied to 
optimize solid-state electrolytes and identify sustainable alternatives that improve safety and recyclability [17] 
(Springer, 2025). 

● Solar Cells: 
Photovoltaic technology is another area where AI is driving innovation. Machine learning algorithms can 
analyze vast datasets of material properties to identify candidates for high-efficiency solar cells. AI has been 
used to predict band gaps, stability, and defect tolerance in perovskite and organic photovoltaic materials. These 
insights accelerate the discovery of solar absorbers and new photovoltaic materials that are both efficient and 
durable, reducing the environmental impact of solar energy production [25], (ETH Zurich, 2023). 
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● Carbon Capture: 
Carbon capture technologies are essential for mitigating greenhouse gas emissions. AI-driven simulations 
optimize sorbents, membranes, and catalysts for effective CO₂ sequestration. By predicting adsorption 
capacities and regeneration efficiencies, AI helps design materials that are both cost-effective and scalable. This 
approach supports the development of industrial processes that align with global climate goals while 
minimizing energy penalties associated with carbon capture (Pulipati et al., 2024)[19]. chab.ethz.ch Springer, 
[17]. 

● Sustainable Materials: Beyond energy, AI contributes to the design of sustainable materials such as 
biodegradable plastics, recyclable composites, and low-carbon construction materials. Generative models 
can propose novel recyclable and biodegradable materials with tailored mechanical and environmental 
properties, while predictive algorithms assess their performance before synthesis. This reduces waste and 
accelerates the adoption of materials that support circular economy principles.[25],(ETH Zurich, 2023). 

WASTE REDUCTION AND CIRCULAR ECONOMY 
Waste reduction and the transition toward a circular economy are central pillars of sustainable chemistry. 
Traditional linear models of production—where materials are extracted, used, and discarded—contribute 
significantly to environmental degradation and resource depletion.  

Artificial intelligence (AI) offers powerful tools to redesign chemical processes and materials in ways that 
minimize waste, extend product lifecycles, and promote closed-loop systems. 

AI supports sustainable manufacturing by: 

● Real-Time Process Monitoring 
Beyond discovery, AI also plays a role in monitoring chemical processes in real time. By integrating sensor data 
with predictive models, researchers can adjust reaction conditions dynamically to maintain efficiency and 
minimize waste. This adaptive approach ensures that catalytic systems remain optimized under varying 
industrial conditions, thereby lowering emissions, resource consumption and further enhancing sustainability. 
[25], (ETH Zurich, 2023). 

● Reaction Pathway Prediction 

AI-driven simulations can predict reaction mechanisms and energy profiles, enabling chemists to select 
pathways that minimize energy consumption and maximize yield. Deep learning models, for instance, can 
forecast how catalysts interact with substrates, guiding the design of processes that reduce greenhouse gas 
emissions and improve atom economy [25], (ETH Zurich, 2023). 

● Recyclable Materials 
Predictive models help to identify biodegradable polymers and degradation pathways. For example, machine 
learning has been applied to identify biodegradable plastics with mechanical properties comparable to 
conventional polymers, supporting the replacement of persistent materials with eco-friendly alternatives [19] 
(Pulipati et al., 2024). 

● Closed-Loop Production Systems 

The circular economy emphasizes keeping materials in use for as long as possible. AI supports this vision by 
optimizing closed-loop production systems, where waste streams are repurposed as inputs for new processes. 
Predictive modelling can identify opportunities to recover valuable by-products, while reinforcement learning 
algorithms can design supply chains that minimize resource loss. These approaches align chemical 
manufacturing with circular economy principles, reducing reliance on virgin raw materials and lowering 
environmental impact [17], (Springer, 2025). 

● Industrial Symbiosis and Resource Efficiency 

AI also facilitates industrial symbiosis, where waste from one process becomes a resource for another. By 
analyzing large datasets across industries, AI can identify synergies that improve overall resource efficiency. 
This not only reduces waste but also creates economic value by transforming by-products into useful inputs. 

Together, these applications demonstrate how AI is enabling a shift from linear to circular models of 
production. By reducing waste and reliance on scarce resources, designing recyclable materials, and supporting 

https://chab.ethz.ch/en/news-and-events/d-chab-news/2023/09/ai-for-a-sustainable-chemistry.html
https://link.springer.com/article/10.1007/s43938-025-00104-w


 

International Journal of Advance and Innovative Research   
Volume 13, Issue 1 (IV): January - March 2026 
 

 

 
 

 
 

17 

ISSN 2394 - 7780 

JVM's Mehta Degree College, Sector 19, Airoli 
NAAC Re-accredited  "A+" Grade 
IQAC in association with Western Regional Centre, ICSSR Organized one day National Conference on "Integrating Multidisciplinary 
Approaches to Build a Resilient and Sustainable Future", held on 10th January 2026 

closed-loop systems, AI contributes directly to the broader goals of green chemistry, sustainability and climate 
resilience. 

CHALLENGES AND ETHICAL CONSIDERATIONS 

While artificial intelligence (AI) offers transformative opportunities for sustainable chemistry, its integration 
into research and industry is not without challenges. Significant disparities in the use of artificial intelligence 
among chemistry subfields, as observed through publication and patent data, point to the challenges faced in 
integrating AI. These issues span technical, ethical, and societal dimensions, and addressing them is essential to 
ensure that AI contributes positively to sustainability goals. Some of the key challenges include: 

● Data Scarcity and Availability 

The effectiveness of AI models is largely dependent on the availability of extensive, high-quality and well-
structured datasets. In chemistry, however, data can be fragmented, inconsistent, or proprietary. Poor data 
quality leads to unreliable predictions, limiting the effectiveness of AI applications. Furthermore, many 
chemical datasets are not openly accessible, creating barriers to collaboration and slowing progress toward 
sustainable innovation [17], (Springer, 2025). Hence, preparing such data remains a major challenge for many 
organizations today. 

● Technology 
While computing power has improved significantly due to developments in cloud and quantum technologies, 
users still encounter operational challenges. Nevertheless, advancements in software platforms and intuitive 
user interfaces have minimized the need for coding expertise, thereby enabling a broader scientific community 
to incorporate machine-learning methods into their research activities. 

● Interpretability and Transparency 

Many AI models, particularly deep learning systems, function as “black boxes,” providing predictions without 
clear explanations of how results are derived. In chemistry, where mechanistic understanding is crucial, this 
lack of interpretability can hinder scientific progress. Researchers must balance the efficiency of AI with the 
need for transparency, developing methods that allow chemists to understand and trust AI-generated insights 
[25], (ETH Zurich, 2023). 

● Ethical Use and Equity 

The deployment of AI in chemistry raises ethical questions about access and equity. Advanced AI tools may be 
concentrated in well-funded institutions, leaving smaller laboratories or developing regions at a disadvantage. 
This imbalance risks widening the gap between those who can leverage AI for sustainable innovation and those 
who cannot. Ensuring equitable access to AI resources is critical for global sustainability [19] (Pulipati et al., 
2024). 

● Environmental Costs of AI 

Ironically, the computational demands of AI can themselves pose sustainability challenges. Training large 
models requires significant energy, contributing to carbon emissions. Researchers must therefore consider the 
environmental footprint of AI systems and explore strategies such as energy-efficient algorithms, green 
computing infrastructure, and carbon-neutral data centers. 

● Regulatory and Safety Concerns 

AI-driven chemical discovery may lead to the rapid identification of new compounds, some of which could pose 
unforeseen risks. Without proper regulation, there is potential for misuse or accidental release of harmful 
substances. Establishing clear guidelines for AI-assisted research, including safety protocols and ethical 
oversight, is essential to prevent unintended consequences. 

Together, these challenges highlight the importance of responsible AI integration in chemistry. Addressing 
issues of data quality, transparency, equity, environmental impact, and regulation will ensure that AI serves as a 
tool for sustainability rather than a source of new risks. 
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RESULTS AND DISCUSSION 

Results 

The integration of artificial intelligence (AI) into chemistry has yielded significant advances across multiple 
domains of sustainability. Predictive modeling has demonstrated the ability to accurately forecast molecular 
properties and reaction outcomes, reducing reliance on resource-intensive experimentation. Virtual screening 
has accelerated the identification of eco-friendly compounds, such as biodegradable polymers and non-toxic 
solvents, while generative models have successfully proposed novel molecular structures with tailored 
sustainability features [19], (Pulipati et al., 2024). 

In catalysis, AI-driven simulations have optimized reaction pathways, leading to reduced energy consumption 
and minimized waste. Machine learning has identified promising alternatives to rare or toxic metals, supporting 
the development of catalysts based on earth-abundant materials [17], (Springer, 2025). Similarly, in renewable 
energy research, AI has contributed to the design of advanced battery chemistries, high-efficiency solar 
absorbers, and improved carbon capture materials [25],(ETH Zurich, 2023). 

Waste reduction strategies have also benefited from AI, with real-time process monitoring enabling dynamic 
adjustments that minimize emissions and resource loss. Generative models have proposed recyclable and 
biodegradable materials, while predictive analytics have supported closed-loop production systems aligned with 
circular economy principles [25], (Springer, 2025). 

Discussion 

The results highlight the transformative potential of AI in advancing sustainable chemistry. By reducing the 
time and resources required for discovery, AI enables researchers to focus on high-value innovations that 
directly address environmental challenges. The ability to design catalysts and materials with sustainability 
embedded at the molecular level represents a paradigm shift from traditional approaches, where ecological 
considerations were often secondary. 

Importantly, the convergence of AI and chemistry fosters interdisciplinary collaboration. Chemists, data 
scientists, and engineers can work together to develop integrated solutions that combine computational power 
with experimental expertise. This synergy accelerates progress toward renewable energy technologies, waste-
minimizing processes, and circular economy models. 

However, the discussion must also acknowledge limitations. Data quality remains a critical barrier, as AI 
models are only as reliable as the datasets they are trained on. The “black box” nature of many algorithms raises 
concerns about interpretability, particularly in fields where mechanistic understanding is essential. Ethical 
considerations, including equitable access to AI tools and the environmental footprint of computational systems, 
must be addressed to ensure that AI contributes positively to sustainability goals (Pulipati et al., 2024; ETH 
Zurich, 2023). 

Overall, the results demonstrate that AI is not merely a tool for efficiency but a catalyst for reimagining 
chemistry in alignment with sustainability. The discussion underscores the need for responsible integration, 
balancing technological innovation with ethical and ecological considerations. 

CONCLUSION 

Artificial intelligence (AI) is emerging as a transformative force in the pursuit of sustainability within 
chemistry. By integrating predictive modeling, virtual screening, generative design, and real-time process 
monitoring, AI enables researchers to accelerate discovery, optimize chemical processes, and design eco-
friendly materials. Case studies illustrate how AI-driven chemistry contributes to reducing environmental 
footprints, advancing renewable energy technologies, and promoting circular economy principles. 

Applications in catalysis, renewable energy, waste reduction, and circular economy practices demonstrate the 
breadth of AI’s impact, offering pathways toward a greener and more resilient chemical industry. 

The benefits of AI are clear: reduced reliance on scarce resources, improved efficiency, and the ability to 
explore vast chemical spaces that were previously inaccessible. These advances align directly with global 
sustainability goals, supporting the transition to renewable energy systems, biodegradable materials, and closed-
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loop production models. Importantly, AI does not replace human expertise but rather augments it, allowing 
chemists to focus on creative problem-solving while machines handle complex data analysis. 

At the same time, challenges remain. Issues of data quality, interpretability, equity, and the environmental 
footprint of AI systems must be addressed to ensure responsible integration. Strategies to overcome these 
barriers include the development of robust datasets, hybrid approaches combining experimental and 
computational methods, and transparent frameworks for decision-making. Ethical considerations, including 
equitable access to AI tools and regulatory oversight of AI-driven discoveries, are critical to prevent unintended 
consequences. 

Looking forward, the synergy between human ingenuity and machine intelligence holds immense potential for 
reshaping chemistry into a discipline that is not only innovative but also environmentally responsible. 
Continued interdisciplinary collaboration across academia, industry, and policy will be essential to harness AI’s 
full potential. If these challenges are met with foresight and responsibility, AI-driven chemistry can become a 
cornerstone of sustainable development, contributing to a future where technological progress and ecological 
stewardship go hand in hand. 
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