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Abstract 

The pursuit of sustainable chemical processes has prompted a substantial emphasis on 
the advancement and utilization of green solvents and reaction media. Conventional 
solvents and reaction conditions frequently present environmental and health risks, 
underscoring the necessity for alternative, environmentally friendly solutions. Green 
solvents, distinguished by their low toxicity, renewable origins, and minimal 
environmental footprint, present promising avenues to tackle these issues. This paper 
offers a comprehensive overview of green solvents, encompassing their classification, 
properties, and applications across various chemical processes. Additionally, the 
significance of designing sustainable reaction media and their role in augmenting the 
efficiency and environmental sustainability of chemical reactions are deliberated upon. 
By embracing green solvents and reaction media, the chemical industry can transition 
towards more sustainable practices, thereby contributing to the realization of a greener 
future. This review highlights the critical importance of transitioning towards sustainable 
chemical practices by leveraging green solvents and reaction media, emphasizing their 
potential to mitigate environmental and health hazards associated with conventional 
approaches. Through comprehensive coverage of their classification, properties, and 
applications, the abstract underscores the multifaceted benefits of adopting green 
solvents and the pivotal role they play in advancing sustainability within the chemical 
industry. 
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Introduction: 

In modern chemistry, the choice of solvents and reaction media plays a crucial role not 
only in the efficiency of chemical processes but also in their environmental impact. 
Traditional solvents, while effective in facilitating reactions and dissolving compounds, 
often pose significant challenges due to their toxicity, volatility, and adverse effects on 
human health and the environment (Joshi & Adhikari, 2019; Jv, 2001; Hansen & Wilbur, 
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1994). However, with the growing recognition of the importance of sustainable 
development, the principles of green chemistry (Erythropel et al., 2018; Anastas & 
Warner, 2000) have emerged as a guiding framework for designing chemical processes 
that minimize environmental impact while maximizing efficiency and safety. This article 
provides an overview of the environmental challenges associated with traditional 
solvents and reaction media, discusses the principles of green chemistry (Erythropel et 
al., 2018; Anastas & Warner, 2000) and their significance in sustainable development, 
and introduces green solvents as alternatives to conventional counterparts. Additionally, 
it explores the classification, properties, and examples of commonly used green 
solvents, highlighting their role in promoting environmentally friendly practices in the field 
of chemistry. Traditional solvents, such as chlorinated hydrocarbons, aromatic 
hydrocarbons, and volatile organic compounds (VOCs), have long been utilized in 
various chemical processes due to their solvating power and versatility. However, these 
solvents pose significant environmental and health risks. VOCs, for instance, contribute 
to air pollution and can have detrimental effects on human health, including respiratory 
problems and neurological disorders. Moreover, many traditional solvents are non-
renewable, derived from fossil fuels, and contribute to carbon emissions and the 
depletion of natural resources. 

In response to the environmental challenges posed by traditional solvents, the principles 
of green chemistry have gained prominence in recent years. Green chemistry 
emphasizes the design of chemical products and processes that reduce or eliminate the 
use and generation of hazardous substances, thus minimizing environmental impact and 
promoting sustainability. Green solvents (Capello, Fischer & Hungerbühler, 2007; Clarke 
et al., 2018) represent a fundamental aspect of green chemistry, offering sustainable 
alternatives to conventional solvents. These solvents are characterized by their low 
toxicity, minimal environmental impact, and renewable or biodegradable nature 
(Winterton, 2021; Byrne et al., 2016). By replacing traditional solvents with green 
alternatives, chemists can significantly reduce the environmental footprint of chemical 
processes while maintaining high levels of efficiency and performance (Devi et al., 2020; 
Welton, 2015).  

Classification and properties of green solvents 

Green solvents can be classified based on various criteria, including their origin, toxicity, 
and environmental impact. 
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Table 1: Different type of Green Solvents 

Common classifications include renewable solvents derived from biomass, bio-based 
solvents (Vovers, Smith & Stevens, 2017) synthesized from renewable feedstocks, and 
natural solvents extracted from plants or minerals. Additionally, green solvents are 
characterized by properties such as low volatility, biodegradability, and non-toxicity, 
which contribute to their environmental benefits. Water is perhaps the most abundant 
and environmentally friendly solvent available (Zhou, Hearne & Li, 2019). It is non-toxic, 
readily available, and can dissolve a wide range of organic and inorganic compounds. 
Supercritical carbon dioxide (CO2) is gaining prominence as a green solvent due to its 
low toxicity, non-flammability, and minimal environmental impact (Madan, 2018). Under 
supercritical conditions, CO2 exhibits both gas-like and liquid-like properties, making it 
an efficient solvent for extraction, purification, and reaction processes (Budisa & 
Schulze-Makuch, 2014). Most fluorinated solvents have high thermostability, 
chemostability, and low toxicity (Gladysz & Emnet, 2004; Nakamura et al., 2003). They 
neither mix with common organic solvents nor with water at room temperature, thus 
forming biphasic systems, and they dissolve fluorine-rich compounds well. Ionic liquids 
(Lei et al., 2017; Welton, 2018) are salts that exist in a liquid state at relatively low 
temperatures, often below 100°C. They are characterized by their low volatility (Earle et 
al., 2006), wide liquid range, and tunable properties, making them versatile solvents for 
various chemical reactions, including catalysis and separation processes (Shah, An & 
Muhammad, 2020). Deep eutectic solvents (DES) are a class of solvents formed by 
mixing two or more solid or liquid components to create an eutectic mixture with a lower 
melting point than each individual component (Smith, Abbott & Ryder, 2014). DES 
exhibits properties similar to traditional organic solvents but with lower toxicity and 
environmental impact, making them suitable for a wide range of applications, including 
biomass processing and organic synthesis (Zhang et al., 2012; Hansen et al., 2020). 
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Applications of green solvents in chemical processes 

In recent years, there has been a growing emphasis on sustainability and environmental 
responsibility in the chemical industry. One area where significant progress has been 
made is in the development and application of green solvents and reaction media 
(Hessel et al., 2022; Sheldon, 2005). These environmentally friendly alternatives offer 
numerous benefits across various chemical processes, from solvent extraction and 
organic synthesis to polymerization and cleaning processes. In this article, we'll explore 
the applications of green solvents in chemical processes, with a focus on solvent 
extraction and separation techniques, organic synthesis and catalysis, polymerization 
and material synthesis, cleaning and degreasing processes and their importance as 
sustainable reaction media. Solvent extraction and separation techniques play a crucial 
role in various industries, including pharmaceuticals, mining and waste treatment 
(Brahmachari, 2015; Chaudhuri, Ghosh & Chattopadhyay, 2021). Traditional organic 
solvents used in these processes, such as chlorinated hydrocarbons and aromatic 
compounds, often pose significant environmental and health risks. Green solvents offer 
a safer and more sustainable alternative by reducing toxicity and environmental impact. 
For example, supercritical carbon dioxide (CO2) has been widely used for extraction 
processes due to its low toxicity, non-flammability, and recyclability (Zorić et al., 2022; 
Gulzar et al., 2020). 

In organic synthesis and catalysis, the choice of solvent can profoundly influence 
reaction outcomes in terms of yield, selectivity, and reaction rate. Green solvents, such 
as water, ionic liquids, and fluorinated solvents, have emerged as viable alternatives to 
conventional organic solvents. Water, in particular, is abundant, cheap, and 
environmentally benign, making it an attractive solvent for a wide range of chemical 
processes, including hydrothermal reactions and aqueous-phase catalysis (Simon & Li, 
2012; Lajoie, Fabiano-Tixier & Chemat, 2022; Castro-Puyana, Marina, & Plaza, 2017). 
Ionic liquids, on the other hand, offer unique properties such as low volatility, high 
thermal stability, and tunable solvation properties, making them versatile reaction media 
for various catalytic processes (Tang et al., 2012; Greer, Jacquemin & Hardacre, 2020). 
Different fluorinated solvents are used for cell culture (Kasuya et al., 2011) and batteries 
(Narayan & Dominko, 2022; Besenhard et al., 1999). 

Polymerization and material synthesis represent another area where green solvents play 
a significant role in reducing environmental impacts. Conventional polymerization 
processes often rely on volatile organic solvents, which can contribute to air pollution 
and pose health risks to workers. Green solvents, such as bio-based solvents derived 
from renewable resources, offer a more sustainable alternative for polymerization 
processes. For example, bio-based solvents like ethanol and glycerol have been 
successfully used in the synthesis of biodegradable polymers and composites (Gu & 
Jérôme, 2013). Cleaning and degreasing processes in industries such as automotive, 
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aerospace and electronics manufacturing typically involve the use of hazardous solvents 
like chlorinated hydrocarbons and petroleum-based solvents. These solvents not only 
pose risks to human health and the environment but also contribute to air and water 
pollution. Green solvents, such as terpenes, d-limonene, and soy-based solvents, offer 
effective alternatives for cleaning and degreasing applications. These solvents are 
derived from renewable resources, are biodegradable and have low toxicity, making 
them environmentally friendly choices for industrial cleaning processes. In the 
pharmaceutical and agrochemical industries, the development of green solvents and 
reaction media is of paramount importance due to the stringent regulations and growing 
consumer demand for sustainable products. Green solvents offer several advantages in 
pharmaceutical and agrochemical synthesis, including improved reaction selectivity, 
reduced waste generation, and lower environmental impact. For example, the use of 
ionic liquids as reaction media has enabled the synthesis of pharmaceutical 
intermediates with higher purity and yield compared to conventional solvents (Petkovic 
et al., 2011). Deep Eutectic solvents are used for protein extraction (Bowen et al., 2022), 
in drug discovery (Oyoun et al., 2023) and cellulose dissolution (Chen et al., 2019). DES 
is the solvent for 21stcentury (Paiva et al., 2014). 

In addition to specific applications, the importance of green reaction media lies in their 
role as sustainable alternatives that contribute to the overall reduction of environmental 
impact in chemical processes. Design considerations for green reaction media include 
solvent-free systems, aqueous solutions, ionic liquids, and other environmentally benign 
solvents. By optimizing reaction conditions and choosing appropriate green solvents, 
chemists can achieve enhanced reaction rates, selectivity, and yield while minimizing 
waste generation and energy consumption. Several case studies demonstrate the 
successful implementation of green reaction media in various chemical transformations. 
For instance, the use of water as a solvent for metal-catalyzed reactions has led to 
significant advancements in cross-coupling reactions, hydrogenation, and C-H 
activation (Cortes-Clerget et al., 2021). Similarly, ionic liquids have been employed as 
reaction media for biomass conversion, olefin metathesis, and organocatalytic reactions, 
showcasing their versatility and efficacy in sustainable synthesis. By choosing 
environmentally friendly alternatives and optimizing reaction conditions, chemists can 
achieve more sustainable and environmentally responsible chemical transformations. 
Through continued research and innovation, the widespread adoption of green solvents 
is poised to play a crucial role in shaping the future of the chemical industry in a more 
sustainable and environmentally friendly direction. 

Challenges and future perspectives 

The adoption of green solvents and reaction media represents a significant step towards 
enhancing the sustainability of chemical processes. However, several challenges 
(Castiello et al., 2023) remain in achieving widespread adoption and maximizing their 
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potential impact on environmental and human health. One of the primary challenges lies 
in the limited availability of green solvents that can effectively replace conventional, often 
hazardous, solvents across a wide range of chemical reactions. While significant 
progress has been made in identifying and developing alternative solvents, there are 
still many reactions for which suitable green alternatives have not been found. 
Additionally, the scalability and cost-effectiveness of these green solvents remain 
important considerations, especially for industrial applications. Further research is 
essential to address these challenges and advance the development of novel green 
solvents and reaction systems. This research should focus on designing solvents with 
tailored properties to meet the specific requirements of different reactions, as well as 
improving their synthesis processes to enhance efficiency and reduce costs. 
Additionally, exploring innovative approaches such as solvent-free and aqueous-based 
reactions can expand the repertoire of green reaction media available to chemists. 

Integration of green solvent principles into chemical education and industrial practices 
is another critical aspect that requires attention. Educating future generations of 
chemists about the importance of sustainability and providing training on green 
chemistry principles will foster a culture of responsible chemical design and synthesis. 
Similarly, incorporating green solvent metrics and guidelines into industrial practices can 
help industries make informed decisions to minimize their environmental footprint and 
comply with regulatory requirements. Looking toward the future, the widespread 
adoption of green solvents and reaction media holds immense promise for advancing 
sustainability in the chemical industry. By reducing reliance on hazardous and non-
renewable resources, these greener alternatives can significantly decrease the 
environmental impact of chemical processes, mitigating pollution and conserving natural 
resources. Moreover, the adoption of green chemistry principles can drive innovation 
and lead to the development of cleaner, more efficient technologies, ultimately benefiting 
both the industry and society as a whole. 

Conclusion 

Green solvents and reaction media play a pivotal role in advancing sustainable chemical 
processes, heralding a transformative shift towards environmentally conscious practices 
within the chemical industry. Their significance lies in their ability to mitigate the 
environmental impact traditionally associated with chemical synthesis while enhancing 
efficiency and safety. By substituting hazardous solvents with eco-friendly alternatives 
derived from renewable resources or possessing minimal toxicity, green chemistry 
principles are upheld, fostering a more harmonious relationship between chemical 
production and the ecosystem. The adoption of green solvents and reaction media is 
imperative in addressing pressing environmental challenges such as pollution, resource 
depletion, and climate change. These alternatives minimize the generation of harmful 
by-products, reduce energy consumption, and offer safer working conditions for 
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personnel, thereby aligning chemical processes with sustainability goals. Moreover, their 
implementation promotes circular economy principles by facilitating the recycling and 
reuse of resources, contributing to the conservation of natural resources and reducing 
waste. To further propel the integration of green solvents and reaction media into 
mainstream chemical practices, continued research and innovation are paramount. 
Collaborative efforts among academia, industry, and government entities should be 
intensified to develop novel green solvents, optimize existing processes, and enhance 
their scalability and cost-effectiveness. Additionally, educational initiatives should be 
bolstered to raise awareness among stakeholders about the benefits of green chemistry 
and foster a culture of sustainability within the chemical community. Looking ahead, 
envisioning a greener and more sustainable future in the chemical industry necessitates 
a steadfast commitment to green chemistry principles and the widespread adoption of 
environmentally benign practices. By embracing innovation, collaboration, and 
responsible stewardship, the industry can transition towards a circular economy model 
characterized by resource efficiency, waste reduction, and ecological integrity. Through 
concerted action and collective determination, we can pave the way for a thriving 
chemical sector that not only meets the demands of the present but also safeguards the 
well-being of future generations and the planet. Let us seize this opportunity to catalyze 
positive change and forge a path towards a truly sustainable future. 
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