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Abstract: 

The incorporation of ionic liquids (ILs) and cyclic ethers in green chemistry constitutes a 

significant progression in sustainable chemical processes. This paper delves into the 

crucial role played by binary mixtures of ILs and cyclic ethers in diverse green chemistry 

applications, encompassing catalysis, separation processes, and sustainable synthesis. By 

leveraging ILs' distinctive attributes such as low volatility and high thermal stability, in 

conjunction with the beneficial traits of cyclic ethers, including moderate volatility and 

solvating capacity, an auspicious pathway emerges for enhancing environmental and 

economic aspects of chemical processes. The discourse evaluates the thermodynamic 

dynamics, environmental ramifications, and economic viability of these amalgams, 

underscoring their potential to elevate process efficiency and sustainability. Notable 

applications and recent strides in this realm are underscored, alongside prospective 

research orientations geared toward further harnessing these systems in green chemistry. 

Introduction 

Background and Motivation 

The burgeoning field of green chemistry is dedicated to devising chemical processes that 

reduce or eliminate hazardous substances, thereby playing an increasingly pivotal role in 

addressing environmental challenges and advancing sustainability. Notably, innovative 

strategies in green chemistry encompass the utilization of ionic liquids (ILs) and cyclic 

ethers, both of which present distinct advantages over traditional solvents and reagents. 

Ionic liquids, as non-volatile salts that maintain liquidity at or near room temperature, are 

distinguished by their negligible vapor pressure, high thermal stability, and customizable 

properties. Similarly, cyclic ethers, exemplified by Tetrahydrofuran (THF) and Dioxane, 

constitute organic compounds featuring ether functional groups arranged within a ring 

structure, renowned for their moderate volatility and solvent performance. 

Binary mixtures of ILs and cyclic ethers combine the strengths of both types of 

compounds, providing a versatile platform for various green chemistry applications. The 

ability to tailor the properties of these mixtures by adjusting their composition opens new 

avenues for optimizing chemical processes, improving efficiency, and reducing 

environmental impact. 
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Objectives 

This paper aims to: 

1. Assess the role of IL-cyclic ether mixtures in enhancing green chemistry 

applications, focusing on catalysis, separation, and synthesis. 

2. Evaluate the thermodynamic behaviour of these mixtures to understand their 

mixing properties and phase behaviour. 

3. Discuss the environmental impact and economic feasibility of using IL-cyclic 

ether mixtures in industrial processes. 

4. Highlight key applications and advancements in the field, and identify future 

research directions to maximize the potential of these mixtures. 

Thermodynamic Behaviour of IL-Cyclic Ether Mixtures 

Phase Behaviour 

Phase Diagrams 

The study of the phase behaviour of IL-cyclic ether mixtures holds significant importance 

in elucidating their potential applications within the realm of green chemistry. Phase 

diagrams serve as valuable tools in gaining insights into the solubility, miscibility, and 

separation attributes of these mixtures. Notably, certain IL-cyclic ether systems manifest 

phase separation or immiscibility, presenting advantageous properties for extraction and 

separation processes. 

 Liquid-Liquid Phase Separation: Combinations of ILs and cyclic ethers have the 

capacity to give rise to two immiscible liquid phases. This phenomenon can be 

harnessed within liquid-liquid extraction processes to effect the separation of 

valuable compounds or impurities. 

 

 Eutectic Systems: Specific IL-cyclic ether blends form eutectic mixtures 

characterized by lower melting points in comparison to the individual components. 

This property can be leveraged in processes necessitating precise temperature 

conditions. 

Mixing behaviour 

Excess Properties 

Excess properties such as excess Gibbs free energy, excess enthalpy, and excess volume 

are critical for understanding the non-ideal behaviour of IL-cyclic ether mixtures. These 

properties help quantify how the mixtures deviate from ideal solution behaviour and 

provide insights into the interactions between ILs and cyclic ethers. 

● Excess Gibbs free energy (ΔG^E): Indicates the non-ideality of the mixture and 

reflects the spontaneity of mixing. 

● Excess Enthalpy (ΔH^E): Represents the heat absorbed or released during mixing, 

providing insights into the nature of intermolecular interactions. 

● Excess Volume (ΔV^E): Measures the volume change upon mixing, which can 

help infer the molecular interactions in the mixture. 
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Activity Coefficients 

Activity coefficients are essential for understanding the solubility and stability of IL-cyclic 

ether mixtures. They provide insights into the deviation of the mixture's behaviour from 

that of an ideal solution. 

● Experimental Determination: Techniques such as vapour-liquid equilibrium 

(VLE) and liquid-liquid equilibrium (LLE) studies are used to measure activity 

coefficients. 

● Theoretical Models: Models such as the NRTL (Non-Random Two-Liquid) and 

UNIQUAC (Universal Quasi-Chemical) models predict activity coefficients based 

on molecular interactions. 

Environmental Impact 

Green Chemistry Benefits 

The use of IL-cyclic ether mixtures in green chemistry offers several environmental 

benefits: 

● Reduced Volatility: ILs have negligible vapour pressure, which minimizes air 

emissions and reduces the risk of volatile organic compound (VOC) pollution. 

When combined with cyclic ethers, which have moderate volatility, the overall 

environmental impact can be further reduced. 

● Recyclability: Ionic liquids are often reusable and can be recovered and recycled, 

reducing waste and the need for disposal. This recyclability is advantageous when 

combined with cyclic ethers, which can also be recovered and reused in some processes. 

● Reduced Toxicity: Many ILs are less toxic than traditional solvents, and cyclic 

ethers like THF are less toxic compared to some conventional organic solvents. This 

combination can lead to safer working conditions and reduced environmental impact. 

Life Cycle Assessment 

Life cycle assessment (LCA) of IL-cyclic ether mixtures helps evaluate their overall 

environmental impact from production through disposal. LCA considers factors such as 

resource consumption, energy use, and emissions, providing a comprehensive view of the 

sustainability of these mixtures. 

Economic Feasibility 

Cost Considerations 

The economic feasibility of IL-cyclic ether mixtures involves analysing costs related to 

material procurement, process implementation, and product recovery. While ILs and cyclic 

ethers can be expensive, their use in green chemistry applications can lead to cost savings 

in the long term due to enhanced process efficiency and reduced waste. 

● Material Costs: ILs are generally more expensive than conventional solvents, but 

their high reusability can offset these costs. Cyclic ethers are relatively inexpensive, 

and their combination with ILs can balance the overall cost. 

● Process Efficiency: Improved process efficiency and reduced energy consumption 

can lead to cost savings. IL-cyclic ether mixtures can enhance reaction rates and 

selectivity, which can translate into lower operational costs. 
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Market Trends 

The market for IL-cyclic ether mixtures is growing due to increasing demand for 

sustainable and efficient chemical processes. Investments in research and development, 

coupled with advancements in synthesis and application, are expected to drive further 

adoption of these mixtures. 

Applications and Advancements 

Catalysis 

IL-cyclic ether mixtures have shown promise in various catalytic processes, including 

homogeneous and heterogeneous catalysis. The unique properties of these mixtures can 

enhance reaction rates, selectivity, and catalyst stability. 

● Homogeneous Catalysis: ILs can dissolve a wide range of catalysts and substrates, 

making them suitable for homogeneous catalytic processes. Cyclic ethers can 

modify the solubility and reactivity of the catalyst system. 

● Heterogeneous Catalysis: The use of IL-cyclic ether mixtures can improve the 

stability and recyclability of heterogeneous catalysts, leading to more sustainable 

catalytic processes. 

Separation Processes 

In separation technologies, IL-cyclic ether mixtures offer enhanced performance for 

various applications, including solvent extraction, liquid-liquid extraction, and membrane 

processes. 

● Solvent Extraction: The combination of ILs and cyclic ethers can improve the 

selectivity and efficiency of solvent extraction processes, making them suitable for 

separating valuable compounds from mixtures. 

● Liquid-Liquid Extraction: The phase behaviour of IL-cyclic ether mixtures can be 

tailored to optimize liquid-liquid extraction processes, enabling the efficient 

separation of components based on their solubility differences. 

Future Directions 

Research Gaps 

While significant progress has been made in understanding IL-cyclic ether mixtures, there 

are still areas that require further investigation: 

● Detailed Thermodynamic Data: More comprehensive experimental and 

theoretical data are needed to accurately predict the behaviour of IL-cyclic ether 

mixtures in various conditions. 

● New IL-Cyclic Ether Combinations: Exploring new combinations of ILs and 

cyclic ethers could reveal novel properties and applications. 

● Scalability and Industrial Implementation: Research on scaling up laboratory 

findings to industrial applications is crucial for broader adoption. 
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Conclusion 

Binary mixtures of ionic liquids and cyclic ethers represent a significant advancement in 

green chemistry, offering benefits in terms of environmental impact, economic feasibility, 

and process efficiency. Their unique properties enable improved performance in various 

applications, including catalysis and separation processes. By continuing to explore and 

refine these mixtures, researchers can further enhance their potential and contribute to the 

development of more sustainable chemical processes. 
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