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ABSTRACT:  

Chemists are increasingly exploring environmentally friendly ionic liquids as safer alternatives to traditional 

organic solvents, aiming to reduce their environmental impact. Characterized by salt-like structures comprising 

cations and anions, ionic liquids provide a viable solution for enzyme-catalyzed reactions, offering superior 

yields, increased capacities, enhanced recyclability, greater stability, efficient recovery, and cost-effectiveness. 

These features make ionic liquids crucial for industrial applications. Furthermore, significant interest has arisen 

in their applications across fields such as nanotechnology, polymer science, electrochemistry, environmental 

chemistry, pharmaceutical medicinal chemistry, and biochemistry. Materials and techniques utilizing ionic 

liquids are renowned for their sustainability and efficiency. As designer solvents, ionic liquids can be tailored in 

their physicochemical properties to optimize performance for specific uses. This review outlines the steady 

progress and promising prospects of ionic liquids across various scientific domains, presenting the 

advancements, growth, and potential developments of ionic liquids in a cohesive manner, including their 

physicochemical properties and illustrative applications. 

Keywords: Ionic liquids, Physico-chemical properties, Separation Science, manner Nanomaterials, Ionanofluids, 

cleaner Fossil fuel. 

1.INTRODUCTION: 

Historically, most chemical reactions have taken place in molecular solvents, shaping our understanding of 

chemistry for over two millennia. Recently, however, a novel category of solvents known as ionic liquids has 

emerged. Composed entirely of ionic species and often fluid at room temperature, these solvents possess 

unique properties that intrigue chemists. Reactions conducted in ionic liquids display distinct thermodynamic 

and kinetic characteristics compared to traditional molecular solvents, leading to unpredictable outcomes. 

Ionic liquids have garnered significant attention for their potential in green synthesis due to their negligible 

vapor pressure, which prevents the emission of volatile organic compounds (VOCs). Furthermore, their 

versatility as "designer solvents" lies in their composition of at least two variable components (anion and 

cation), allowing for tailoring to achieve specific properties or cater to particular applications. 

The inception of these remarkable liquids dates back to 1914 with the introduction of the first ionic liquid (IL), 

ethyl ammonium nitrate ([EtNH3] [NO3]), boasting a melting point of 12°C. Despite initial apprehension, 

conducting chemical reactions in ionic liquids is remarkably straightforward. This innovation opens up avenues 

for exciting discoveries and underscores the importance of exploring their potential in various research 

endeavors. 

Due to their adjustable features, ionic liquids (ILs) challenge the traditional division between organic and 

inorganic materials. By modifying the combinations of cations and anions, it is possible to create target-specific 

ILs. Commonly used cationic components include pyrrolidinium [1], imidazolium [2], ammonium [3], pyridinium 
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[4], phosphonium [5], and piperidinium [6] cations, each featuring a variety of substituents. Examples of 

anionic components that constitute an array of ionic liquids include alkyl sulfonate, hexafluorophosphate, 

tetrafluoroborate, and alkyl tosylate. 

Table 1 shows that Ionic Liquids have significant advantages over conventional organic solvents. They include 

reduced risks, non-flammability[8], incredibly low volatility, low vapor pressure, improved solubility, increased 

environmental compatibility, viscosity management[9], and increased chemical and thermal stability[10]. 

Additionally, ILs exhibit notable ionic conductivity[11-14]. The viscosity of ILs typically depends on factors such 

as increasing hydrogen bonding, van der Waals forces, alkyl chain length, and fluorination degree or anion type. 

ILs typically have a viscosity of between 10 and 500 mPa at room temperature[15–18]. 

2.PHYSIOCHEMICAL PROPERTIES OF IONIC LIQUIDS: Some of the  exceptional characteristics of ionic liquids include [19-
29]: 
 
•Ability to Solvate a Wide Range of compounds: Ionic liquids have the ability to solvate a variety of inorganic, organic, 

and organometallic compounds.  

• Prominent Polarity: They are polar in a substantial way.  

•Loose-Fitting Coordinating Large-Size Ions: Large-size ions can be loosely coordinated in ionic liquids. 

• Extremely Low Vapor Pressures and minimal Volatility: Ionic liquids typically experience extremely low vapor 

pressures and minimal volatility. 

•Thermal Stability: They demonstrate thermal stability up to approximately 300°C. 

•High Thermal Conductance and Enormous Electrochemical Window: Ionic liquids exhibit high thermal conductance and 

have a substantial electrochemical window. 

•Broad Liquid Windows: The liquid windows of ionic liquids extend up to 200°C, enabling broad kinetic control. 

•Nonaqueous Polar Options for Phase Transfer Procedures: Ionic liquids serve as nonaqueous polar options for phase 

transfer processes. 

•Acknowledged as Universal Solvents: They are recognized as universal solvents due to their diverse solvation 

capabilities. 

•Solvation of Still Gases: Ionic liquids can solvate gases such as H2, CO2, O2, and CO and have been applied under 

supercritical CO2 conditions. 

•Dissolubility Determinants: In ionic liquids, the components determining solubility are the anions and cations from 

which they are formed. 

•Non-Coordination with Macrocycle Metal Complexes: Ionic liquids do not coordinate with macrocycle metal complexes 

such as enzymes. The ionic properties of ILs enhance the rate of reactions. 

•Stability and Long-Term Storage: They are stable and can be stored without decomposition for an extended period. 

•Extensive Use in Stereo Selectivity Control: Ionic liquids have found extensive use in controlling stereo selectivity in 

chemical reactions. 

•Viscosity Control: The viscosity of imidazolium-modified ionic liquids can be controlled by modifications in branching. 
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•Low Melting Point: They typically have a melting point below 100°C. 

•Low Dielectric Constant: The dielectric constant of ionic liquids is implied to be less than 30. 

3. APPLICATIONS  OF IONIC LIQUIDS: Due to their intriguing properties, ionic liquids (ILs) have 

found extensive applications across various domains, as outlined below [30-54]: 

1.Physico-Chemical Procedures: ILs play a role in various physico-chemical procedures [31]. 

2.Modification of HPLC Mobile Phase: ILs are used in modifying the mobile phase of High-Performance Liquid 

Chromatography (HPLC) [32]. 

3.Metals Electrodeposition and Semiconductors: ILs are involved in metals electrodeposition and semiconductors [33]. 

4.Chemical Analysis: They find application in the analysis of chemicals [34]. 

5.Dye-Sensitized Solar Cells: ILs play a role in dye-sensitized solar cells [35, 36]. 

6.Nuclear Fuel Chain: ILs are utilized in the extraction and electrodeposition in the nuclear fuel chain [37]. 

7.Nuclear-Supported Separations: They are employed in nuclear-supported separations [38]. 

8.Oil Shale Treating: ILs are used in the treatment of oil shale [39]. 

9.Separation of Petrochemicals: They play a role in the separation of petrochemicals [40]. 

10.Development of Functional Nanoparticles: ILs contribute to the development of functional nanoparticles and various 

inorganic nanostructures [41]. 

11.Electrochemistry Medium: ILs serve as mediums for electrochemistry [42]. 

12.Polymerization Procedures: They are involved in polymerization procedures [43]. 

13.Chemical and Biochemical Conversions: ILs play a role in chemical and biochemical conversions [44]. 

14.Materials Chemistry: ILs find applications in materials chemistry [45]. 

15.Biocatalysis: They are used as biocatalysts or in biocatalysis [46-55]. 

16.Green Catalysts: ILs are utilized as green catalysts. 

17.Chromatographic Actions: ILs demonstrate significant performance in separation techniques [56]. 

18.Metal Ion Extraction: They are used as separators for the extraction of metal ions. 

19.Ionic Liquids-Modified Sensing: ILs are employed in chemosensing, leading to a rapid reduction in viscosity. 

20.Mass Spectroscopy Applications: ILs find applications in mass spectroscopy, with increasing prominence. 

21.Medium Extraction: ILs are employed in medium extraction processes [30]. 
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4. IONIC LIQUIDS AND IONIC SALTS :   

 Ionic liquids stand out significantly from ionic salts like NaCl [106]. Unlike ionic salts, which are solid at room temperature 

and exhibit electrostatic interactions with typically metallic cations and non-metallic anions, ionic liquids differ in that 

they belong to a category of ionic salts with melting points below 100°C. This characteristic allows them to be soluble in 

both organo-metallic and inorganic-organic c ompounds, making them suitable for use in organic synthesis. 

Table 1: Comparison between Ionic Liquids and Organic Sol 

 

 

5.APPLICATIONS OF IONIC LIQUIDS:        

5.1 Ionic Liquids in Electrochemical Applications:- Ionic liquids (ILs) have been utilized in various electrochemical 

applications since 1996. Their intrinsic conductance makes them suitable for diverse uses in electrochemistry, including 

chromium electroplating in the scionix procedure. This application provides a safer alternative to the toxicity associated 

with chromium (IV) salts. ILs have also been employed in reinforced current power applications, offering rust-resistant 

coatings in metal procedures such as plating and polishing.In the field of batteries, commercial ILs have gained popularity 

for improving safety and enhancing high-voltage stability in ion-Li batteries as electrolytes. Additionally, ILs are used in Zn 

modified air batteries, Zn-based Br batteries, gas sensors, supercapacitors, and as a cost-effective alternative for 

crystalline silicon-based cells in dye-sensitive photovoltaic cells. Several companies, including IoLiTec, C-Tech Innovation, 

BASF, and Xtalic, have harnessed the electrochemical attributes of ILs for applications such as aluminum plating and 

nanoscale aluminum metal alloy plating.[200, 202-206] 

5.2 Ionic Liquids and Separation Science:- 

The remarkable properties of ionic liquids (ILs), coupled with their ability to be synthesized with varying solubilities in 

both water and organic solvents like methanol or ethanenitrile, make them particularly noteworthy in separation science 

applications. Leveraging their high viscosity, ILs find use in chromatography as additives. The addition of ILs to High-

Performance Liquid Chromatography solvents effectively reduces the viscosities of the mixtures[108,109]. 

In capillary electrophoresis (CE), a specialized separation technique,  ILs play dual roles as background electrolytes and 

additives. ILs not only modify the capillary wall but also impact electrophoretic separations.[110-112] This versatile 
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application extends to the separation of flavonoids from phenolic compounds, as well as the extraction of carprofen, 

naproxen, ketoprofen, and suprofen from (C4mim) (NTf2). 

5.3  Ionic Liquids in Alkylation:- 

Furthermore, recent reports indicate that ILs  are a suitable and safer substitute for traditional catalytic acid-based 

methods in the alkylation process[207] , which converts lower hydrocarbons into gasoline. Chevron, in collaboration with 

QUILL, initiated IL research for catalyzing alkylation in 1999, leading to the development of the ISOALKYTM discipline[208-

210] . Over five years of research until 2010, Chevron perfected the chemical reaction conditions for ISOALKYTM, 

resulting in lower catalyst usage, increased production yield, and comparable manufacturing and operating costs 

compared to acid-based operations. This technology, authenticated by Honeywell UOP, has significant potential for large-

scale technical applications.[211-213] 

5.4  The solubility and stability of  Proteins within Ionic Liquids:-Numerous research articles have extensively explored 

protein solubility and stability in aqueous solutions. However, challenges arise in cases where protein solvation and 

stability in water are limited. To overcome these challenges, researchers have turned to the use of ionic liquids (ILs) as co-

solvents in aqueous two-phase systems or as versatile ILs, addressing the shortcomings of protein solubility in water 

alone [124-126]. This approach has proven effective in enhancing the separation efficiency of essential biomolecules, 

including carbohydrates, amino acids, alkaloids, proteins, antibiotics, and various solvents [127, 128]. 

The stability of proteins is crucial in the purification and extraction processes for their applications, as alterations in the 

protein environment can impact their pristine form. Conventional protein refinement methods such as liquid-liquid 

extraction, electrophoresis, and chromatography have inherent disadvantages, including high costs, time consumption, 

loss of biological functions, and lack of robustness. Ionic liquid-based aqueous biphasic systems offer a promising 

alternative to overcome these drawbacks [129-132]. Utilizing IL-supported aqueous systems for protein separation 

proves to be a desirable and effective solution, providing advancements in the field of protein purification with enhanced 

efficiency and reduced limitations. 

Moreover, ILs are employed in the separation of natural products, serving as a green method for extracting and isolating 

compounds such as alkaloids, flavonoids, terpenoids, and phenolics from plant sources. This utilization underscores the 

growing significance of ILs in advancing environmentally friendly and efficient techniques in separation science for diverse 

compounds[113-116]. 

5.5  Environment acceptable green extraction methods:- 

Traditionally, scientists commonly employ hazardous volatile organic compounds (VOCs) in extraction techniques such as 

soxhlet, distillation, percolation, maceration, and infusion to obtain organic extracts. However, researchers in the field of 

green chemistry have long been striving to replace conventional methods, known for their environmental impact, with 

more sustainable approaches like supercritical fluid extraction, ultrasound-assisted extraction, microwave-assisted 

extraction, high-speed homogenization, pulsed electric field, and pressurized solvents. Ionic liquids (ILs) play a role in 

reducing solvent consumption and extraction time. While supercritical fluid extraction exhibits excellent extraction 

properties, it incurs higher operational costs compared to ILs [117-121]. 

5.6  Biodiesel preparation by Ionic liquids as a catalysts:- 

In the context of biodiesel preparation, ionic liquids serve as catalysts due to their negligible vapor pressure, high thermal 

stability, phase transition behavior, solubility, miscibility with reactants, acidity and basicity. Additionally, switchable ionic 

liquids function as green solvents, and ILs find applications in biodiesel synthesis, catalysts, solvents for enzyme-catalyzed 

transesterification, catalyst support, recycling of ionic liquids, and their recovery. Deep eutectic solvents (DES), such as 

choline chloride, represent a specific category of ILs considered a new generation of ionic liquids that form hydrogen 
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bonding. The energetic favorability of hydrogen-bonding interactions in deep eutectic solvents has led researchers to 

explore their use in combination with ILs for biodiesel preparation [122,123]. 

5.7  Ionic liquids as cleaner Fossil fuels:- 

To rapidly produce cleaner fossil fuels, ionic liquids (ILs) incorporate various anion and cation combinations that have 

been specifically designed to efficiently extract sulfur compounds, such as dibenzothiophene, from fossil fuels under 

ambient conditions. Managing the quantity of hydrogen sulfide (H2S) in natural gas is challenging due to its highly toxic 

and corrosive nature, with an acceptable limit of less than 6 mg/m3. Therefore, there is a recent surge of interest in 

utilizing ILs for the removal of H2S. Numerous ILs have been scrutinized for their solubility of H2S and their effectiveness in 

this process.The dissolvability and selectivity of H2S in ILs are influenced by the interactions between anions and H2S, 

particularly in the presence of elevated CO2 concentrations. Researchers have highlighted imidazolium-based ionic liquids 

as exceptional candidates for efficiently extracting sulfur from liquid fuels, including dibenzothiophene [163,164]. 

5.8  Ionic liquids and their role in Nanomaterials:- 

The stability of nanomaterials in different solvents is crucial for enhancing their versatile applications across various 

fields. Additionally, the choice of solvent plays a pivotal role in modifying and fine-tuning the physiochemical properties 

of nanomaterials [169, 170]. Imidazolium-supported ionic liquids (ILs) have been recognized for their ability to enhance 

the characteristics of nanomaterials, including carbon nanotubes [171]. They contribute to the surface uniformity of 

nanoparticles without compromising properties such as size and size dispersion, allowing for the reuse of these materials 

in catalysis and their easy separation from reaction solutions [171]. Imidazolium-supported ILs have also demonstrated 

effectiveness as capping agents [172,173]. For instance, IL-nanomaterial composites like 1-butyl-3-methylimidazolium 

tetrafluoroborate have been utilized to create IL-ZnO composites, enhancing the efficacy of breast antitumor 

therapeutics [174]. Stabilized PbS and CdS nanoparticles have been produced using 1-ethyl-3-methylimidazolium 

methanesulfonate [175,176]. 

Methods involving graphene oxide-supported ionic liquids have been developed for detecting trace amounts of Hg in 

water [177]. Furthermore, carbon quantum dots capped with imidazolium-supported ILs, produced through pyrolysis, 

have been developed. Presently, citrate-based ILs have been employed for developing Ag nanoparticles capped with IL 

[178], and nanosheets. According to Okoli [179], ILs play a crucial role in generating high-quality metal alloy nanoparticles 

to enhance catalytic functions. Imidazolium-modified ILs, such as 1-methacryloyloxypropyl-3-methylimidazolium bromide 

[180] for Al2O3, TiO2, Fe3O4, 1-butyl-3-methylimidazolium methyl sulfate [181] for ZnSe with sizes ranging from 70-100 

nm, and 1-n-butyl-3-methylimidazolium hexafluorophosphate for PbS with a size of 100 nm [182], have been applied in 

nanoparticle synthesis [185]. 

5.9  Utilization of Ionic liquids in Coatings:- 

The traditional synthesis process initiates with dissolving the catalyst in a suitable solution, followed by the addition of an 

ionic liquid (IL) and a porous catalyst-based material. The subsequent step involves the sequential separation of the 

solvent. Extraction must be conducted gradually to ensure the even dispersal of the catalyst and IL throughout the porous 

base. According to documented reports, substances modified with Supported Ionic Liquid Phase (SILP) can be efficiently 

produced using a fluidized bed spray-based coating method. In this approach, supported substances are liquefied through 

the application of controlled temperature inert gases, catalyst dissolution, and sequential spraying of IL in a solution onto 

the support. This procedure can also be utilized to create solid catalysts supported by ionic liquids, where a conventional 

catalyst is enveloped in a fine film of IL. Moreover, this process has been commercially employed for hydrogenation 

procedures, thereby influencing catalytic activity [222-225]. 
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5.10 Ionic liquids in Pharmacueticals:- 

Crystal polymorphism and low solubility pose significant challenges in the pharmaceutical industry [239-243]. Ionic liquids 

(ILs) have emerged as an alternative to traditional drug delivery systems, addressing issues related to increased solubility 

and consistency. Recent studies have demonstrated that many ILs can stabilize protein structures [244], making them 

promising as stabilizing media for protein-based treatments [245-248]. ILs can also serve as substitutes for water and 

more expensive lyophilic substances in pharmaceutical formulations containing proteins. 

Published reports indicate that ILs exhibit a detrimental effect on bacterial and fungal growth, making them useful for 

eliminating pathogenic microorganisms that may be resistant to antibiotics and other medications [249, 250]. Numerous 

examples highlight the use of ILs in medicinal chemistry, disinfectant detergents [251], drug components, tumor 

treatment [252-254], and novel bioactive substances, such as antiseptics [255-258], to combat microbial biofilms 

containing diverse bacteria [259]. ILs supported by benzalkonium and ammonium demonstrate promising action against 

fungi and bacteria, particularly Streptococcus mutans. Several ILs exhibit broad-spectrum activity against pathogenic 

microorganisms [259]. 

Another significant challenge in drug bioavailability involves the difficulty of crossing biological membranes due to the 

pronounced hydrophilic nature. This challenge can be addressed by carefully selecting different active cations and anions 

for combination with hydrophilic ones, as well as by coating ILs [259, 260]. The use of ILs as drug components 

necessitates a systematic assessment of toxicological attributes and cytotoxicity [261,262]. Furthermore, the osmotic 

coefficient potential should be precisely determined when employing ILs as components of pharmaceutical formulations, 

with phosphates and choline being identified as suitable choices. 

5.11 Ionic liquids  in Polymer chemistry:- 

Ionic liquids (ILs), characterized by outstanding optical clarity and minimal haziness, serve as additives, particularly as 

antistatic additives, enhancing cleanliness and safety. ILs demonstrates compatibility with various standard operational 

methods, techniques, and polymers [226-229]. For instance, according to Evonik, ILs function as auxiliary dispersant 

additives to uniformly reinforce water-modified pigments in both water and solvent-based paints, preventing 

sedimentation [230,231]. IoLiTec is recognized for its research and development of IL-modified functional additives 

applied in a diverse range of applications, including dispersants, optical brighteners, cleanliness additives, the production 

of inorganic substances with specific particle sizes on a commercial scale, and the pilot-scale preparation of alcohols [222, 

232, 233].  

In the realm of natural fiber welding processes, ILs have been employed to process natural fiber materials, creating 

coagulable networks to support the original polymer structure [234-236]. The properties of the resulting material and the 

effectiveness of the welding process are controlled by factors such as time, temperature/heat, pressure, IL nature, 

quantity, and placement [237]. The challenge of recyclate in plastics recycling is being addressed by IL-modified 

techniques, overcoming the primary issue associated with plastic recycling—often more economical than landfilling and 

incineration of waste materials [238]. 

5.12  Preparation of Ionanofluids and selection of Ionic liquids:-For applications based on heat transfer, the selection of 

ionic liquids (ILs) is primarily based on their physical properties (Table 2), especially their high thermal conductivity, heat 

capacity, low viscosity, and solubility in water. The properties and applications of high-performance ionanofluids (INF) are 

dependent on the processes used to form them. The formation of high-performance ionanofluids involves either a one-

step or a two-step process. In the one-step process, nanomaterials are directly incorporated into ionanofluids without 

supported ILs, but this approach is rarely used. In the more commonly employed two-step process, ionanofluids are 

developed by utilizing nanomaterials supported by ILs, and homogeneity is primarily achieved through ultrasonication. 
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Various nanomaterials, including graphene, carbon nanotubes, and imidazolium-modified ionic liquids, have been utilized 

in the preparation of ionanofluids. While the ionanofluid formation process is generally straightforward, there is a 

growing interest in ensuring the uniform dispersion of nanoparticles and the long-term stability of the developed 

ionanofluids. The stability of ionanofluids can be improved by incorporating sonication, surface-active agents, or other 

methods such as surface treatment or modification of nanoparticles. It is crucial to note that specific attention should be 

given to ultrasonic ionanofluids, as excessive sonication can alter the substance both physically and chemically, leading to 

the evaporation of substance ionanofluids and changes in the concentration of nanomaterials. The use of surfactants is 

not recommended, as they may degrade or become inert at normal and higher temperatures. Assessing the stability of 

ionanofluids involves measuring Zeta potential, SEM, TEM investigations, and examining the thermophysical properties of 

ILs and INFs used in convective heat transfer applications [263-265]. 

6.CONCLUSION 

In response to the harmful impact of chemical substances on the environment, both institutional and industrial research 

has shifted towards environmentally friendly ionic liquids (ILs). These ILs are distinguished by their negligible vapor 

pressure, high thermal stability, phase transition behavior, solubility and miscibility with reactants, acidity and basicity, 

and the use of switchable ionic liquids as green solvents. They are used in various applications, including as catalysts in 

biodiesel synthesis, solvents for enzyme-catalyzed transesterification, catalyst supports, and in the recycling and recovery 

of ionic liquids. Beyond their eco-friendly attributes, ionic liquids are also valued for their low flammability and negligible 

volatility. The key concept that ionic liquids are composed solely of ions has paved the way for their potential as solvents, 

offering a wide range of electrochemical windows, high conductance, and remarkable thermal stability. 
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