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    The development and consumption of ionic liquids are gaining particular attention because of their various salient features, such as high polarity, negligible volatility, high thermal stability, high ionic conductivity, low melting point, and structural designability. They are well-established environmentally sustainable alternatives for different industrial and biological applications. The use of environmentally friendly ionic liquids in place of extensively used toxic and volatile solvents (Volatile) that leads to serious environmental challenges is associated with numerous advantages. Their surface and interface chemistry and related applications are also gaining significant consideration. They are widely used for various applications, such as in wastewater treatment, treatment of other industrial influents, corrosion protection, catalysts in phase transfer, surfactants, etc. The present book aims to collect the major and up-to-date advancements in surface and interface properties and applications of ionic liquids.




    The present book is divided into two sections, section-I: Ionic Liquids: Basics, Surface/ Interface Chemistry Properties and section-II: Ionic Liquids: Surface/ Interface Applications. Section-I contains eight chapters that collectively describe ionic liquids' fundamental and eco-friendly properties. This section also reports their colloidal, surface and interface properties and the factors responsible for their abilities to behave as surface and interface active species. This also covers the interactions of ionic liquids with the metallic surface through coordination bonding. Section-II also contains eight chapters and describes the use of ionic liquids for numerous surface and interface applications. In different chapters, wastewater treatments, decontamination of toxic metals impurities, corrosion protection, tribological, phase transfer catalysis, electrolytes for photoelectrochemical cells, selective separation, medical devices and sensing applications of ionic liquids are described.
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      Abstract




      The ionic liquids (ILs) have been recognized as the salts of differently made anions and cations, existing in liquid form at rt or below 100 °C. They have drawn their special attention as an alternative to toxic solvents, such in organic transformations along with several other fields such as wastewater management, organic transfo-rmations, chemical transformations, synthesis of heterocycles, sensing applications, etc. The present work shall describe the basis of ILs, their types, structural insights, and mechanistic overview along with a brief introductory account of ILs for the general benefit of the reader of the present works.
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      1. INTRODUCTION




      Two decades ago, a few researchers were familiar with the term ionic liquids (ILs) and used them for some organic transformations. In comparison to commonly utilised volatile organic solvents, ILs have been said to be good molecular and/or green solvents, having some specific physicochemical and thermal properties. Being liquid at room temperature or less than 100 oC temperature and composed of ions, ILs recognized as fused/ molten/ liquid organic salts, etc [1]. In this chapter, elemental knowledge about ILs along with their vast applications will be provided in brief for the benefit of the reader of the book chapter.


    




    

      2. PROPERTIES OF ILs




      Due to the structural variability of the ions, it is difficult to determine a general set of IL properties completely. To name a few, the properties of IL as a solvent can




      be amphiphilic nature, ability to form supramolecular assembly due to solvophobic property[2], Lewis acidic behaviour, etc. ILs possess an amphiphilic profile having both hydrophilic and lipophilic properties as observed in synthetic or natural compounds that can self-assemble into micelles, vesicles, nanotubes, nanofibers, etc [3, 4]. These ILs have been known to form supramolecular assemblies through noncovalent intramolecular interactions, such as hydrophobic or hydrogen bonding, and electrostatic/ π-π/ and van der Waals interactions. These interactions have been deeply involved in interactions for self-assembly, and molecular recognition applications ranging from material science to biological chemistry [5].




      Ionic liquids are referred to as “green solvents” because of their better safety profile, and less flammability. They have higher thermal and electrical conductivities than typical laboratory solvents and have broader electrochemical windows. Owing to the finer tunability of anions and cations, there has been a potential scope to design a solvent with precise qualities or applications unlike that with organic solvents. Due to their behaviour as hydrogen bond acceptors/donors and possessing a higher degree of anionic charge delocalisation, they possess a high capability to solubilize the organic/ inorganic counterparts to boost the rate of the reactions and selectivity [6].




      Further, ILs have been recognized as Lewis acids in organic synthesis in either stoichiometric or catalytic amounts, with varying Brønsted acidic centres. Organic cationic counterparts of ILs control their physical properties as compared to anionic counterparts [7]. Furthermore, Coutinho and co-workers have reported an increase in molecular interactions or ion speciation in a mixture of ILs under aqueous conditions in comparison with the individual ILs [8, 9].




      For the several amino acid-based ILs, there have been varying properties, such as spectroscopic properties due to their aliphatic/aromatic nature, colour, viscosity, and specific rotation (negatively dependent upon the size of cation), glass transition temperature (dependent on their molecular weight). At rt, they are mostly colourless or slightly yellow-coloured liquids with a viscosity between 330 to 16,856 mPa·s, which decreases significantly with a temperature rise. ILs possess high thermal stability due to hydrogen bonding, van der Waals interactions, and the size of the amino acid anion. These ILs are soluble in polar solvents and immiscible among non-polar solvents [10].




      Several attractive properties of ILs, like high viscosity, chemical stability, hydrophobicity and reusability, have rendered ionic liquids a highly used alternative in isolation studies such as (micro)extraction. The immobilized and modified ILs with solid supports have been the significant alternatives to exploit their capabilities in the adsorptive removal of emerging water contaminants [11]. Apart from these, they possess excellent properties, including low vapour pressure, sufficient stability at different pH and temperature, solubilization potential for substances or gases, such as hydrogen, carbon monoxide, carbon dioxide, etc., the potential for the enhancement of reaction rate for chemical transformation under microwave heating, long time stability without decomposition, etc. As a result, they have been sustainable alternatives to replace existing corrosion inhibitors with efficient adsorption on metallic surfaces [12].




      The phrase “task-specific ILs” refers to ILs that are deemed in non-solvent applications, such as catalysts for metal or gas separation or organic synthesis. The functionalized ILs have found their applications as phase transfer catalysts (PTC). The most important subclasses of task-specific ILs, the Brønsted acidic ionic liquids (BAILs), have various advantages, including great thermal stability, high acidity, facile separation/purification and recyclability for re-runs [13]. The combination of ILs and ultrasound techniques has improved the physical effects of sonochemistry significantly [14, 15].




      Metal-organic frameworks (MOFs) supported ILs can reduce the catalytic loading of ILs for their use in desired applications to optimize their properties via substantial interactions. The ionic conductance of ILs has been relatively low at reduced temperatures because of the significant drop in the migration of the ions owing to the creation of contacts between the molecules, which further depress them below their freezing point. These MOFs offer considerable scopes as attractive materials to control the properties of ILs due to their customized designability, which allows for customizable host-guest interactions [16, 17]. Due to the electrochromic and thermochromic attributes of magnetic ILs, they have been proposed as a potential option for energy storage applications in redox flow batteries [18].




      ILs possess several properties, such as chemical and thermal stability, non-flammability, superionic/electrochemical conductance, catalytic potential, low melting point, etc. Further, the physicochemical properties of ILs can be customized by a finely tuned combination of cations and or anions [19]. Different strategic techniques have been used to improve the recyclability and recovery of ILs [20], viz. distillation, extraction with aqueous/organic solvent, adsorption, pressure-driven membrane methods (pervaporation, membrane distillation, and electrodialysis), crystallization, forcefield based separation (gravity separation, centrifugation, and magnetic separation) [21]. Techniques have improved the sustainability and greener aspects of ILs through efficient separation, isolation or purification at the end of the completion of several applications. Furthermore, there are several computational techniques to treat and predict the properties of ILs-based molecular systems through molecular dynamics (MD), or quantum mechanics [22]/ molecular mechanics (QM/MM) based approaches [23].


    




    

      3. CLASSIFICATION OF ILs




      Based on protic/cation and aprotic/anion potential, the classification of ILs can be divided into two main types [24] depending upon their cations and anions (Fig. 1). The cationic ILs can be classified further into five-membered ILs (such as imidazolium [25], pyrrolidinium [26], oxazolium, triazolium [27], thiazolium, cholinium [28]); six-membered ILs (e.g., pyrimidinium, pyridinium, pyridazinium, pyrazinium, N-alkyl isoquinolium, benzotriazolium); and inorganic cations (e.g., phosphonium [29], ammonium [30], sulphonium). The different types of anionic ILs have also been available such as phosphate (dialkylphosphate, hexafluorophosphate), sulphonate (tosylate or mesylate), tetrafluoroborate, alkylsulphate, acetate, amide methanide halide, bis (trifluo-romethanesulfonyl)amide, dicyanamide, halides (fluoride, chloride, bromide and iodide). Further, depending on the structural characteristics of ILs [31], several types of ILs have been identified by different research groups [32-36].
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Fig. (1))


      Classification of ionic liquids based on the types of cations and anions.

    




    

      



      4. APPLICATIONS OF ILs




      

        4.1. Energy Storage or Productions




        The applications of ILs in energy storage/production is useful as electrolyte component in batteries [37], such as Li-ion batteries [38], dual-ion, Li/Na–S [39], Li-oxygen batteries, Vanadium redox flow batteries [40], non-humidified fuel cells, as carbon precursors for electrode catalysts of fuel cells [41] and supercapacitors [42], etc.


      




      

        4.2. Organic Transformations




        Ionic liquids have profound applications as cosolvents, additives, or catalysts in numerous organic transformations with some of them being for the synthesis of crystalline chalcogenides [43], photochemical carbonylation [44], C-N bond forming reactions of amines with CO2 [45], asymmetric synthesis [46, 47], carbonylation [48-54], 1,3-dipolar cycloaddition [55], synthesis of heterocyclic scaffolds [56-58], chemoselective oxidation [59], arene hydrogenation [60], epoxidation of styrene [61], conversion of carbohydrates into value added small molecules [62, 63], Heck reactions [64, 65], Heck-Mizoroki reactions [66], hydrogenation [67], deconstruction of lignocellulosic biomass [68], conversion of biomass [69], extraction [70], alkene-isoalkane alkylation [71], one pot reactions [72], starch chemistry [73], polymer chemistry [74], synthesis of 5-hydroxymethylfurfural from chitin biomass [75], extractive desulfurization of fuel oils [76], olefin metathesis [77], transition metal-catalyzed oligomerization/ polymerization [78], hydroformylation [79], and many countless synthetic transformations [80-82]. Further, the combination of ILs along with other newer techniques such as microwave [83] or ultrasound [84] irradiation, flow reactor [85] along with metal-organic frameworks [86], and metal nanoparticles [87-90], have opened up a new avenue to meet the demands of organic transformations for organic chemists.




        ILs have been considered the greener and more sustainable alternative to volatile organic solvents [91] due to their role as ILs donor and acceptor properties [92] and their ability to form low-transition-temperature mixtures to claim them as ‘designer liquids.’ [93] The applications of ILs have been stated as green alternatives in the metathesis of oleo-chemical feedstocks [94].


      




      

        4.3. Environmental Applications




        The environmental applications of ILs, being greener solvents for organic, inorganic and polymeric materials, have been explored for overcoming the technological barriers in the quest for sustainable uses of renewable resources or waste materials. ILs have been evaluated for several environmental applications, such as achieving the transformation of biopolymers such as chitin, keratin and cellulose under eco-friendly conditions, and playing the key role as useful media for capturing CO2 pollutants produced by the burning of fossil fuels and other industrial effluents [95]. In addition to these, ILs have been useful in fermentation processes of poor biodegradable and negatively impacting ecotoxicity, Saccharomyces cerevisiae [96].


      




      

        4.4. Enzymatic Transformations




        Due to the reusability and versatility of ILs, they have been applied to foster several enzymatic organic transformations mediated by lipase [97], oxidase, laccase, peroxidase, cytochrome, protease, acylase, luciferase, etc [98]. Further, these ILs have been notably used for the hydrolysis of lignocellulosic polysaccharides [99], chemoenzymatic peptide synthesis [100], and biocatalysis assisted through the isolated enzyme [101].


      




      

        4.5. Extractions




        ILs have been reported for their profound applications in the extraction of small bioactive organic compounds from biomass, lipids, proteins, amino acids, nucleic acids, and pharmaceuticals [102], natural products [103] including flavonoids, alkaloids, terpenoids, phenylpropanoid and quinones [104], perfumes, cosmetics, food ingredients, nutraceuticals, biofuels [105], as well as a capable solvent for extraction-desulphurization [106] along with (micro)extraction [107-109].


      




      

        4.6. Pharmaceutical Applications




        ILs have been found to have profound applications in the field of pharmaceutical sciences, drug synthesis, drug formulations, biomedical Analytics systems, polymerization, material preparation, separation [110] and drug delivery techniques [111]. Several drug delivery materials such as sponges, films, microparticles (MPs), nanoparticles (NPs), aerogels [112], and microemulsions [113] have been attained with the advancements of different types of ILs. It has also reported wide applications in bioengineering and bio-applications, including antitumour, antimicrobial, antioxidant and antiprotozoal activity [114, 115].


      


    




    

      CONCLUDING REMARKS




      The vast literature on properties, classification and applications of ILs, including energy storage/productions, organic transformations, environmental applications, enzymatic transformations, extractions, fuel technology and pharmaceutical applications, has widened the horizons for their uses in several fields. Several classes of ILs have motivated scientists and engineers to work in these fields. Their excellent properties render them green and eco-friendly solvents.




      Apart from the several advantages, they have a few limitations to discuss. Stability-wise, the ring-opening breakdown occurs in imidazolium-based ILs under strongly basic circumstances. Furthermore, imidazolium ILs may undergo coupling reactions with alkenes in the presence of low-value transition-metal catalysts. Although C2-substituted imidazolium salts are more stable against Brønsted bases in comparison with C2-unsubstituted imidazolium salts. In this regard, quaternary ammonium compounds with hydrogen are the most unstable because of the occurrence of quick Hofmann elimination due to the attack of hydroxide on β-hydrogen. In a nutshell, the present article will provide a summary of ILs, their properties, classifications, and applications to the laymen in the field of ILs as their eco-friendly utilities.


    


  




  

    

      Abbreviations




      

        

          	



          	

        




        

          	ILs



          	Ionic Liquids

        




        

          	rt



          	Room Temperature

        




        

          	PTC



          	Phase Transfer Catalysts

        




        

          	BAILs



          	Brønsted Acidic Ionic Liquids

        




        

          	MOFs



          	Metal-Organic Frameworks

        




        

          	MD



          	Molecular Dynamics

        




        

          	QM/MM



          	Quantum Mechanics/ Molecular Mechanics

        




        

          	MPs



          	Microparticles

        




        

          	NPs



          	Nanoparticles

        


      


    




    ACKNOWLEDGEMENT




    TMD thanks Dr. Asit K. Chakraborti, Former Professor, National Institute of Pharmaceutical Education and Research (NIPER), S.A.S. Nagar, Punjab (India), for the motivation and invaluable support provided.




    REFERENCES




    

      

        	



        	

      




      

        	
[1]



        	Lei, Z.; Chen, B.; Koo, Y.M.; MacFarlane, D.R. Introduction: Ionic Liquids. Chem. Rev., 2017, 117(10), 6633-6635.[http://dx.doi.org/10.1021/acs.chemrev.7b00246] [PMID: 28535681]

      




      

        	
[2]



        	Greaves, T.L.; Drummond, C.J. Solvent nanostructure, the solvophobic effect and amphiphile self-assembly in ionic liquids. Chem. Soc. Rev., 2013, 42(3), 1096-1120.[http://dx.doi.org/10.1039/C2CS35339C] [PMID: 23165291]

      




      

        	
[3]



        	Lombardo, D.; Kiselev, M.A.; Magazù, S.; Calandra, P. Amphiphiles self-assembly: basic concepts and future perspectives of supramolecular approaches. Adv. Condens. Matter Phys., 2015, 2015, 1-22.[http://dx.doi.org/10.1155/2015/151683]

      




      

        	
[4]



        	Amarasekara, A.S. Acidic ionic liquids. Chem. Rev., 2016, 116(10), 6133-6183.[http://dx.doi.org/10.1021/acs.chemrev.5b00763] [PMID: 27175515]

      




      

        	
[5]



        	Dergham, M.; Lin, S.; Geng, J. Supramolecular self-assembly in living cells. Angew. Chem. Int. Ed., 2022, 61(18), e202114267.[http://dx.doi.org/10.1002/anie.202114267] [PMID: 35037350]

      




      

        	
[6]



        	Greer, A.J.; Jacquemin, J.; Hardacre, C. Industrial applications of ionic liquids. Molecules, 2020, 25(21), 5207.[http://dx.doi.org/10.3390/molecules25215207] [PMID: 33182328]

      




      

        	
[7]



        	Brown, L.C.; Hogg, J.M.; Swadźba-Kwaśny, M. Lewis acidic ionic liquids. Top. Curr. Chem. (Cham), 2017, 375(5), 78.[http://dx.doi.org/10.1007/s41061-017-0166-z] [PMID: 28828725]

      




      

        	
[8]



        	Kurnia, K.A.; Fernandes, A.M.; Pinho, S.P.; Coutinho, J.A.P. Ion speciation: a key for the understanding of the solution properties of ionic liquid mixtures. Phys. Chem. Chem. Phys., 2019, 21(38), 21626-21632.[http://dx.doi.org/10.1039/C9CP04533C] [PMID: 31549125]

      




      

        	
[9]



        	Estager, J.; Holbrey, J.D.; Swadźba-Kwaśny, M. Halometallate ionic liquids – revisited. Chem. Soc. Rev., 2014, 43(3), 847-886.[http://dx.doi.org/10.1039/C3CS60310E] [PMID: 24189615]

      




      

        	
[10]



        	Ossowicz, P.; Klebeko, J.; Roman, B.; Janus, E.; Rozwadowski, Z. The relationship between the structure and properties of amino acid ionic liquids. Molecules, 2019, 24(18), 3252.[http://dx.doi.org/10.3390/molecules24183252] [PMID: 31500119]

      




      

        	
[11]



        	Ayati, A.; Ranjbari, S.; Tanhaei, B.; Sillanpää, M. Ionic liquid-modified composites for the adsorptive removal of emerging water contaminants: A review. J. Mol. Liq., 2019, 275, 71-83.[http://dx.doi.org/10.1016/j.molliq.2018.11.016]

      




      

        	
[12]



        	Verma, C.; Ebenso, E.E.; Quraishi, M.A. Ionic liquids as green and sustainable corrosion inhibitors for metals and alloys: an overview. J. Mol. Liq., 2016, 2017(233), 403-414.

      




      

        	
[13]



        	Vafaeezadeh, M.; Alinezhad, H. Brønsted acidic ionic liquids: Green catalysts for essential organic reactions. J. Mol. Liq., 2016, 218, 95-105.[http://dx.doi.org/10.1016/j.molliq.2016.02.017]

      




      

        	
[14]



        	Chatel, G.; MacFarlane, D.R. Ionic liquids and ultrasound in combination: synergies and challenges. Chem. Soc. Rev., 2014, 43(23), 8132-8149.[http://dx.doi.org/10.1039/C4CS00193A] [PMID: 25198613]

      




      

        	
[15]



        	Kaur, G.; Sharma, A.; Banerjee, B. Ultrasound and ionic liquid: an ideal combination for organic transformations. ChemistrySelect, 2018, 3(19), 5283-5295.[http://dx.doi.org/10.1002/slct.201800326]

      




      

        	
[16]



        	Fujie, K.; Kitagawa, H. Ionic liquid transported into metal–organic frameworks. Coord. Chem. Rev., 2016, 307, 382-390.[http://dx.doi.org/10.1016/j.ccr.2015.09.003]

      




      

        	
[17]



        	Kinik, F.P.; Uzun, A.; Keskin, S. Ionic liquid/metal-organic framework composites: from synthesis to applications. ChemSusChem, 2017, 10(14), 2842-2863.[http://dx.doi.org/10.1002/cssc.201700716] [PMID: 28556605]

      




      

        	
[18]



        	Joseph, A.; Żyła, G.; Thomas, V.I.; Nair, P.R.; Padmanabhan, A.S.; Mathew, S. Paramagnetic ionic liquids for advanced applications: A review. J. Mol. Liq., 2016, 218, 319-331.[http://dx.doi.org/10.1016/j.molliq.2016.02.086]

      




      

        	
[19]



        	Andrade, C.K.Z.; Dar, A.R. Applying green processes and techniques to simplify reaction work-ups. Tetrahedron, 2016, 72(47), 7375-7391.[http://dx.doi.org/10.1016/j.tet.2016.09.055]

      




      

        	
[20]



        	Molnár, Á.; Papp, A. Catalyst recycling—A survey of recent progress and current status. Coord. Chem. Rev., 2017, 349, 1-65.[http://dx.doi.org/10.1016/j.ccr.2017.08.011]

      




      

        	
[21]



        	Zhou, J.; Sui, H.; Jia, Z.; Yang, Z.; He, L.; Li, X. Recovery and purification of ionic liquids from solutions: a review. RSC Advances, 2018, 8(57), 32832-32864.[http://dx.doi.org/10.1039/C8RA06384B] [PMID: 35547671]

      




      

        	
[22]



        	Zahn, S.; Brehm, M.; Brüssel, M.; Hollóczki, O.; Kohagen, M.; Lehmann, S.; Malberg, F.; Pensado, A.S.; Schöppke, M.; Weber, H.; Kirchner, B. Understanding ionic liquids from theoretical methods. J. Mol. Liq., 2014, 192, 71-76.[http://dx.doi.org/10.1016/j.molliq.2013.08.015]

      




      

        	
[23]



        	Keaveney, S.T.; Harper, J.B.; Croft, A.K. Computational approaches to understanding reaction outcomes of organic processes in ionic liquids. RSC Advances, 2015, 5(45), 35709-35729.[http://dx.doi.org/10.1039/C4RA14676J]

      




      

        	
[24]



        	Javed, F.; Ullah, F.; Zakaria, M.R.; Akil, H.M. An approach to classification and hi-tech applications of room-temperature ionic liquids (RTILs): A review. J. Mol. Liq., 2018, 271, 403-420.[http://dx.doi.org/10.1016/j.molliq.2018.09.005]

      




      

        	
[25]



        	Chang, J.C.; Yang, C.H.; Sun, I.W.; Ho, W.Y.; Wu, T.Y. Synthesis and properties of magnetic aryl-imidazolium ionic liquids with dual brønsted/Lewis acidity. Materials (Basel), 2018, 11(12), 2539.[http://dx.doi.org/10.3390/ma11122539] [PMID: 30551622]

      




      

        	
[26]



        	Anouti, M.; Caillon-Caravanier, M.; Dridi, Y.; Galiano, H.; Lemordant, D. Synthesis and characterization of new pyrrolidinium based protic ionic liquids. Good and superionic liquids. J. Phys. Chem. B, 2008, 112(42), 13335-13343.[http://dx.doi.org/10.1021/jp805992b] [PMID: 18826270]

      




      

        	
[27]



        	Mishra, R.; Mishra, J.S.; Chaubey, S.A. Recent advances on triazolium ionic liquids: synthesis and applications. Curr. Org. Chem., 2019, 23(11), 1239-1255.[http://dx.doi.org/10.2174/1385272823666190627114321]

      




      

        	
[28]



        	Gadilohar, B.L.; Shankarling, G.S. Choline based ionic liquids and their applications in organic transformation. J. Mol. Liq., 2017, 227, 234-261.[http://dx.doi.org/10.1016/j.molliq.2016.11.136]

      




      

        	
[29]



        	Macarie, L.; Simulescu, V.; Ilia, G. Phosphonium-based ionic liquids used as reagents or catalysts. Chemistry Select, 2019, 4(32), 9285-9299.[http://dx.doi.org/10.1002/slct.201901712]

      




      

        	
[30]



        	Yuan, Y.; Zhang, Y.; Liu, L.; Jiao, N.; Dong, K.; Zhang, S. Bicyclic ammonium ionic liquids as dense hypergolic fuels. RSC Advances, 2017, 7(35), 21592-21599.[http://dx.doi.org/10.1039/C7RA03090H]

      




      

        	
[31]



        	Singh, S.K.; Savoy, A.W. Ionic liquids synthesis and applications: An overview. J. Mol. Liq., 2020, 297, 112038.[http://dx.doi.org/10.1016/j.molliq.2019.112038]

      




      

        	
[32]



        	Cowan, M.G.; Gin, D.L.; Noble, R.D. Poly(ionic liquid)/ionic liquid ion-gels with high “free” ionic liquid content: platform membrane materials for CO2/light gas separations. Acc. Chem. Res., 2016, 49(4), 724-732.[http://dx.doi.org/10.1021/acs.accounts.5b00547] [PMID: 27046045]

      




      

        	
[33]



        	Qian, W.; Texter, J.; Yan, F. Frontiers in poly(ionic liquid)s: syntheses and applications. Chem. Soc. Rev., 2017, 46(4), 1124-1159.[http://dx.doi.org/10.1039/C6CS00620E] [PMID: 28180218]

      




      

        	
[34]



        	da Costa Lopes, A.M.; Bogel-Łukasik, R. Acidic ionic liquids as sustainable approach of cellulose and lignocellulosic biomass conversion without additional catalysts. ChemSusChem, 2015, 8(6), 947-965.[http://dx.doi.org/10.1002/cssc.201402950] [PMID: 25703380]

      




      

        	
[35]



        	Verma, C.; Ebenso, E.E.; Quraishi, M.A. Transition metal nanoparticles in ionic liquids: Synthesis and stabilization. J. Mol. Liq., 2019, 276, 826-849.[http://dx.doi.org/10.1016/j.molliq.2018.12.063]

      




      

        	
[36]



        	Santos, E.; Albo, J.; Irabien, A. Magnetic ionic liquids: synthesis, properties and applications. RSC Advances, 2014, 4(75), 40008-40018.[http://dx.doi.org/10.1039/C4RA05156D]

      




      

        	
[37]



        	Osada, I.; de Vries, H.; Scrosati, B.; Passerini, S. Ionic-liquid-based polymer electrolytes for battery applications. Angew. Chem. Int. Ed., 2016, 55(2), 500-513.[http://dx.doi.org/10.1002/anie.201504971] [PMID: 26783056]

      




      

        	
[38]



        	Balducci, A. Ionic liquids in lithium-ion batteries. Top. Curr. Chem. (Cham), 2017, 375(2), 20.[http://dx.doi.org/10.1007/s41061-017-0109-8] [PMID: 28155139]

      




      

        	
[39]



        	Yang, Q.; Zhang, Z.; Sun, X.G.; Hu, Y.S.; Xing, H.; Dai, S. Ionic liquids and derived materials for lithium and sodium batteries. Chem. Soc. Rev., 2018, 47(6), 2020-2064.[http://dx.doi.org/10.1039/C7CS00464H] [PMID: 29393942]

      




      

        	
[40]



        	Zhang, S.; Sun, J.; Zhang, X.; Xin, J.; Miao, Q.; Wang, J. Ionic liquid-based green processes for energy production. Chem. Soc. Rev., 2014, 43(22), 7838-7869.[http://dx.doi.org/10.1039/C3CS60409H] [PMID: 24553494]

      




      

        	
[41]



        	Watanabe, M.; Thomas, M.L.; Zhang, S.; Ueno, K.; Yasuda, T.; Dokko, K. Application of ionic liquids to energy storage and conversion materials and devices. Chem. Rev., 2017, 117(10), 7190-7239.[http://dx.doi.org/10.1021/acs.chemrev.6b00504] [PMID: 28084733]

      




      

        	
[42]



        	Salanne, M. Ionic liquids for supercapacitor applications. Top. Curr. Chem. (Cham), 2017, 375(3), 63.[http://dx.doi.org/10.1007/s41061-017-0150-7] [PMID: 28560657]

      




      

        	
[43]



        	Santner, S.; Heine, J.; Dehnen, S. Synthesis of crystalline chalcogenides in ionic liquids. Angew. Chem. Int. Ed., 2016, 55(3), 876-893.[http://dx.doi.org/10.1002/anie.201507736] [PMID: 26661858]

      




      

        	
[44]



        	Wang, S.; Wang, X. Imidazolium ionic liquids, imidazolylidene heterocyclic carbenes, and zeolitic imidazolate frameworks for CO2 capture and photochemical reduction. Angew. Chem. Int. Ed., 2016, 55(7), 2308-2320.[http://dx.doi.org/10.1002/anie.201507145] [PMID: 26683833]

      




      

        	
[45]



        	Hulla, M.; Dyson, P.J. Pivotal role of the basic character of organic and salt catalysts in C−N bond forming reactions of amines with CO2. Angew. Chem. Int. Ed., 2020, 59(3), 1002-1017.[http://dx.doi.org/10.1002/anie.201906942] [PMID: 31364789]

      




      

        	
[46]



        	Qiao, Y.; Headley, A. Ionic liquid immobilized organocatalysts for asymmetric reactions in aqueous media. Catalysts, 2013, 3(3), 709-725.[http://dx.doi.org/10.3390/catal3030709]

      




      

        	
[47]



        	Karimi, B.; Tavakolian, M.; Akbari, M.; Mansouri, F. Ionic liquids in asymmetric synthesis: an overall view from reaction media to supported ionic liquid catalysis. ChemCatChem, 2018, 10(15), 3173-3205.[http://dx.doi.org/10.1002/cctc.201701919]

      




      

        	
[48]



        	Cheng, W.; Su, Q.; Wang, J.; Sun, J.; Ng, F. Ionic liquids: the synergistic catalytic effect in the synthesis of cyclic carbonates. Catalysts, 2013, 3(4), 878-901.[http://dx.doi.org/10.3390/catal3040878]

      




      

        	
[49]



        	Zeng, S.; Zhang, X.; Bai, L.; Zhang, X.; Wang, H.; Wang, J.; Bao, D.; Li, M.; Liu, X.; Zhang, S. Ionic-liquid-based co2 capture systems: structure, interaction and process. Chem. Rev., 2017, 117(14), 9625-9673.[http://dx.doi.org/10.1021/acs.chemrev.7b00072] [PMID: 28686434]

      




      

        	
[50]



        	Luo, R.; Liu, X.; Chen, M.; Liu, B.; Fang, Y. Recent advances on imidazolium-functionalized organic cationic polymers for co2 adsorption and simultaneous conversion into cyclic carbonates. ChemSusChem, 2020, 13(16), 3945-3966.[http://dx.doi.org/10.1002/cssc.202001079] [PMID: 32478431]

      




      

        	
[51]



        	Cota, I.; Fernandez Martinez, F. Recent advances in the synthesis and applications of metal organic frameworks doped with ionic liquids for CO2 adsorption. Coord. Chem. Rev., 2017, 351, 189-204.[http://dx.doi.org/10.1016/j.ccr.2017.04.008]

      




      

        	
[52]



        	Chen, Y.; Mu, T. Conversion of CO2 to value-added products mediated by ionic liquids. Green Chem., 2019, 21(10), 2544-2574.[http://dx.doi.org/10.1039/C9GC00827F]

      




      

        	
[53]



        	Münchmeyer, C.J.; Graser, L.R.; Markovits, I.I.E.; Cokoja, M.; Kühn, F.E. Epoxidation of olefins with molecular catalysts in ionic liquids. Top. Organomet. Chem., 2013, 51, 185-235.[http://dx.doi.org/10.1007/3418_2013_66]

      




      

        	
[54]



        	Zhang, S.; Ma, R.; He, L.N. Transition metal-free incorporation of co2. 2015, 143–169.[http://dx.doi.org/10.1007/3418_2015_97]

      




      

        	
[55]



        	Maiuolo, L.; Algieri, V.; Olivito, F.; De Nino, A. Recent developments on 1,3-dipolar cycloaddition reactions by catalysis in green solvents. Catalysts, 2020, 10(1), 65.[http://dx.doi.org/10.3390/catal10010065]

      




      

        	
[56]



        	Martins, M.A.P.; Frizzo, C.P.; Moreira, D.N.; Zanatta, N.; Bonacorso, H.G. Ionic liquids in heterocyclic synthesis. Chem. Rev., 2008, 108(6), 2015-2050.[http://dx.doi.org/10.1021/cr078399y] [PMID: 18543878]

      




      

        	
[57]



        	Dhameliya, T.M.; Nagar, P.R.; Bhakhar, K.A.; Jivani, H.R.; Shah, B.J.; Patel, K.M.; Patel, V.S.; Soni, A.H.; Joshi, L.P.; Gajjar, N.D. Recent advancements in applications of ionic liquids in synthetic construction of heterocyclic scaffolds: A spotlight. J. Mol. Liq., 2022, 348, 118329.[http://dx.doi.org/10.1016/j.molliq.2021.118329]

      




      

        	
[58]



        	Chudasama, S.J.; Shah, B.J.; Patel, K.M.; Dhameliya, T.M. The spotlight review on ionic liquids catalyzed synthesis of aza- and oxa-heterocycles reported in 2021. J. Mol. Liq., 2022, 361, 119664.[http://dx.doi.org/10.1016/j.molliq.2022.119664]

      




      

        	
[59]



        	Dai, C.; Zhang, J.; Huang, C.; Lei, Z. Ionic liquids in selective oxidation: catalysts and solvents. Chem. Rev., 2017, 117(10), 6929-6983.[http://dx.doi.org/10.1021/acs.chemrev.7b00030] [PMID: 28459547]

      




      

        	
[60]



        	Chacón, G.; Dupont, J. Arene hydrogenation by metal nanoparticles in ionic liquids. ChemCatChem, 2019, 11(1), 333-341.[http://dx.doi.org/10.1002/cctc.201801363]

      




      

        	
[61]



        	Batra, M.S.; Dwivedi, R.; Prasad, R. Recent developments in heterogeneous catalyzed epoxidation of styrene to styrene oxide. ChemistrySelect, 2019, 4(40), 11636-11673.[http://dx.doi.org/10.1002/slct.201902396]

      




      

        	
[62]



        	Bodachivskyi, I.; Kuzhiumparambil, U.; Williams, D.B.G. Acid-catalyzed conversion of carbohydrates into value-added small molecules in aqueous media and ionic liquids. ChemSusChem, 2018, 11(4), 642-660.[http://dx.doi.org/10.1002/cssc.201702016] [PMID: 29250912]

      




      

        	
[63]



        	Song, J.; Fan, H.; Ma, J.; Han, B. Conversion of glucose and cellulose into value-added products in water and ionic liquids. Green Chem., 2013, 15(10), 2619-2635.[http://dx.doi.org/10.1039/c3gc41141a]

      




      

        	
[64]



        	Prediger, P.; Genisson, Y.; Roque Duarte Correia, C. Ionic liquids and the heck coupling reaction: an update. Curr. Org. Chem., 2013, 17(3), 238-256.[http://dx.doi.org/10.2174/1385272811317030006]

      




      

        	
[65]



        	Mastrorilli, P.; Monopoli, A.; Dell’Anna, M.M.; Latronico, M.; Cotugno, P.; Nacci, A. Ionic liquids in palladium-catalyzed cross-coupling reactions. Top. Organomet. Chem., 2013, 51, 237-285.[http://dx.doi.org/10.1007/3418_2013_64]

      




      

        	
[66]



        	Santos, C.I.M.; Barata, J.F.B.; Faustino, M.A.F.; Lodeiro, C.; Neves, M.G.P.M.S. Revisiting Heck–Mizoroki reactions in ionic liquids. RSC Advances, 2013, 3(42), 19219-19238.[http://dx.doi.org/10.1039/c3ra43493a]

      




      

        	
[67]



        	Scholten, D. J. From soluble to supported iridium metal nanoparticles: active and recyclable catalysts for hydrogenation reactions. Curr. Org. Chem., 2013, 17, 348-363.[http://dx.doi.org/10.2174/1385272811317040005]

      




      

        	
[68]



        	Julien, P.A.; Fri, T.; Julien, P. Deconstruction of lignocellulosic biomass with ionic liquids. Green Chem., 2017, (207890), 2729-2747.[http://dx.doi.org/10.1039/C7GC01078H]

      




      

        	
[69]



        	Luska, K.L.; Migowski, P.; Leitner, W. Ionic liquid-stabilized nanoparticles as catalysts for the conversion of biomass. Green Chem., 2015, 17(6), 3195-3206.[http://dx.doi.org/10.1039/C5GC00231A]

      




      

        	
[70]



        	Villa, R.; Alvarez, E.; Porcar, R.; Garcia-Verdugo, E.; Luis, S.V.; Lozano, P. Ionic liquids as an enabling tool to integrate reaction and separation processes. Green Chem., 2019, 21(24), 6527-6544.[http://dx.doi.org/10.1039/C9GC02553G]

      




      

        	
[71]



        	Singhal, S.; Agarwal, S.; Singh, M.; Rana, S.; Arora, S.; Singhal, N. Ionic liquids: Green catalysts for alkene-isoalkane alkylation. J. Mol. Liq., 2019, 285, 299-313.[http://dx.doi.org/10.1016/j.molliq.2019.03.145]

      




      

        	
[72]



        	Çınar, S.; Schulz, M.; Oyola-Reynoso, S.; Bwambok, D.; Gathiaka, S.; Thuo, M. Application of ionic liquids in pot-in-pot reactions. Molecules, 2016, 21(3), 272.[http://dx.doi.org/10.3390/molecules21030272] [PMID: 26927045]

      




      

        	
[73]



        	Ren, F.; Wang, J.; Xie, F.; Zan, K.; Wang, S.; Wang, S. Applications of ionic liquids in starch chemistry: a review. Green Chem., 2020, 22(7), 2162-2183.[http://dx.doi.org/10.1039/C9GC03738A]

      




      

        	
[74]



        	Jablonský, M.; Škulcová, A.; Šima, J. Use of deep eutectic solvents in polymer chemistry–a review. Molecules, 2019, 24(21), 3978.[http://dx.doi.org/10.3390/molecules24213978] [PMID: 31684174]

      




      

        	
[75]



        	Zhou, D.; Shen, D.; Lu, W.; Song, T.; Wang, M.; Feng, H.; Shentu, J.; Long, Y. Production of 5-hydroxymethylfurfural from chitin biomass: a review. Molecules, 2020, 25(3), 541.[http://dx.doi.org/10.3390/molecules25030541] [PMID: 32012651]

      




      

        	
[76]



        	Abro, R.; Abdeltawab, A.A.; Al-Deyab, S.S.; Yu, G.; Qazi, A.B.; Gao, S.; Chen, X. A review of extractive desulfurization of fuel oils using ionic liquids. RSC Advances, 2014, 4(67), 35302-35317.[http://dx.doi.org/10.1039/C4RA03478C]

      




      

        	
[77]



        	Fischmeister, C.; Bruneau, C. Rtils in catalytic olefin metathesis reactions. Top. Organomet. Chem., 2013, 51, 287-305.[http://dx.doi.org/10.1007/3418_2013_62]

      




      

        	
[78]



        	Trzeciak, A.M. Ionic liquids in transition metal-catalyzed oligomerization/polymerization. Top. Organomet. Chem., 2013, 51, 307-322.[http://dx.doi.org/10.1007/3418_2013_65]

      




      

        	
[79]



        	Rieger, B.; Plikhta, A.; Castillo-Molina, D.A. Ionic liquids in transition metal-catalyzed hydroformylation reactions. Top. Organomet. Chem., 2014, 51, 95-144.[http://dx.doi.org/10.1007/3418_2014_86]

      




      

        	
[80]



        	Keglevich, G.; Zsuzsa Kiss, N.; Radai, Z. An overview of the applications of ionic liquids as catalysts and additives in organic chemical reactions. Curr. Org. Chem., 2017, 22, 533-556.

      




      

        	
[81]



        	Vekariya, R.L. A review of ionic liquids: Applications towards catalytic organic transformations. J. Mol. Liq., 2017, 227, 44-60.[http://dx.doi.org/10.1016/j.molliq.2016.11.123]

      




      

        	
[82]



        	Skoda-Földes, R. The use of supported acidic ionic liquids in organic synthesis. Molecules, 2014, 19(7), 8840-8884.[http://dx.doi.org/10.3390/molecules19078840] [PMID: 24972271]

      




      

        	
[83]



        	Floris, B.; Sabuzi, F.; Galloni, P.; Conte, V. The beneficial sinergy of mw irradiation and ionic liquids in catalysis of organic reactions. Catalysts, 2017, 7(9), 261.[http://dx.doi.org/10.3390/catal7090261]

      




      

        	
[84]



        	Albero, B.; Tadeo, J.L.; Pérez, R.A. Ultrasound-assisted extraction of organic contaminants. Trends Analyt. Chem., 2019, 118, 739-750.[http://dx.doi.org/10.1016/j.trac.2019.07.007]

      




      

        	
[85]



        	García-Verdugo, E.; Altava, B.; Burguete, M.I.; Lozano, P.; Luis, S.V. Ionic liquids and continuous flow processes: a good marriage to design sustainable processes. Green Chem., 2015, 17(5), 2693-2713.[http://dx.doi.org/10.1039/C4GC02388A]

      




      

        	
[86]



        	Dhakshinamoorthy, A.; Asiri, A.M.; Alvaro, M.; Garcia, H. Metal organic frameworks as catalysts in solvent-free or ionic liquid assisted conditions. Green Chem., 2018, 20(1), 86-107.[http://dx.doi.org/10.1039/C7GC02260C]

      




      

        	
[87]



        	Zhang, B.; Yan, N. Towards rational design of nanoparticle catalysis in ionic liquids. Catalysts, 2013, 3(2), 543-562.[http://dx.doi.org/10.3390/catal3020543]

      




      

        	
[88]



        	Dhameliya, T.M.; Donga, H.A.; Vaghela, P.V.; Panchal, B.G.; Sureja, D.K.; Bodiwala, K.B.; Chhabria, M.T. A decennary update on applications of metal nanoparticles (MNPs) in the synthesis of nitrogen- and oxygen-containing heterocyclic scaffolds. RSC Advances, 2020, 10(54), 32740-32820.[http://dx.doi.org/10.1039/D0RA02272A] [PMID: 35516511]

      




      

        	
[89]



        	Wegner, S.; Janiak, C. Metal nanoparticles in ionic liquids. Top. Curr. Chem. (Cham), 2017, 375(4), 65.[http://dx.doi.org/10.1007/s41061-017-0148-1] [PMID: 28589266]

      




      

        	
[90]



        	Janiak, C. Metal nanoparticle synthesis in ionic liquids. Top. Organomet. Chem., 2013, 51, 17-53.[http://dx.doi.org/10.1007/3418_2013_70]

      




      

        	
[91]



        	Clarke, C.J.; Tu, W.C.; Levers, O.; Bröhl, A.; Hallett, J.P. Green and sustainable solvents in chemical processes. Chem. Rev., 2018, 118(2), 747-800.[http://dx.doi.org/10.1021/acs.chemrev.7b00571] [PMID: 29300087]

      




      

        	
[92]



        	Schmeisser, M.; van Eldik, R. Elucidation of inorganic reaction mechanisms in ionic liquids: the important role of solvent donor and acceptor properties. Dalton Trans., 2014, 43(42), 15675-15692.[http://dx.doi.org/10.1039/C4DT01239A] [PMID: 25043340]

      




      

        	
[93]



        	Francisco, M.; van den Bruinhorst, A.; Kroon, M.C. Low-transition-temperature mixtures (LTTMs): a new generation of designer solvents. Angew. Chem. Int. Ed., 2013, 52(11), 3074-3085.[http://dx.doi.org/10.1002/anie.201207548] [PMID: 23401138]

      




      

        	
[94]



        	Thomas, P.A.; Marvey, B.B. Room temperature ionic liquids as green solvent alternatives in the metathesis of oleochemical feedstocks. Molecules, 2016, 21(2), 184.[http://dx.doi.org/10.3390/molecules21020184] [PMID: 26861282]

      




      

        	
[95]



        	Cevasco, G.; Chiappe, C. Are ionic liquids a proper solution to current environmental challenges? Green Chem., 2014, 16(5), 2375-2385.[http://dx.doi.org/10.1039/c3gc42096e]

      




      

        	
[96]



        	Costa, S.P.F.; Azevedo, A.M.O.; Pinto, P.C.A.G.; Saraiva, M.L.M.F.S. Environmental impact of ionic liquids: recent advances in (eco)toxicology and (bio)degradability. ChemSusChem, 2017, 10(11), 2321-2347.[http://dx.doi.org/10.1002/cssc.201700261] [PMID: 28394478]

      




      

        	
[97]



        	Elgharbawy, A.A.; Riyadi, F.A.; Alam, M.Z.; Moniruzzaman, M. Ionic liquids as a potential solvent for lipase-catalysed reactions: A review. J. Mol. Liq., 2018, 251, 150-166.[http://dx.doi.org/10.1016/j.molliq.2017.12.050]

      




      

        	
[98]



        	Itoh, T. Ionic Liquids as Tool to Improve Enzymatic Organic Synthesis. Chem. Rev., 2017, 117(15), 10567-10607.[http://dx.doi.org/10.1021/acs.chemrev.7b00158] [PMID: 28745876]

      




      

        	
[99]



        	Wahlström, R.M.; Suurnäkki, A. Enzymatic hydrolysis of lignocellulosic polysaccharides in the presence of ionic liquids. Green Chem., 2015, 17(2), 694-714.[http://dx.doi.org/10.1039/C4GC01649A]

      




      

        	
[100]



        	Yazawa, K.; Numata, K. Recent advances in chemoenzymatic peptide syntheses. Molecules, 2014, 19(9), 13755-13774.[http://dx.doi.org/10.3390/molecules190913755] [PMID: 25191871]

      




      

        	
[101]



        	Imam, H.T.; Krasňan, V.; Rebroš, M.; Marr, A.C. Applications of ionic liquids in whole-cell and isolated enzyme biocatalysis. Molecules, 2021, 26(16), 4791.[http://dx.doi.org/10.3390/molecules26164791] [PMID: 34443378]

      




      

        	
[102]



        	Ventura, S.P.M.; e Silva, F.A.; Quental, M.V.; Mondal, D.; Freire, M.G.; Coutinho, J.A.P. Ionic-liquid-mediated extraction and separation processes for bioactive compounds: past, present, and future trends. Chem. Rev., 2017, 117(10), 6984-7052.[http://dx.doi.org/10.1021/acs.chemrev.6b00550] [PMID: 28151648]

      




      

        	
[103]



        	Zhang, Y.; Cao, Y.; Wang, H. Multi-interactions in ionic liquids for natural product extraction. Molecules, 2020, 26(1), 98.[http://dx.doi.org/10.3390/molecules26010098] [PMID: 33379318]

      




      

        	
[104]



        	Xiao, J.; Chen, G.; Li, N. Ionic liquid solutions as a green tool for the extraction and isolation of natural products. Molecules, 2018, 23(7), 1765.[http://dx.doi.org/10.3390/molecules23071765] [PMID: 30021998]

      




      

        	
[105]



        	Chemat, F.; Abert Vian, M.; Ravi, H.K.; Khadhraoui, B.; Hilali, S.; Perino, S.; Tixier, A.F. Review of alternative solvents for green extraction of food and natural products: panorama, principles, applications and prospects. Molecules, 2019, 24(16), 3007.[http://dx.doi.org/10.3390/molecules24163007] [PMID: 31430982]

      




      

        	
[106]



        	Chandran, D.; Khalid, M.; Walvekar, R.; Mubarak, N.M.; Dharaskar, S.; Wong, W.Y.; Gupta, T.C.S.M. Deep eutectic solvents for extraction-desulphurization: A review. J. Mol. Liq., 2019, 275, 312-322.[http://dx.doi.org/10.1016/j.molliq.2018.11.051]

      




      

        	
[107]



        	Marcinkowska, R.; Konieczna, K.; Marcinkowski, Ł.; Namieśnik, J.; Kloskowski, A. Application of ionic liquids in microextraction techniques: Current trends and future perspectives. Trends Analyt. Chem., 2019, 119, 115614.[http://dx.doi.org/10.1016/j.trac.2019.07.025]

      




      

        	
[108]



        	Kissoudi, M.; Samanidou, V. Recent advances in applications of ionic liquids in miniaturized microextraction techniques. Molecules, 2018, 23(6), 1437.[http://dx.doi.org/10.3390/molecules23061437] [PMID: 29899277]

      




      

        	
[109]



        	Yavir, K.; Konieczna, K.; Marcinkowski, Ł.; Kloskowski, A. Ionic liquids in the microextraction techniques: The influence of ILs structure and properties. Trends Analyt. Chem., 2020, 130, 115994.[http://dx.doi.org/10.1016/j.trac.2020.115994]

      




      

        	
[110]



        	Egorova, K.S.; Gordeev, E.G.; Ananikov, V.P. Biological activity of ionic liquids and their application in pharmaceutics and medicine. Chem. Rev., 2017, 117(10), 7132-7189.[http://dx.doi.org/10.1021/acs.chemrev.6b00562] [PMID: 28125212]

      




      

        	
[111]



        	Md Moshikur, R.; Chowdhury, M.R.; Moniruzzaman, M.; Goto, M. Biocompatible ionic liquids and their applications in pharmaceutics. Green Chem., 2020, 22(23), 8116-8139.[http://dx.doi.org/10.1039/D0GC02387F]

      




      

        	
[112]



        	Chen, J.; Xie, F.; Li, X.; Chen, L. Ionic liquids for the preparation of biopolymer materials for drug/gene delivery: a review. Green Chem., 2018, 20(18), 4169-4200.[http://dx.doi.org/10.1039/C8GC01120F]

      




      

        	
[113]



        	Hejazifar, M.; Lanaridi, O.; Bica-Schröder, K. Ionic liquid based microemulsions: A review. J. Mol. Liq., 2020, 303, 112264.[http://dx.doi.org/10.1016/j.molliq.2019.112264]

      




      

        	
[114]



        	Riduan, S.N.; Zhang, Y. Imidazolium salts and their polymeric materials for biological applications. Chem. Soc. Rev., 2013, 42(23), 9055-9070.[http://dx.doi.org/10.1039/c3cs60169b] [PMID: 23979404]

      




      

        	
[115]



        	Egorova, K.S.; Ananikov, V.P. Fundamental importance of ionic interactions in the liquid phase: A review of recent studies of ionic liquids in biomedical and pharmaceutical applications. J. Mol. Liq., 2018, 272, 271-300.[http://dx.doi.org/10.1016/j.molliq.2018.09.025]

      


    


  




  




  

    Eco-friendly Nature of Ionic Liquids




    


    Himani1, Anirudh Pratap Singh Raman1, Pallavi Jain2, Ramesh Chandra3, 4, Kamlesh Kumari5, Vinod Kumar6, Prashant Singh1, *




    

      1 Department of Chemistry, Atma Ram Sanatan Dharma College, University of Delhi, New Delhi, India


    




    

      2 Department of Chemistry, Faculty of Engineering and Technology, SRM Institute of Science and Technology, NCR Campus, Modinagar, Ghaziabad, UP, India


    




    

      3 Department of Chemistry, University of Delhi, Delhi, India


    




    

      4 Institute of Nano Medical Science, University of Delhi, Delhi, India


    




    

      5 Department of Zoology, University of Delhi, Delhi, India


    




    

      6 SCNS, Jawaharlal Nehru University, New Delhi, India


    






    

      Abstract




      Ionic Liquids (ILs) are believed to be designer solvents, and their use has helped to speed up research in the field of chemistry properties like high viscosity and low vapor pressure. ILs are well-known for their physicochemical properties that can be modified to obtain desired functionality and improved efficiency, analyte extraction selectivity, and sensitivity. ILs have been studied through the methodologies for their synthesis, recyclability after use, reusability for different applications, toxicity against living organisms, and degradation with time. Usually, ILs have considerably better solvents than traditional solvents, but their synthesis involves harmful chemicals. ILs have also proved to be superior lubricants to other lubricants, which show high performance because friction in ILs may be regulated actively by using an external electric potential even when it is diluted in oil. ILs are proven appreciable electrolytes and have significant performance in the generation of energy. ILs are considered an alternative to the traditional solvents obtained from fossils. This chapter will concentrate on current advances in surface and interfacial applications.
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      1. INTRODUCTION




      Ionic liquids (ILs) have a salt-like chemical composition and exist in a liquid state below 100°C.They possess high viscosity, wide electrochemical ability, low vapor




      pressure, poor conductivity, and others. Paul Walden reported the first IL, that is, ethylammonium nitrate, in 1914, but he was not aware that the ILs would bring a transformation in the scientific field after many decades. These characteristics of ILs have attracted researchers’ attention since ILs offer a viable alternative to volatile and hazardous organic solvents [1-4]. ILs are well-known for their physicochemical properties to enable them to collaborate with a wide range of molecules with varying hydrophobicity, polarity and viscosity [5-7]. Though, there is still some debate over the applicability of ILs with the concept of toxicity, their importance in delivering effects is more impactful. As a result, efforts have been focused on substituting the most frequent IL component with bio-based materials, therefore, enhancing biodegradability and increasing renewable resources. In analytical chemistry, ILs have made significant progress in investigations of elimination, extraction, and differentiation [8, 9]. Micelles are effective drug transporters, therefore, they have a strong impact on the pharmaceutical industry, which prompted scientists to emphasize how the ILs interact with drug-like molecules [10]. Due to various properties of ILs like non-flammability, promising electrochemical and thermal stabilities, ILs have been explored as electrolytes to get Li-ion batteries [11-13]. Application of ILs is discovered effectively in a wide range of areas owing to their designer solvents property [14, 15]. In the oil refining industries or processes, it could also be used to substitute organic surfactants in splitting water/oil emulsions [15]. Micellization in ILs solutions allows them to operate as emulsifiers, allowing them to solubilize and disperse molecules that would otherwise be incompatible, such as oil. ILs have lately attracted attention as a green alternative to conventional emulsifiers for enhanced oil recovery (EOR) [16, 17]. ILs have the highest catalytic activity as well as unique characteristics. However, their large-scale use is hampered by their high-power consumption and inherent difficulties in output purification and catalysts recovery. Several routes to immobilize the ILs for facile extraction and processing have been presented. Numerous supportive compounds, such as carbon nanotubes (CNT), ZSM-SiO2, chloromethyl polystyrene, and meta-organic frameworks (MOF), have been described to support ILs with the goal of refining, recovery, and segregation properties. [14] ILs gas separation is considered the most potential application to offer alternate solutions to volatile solvents [18-21]. Researchers discovered the solubilities of CO2 in numerous ILs during the end of the twentieth century and the beginning of the twenty-first century. It was discovered that CO2 solubilities with ILs are substantially greater as compared to other noble gas like N2 and inert gas like CH4. Despite being non-polar and linear, CO2 has polar nature to its quadrupolar moment. As a result, it can disperse both non-polar and low polarity compounds in liquid or supercritical conditions, but it is not an effective solvent for high molecular weight, strongly polar, or ionic compounds. Since carbon dioxide has polar bonds and reacts with water to form carbonic acid, it dissolves in water much more readily than other gases. At the same pressure, cyclohexanone dissolves carbon dioxide more easily than toluene or n-butanol. An excellent solvent for a variety of organic solvents is carbon dioxide in the liquid state. Surface-active ILs with a long hydrophobic hydrocarbon chain may have surface-active qualities comparable to traditional surfactants. These may form self-assemblies in an aqueous solution to form micelle, liquid lyotropic crystals, and vesicles based on their structure and surface-active nature [22-24]. The pharmaceutical industry has several obstacles, including administering solid and crystalline versions of many medications due to their low solubilities in water and the conversion of polymers that can reduce bioavailability. Fortunately, the flexible features of ILs permit the customization of medicinal solvents or the production of novel drugs with specific desirable qualities that are substantially constrained when using water or molecular organic solvents [25]. Most common types of synthetic food comprise azo dyes that have -N=N- groups, considered to be toxic for humans [26]. Tartrazine (TZ) is a sulfonated azo dye commonly employed in food additives, nutritional supplements, and pharmaceuticals in very low quantities, but they cause great harm to the environment after mixing with river water. Researchers are working to create sustainable ILs to discard the harmful effect of these dyes. ILs have gotten a lot of attention in the last decade for a variety of reasons [26]. It was recently discovered that applying chitin beads with Aliquat-336, an IL improves the adsorption capacity of dye, which eventually leads to its elimination from the environment [26-28].




      Surface-active ionic liquids (SAILs) are being used in medication delivery and are currently the subject of much investigation. Using micellization, a considerable number of researches on drug-IL interactions have been conducted to enhance the bioavailability of drugs and reduce drug toxicity [29]. In various environments, ILs with imidazolium or pyrrolidinium cations and lengthy alkyl chains clump together in micelles, vesicles, reverse micelles, microemulsions, and other fascinating molecular structures originate from such aggregations. Drug transport, gene delivery, nanocarrier, bioimaging, and photodynamic treatment are all aided by these IL-induced micro-heterogeneous aggregates [30]. ILs have recently been used in electro-deposition, electro-synthesis, lubricants, electro-catalysis, plasticizers, lithium batteries, electrochemical capacitors, solvents, solvents for manufacturing nanomaterials, extraction, gas absorption agents, ionic conductive matrix, and benign-reaction solvents, and so on. Owing to their high electrical conductivity and stability, ILs are being extensively studied as electrolytic functionalities in batteries and supercapacitors, where the dynamics, composition, phase, and structure may be changed by using applied voltage, dilution, temperature, or a change in ion chemistry. ILs have also proved to be superior lubricants to other lubricants which show high performance because friction in ILs may be regulated actively by using an external electric potential even when it is diluted in oil. This chapter will concentrate on current advances in surface and interfacial applications. The authors tabulated various ILs with different chemical compounds and their applications in Table 1.


    




    

      2. CATIONS AND ANIONS IN THE FORMATION OF ILs




      Description of an IL made up of ions with disproportionately coulombic forces. The cationic part consists of bulk organic structures with an alkyl chain. The cationic part comprises mostly thiazolium, ammonium, sulfonium, tetrazolium, phosphonium, imidazolium, picolinium, oxazolium, pyridinium, pyrrolidinium, and parazonium cations [31-33]. The anionic part is mostly consisting of halogen ions, fluoride, sulfate and phosphate ions. The different cations and anions involved in forming ILs displayed in Fig. (1) [34].
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Fig. (1))


      Structure of various cationic and anionic parts of ILs.



      

        2.1. Physical Properties of ILs




        Physiochemical properties of ILs, such as density, viscosity, polarity, pH, and others, fall under the applicability of ILs in different areas like extraction. ILs with a certain polarity can be created and synthesized using the normal relationship between their polarity and structure. A thorough understanding of the physical and chemical characteristics of ILs is required for their use in extraction [35]. Most of the information now available focuses on bulk physical features, including viscosity, phase transitions, and density, as well as the relationship between these qualities and the ILs of molecular structure, as summarized in Fig. (2). The microscopic physical features of these novel materials are poorly understood, is difficult to forecast the effect of these solvents on chemical reaction rates. Such knowledge would provide the data needed to create new ILs with precisely customized characteristics for each chemical process [34].
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Fig. (2))


        Physical properties of ILs.

      




      

        



        2.2. Application of IL Molecule Adsorbed and Confined in Silica Nanopores




        When ILs bind to a solid substrate like a silica nanopore, their characteristics are observed to alter. This alteration results in the desired use, such as better material quality. An ionic liquid, [BMMIM][PF6], shows the behaviour on the pores and outer surface of SiO2 nanoparticles. The restricted shape of silica pores affects the characteristics of IL more than adsorbed on the surface of the silica nanoparticles process explained in Fig. (3). When IL is loaded, it increases the measurement, that is, the size of pores and volume, significantly decreasing the surface area. However, enhancing IL loading does not result in considerable changes. It is due to the π-π stacking available in the imidazolium ring. [36]
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Fig. (3))


        Confinement and adsorption of IL on silica nanopore.

      




      

        



        2.3. ILs-based Processes for CO2 Capture




        CO2 emissions are a substantial contributor to global warming [29], a huge environmental concern. As a result, a promising carbon entrapment method must be introduced. Hybridization integrates the specific features of ILs into new materials. ILs emerged as biphasic and novel CO2 absorption solvents. Sub-merging of amino-functionalized ILs (AFILs) in 100% ethanol to make it an efficient adsorbent was required. As the level of triethylenetetramine-L-lysine reached 0.5 mol/L and absolute ethanol’s volume fraction at 4:6, the [TETAH][Lys] solution got separated after absorbing CO2. The full mechanisms of the absorption /desorption process are explored in Fig. (4). Adsorption of CO2 was done by alkaline [TETAH][Lys] solution leading to the generation of carbamate in [TETAH][Lys]-ethanol & water mixture, HCO3−/CO32−, and C2H5OCO2− [36].
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Fig. (4))


        Mechanisms of adsorption and desorption of CO2 capture in the influence of [TETAH][Lys] water & ethanol mixture [36].

      




      

        



        2.4. Self-assembled Hybrids Porous Polyoxometalate IL (PPOM-IL) for Exclusive Adsorption of Anion Dyes




        PPOM-IL was created easily using the approach of self-assembled IL and treated as adsorbent materials for the removal and separation of ionic dyes in this study. PIL, (poly-[N,N-dimethyldodecyl-(4-vinylbenzyl)ammonium chloride) was successfully fabricated using simple polymerization of radical and then effective self-assembly of polyoxometalate multi-charged anion exchange cluster for the production of PPOM-IL without the requirement of harmful solvents (organic) or time taking alteration procedures. The PPOM-IL was described using a variety of ways before being employed as adsorbent to eliminate different types of harmful ionic dyes polluting the water. After the adjustment in the fraction of PIL and POM in hybrid materials, there might be an effective change in selectivity and adsorption capacities toward ionic dyes. The preferred adsorbent showed a high adsorption capacity and removed anionic dye preferentially from the mixed ionic dye system. In addition to this, easy regeneration and recovery adsorbent was observed. The literature reported here shows that the PPOM hybridized material is an effective, long-lasting, and acted as sustainable adsorbent material for the filtration of water [37].


      


    




    

      3. MANUFACTURING INTERLAYER (ITL) SOLID-STATE METAL BATTERIES BASED ON LITHIUM




      LAGP nanoparticles and room temperature ILs (RTILs) were used to create a multifunctional internal layer between the anode of lithium metal and the interlayer which is multifunctional. The ITL's functionality is due to both components' strong ionic conductivity and breakdown (controlled) of the IL (N-Methyl-(n-Butyl) imidazoliumbis(fluorosulfonyl)imide, BMIM-FSI) on Li based on the anode, which resulted in the formation of chemically stable interphase. As a result, it inhibits degradation processes. This reduces interfacial resistance dramatically and enables for a high areal current density (1.0 mAcm-2) at room temperature, which was nearly a factor of ten better than previously reported (0.1–0.3 mAcm−2) [38].




      

        



        3.1. ILs with ITL of Polymer with Modified PEO-based Electrolyte (PEO-E) in Li-based Battery




        A poly(vinylidenefluoride-hexafluoropropylene) (PVDF-HFP) built electrolyte having high conductivity is created. This functions as an ITL in solid-state batteries based on PEO. ITL suppresses interfacial (IF) side reactions effectively and aids in the formation and stabilization (PEO-E) and LiCoO2 as in Fig. (5) The outcomes of the study suggest that the interlayer exhibits excellent consistency against the Li anode and can sustain stable Li stripping and plating for more than 1000 hours at 0.1 mA cm2. As a result, the IPL interlayer modified PEO-based electrolyte-assembled LCO/Li cells exhibit high discharge capacities of 144.3 mAh g-1 and 169.7 mAh g-1 at 0.2 C under different voltages of 4.3 V and 4.5 V, and the capacity retention is 85.9% and 82.7% after 100 cycles, respectively [39].
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Fig. (5))


        Representation of the sandwich-like IPL electrolyte.

      




      

        3.2. Polyethyleneimine-modified Silica Nanoparticles (SiO2-PEI) for Anionic Dye Removal




        To use the adsorbent, SiO2-PEI, produced by a glutaric acid (crosslinking agent), the adsorption process of acid-orange II (AcOrII) as a model pollutant was studied. Langmuir model (monolayer adsorption) may be used to explain the isotherm of adsorption of AOII on SiO2-PEI, and the adsorption kinetics followed the pseudo-second-order model. In comparison to reported adsorbents used in the removal of acidic dye, SiO2-PEI has a significantly greater and faster adsorption capacity.
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Fig. (6))


        Pictorial representation of adsorption of pollutant dye on SiO2-PEI adsorbent and its application in the waste-water system [40].



        The electrostatic interaction between the sulfonic acid group of AcOr-II and the NH2 group of PEI was primarily responsible for the adsorption. (Fig.6) representing the adsorption of dye on the surface of SiO2-PEI synthesized adsorbent is explained [40].


      


    




    

      



      4. APPLICATION OF ILS USING DIFFERENT CATIONS FOR CATHODE ITL IN TRADITIONAL POLYMER SOLAR CELLS (T-PSC)




      Conventional PSCs are significantly promising and efficient as a cathode interface layer. Cathode ILs can be employed, and ILs functions with various cations can be investigated. The incorporation of ILs is composed of a thin layer of the solution instead of Ca often in high power conversion efficiency (PCE). PBDTTT-C: PC71BM-based c-PSC with IL as the PCE of CIL is 7.29%. A greater PCE of 8.67% can be attained when the photoactive layer is mixed with PTB7-Th and PC71BM as shown in Fig. (7) [41].
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Fig. (7))


      Depiction of an interfacial dipole caused by ILs at the active layer's surface [41].

    




    

      5. DESIGNING GRAFTED PYRIDINIUM BASED ILS ON KAOLINITE




      The aluminium surfaces of kaolinite were effectively grafted with ILs produced based on pyridinium. The anionic exchange capabilities of the resultant nanohybrid materials were owing to the changed clay layers' persistent positive charge. Organic cations form practically vertical pillars in kaolinite. Based on the finding for the adhesion of 2,4-dichlorophenoxyacetic acid and the electrochemical identification of thiocyanates, the spatial and functional habitat of kaolinite controls and motivates the immobilization of anion species [42].


    




    

      



      6. APPLICATION OF [C15MIM] [BR] BASED IL FOR MICELLE FORMATION




      Alteration in CMC of the value of SAILs [C14mim][Br] and [C15mim][Br] is depicted in Fig. (8) with the existence of the drug, the consequences of antidiabetic drug metformin hydrochloride (ADMH) on the micellization behavior of SAILs is being investigated in this application through IR spectroscopy and conductivity measurements. The value of CMC of [C15mim][Br] is less in comparison to [C14mim][Br] indicating that [C15mim][Br] has greater surface activity and can thus be employed in drug delivery. The value of CMC of [C15mim][Br] is lower than that of [C14mim][Br] indicating that [C15mim][Br] has superior surface activity and may thus be employed in drug delivery. With increased concentrations of drugs, the CMC value decreases, indicating a reduction in electrostatic interactions owing to drug molecule adsorption on the micellar surface, but it rises with an increase in temperature.
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Fig. (8))


      Structure of [C14mim] [Br] and [C15mim] [Br].



      

        



        6.1. Enhancing Interfacial and Aggregation Properties of Cationic IL




        When compared to individual surfactant concentrations, binary mixes of differently charged surfactants are recognized as a mixture of catanionic surfactants, and frequently exhibit improved characteristics. The features of cationic IL have a functional group added to them. Surface activity and antibacterial action of surface-active IL are influenced by the presence of functional groups such as ester, amide, or carbonate groups. When compared to non-functionalized ILs, functional groups favor self-assembly in an aqueous medium and increase the antibacterial activity.




        Combining amino acid-based surfactants like lauroyl sarcosinate with catanionic mixtures for technical applications produces more efficient catanionic compositions [43].


      




      

        



        6.2. Application of SAILs in Micelle Formation




        In comparison to non-functionalized ILs, the inclusion of functional groups (ester, amide) improves the properties of ILs favors self-assembly in an aqueous medium, and increases antibacterial activity. Surface-active mixtures include two or more distinct surfactants that are employed in both domestic and industrial applications. Surfactant mixtures are binary mixtures of oppositely charged surfactants, and frequently have better qualities than individual surfactant solutions. By combining amino acid-based surfactants like lauroyl-sarcosinate (LS) with SAILs like 1-alkyl-3-methylimidazoliumbromides and 1-alkylpyridiniumbromides as well as their ester and amide functionalized derivatives tends to result in more impactful blends for different applications as in Fig. (9) [44-46].
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Fig. (9))


        Catanionic surfactant mixtures are commonly known as binary compositions of oppositely charged surfactants frequently employed to improve surfactant characteristics [43].



        Synergistic effects generated by interactions (electrostatic and hydrophobic) increase the chain length of the alkyl group and the order follows non-functionalized < amide-functionalized < ester-functionalized SAILs [43].


      


    




    

      



      7. ILS IN DRUG DELIVERY




      The use of ILs in medicine formulation enhances the absorption and bioavailability of pharmaceuticals [47]. It also looked at how well ILs bind to the pharmaceuticals dopamine hydrochloride (DH) and acetylcholine chloride (AC). Cationic surfactant [TTA][Br] was used to compare the results. It was revealed that the IL, [C14mim][Br], is a better drug carrier for both the DH and the AC. Owing to the cation– interactions that take place between the positively charged molecules of the surfactant and the aromatic region of DH. The interaction between DH and IL, [C14mim][Br], and surfactants, [TTA][Br], was much greater than the interaction between DH and AC. The capacity of [C14mim][Br] to bind to DH was greater than that of [TTA][Br] because of interactions that occurred between the DH system and the imidazolium ring of [C14mim][Br]. Due to the substantial differences between their head groups, [C14mim][Br] needs a lower critical micelle concentration (CMC) than [TTA][Br]. Fig. (10) shows that the [C14mim][Br] micelles may have a location for drug adsorption (DH and AC). [C14mim][Br] has a delocalized positive charge in the imidazolium ring, whereas [TTA][Br] has a point charge.
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Fig. (10))


      Medicine (DH and AC) adsorption in [C14mim][Br] micelles at different possible locations.

    




    

      8. APPLICATION OF 1-ALLYL-3-METHYLIMIDAZOLIUM BROMIDE FOR ADSORPTION OF ANIONIC POLLUTANTS (NITRITE AND NITRATE)




      A simple and effective method for making permeable IL as well as applying it to the absorption of nitrite, is discussed here. The displayed IL-polymer was made by copolymerizing [AMIM][Br] with (ethylene glycol)-dimethyl acrylate (EGDMA). Magnetic nanoparticles were painted on the adsorbent's surface to segregate it from the liquid solution. Paramagnetic NPs are used to magnetize porous ILs. In the presence of ammonia solution and zinc powder, Fe3O4 NPs were used to modify the produced polymer. It is reported that nitrate can be transformed into nitrite. Availability of cationic imidazolium ion the permeability of IL polymer might be helpful in anion exchange approaches as shown in Fig. (11) [48].
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Fig. (11))


      Schematic representation showing the stepwise formation of porous magnetic IL used for the adsorption of anionic pollutant (Nitrite) [48].



      

        Table 1 List of various ILs showing interaction with different chemical compounds and their applications




        

          

            

              	S. No.



              	Ionic Liquid



              	Interacted Compound



              	Type of Interaction



              	Application



              	Reference

            


          



          

            

              	1.



              	Imidazolium based IL



              	p-Arsanilic acid



              	Hydrogen bonding and π-π interaction



              	Removal of methylated arsenic from water solution



              	[27]

            




            

              	2.



              	[Omim][Fe2Cl7], [Emim][Ac] and [Bmim][PF6]



              	Nitrogen trifluoride



              	Electrostatic interaction



              	Capture Nitrogen trifluoride



              	[49]

            




            

              	3.



              	([C16VIm+][Br−]



              	Congo red



              	Electrostatic interaction and π-π interaction



              	Remove environmental pollutant dye (congo red) from wastewater



              	[50]

            




            

              	4.



              	[Emim][X], [Bmim][X], [Hmim][X] and [Omim][X]



              	Black phosphorus



              	Hydrogen bonding, strong electrostatic interactions, weak van der Waals forces, and π-π interaction



              	IL an alternative electrolyte for black phosphorus



              	[51]

            




            

              	5.



              	[C12mim][Cl], [C8mim][Cl]


              and [C10mim][Cl])



              	Sodium dodecylbenzenesulfonate



              	π-π interactions and H-bonding interactions



              	Improved the physicochemical properties of the mixture



              	[52]

            




            

              	6.



              	Trioctyldodecylphosphonium bromide (P8,8,8,12Br),



              	Lead



              	Physical and chemical interactions



              	Potential adsorbent for heavy metals (Pb)



              	[53]

            




            

              	7.



              	3-Formyl-1-methyl pyridinium iodide (C7H8INO)



              	lithium



              	Inter- and intra- hydrogen bonding



              	Adsorption of toxic pollutant Lithium



              	[54]

            




            

              	8.



              	1-Ethyl-4-(2-(4-fluorobenzylidene) hydrazinecarbonyl)pyridin -1-ium iodide (IPyr-C2H5), and 1 -butyl - 4 -(2 -(4 -fluorobenzylidene)hydrazine-carbonyl)pyridin -1-ium iodide (IPyr-C4H9)



              	Steel



              	Physical and chemical interactions



              	Inhibit steel corrosion



              	[55]

            




            

              	9.



              	Aliquat-336 and C10H18N2O2




              	Tartrazine



              	Electrostatic interactions



              	Removal of harmful dye (Tartrazine) in polluted water



              	[26]

            




            

              	10.



              	Sporopollenin-methylimidazolium (Sp-MIM)



              	2,4-Dinitrophenol



              	π-π interaction and hydrogen bonding



              	Removal of harmful dye (2,4-dinitrophenol) in polluted water



              	[56]

            




            

              	11.



              	Brønsted acidic ILs (BILs)/H2SO4/C4




              	Isobutane



              	electrostatic interactions, columbic, and strong non-polarity interaction



              	Act as a greener catalyst for isobutane alkylation



              	[57]

            




            

              	12.



              	Butylmethylimidazolium tetrafluoroborate [BMIM][TFB] and Ethylmethylimidazolium thiocyanate [EMIM][SCN]



              	Substituted Dibenzothiophenes



              	-



              	IL act as an extractive greener solvent for Substituted Dibenzothiophenes



              	[10]

            




            

              	13.



              	1-Butyl-1-methylpyrrolidinium bis(trifluoromethanesulfonyl)imide (BMP-TFSI)



              	FeSi2.7


              Thin film electrode



              	-



              	The FeSi-based anode and the ionic liquid electrolyte can be combined to create a safe lithium-ion battery with high and exceptional retention capacity.



              	[13]

            




            

              	14.



              	1-Ethyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide (ET) and 1-ethyl-3-methylimidazolium tri[bis(trifluoromethylsulfonyl)imide]zincate (EZT3).



              	Carbon dioxide



              	d-π orbital interaction, H-bonding interaction and ion-ion interaction



              	CO2 Capture



              	[58]

            




            

              	15.



              	1-Hexadecyl-3- methyl imidazolium bromide (C16mimBr)



              	Porous Poly (dimethylsiloxane)microchannels filled with oil



              	Hydrophobic-hydrophobic interaction and π-π interactions



              	IL as a promising candidate in the form of surfactants to be used in Enhanced Oil Recovery processes



              	[17]

            




            

              	16.



              	Ethyl 1-ethoxycarbonyl propyl imidazole



              	carbon dioxide



              	H-bonding



              	fixation of carbon dioxide



              	[59]

            




            

              	17.



              	Tetraethylammonium glycinate ([N2222][Gly])



              	carbon dioxide



              	H-bonding



              	The capture of carbon dioxide



              	[21]

            




            

              	18.



              	[C14mim][Br]



              	Tetra ethyl ammonium bromide (C2H5)4NBr



              	Hydrophobic interactions



              	Electrolyte helped in reducing CMC and surface tension of ILs



              	[60]

            




            

              	19.



              	Tetrabutylphosphonium-2-hydroxypyridine ([P4444] [2-Op])



              	Carbon dioxide



              	H-Bonding



              	Rapid CO2 gas adsorption at a low partial pressure



              	[61]

            




            

              	20.



              	[C14mimBr]



              	Tetradecyltrimethylammonium bromide



              	H-bonds, π-stacking, electrostatic, intra- or intermolecular hydrophobic interaction,



              	IL helped in reducing surface tension and CMC of surfactant



              	[62]

            


          

        




      


    




    

      



      CONCLUSION




      Ionic liquids are an important class of molecules/ solvents because of their inimitable ability they have been explored in the area of separation of aromatic solvents, catalysis, preparation of metallic nanomaterials, electrolytic material, and others. The structural properties of ILs can be tuned by changing the length of the alkyl of the cation, varying the type of cation and the anion, and accordingly can be used for selective application. It is important to mention important applications as follows: CO2 capture by using a biphasic IL, adsorption of ILs on conducting materials, micelle formation, antibacterial, anticancer, removal of toxic dyes from the aquatic system, and others. This chapter highlights the advantages and applications of ILs as potential surface and interface material to interact with the targeted molecule through electrostatic, H-bonding, and van der Waal’s interactions. The capacity of ILs to interact with a specific molecule and provide a reasonable outcome has been approved in this direction. Nowadays, they are being explored in a new class of solvents, that is, deep eutectic solvents in different areas.
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