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Abstract 

Advancements in the realm of ionic liquids (ILs) have expanded their applications beyond traditional uses, extending into 

various pharmaceutical and biomedical fields. Scientists are increasingly drawn to the versatility of ILs, often referred to as 

Solutions for Your Success, owing to their myriad applications in the pharmaceutical sector, addressing diverse diseases and 

facilitating innovative drug delivery methods. A pivotal physicochemical characteristic influencing a drug's efficacy at the 

target site is its solubility. The significant hurdle of poor solubility often leads to the failure of promising drug candidates at 

various stages of drug discovery. ILs emerge as promising drug delivery vehicles, particularly for drugs with low solubility. 

In the context of drug delivery, ILs can be tailored to form salts that meet the theoretical requirements for efficient drug 

delivery. This customization involves combining different anions and cations to create ILs suitable for specific drugs and 

applications. The modularity of the physicochemical properties of ILs allows for customization based on the unique demands 

of different applications. 

This study aims to illuminate the utilization of ILs as antioxidants, exploring their recent advancements in drug delivery and 

biodiesel applications. By investigating their role in drug delivery, the research contributes to a deeper understanding of how 

ILs can address challenges associated with poor drug solubility and potentially revolutionize pharmaceutical advancements. 
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Introduction 

Ionic liquids (ILs) have emerged as versatile and innovative 

chemicals that offer significant advantages in various fields, 

including biodiesel production and drug delivery. Their 

unique properties, such as low vapor pressure, high thermal 

stability, and the ability to dissolve a wide range of 

compounds, make them highly suitable for enhancing the 

performance and efficiency of processes in these areas. This 

introduction will briefly explore the recent advancements in 

the use of ionic liquids as antioxidants in biodiesel 

production and drug delivery, highlighting their benefits and 

the challenges that lie ahead. 

 

In Biodiesel Production 

Biodiesel, a renewable and environmentally friendly fuel 

alternative to fossil fuels, has gained substantial interest in 

recent years. However, one of the main challenges in 

biodiesel production and storage is the oxidative 

degradation of unsaturated fatty acids, which can lead to the 

formation of sediments and a decrease in fuel quality. 

Recent advancements have shown that ionic liquids can be 

employed as effective antioxidants in biodiesel. These 

substances can stabilize the biodiesel by scavenging free 

radicals and inhibiting oxidative processes, thus improving 

its storage stability and combustion quality. 

The use of ILs as antioxidants in biodiesel not only 

enhances its oxidative stability but also contributes to the 

sustainability of the production process. Some ionic liquids 

are biodegradable and can be synthesized from renewable 

sources, aligning with the eco-friendly nature of biodiesel 

itself. Moreover, their effectiveness at low concentrations 

makes them economically viable as well. 
 

In Drug Delivery 

In the realm of drug delivery, ionic liquids have been 

explored for their potential to improve the solubility, 

stability, and bioavailability of drugs. The tunable solubility 

of ILs allows for the dissolution of poorly soluble 

pharmaceutical compounds, enhancing their effectiveness. 

Furthermore, ILs can be engineered to possess antioxidant 

properties, which is particularly beneficial in the delivery of 

drugs susceptible to oxidation, a common cause of 

degradation and loss of efficacy. 

Recent advancements in this area include the development 

of IL-based drug delivery systems that can target specific 

sites within the body, reducing side effects and improving 

therapeutic outcomes. The antioxidant properties of certain 

ILs also protect sensitive drugs from oxidative damage 

during storage and transport, extending their shelf life. 

 

Challenges and Future Perspectives 

Despite their promising applications, the use of ionic liquids 

in biodiesel production and drug delivery faces several 

challenges. The toxicity and biodegradability of some ILs 

remain concerns that need to be addressed through the 

design of greener, more environmentally friendly variants. 

Additionally, the cost of synthesizing and purifying specific 

ionic liquids can be high, potentially limiting their 

widespread adoption. 

The future research in this field is likely to focus on 

developing novel ionic liquids with tailored properties, such 

as enhanced antioxidant capabilities, lower toxicity, and 

higher biodegradability. Advances in synthesis methods 

may also reduce costs and improve the feasibility of using 

ILs in these applications. 

In conclusion, the recent advancements in the use of ionic 

liquids as antioxidants in biodiesel production and drug 

delivery highlight their potential to significantly impact 

these fields. By overcoming the current challenges, ILs 

could play a crucial role in developing more sustainable and 

efficient biodiesel fuels and more effective drug delivery 

systems. 
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Related study  

A literature review involves an exploration of existing 

materials pertaining to the research topic. This process aids 

researchers in gaining a comprehensive understanding of the 

specific field they are investigating. Additionally, it serves 

as a valuable tool for exchanging information, aiming to 

prevent redundancy among researchers and allowing them 

to ascertain what is already established in similar studies. 

Familiarity with previous research literature is crucial for 

researchers as it enables them to align their findings with 

those of prior studies, contributing to a more informed and 

validated research endeavor. 

 

Ionic Liquid as an Antioxidant in Recent Advancements 

of Drug Delivery 

Moshikur et al. (2021) [14] conducted early research aimed at 

developing ionic liquids as environmentally friendly, 

nonvolatile, stable, and noncombustible solvents. Ionic 

liquids (ILs), “a distinct class of materials composed of ions, 

possess unique characteristics, including low vapor 

pressure, strong solvating power, and high thermal stability. 

During the initial phases of drug discovery, these attributes 

were found to be highly advantageous. ILs were employed 

as novel solvents for chemical synthesis, contributing to the 

development of eco-friendly alternatives. Beyond their use 

as solvents in various activities, such as organic synthesis, 

ILs demonstrated versatility by enhancing the solubility of 

compounds in aqueous media. This property facilitated the 

purification and isolation of products, particularly during the 

initial stages of drug discovery. 

Shi et al. (2013) [21] defined ILs as salts exhibiting infinitely 

variable qualities, including volatility, toxicity, instability, 

and flammability, with lower melting points around 100 °C. 

The application of ILs in drug development has evolved 

beyond drug delivery systems, incorporating the formation 

of micelle structures, nanoparticles, and solid dispersions. 

These IL-based drug delivery systems aim to enhance drug 

solubility and bioavailability. 

In the earlier perception of ILs, they were primarily seen as 

salts of imidazolium, pyrrolidinium, quaternary ammonium, 

phosphonium cations, or pyridinium, mixed with various 

anions to create salts meeting IL requirements (Agatemor et 

al., 2018) [2]. Recent research has expanded the scope of ILs 

to include other cations such as guanidinium, cholinium, 

and metal-based cations, thereby increasing the chemical 

space for creating ILs with unique properties. 

Adawiyah et al. (2016) [1] note that application-driven 

studies of ILs, especially in drug delivery, are thriving and 

expanding. These advancements offer new horizons in 

therapeutics, showcasing the potential for ILs with distinct 

properties to be utilized in theoretical studies and practical 

applications. The heterogeneity of the structure of an 

asymmetric sterical cation, influencing interactions with 

anions and the arrangement within a crystal lattice, is a key 

factor supporting the characteristic low melting point of IL 

compounds. 

 

 
 

Fig 1: A list of different cationic and anionic molecules used in pharmaceuticals (A) and their various  

applications in different biomedical fields 
 

Hansen et al. (2021) [8] advocated for substituting organic 

unsafe solvents with more environmentally friendly 

alternatives that exhibit reduced volatility and flammability. 

They pointed out that ILs can be particularly advantageous 

in this context due to their minimal vapor pressure. 

Furthermore, Grodowska et al. (2010) [6] highlighted the  

significance of carefully selecting cations and anions in ILs. 

They observed that such selections could lead to unique 

interactions with specific solute groups, a factor crucial for 

enhancing the solubility of compounds with inherent 

complexity, including active pharmaceutical ingredients and 

their precursors. 
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Table 1: Application of ILs as a useful solvent for Ionic liquid as antioxidant in recent advancement of biodiesel 
 

Cations/Anions Applications References 

Cations such as (C₄MIM) in combination with anions (NTf₂), (BF₄), 

or (PF₆) 
Synthesis of APIs Hayes et al. (2015) 

1-butyl-3-methylimidazolium hexafluorophosphate ((C₄MIM) (PF₆)) 
Synthesize hybrids of pyrimidine 

nucleoside; thiazolini-4-one 
Zhang et al. (2009) 

(Emim)Cl 
Synthesis of 5-hydroxymethylfurfural 

(HMF) from monosaccharides 
Zunita et al. (2022) 

(C₄MIM) (X) (where X = BF₄ or PF₆) 
Preparation of L-4-boronophenylalanine 

(L-BPA) 
Wolan et al. (2003) 

Pinacol borane protected p-iodophenylalanine with (C₄MIM) (BF₄) Synthesis of L-BPA Kurata et al. (2010) 

Imidazolium-based ILs in combination with Friedel-Crafts reaction 

and nucleophilic displacement process 
Synthesis of Pravadoline Earle et al. (2000) 

Ru-BINAP catalyst and (C₄MIM) (BF₄) Synthesis of (S)-naproxen Monteiro et al. (1997) 

(C₄MIM) (PF₆) and (C₄MIM) (BF₄) Synthesis of (R, S)-ibuprofen Monteiro et al. (1997) 

 

Ionic liquid as antioxidant in recent advancement of 

biodiesel 

Dong et al. (2019) [4, 32] evaluated biodiesel as a potential 

replacement for fossil diesel due to its renewable and 

environmentally friendly attributes. The overuse of fossil 

resources has led to numerous energy shortages and 

environmental pollution issues (Dong et al., 2019) [4, 32]. The 

aim is to provide sustainable and green substitutes for fossil 

fuels (Mao et al., 2022) [3, 12, 28, 46]. Biodiesel, derived from 

methyl esters of long-chain fatty acids, is a popular 

substitute for fossil diesel, boasting advantages such as 

renewability and  

environmental friendliness. 

 

The production of drugs/molecules 

Transesterification of triglycerides in oil and esterification 

of long-chain fatty acids are recognized as the primary 

processes for biodiesel production from renewable oil 

sources like vegetable and animal fats (Pan et al., 2020) [18]. 

The use of a catalyst is essential in these processes, 

impacting the cost, efficiency of biodiesel production, and 

reaction conditions (Mukhtar et al., 2022) [15, 48]. 

ILs, described as organic salts with melting temperatures 

below 100°C composed of anions and cations, have 

garnered attention as catalysts in the conversion of 

renewable oil to biodiesel. ILs offer exceptional qualities, 

including robust solubility, a wide liquid temperature range, 

low toxicity, thermal and chemical stability, and a lack of 

vapor pressure (Cheng et al., 2022 [3, 28]; Panchal et al., 

2022) [19]. 

 

 
 

Fig 2: Biodiesel production cycle from renewable bio-oils via 

transesterification and esterification catalyzed by the supported 

acid/base ionic liquids. 

Meanwhile, by altering the structure of the anions and 

cations in ILs, the physicochemical properties and functions 

of ILs can be created and adjusted. Because of these 

exceptional benefits, ILs have been used in the production 

of biodiesel. For example, Han et al. (2022) reported that 

SO₃H-functionalized ILs showed exceptional catalytic 

activity in the esterification of fatty acids to biodiesel, while 

Panchal et al. (2022) [19] reported that basic ILs 

demonstrated notable catalytic performance in the 

transesterification of triglycerides to biodiesel. However, 

because ILs are often soluble in polar solvents, recycling 

them throughout the biodiesel production process is 

challenging. Another serious flaw in ILs is their high 

viscosity, which makes them difficult to use. To increase the 

use of ILs in the industrial production of biodiesel, these 

shortcomings must be fixed. 

The immobilization of ILs on solid supports to create IL-

functionalized materials is a workable solution to the 

aforementioned problems. Ionic liquid-functionalized 

materials combine the benefits of heterogeneous and 

homogeneous catalysts, inheriting the former's 

heterogeneous properties from the solid support and the 

latter's homogeneous characteristics from highly soluble ILs 

on the support surface. Furthermore, materials 

functionalized with IL can be used in fixed-bed reactors to 

produce biodiesel continuously. Consequently, a variety of 

IL-functionalized materials have been created for the 

immobilization of ILs on supports in the catalytic synthesis 

of biodiesel production. These supports include polymers, 

silica, magnetic nanomaterials, nitrogen-doped carbon, and 

metal–organic frameworks (MOFs) (Pan et al., 2016). A 

recent review concentrating on the heterogenization of ILs 

via the immobilization of ILs on solid supports for biodiesel 

production is still needed, despite the fact that numerous 

excellent studies on ILs as catalysts or solvents for the 

synthesis of biodiesel have been published (Ong et al., 

2021) [16]. 

Wang et al. (2019) synthesized an acidic poly (ionic liquid) 

via self-polymerization of an acidic IL monomer with a 

double bond group, achieving a 91.6% yield in the 

esterification of palmitic acid to biodiesel at 65°C for 8 

hours. However, these polymers typically exhibit low 

specific surface area and hydrophobicity. To enhance these 

properties, Liang et al. (2016) [40] investigated 

copolymerization of the acidic IL monomer with divinyl 

benzene (DVB). Increasing DVB content improved 

hydrophobicity and specific surface area but reduced acid 

density, allowing for adjustment of physicochemical 

properties. Various ionic liquid polymers were developed 
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through copolymerization for biodiesel production. Feng et 

al. (2017) [33] synthesized poly (ionic liquid) by 

copolymerization of a sulfonic acid IL monomer and DVB, 

achieving a biodiesel yield of 95.2% from soapberry oil. 

Condensation was also utilized for synthesis, as 

demonstrated by Bian et al. (2019) [26], who achieved high 

acidity (4.5 mmol/g) in polyionic liquid through phenolic 

condensation. Post-modification, as shown by Pan et al. 

(2019), yielded a mesoporous melamine-formaldehyde 

polymer with high acidity (2.2 mmol/g) and a biodiesel 

yield of 95% from oleic acid. Zirconium phosphonate and 

2D-layered montmorillonite were also employed to support 

acidic poly ILs for catalyst synthesis (Liu et al., 2019; Pan 

et al., 2022). 

Basic poly (ionic liquid) was synthesized through 

copolymerization and subsequent ion exchange, exhibiting 

superhydrophobicity and a porous structure with a biodiesel 

yield of 96.3% from soybean oil via transesterification 

(Jiang et al., 2017) [37]. Ionic liquid-functionalized porous 

polymers show potential as catalysts for oil-to-biodiesel 

conversion, despite concerns regarding cost and thermal 

stability. 

Carbonaceous materials are highly regarded as promising 

supports for synthesizing efficient and reusable catalysts due 

to their exceptional thermal and chemical stability, 

controllable surface wettability, cost-effectiveness, 

availability, and non-toxic nature (Dhawane et al., 2018) [30]. 

N-rich porous carbon, in particular, stands out for its 

abundance of active N sites, which facilitate IL support via 

chemical post-modification (Sun et al., 2019). Additionally, 

N-rich porous carbon boasts a high specific surface area, 

enhancing the interaction between carbon-nitrogen 

material's active sites and substrates, thus facilitating high 

IL loading. Porous carbon nitrogen materials are typically 

derived from nitrogen-containing organic compounds (e.g., 

cyanamide, melamine, urea) or polymers (e.g., polypyrrole) 

serving as nitrogen and carbon sources. The incorporation of 

fructose as a carbon source alongside nitrogenous organic 

compounds allows for the adjustment of carbon content in 

carbon-nitrogen materials. Carbonization and the 

solvothermal method are commonly employed to convert 

organic compounds or polymers into carbon-nitrogen 

materials (Tang et al., 2018). The template method proves 

effective in enhancing the specific surface area of carbon-

nitrogen materials by structuring pore networks, with 

common templates including potassium hydroxide (KOH), 

zinc chloride (ZnCl₂), and silicon dioxide (SiO₂). These 

templates are subsequently removed through washing or 

corrosion, depending on the type, after carbonization. 

Ionic liquids' functional carbons are synthesized through 

quaternary ammonization of carbon-nitrogen materials using 

various reagents like iodomethane, 1,3-propane sultone, and 

1,4-butanesultone, followed by acid treatment with 

substances like H₃PW₁₂O₄₀, HSO₃CF₃, and H₂SO₄ (Liu et al., 

2016) [43]. For example, acid IL functional carbon is 

produced by quaternary ammonization of nanoporous 

carbon with 1,3-propanesultone, followed by ion exchange 

with HSO₃CF₃. The resulting catalyst exhibits an 88.5% 

biodiesel yield via transesterification of tripalmitin with 

methanol (Liu et al., 2015) [42]. To minimize catalyst costs, 

waste cow manure is utilized for synthesizing N-rich 

nanoporous carbon, followed by treatment with 1,4-

butanesultone and HSO₃CF₃ to produce acid IL-

functionalized carbon. This acid catalyst demonstrates an 

88.5% biodiesel yield, surpassing even homogeneous 

H₃PW₁₂O₄₀ (Noshadi et al., 2016) [49]. 

 

Research methodology  

Research Methodology for Review Paper: ‘Ionic Liquid as 

Antioxidant in Recent Advancements of Biodiesel or Drug 

Delivery' 

1. Objective Clarification 

▪ Define the specific objectives of the review paper, such 

as summarizing recent advancements in the utilization 

of ILs as antioxidants in biodiesel production or drug 

delivery systems. 

 

2. Literature Search 

▪ Conduct an extensive literature review using academic 

databases, journals, books, and reputable sources to 

identify relevant studies, articles, and publications 

related to the application of ILs in biodiesel or drug 

delivery. 

 

3. Inclusion and Exclusion Criteria 

▪ Establish criteria for including or excluding sources 

based on relevance, publication date, and quality. 

Ensure a comprehensive coverage of recent 

advancements and key developments in the chosen 

field. 

 

4. Data Extraction 

▪ Extract pertinent information from selected sources, 

focusing on the role of ILs as antioxidants in biodiesel 

or drug delivery. Categorize findings based on 

application, methodology, and outcomes. 

 

5. Synthesis of Information 

▪ Summarize and synthesize the extracted data, 

highlighting trends, challenges, and advancements in 

the field. Identify common themes and divergent 

findings. 

 

6. Comparative Analysis 

▪ Conduct a comparative analysis of studies, examining 

variations in methodologies, experimental setups, and 

outcomes. Discuss the implications of these differences 

on the overall understanding of ionic liquid applications 

in biodiesel or drug delivery. 

 

7. Critical Evaluation 

▪ Critically evaluate the strengths and limitations of the 

studies reviewed. Identify gaps in the existing literature 

and propose potential areas for future research. 
 

8. Thematic Organization 

▪ Organize the review paper thematically, grouping 

information based on different aspects such as the type 

of ionic liquid used, its concentration, the application in 

biodiesel or drug delivery, and the observed effects. 
 

9. Flow and Coherence 

▪ Ensure a logical flow and coherence in presenting the 

reviewed material, guiding the reader through the 

evolution of research in the field and the current state of 

knowledge. 
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Research questions  

1. In the context of Biodiesel Production 

▪ How does the incorporation of ILs impact the oxidative 

stability and shelf life of biodiesel? 

▪ What are the key mechanisms through which ionic 

liquids act as antioxidants in biodiesel systems, and 

how do these mechanisms contribute to the 

enhancement of oxidative stability? 

 

2. In the context of Drug Delivery 

▪ How does the utilization of ILs influence the efficiency 

of drug delivery systems in terms of controlled release 

and bioavailability? 

▪ What role does ILs play in mitigating challenges 

associated with drug degradation and instability during 

the drug delivery process? 

 

3. Comparative Analysis 

▪ What similarities and differences exist in the 

mechanisms of ionic liquid antioxidants when applied 

to biodiesel and drug delivery systems? 

▪ How do the specific requirements and constraints of 

biodiesel and drug delivery applications influence the 

choice and effectiveness of Ils as antioxidants? 

 

These research questions aim to delve into the multifaceted 

roles of ILS, both in the context of biodiesel production and 

drug delivery systems, elucidating their mechanisms and 

applications as antioxidants. 

 

Research GAP 

The research gap in the use of ILs as antioxidants in recent 

advancements of biodiesel or drug delivery lies in the 

limited exploration and understanding of their specific 

mechanisms and applications within these contexts. While 

ILs have demonstrated promising antioxidant properties in 

various fields, their potential in biodiesel and drug delivery 

systems remains relatively unexplored. 

 

1. Biodiesel Applications 

▪ Few studies have systematically investigated the 

effectiveness of ILs as antioxidants in biodiesel 

production. Understanding their impact on the oxidative 

stability of biodiesel under different conditions, such as 

varying temperatures and storage durations, is essential. 

▪ The interaction between ILs and biodiesel components, 

as well as their influence on the biodiesel oxidation 

process, needs further exploration. Identifying optimal 

ionic liquid formulations and concentrations for 

enhanced antioxidant effects in biodiesel is crucial. 

▪ Evaluation of the economic feasibility and scalability of 

incorporating ILs as antioxidants in biodiesel 

production is lacking. Research addressing cost-

effective and sustainable implementation methods is 

essential for practical applications. 

 

2. Drug Delivery Systems 

▪ While the potential of ILs in drug delivery is 

recognized, there is a scarcity of research specifically 

focused on their role as antioxidants in drug 

formulations. Investigating how ILs can protect drugs 

from degradation due to oxidation is an unexplored 

area. 

▪ The compatibility of ILs with different types of drugs 

and their impact on drug stability needs systematic 

examination. Identifying specific drug-ionic liquid 

combinations that enhance drug delivery while 

maintaining stability is crucial for pharmaceutical 

applications. 

▪ Limited research addresses the long-term effects of 

incorporating ILs into drug delivery systems. 

Understanding the potential interactions with biological 

systems and any unintended consequences is necessary 

for ensuring the safety and efficacy of such 

formulations. 

 

Addressing these research gaps will not only enhance our 

understanding of the antioxidant properties of ILs in 

biodiesel and drug delivery but also pave the way for 

practical applications in sustainable energy production and 

pharmaceutical development. 

 

Conclusion 

To sum up, the application of ILs as antioxidants is an 

innovative and promising approach in the current 

developments of medicine delivery systems and biodiesel 

production. Because of their distinct physicochemical 

characteristics, which include their high thermal stability, 

low volatility, and chemical structures that can be adjusted, 

ILs are good options for improving delivery of drug 

formulations and preventing oxidative degradation in 

biodiesel. Research has indicated that (ILs) possess 

remarkable antioxidant properties, since they efficiently 

scavenge free radicals and impede the oxidation of feed-

stocks used to make biodiesel.”  

Furthermore, the shelf life and therapeutic efficiency of 

pharmaceutical compounds are improved by their capacity 

to function as stabilizing agents in drug delivery systems. In 

addition to helping with the problems caused by oxidative 

instability in biodiesel, ILs' multi-functionality also helps 

with drug release control and enhanced bioavailability. 

Because of this, the use of ILs as antioxidants demonstrates 

how revolutionary they can be for the biodiesel and 

pharmaceutical industries, opening the door to more cutting-

edge therapeutic applications and environmentally friendly 

energy sources. This research highlights the importance of 

ILs as versatile and powerful antioxidants, creating new 

opportunities for investigation and use in these important 

domains. 

 

References 

1. Adawiyah N, Moniruzzaman M, Hawatulaila S, Goto 

M. Ionic liquids as a potential tool for drug delivery 

systems. MedChemComm,2016:7:1881–1897. 

2. Agatemor C, Ibsen KN, Tanner EEL, Mitragotri S. 

Ionic liquids for addressing unmet needs in healthcare. 

Bioeng Transl Med,2018:3:7–25. 

3. Cheng J, Mao Y, Guo H, Qian L, Shao Y, Yang WI. 

Synergistic and efficient catalysis over Brønsted acidic 

ionic liquid [BSO3HMIm] [HSO4]-modified metal-

organic framework (IRMOF-3) for microalgal biodiesel 

production. Fuel,2022:322:124217. 

doi:10.1016/j.fuel.2022.124217. 

4. Dong L, Lin L, Han X, Si X, Liu X, Guo YI. Breaking 

the limit of lignin monomer production via cleavage of 

interunit carbon-carbon linkages.  



International Journal of Chemical Science www.chemicaljournals.com 

8 

Chem,2019:5(6):1521–1536. 

doi:10.1016/j.chempr.2019.03.007. 

5. Earle MJ, Seddon KR, McCormac PB. The first high-

yield green route to a pharmaceutical in a room 

temperature ionic liquid. Green Chem,2000:2:261–262. 

6. Grodowska K, Parczewski A. Organic solvents in the 

pharmaceutical industry. Acta Pol Pharm,2010:67:3–

12. 

7. Han S, Yang J, Huang H. Novel self-solidifying 

double-site acidic ionic liquid as an efficient and 

reusable catalyst for green biodiesel synthesis. 

Fuel,2022:315:122815. doi:10.1016/j.fuel.2021.122815. 

8. Hansen BB, Spittle S, Chen B, Poe D, Zhang Y, Klein 

JM, i. Deep Eutectic Solvents: A Review of 

Fundamentals and Applications. Chem. 

Rev,2021:121:1232–1285. 

9. Hayes R, Warr GG, Atkin R. Structure and 

nanostructure in ionic liquids. Chem. 

Rev,2015:115:6357–6426. 

10. Kurata A, Kitamura Y, Irie S, Takemoto S, Akai Y, 

Hirota Y, i. Enzymatic synthesis of caffeic acid 

phenethyl ester analogues in ionic liquid. J 

Biotechnol,2010:148:133–138. 

11. Lei Z, Chen B, Koo YM, MacFarlane DR. Introduction: 

Ionic liquids. Chem. Rev,2017:117:6633–6635. 

12. Mao Q, Guo Y, Liu X, Shakouri M, Hu Y, Wang Y. 

Identifying the realistic catalyst for aqueous phase 

reforming of methanol over Pt supported by lanthanum 

nickel perovskite catalyst. Appl. Catal. B 

Environ,2022:313:121435. 

doi:10.1016/j.apcatb.2022.121435. 

13. Monteiro AL, Zinn FK, de Souza RF, Dupont J. 

Asymmetric hydrogenation of 2-arylacrylic acids 

catalyzed by immobilized Ru-BINAP complex in 1-n-

butyl-3-methylimidazolium tetrafluoroborate molten 

salt. Tetrahedron Asymmetry. 1997:8:177–179. 

14. Moshikur RM, Goto M. Ionic Liquids as Active 

Pharmaceutical Ingredients (APIs). In Application of 

Ionic Liquids in Drug Delivery: Springer: Singapore, 

2021, 13–33. 

15. Mukhtar A, Saqib S, Lin H, Shah MUH, Ullah S, 

Younas M, i. Current status and challenges in 

heterogeneous catalysis for biodiesel production. 

Renew. Sustain. Energy Rev,2022:157:112012. 

doi:10.1016/j.rser.2021.112012. 

16. Ong HC, Tiong YW, Goh BH, Gan YY, Mofijur M, 

Fattah IR, i. Recent advances in biodiesel production 

from agricultural products and microalgae using ionic 

liquids: Opportunities and challenges. Energy Convers. 

Manag,2021:228:113647. 

doi:10.1016/j.enconman.2020.113647. 

17. Pan H, Li H, Liu XF, Zhang H, Yang KL, Huang S, i. 

Mesoporous polymeric solid acid as efficient catalyst 

for (trans) esterification of crude Jatropha curcas oil. 

Fuel Process. Technol,2016:150:50–57. 

doi:10.1016/j.fuproc.2016.04.035. 

18. Pan H, Liu Y, Xia Q, Zhang H, Guo L, Li H, i. 

Synergetic combination of a mesoporous polymeric 

acid and a base enables highly efficient heterogeneous 

catalytic one-pot conversion of crude Jatropha oil into 

biodiesel. Green Chem,2020:22(5):1698–1709. 

doi:10.1039/C9GC04135D. 

19. Panchal B, Zhu Z, Qin S, Chang T, Zhao Q, Sun Y, i. 

The current state applications of ethyl carbonate with 

ionic liquid in sustainable biodiesel production: A 

review. Renew. Energy,2022:181:341–354. 

doi:10.1016/j.renene.2021.09.062. 

20. Rao RV, Patil KT, Kumar D, Gupta MK, Shin DS. 

Mild and efficient one-pot synthesis of (E)-

styrylperfluoroalkyl ketone from styrene. Results 

Chem,2022:4:100260. 

21. Shi W, Luebke DR. Enhanced gas absorption in the 

ionic liquid 1-n-hexyl-3-methylimidazolium 

bis(trifluoromethylsulfonyl) amide ([hmim][Tf2N]) 

confined in silica slit pores: A molecular simulation 

study. Langmuir,2013:29:5563–5572. 

22. Walden P. Molecular weights and electrical 

conductivity of several fused salts. Bull. Acad. Imper. 

Sci. 1914:1800:405–422. 

23. Wolan A, Zaidlewicz M. Synthesis of arylboronates by 

the palladium-catalyzed cross-coupling reaction in ionic 

liquids. Org. Biomol. Chem,2003:1:3274–3276. 

24. Zhang X, Li X, Li D, Qu G, Wang J, Loiseau P, Fan X. 

Ionic liquid-mediated and promoted eco-friendly 

preparation of thiazolidinone and pyrimidine 

nucleoside-thiazolidinone hybrids and their antiparasitic 

activities. Bioorg. Med. Chem. Lett,2009:19:6280–

6283. 

25. Zunita M, Yuan DM, Syafi’ Laksono A. Glucose 

conversion into hydroxymethylfurfural via ionic liquid-

based processes. Chem. Eng. J. Adv,2022:11:100307. 

26. Bian Y, Zhang J, Zhang S, Liu C, Zhao D. Synthesis of 

polyionic liquid by phenolic condensation and its 

application in esterification. ACS Sustain. Chem. 

Eng,2019:7(20):17220–17226. 

doi:10.1021/acssuschemeng.9b03859. 

27. Chen MN, Mo LP, Cui ZS, Zhang ZH. Magnetic 

nanocatalysts: Synthesis and application in 

multicomponent reactions. Curr. Opin. Green Sustain. 

Chem,2019:15:27–37. 

doi:10.1016/j.cogsc.2018.08.009. 

28. Cheng J, Mao Y, Guo H, Qian L, Shao Y, Yang W, i. 

Synergistic and efficient catalysis over Brønsted acidic 

ionic liquid [BSO3HMIm] [HSO4]-modified metal-

organic framework (IRMOF-3) for microalgal biodiesel 

production. Fuel,2022:322:124217. 

doi:10.1016/j.fuel.2022.124217. 

29. Cong WJ, Nanda S, Li H, Fang Z, Dalai AK, Kozinski 

JA. Metal-organic framework-based functional catalytic 

materials for biodiesel production: A review. Green 

Chem,2021:23(7):2595–2618. 

doi:10.1039/D1GC00233C. 

30. Dhawane SH, Kumar T, Halder G. Recent advancement 

and prospective of heterogeneous carbonaceous 

catalysts in chemical and enzymatic transformation of 

biodiesel. Energy Convers. Manag,2018:167:176–202. 

doi:10.1016/j.enconman.2018.04.073. 

31. Ding J, Zhou C, Wu Z, Chen C, Feng N, Wang L, i. 

Core-shell magnetic nanomaterial grafted spongy-

structured poly (ionic liquid): A recyclable brönsted 

acid catalyst for biodiesel production. Appl. Catal. A 

General,2021:616:118080. 

doi:10.1016/j.apcata.2021.118080. 

32. Dong L, Lin L, Han X, Si X, Liu X, Guo Yi. Breaking 

the limit of lignin monomer production via cleavage of 

interunit carbon-carbon linkages. 

Chem,2019:5(6):1521–1536. 

doi:10.1016/j.chempr.2019.03.007. 



International Journal of Chemical Science www.chemicaljournals.com 

9 

33. Feng Y, Li L, Wang X, Yang J, Qiu T. Stable poly 

(ionic liquid) with unique crosslinked microsphere 

structure as efficient catalyst for transesterification of 

soapberry oil to biodiesel. Energy Convers. 

Manag,2017:153:649–658. 

doi:10.1016/j.enconman.2017.10.018. 

34. Guo Y, Jing Y, Xia Q, Wang Y. NbOx-based catalysts 

for the activation of C–O and C–C bonds in the 

valorization of waste carbon resources. Acc. Chem. 

Res,2022:55(9):1301–1312. 

doi:10.1021/acs.accounts.2c0.0097. 

35. Han M, Li Y, Gu Z, Shi H, Chen C, Wang Qi. 

Immobilization of thiol-functionalized ionic liquids 

onto the surface of MIL-101 (Cr) frameworks by SCr 

coordination bond for biodiesel production. Colloids 

Surfaces A Physicochem. Eng. Aspects,2018:553:593–

600. doi:10.1016/j.colsurfa.2018.05.085. 

36. Han S, Yang J, Huang H. Novel self-solidifying 

double-site acidic ionic liquid as efficient and reusable 

catalyst for green biodiesel synthesis. 

Fuel,2022:315:122815. doi:10.1016/j.fuel.2021.122815. 

37. Jiang B, Wang Y, Zhang L, Sun Y, Yang H, Wang Bi. 

Biodiesel production via transesterification of soybean 

oil catalyzed by superhydrophobic porous poly (ionic 

liquid) solid base. Energy Fuels,2017:31(5):5203–5214. 

doi:10.1021/acs.energyfuels.7b00443. 

38. Kong T, Guo G, Pan J, Gao L, Huo Y. Polystyrene 

sulfonate threaded in MIL-101Cr (III) as stable and 

efficient acid catalysts. Dalton 

Trans,2016:45(45):18084–18088. 

doi:10.1039/C6DT03745C. 

39. Krishnan SG, Pua FL, Zhang F. A review of magnetic 

solid catalyst development for sustainable biodiesel 

production. Biomass Bioenergy,2021:149:106099. 

doi:10.1016/j.biombioe.2021.106099. 

40. Li J, Zhang S, Tian W, Liang X. Novel polymer with 

ionic liquid moieties for biodiesel synthesis from waste 

oils. RSC Adv,2016:6(111):110454–110459. 

doi:10.1039/C6RA24596J. 

41. Li X, Wang C, Zhang J, Liu J, Liu B, Chen G. 

Preparation and application of magnetic biochar in 

water treatment: A critical review. Sci. Total 

Environ,2020:711:134847. 

doi:10.1016/j.scitotenv.2019.134847. 

42. Liu F, Kong W, Wang L, Yi X, Noshadi I, Zheng A, i. 

Efficient biomass transformations catalyzed by 

graphene-like nanoporous carbons functionalized with 

strong acid ionic liquids and sulfonic groups. Green 

Chem,2015:17(1):480–489. doi:10.1039/C4GC01052C. 

43. Liu F, Li B, Liu C, Kong W, Yi X, Zheng Ai. 

Template-free synthesis of porous carbonaceous solid 

acids with controllable acid sites and their excellent 

activity for catalyzing the synthesis of biofuels and fine 

chemicals. Catal. Sci. Technol,2016:6(9):2995–3007. 

doi:10.1039/C5CY01226K. 

44. Liu F, Yi X, Chen W, Liu Z, Qi CZ, Song YF, i. 

Developing two-dimensional solid superacids with 

enhanced mass transport, extremely high acid strength 

and superior catalytic performance. Chem. 

Sci,2019:10(23):5875–5883. doi:10.1039/C9SC01988J. 

45. Lu P, Li H, Li M, Chen J, Ye C, Wang H, i. Ionic liquid 

grafted NH2-UiO-66 as heterogeneous solid acid 

catalyst for biodiesel production. 

Fuel,2022:324:124537. doi:10.1016/j.fuel.2022.124537. 

46. Mao Q, Guo Y, Liu X, Shakouri M, Hu Y, Wang Y. 

Identifying the realistic catalyst for aqueous phase 

reforming of methanol over Pt supported by lanthanum 

nickel perovskite catalyst. Appl. Catal. B 

Environ,2022:313:121435. 

doi:10.1016/j.apcatb.2022.121435. 

47. Mohamed MG, El-Mahdy AF, Kotp MG, Kuo SW. 

Advances in porous organic polymers: Syntheses, 

structures, and diverse applications. Mat. 

Adv,2022:3:707–733. doi:10.1039/D1MA00771H. 

48. Mukhtar A, Saqib S, Lin H, Shah MUH, Ullah S, 

Younas M, i. Current status and challenges in the 

heterogeneous catalysis for biodiesel production. 

Renew. Sustain. Energy Rev,2022:157:112012. 

doi:10.1016/j.rser.2021.112012. 

49. Noshadi I, Kanjilal B, Liu F. Porous carbonaceous solid 

acids derived from farm animal waste and their use in 

catalyzing biomass transformation. Appl. Catal. A 

General,2016:513:19–29. 

doi:10.1016/j.apcata.2015.12.032. 

 

 


