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ABSTRACT: Anion exchange of halide-based 

ionic liquid precursors with suitable 

inorganic/organic salts utilizing a 

mechanochemical/grinding methodology was used 

to create novel ionic liquids (1-butyl-3-

methylimidazolium perchlorate[bmim]ClO4 and 1-

butyl-3-methylimidazolium hydroxide [bmim]OH 

) in a straightforward and effective metathesis 

process. The intended ionic liquids were produced 

in high purity and good yields from the metathesis 

processes, which were conducted at mild reaction 

conditions. Effective anion substitution was made 

possible by the creation and elimination of 

insoluble by-products, which made the process 

extremely selective and safe for the environment. 

Fourier transform infrared spectroscopy (FT-IR) 

and nuclear magnetic resonance (¹H, ¹³C NMR and 

Mass) spectroscopy were used to analyze the 

produced ionic liquids, confirming effective anion 

exchange and structural integrity. 

KEYWORDS: Ionic liquids, green solvent, 

grinding, catalysis 

 

I. INTRODUCTION 
The goal of the multidisciplinary field of 

"green chemistry" is to reduce the use of dangerous 

chemicals and to promote environmentally friendly 

substitutes for traditional chemical processes and 

products [1-4]. With a focus on its contribution to 

the advancement of sustainable chemical synthesis, 

analytical techniques, and industrial practices, this 

review offers a thorough examination of the basic 

ideas, historical evolution, and real-world 

applications of green chemistry. Green chemistry, 

which had its roots in the environmental movement 

of the 1960s, which was sparked by Rachel 

Carson's "Silent Spring," was formally formed in 

the 1990s by Paul Anastas and John C. Warner's 12 

principles [5-8]. These guidelines place a strong 

emphasis on using renewable raw materials, cutting 

back on dangerous chemicals, preventing waste, 

and the atomic economy. Green chemistry has a big 

impact on industries including education, 

cosmetics, and medicines. It promotes safer, more 

ecologically friendly analytical techniques in the 

pharmaceutical sector. Biodegradable products are 

advantageous to the cosmetics industry, and 

educational institutions use sustainable laboratory 

and waste management techniques. Global 

awareness of green chemistry has increased 

because to international conferences and scholarly 

publications, which support sustainability 

objectives like avoiding waste, maximizing 

resource usage, and lowering environmental 

consequences.  

Every year, over 20 million tons of 

solvents are leaked into the environment. About 

80% of the total volume of chemicals used in 

chemical synthesis are solvents. Because solvents 

are frequently poisonous or combustible, 

sustainable solvents must be used in place of 

conventional solvents. Modern sustainable solvents 

assist catalysts effectively and are easily recovered 

and repurposed. These include the use of deep 

eutectic solvents, glycerol, polyethylene glycol, 

ionic liquids, , supercritical liquid, CO2  

and ionic liquids (ILs) [11-17], a novel family of 

solvents made entirely of ions, usually organic 

cations combined with organic or inorganic anions, 
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have completely transformed the fields of 

chemistry and materials science. Paul Walden 

created ethylammonium nitrate, the first room-

temperature ionic liquids (RTILs), more than a 

century ago, which was a major turning point in the 

investigation of unconventional solvents. One 

Walden ascribed this ionic compound's 

exceptionally low melting point (13–14 °C) to the 

bigger organic cation's lower degree of ion 

association. Because of their remarkable qualities 

and revolutionary potential, this groundbreaking 

discovery generated ongoing interest in the 

research and development of ILs.  

With important benefits including minimal 

volatility, high thermal stability, broad 

electrochemical windows, and recyclability, ionic 

liquids are regarded as "designer catalysts" and are 

therefore environmentally friendly substitutes for 

volatile organic solvents. They are excellent in 

biomedicine (drug delivery, antimicrobials), 

separation procedures, electrochemistry (batteries, 

supercapacitors, solar cells), and catalysis. High 

viscosity, production costs, and possible toxicity 

are obstacles, though, which is why third- and 

fourth-generation ionic liquids and hybrid materials 

are being developed for better performance and 

sustainability.  

The capacity of ILs to maintain their liquid state at 

low temperatures is one of their most distinctive 

properties; this property makes its special ionic 

interactions. ILs are ideal for a variety of cutting-

edge applications due to their liquid form, which 

allows them to exhibit several special qualities like 

low vapor pressure, great heat stability, and 

adjustable viscosity.  

Researchers can create ILs with 

customized properties to meet certain problems by 

carefully choosing and combining cations and 

anions; this adaptability has earned them the 

moniker "designer solvents." These characteristics 

are particularly useful in disciplines like chemical 

synthesis, catalysis, and energy storage that need 

for accuracy and flexibility.  

1-Butyl-3-methylimidazolium salts are 

among the earliest ionic liquids to be produced and 

investigated for their potential uses in electrical, 

thermal, and catalytic processes, as well as 

biological use. It is generally known that 

[bmim]salts suspended with Nobel metals such as 

Pd, Rh, Ir, and Ru have superior catalytic activity 

and are recyclable [18-22]. They have also been 

used as a support matrix in enzyme catalysis. It has 

been observed that the ionic liquid's counter anion 

is essential to catalytic efficiency. This literature is 

limited to the use of [bmim] as a catalyst solvent or 

co-solvent in organic catalytic applications. The 

most extensively researched ionic liquids in this 

class for their organic synthesis applications are all 

of the [bmim] salts, [bmim]PF6 [bmim] BF4.  

Researchers in synthetic chemistry are 

always coming up with new reagents and catalysts 

to perform chemical reactions. Solvent-free 

synthetic processes are becoming more and more 

popular in the synthesis of pharmacologically 

significant heterocyclic compounds due to their 

ease of use and low production costs. However, the 

mechanochemical method has become more well-

liked because to its low environmental impact and 

low cost [23-32]. Its ease of use, unique reaction 

profile, and potential for larger-scale application 

with the appropriate experimental setup, 

mechanical grinding has become an essential tool 

in the synthetic organic chemistry paradigm. 

 

II. RESULTS AND DISCUSSION 
As illustrated in Scheme 1, herein, we 

reported using metathesis and a grinding technique 

to prepare the two ionic liquids (1-butyl-3-

methylimidazolium perchlorate[bmim]ClO4 and 1-

butyl-3-methylimidazolium hydroxide [bmim]OH ) 

in this brief message. The matching halide-based 

ionic liquid precursors and the desired 

inorganic/organic salt containing the target anion 

underwent a metathesis reaction to successfully 

create the target ionic liquids. Under mild reaction 

conditions, the metathesis strategy demonstrated is 

straightforward, effective, and high-yielding 

method for anion exchange that produced the 

necessary ionic liquids. 

Scheme 1. Synthesis of ILs using grinding 

approach 

 

The reactions were typically carried out in 

polar aprotic solvents such as acetonitrile or 

dichloromethane, facilitating effective ion 

exchange. The formation of an insoluble inorganic 

salt (e.g., MX) acted as the driving force for the 

reaction, allowing easy separation of the product by 

filtration. After solvent removal and purification, 

the ionic liquids were obtained as clear viscous 

liquids. Overall yields ranged from 68% (4a) and 

75% (4b), indicating the high efficiency of the 

metathesis process. The absence of starting halide 

ions in the final products, as confirmed by 

qualitative halide tests, demonstrated the 

completeness of the anion exchange. FT-IR spectra 

of the synthesized ionic liquids showed 
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characteristic absorption bands corresponding to 

both the organic cation and the exchanged anion. 

The disappearance of bands associated with halide-

containing precursors and the emergence of new 

bands attributable to the target anions confirmed 

successful metathesis. Typical bands observed 

include: C–H stretching vibrations of alkyl chains 

in the range of 2850–3150 cm⁻¹. C–N or C=N 

stretching vibrations of the cationic moiety around 

1600–1650 cm⁻¹. Anion-specific bands, such as 

S=O stretching (for sulfonate-based anions) or P–F 

stretching (for fluorinated anions), appearing in the 

expected regions. These spectral features are 

consistent with the proposed ionic liquid structures. 

¹H and ¹³C NMR spectra further confirmed the 

successful synthesis of the ionic liquids. The 

chemical shifts and splitting patterns correspond 

well with the expected structures of the cationic 

frameworks. No residual peaks associated with 

halide precursors were observed, indicating high 

purity. Compared to direct synthesis methods, 

metathesis allows greater flexibility in designing 

ionic liquids with tailored properties by simply 

varying the anion. This makes the approach 

particularly suitable for developing task-specific 

ionic liquids for catalytic, electrochemical, or 

separation applications. The synthesized ionic 

liquids show physicochemical properties 

comparable to or better than previously reported 

ionic liquids with similar cationic frameworks. The 

ability to fine-tune properties such as viscosity and 

thermal stability by anion selection highlights the 

versatility of the metathesis method. The results 

confirm that metathesis is a reliable and scalable 

synthetic route for producing novel ionic liquids 

with controlled composition and desirable 

performance characteristics. 

 

III. CONCLUSION 
In summary, two ionic liquids were 

successfully synthesized via the metathesis method 

using grinding approach with high yields and 

purity. Spectroscopic and thermal analyses 

confirmed the successful anion exchange and 

structural integrity of the products. The observed 

physicochemical properties suggest that these ionic 

liquids hold significant potential for advanced 

applications in green chemistry and materials 

science, useful for synthetic applicability in organic 

synthesis. 

 

Experimental Section 

Step-A 

In a dry flask 1-methylimidazole (1) 

(4.1gm, 50mmol) and 1.2 equivalents of butyl 

bromides (6.5 ml, 60 mmol) (2) was added, sealed 

and heated in an oil bath maintained at 120 °C for 

20 minutes and cooled down to room temperature.  

Further, the reaction mixture was heated at same 

temperature (120 °C) for 10 minutes, and then 

cooled down to room temperature. The obtained 

ionic liquid was washed several times with ethyl 

acetate (5×25 mL) to remove the unreacted starting 

materials, dried under vacuum to give 1-butyl-3-

methylimidazolium bromide (3.9gm) (3) and 

characterized. 

 

Step-B 

Metathesis reaction: 

Synthesis of 1-butyl-3-

methylimidazoliumhydroxide[bmim]OH  (4a): 

[bmim]Br (3, 5.0g, 22.8 mmol) was 

dissolved in methanol, and Amberlyst A-26 (30 

mmol) was added and grinding was done for 6 h. 

The reaction mixture was then filtered through 

funnel. Solvent was evaporated with rotary 

evaporator and the product was dried under high 

vacuum. 

 

Synthesis of 1-butyl-3-

methylimidazoliumperchlorate-[bmim]ClO4 

(4b): 

[bmim]Br (3, 5.0 g, 22.8 mmol) was dissolved in 

methanol, and sodium perchlorate (3.7g, 30 mmol) 

was added and grinding was done for 4 h. The 

reaction mixture was then filtered through funnel. 

Solvent was evaporated with rotary evaporator and 

the product was dried under high vacuum. 
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