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Abstract

The rapid industrial growth of the last century has resulted in excessive
use of volatile organic solvents that contribute to air pollution, toxicity, and
environmental degradation. Green chemistry aims to minimize these impacts
by developing sustainable, non-volatile, and biodegradable alternatives. Among
these innovations, green solvents-including bio-based solvents-and ionic liquids
(ILs) have emerged as promising platforms for eco-friendly chemical processes.
This article discusses the types, properties, applications, and environmental
relevance of green solvents and ionic liquids, along with recent research trends
and industrial examples.

1. Introduction

Conventional organic solvents such as benzene, toluene, chloroform, and
hexane are widely used in chemical synthesis, extraction, separation, and
cleaning processes.

Green Solvents and lonic Liquids for Eco-Friendly Chemistry These
solvents are often volatile, flammable, and toxic, causing VOC emissions, ozone
depletion, and worker health hazards. To address these issues, the principles of
Green Chemistry encourage the use of environmentally benign and safer
alternatives.

Green solvents and ionic liquids align with these principles due to their
low environmental impact, high efficiency, and potential reusability.

Their introduction has significantly transformed chemical industries,
especially pharmaceuticals, catalysis, polymer processing, and biomass
conversion.

2 . Green Solvents: Definition and Types

Green solvents are environmentally friendly liquids with low toxicity, high
biodegradability, and reduced environmental persistence. They are often derived
from renewable resources.

vivr-uw o sferiias g ud forani & o o e s, e T

(3)



TR - gl e, St vd a2l @) S e T - 17, 300 -4, e, S, aam 200

2.1 Types of Green Solvents

(a) Bio-based solvents

Produced from agricultural or biomass sources:

Ethanol and methanol from fermentation

Lactic acid derivatives

Ethyl lactate

Glycerol from biodiesel production

Limonene extracted from citrus peels

These solvents are biodegradable, non-toxic, and renewable.

(b) Supercritical fluids - Supercritical CO, (scCO,) is one of the most
important green solvents,

Non-flammable,

Easily recoverable,

Used in decaffeination, extraction of essential oils, and polymer processing
(c) Deep eutectic solvents (DESS)

Formed by mixing a hydrogen bond donor (HBD) and hydrogen bond
acceptor (HBA).

Examples:

Choline chloride + urea

Choline chloride + glycerol

DESs are inexpensive, biodegradable, and stable.

3. lonic Liquids (ILs): A Novel Class of Green Solvents
3.1 Definition and Properties

lonic liquids are salts that remain liquid below 100°C. They are composed
of bulky organic cations (e.g., imidazolium, ammonium) and inorganic or
organic anions.

Key properties: Negligible vapor pressure (no VOC emission), High thermal
and chemical stability,

Tunable polarity and solubility, Recyclability

These characteristics make ILs attractive for various chemical applications.
3.2 Types of lonic Liquids

Room Temperature lonic Liquids (RTILS)

Task-Specitic lonic Liquids (TSILS) designed for catalysis, extraction, or
CO, capture
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Bio-ionic liquids, prepared using natural amino acids, cholinium ions, or
biomass-derivatives

4. Applications of Green Solvents and lonic Liquids
4.1 In Organic Synthesis

ILs act as both solvents and catalysts in reactions such as:
Diels-Alder reactions

Nucleophilic substitutions

Oxidations and reductions These reactions often show
improved yields and reduced reaction time.

4.2 In Extraction and Separation Processes

SC-CQO, is used for caffeine removal and extraction of natural compounds.
ILs show remarkable ability to extract metal ions, dyes, and bioactive
compounds.

DESs are increasingly used for extracting flavonoids, alkaloids, and
phenolics from plants.

4.3 In Catalysis

lonic liquids enable phase-transfer catalysis, acid catalysis, and enzymatic
catalysis due to their tunable properties.

Examples: Imidazolium-based ILs for Friedel-Crafts acylation, TSILs for
CO, absorption and utilization

4.4 In Polymer Chemistry

ILs serve as plasticizers, polymer electrolytes, and green media for
polymerization. They enhance conductivity, stability, and mechanical strength
in polymer batteries.

4.5 In Biomass Conversion

lonic liquids dissolve cellulose and lignin-materials normally resistant to
dissolution.

Applications include:

Production of bioethanol,

Conversion of lignocellulosic biomass to value-added chemicals
4.6 Pharmaceutical and Medicinal Uses

ILs improve drug solubility, drug delivery, and formulation stability. Green
solvents minimize toxic impurities in pharmaceutical synthesis.

5. Environmental Benefits
5.1 Reduction of VOC Emissions
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Most ionic liquids and DESs have negligible vapor pressure, meaning they
do not contribute to air pollution.

5.2 Biodegradability and Low Toxicity

Bio-based solvents degrade easily in the environment.

5.3 Recyclability and Reusability

ILs can be recovered and reused repeatedly without significant loss of
activity.

5.4 Energy Efficiency

Many green solvents support reactions under mild temperatures and
pressures, reducing energy consumption.

6. Limitations and Challenges

Despite their advantages, some ionic liquids may show:
Moderate toxicity,

High cost of synthesis,

Issues with large-scale purification

7. Conclusion

Green solvents and ionic liquids represent a significant shift toward
sustainable and environmentally responsible chemistry. Their low toxicity,
recyclability, and efficient performance make them strong alternatives to
traditional organic solvents. Although certain challenges remain, ongoing
research and industrial adoption continue to expand their applications. Future
advancements will further strengthen their role in eco-friendly chemical processes

and green technologies.
L)
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