Important Technique Employed in Practice of Green Chemistry

Here is a detailed explanation of important techniques employed in the practice of Green
Chemistry, with examples and applications. These techniques align with the 12 Principles of
Green Chemistry and are used to make chemical processes more sustainable, efficient, and
environmentally friendly.

1. Use of Safer Solvents and Reaction Conditions
Description:
Traditional organic solvents are often toxic, volatile, flammable, and non-renewable. Green
chemistry promotes using safer solvents or eliminating solvents altogether.
Techniques:
e Water as a solvent: Non-toxic, abundant.
e Supercritical CO:: Used in extraction and reactions; non-toxic and recyclable.
o Jonic liquids: Non-volatile, reusable, tunable solvents.
o Deep eutectic solvents: Biodegradable alternatives to ionic liquids.
Example:
Supercritical CO: is used in decaffeination of coffee as an alternative to methylene chloride.

2. Atom Economy
Description:
Maximizing the incorporation of all materials used in the process into the final product.
Reactions with high atom economy produce less waste.
Techniques:
o Favoring addition reactions over substitution or elimination.
o Designing synthetic routes with minimal by-products.
Example:
The Diels-Alder reaction is highly atom-efficient because no atoms are lost in the reaction

3. Use of Catalysis
Description:
Catalysts enable reactions to proceed faster and more selectively, reducing energy
consumption and waste.
Techniques:
o Use of enzyme catalysts (biocatalysis)
e Metal catalysts (e.g. palladium, ruthenium)
e Solid-supported catalysts (easy to recover and reuse)
Example:
e Asymmetric hydrogenation using Rh-based catalysts to produce chiral
pharmaceuticals efficiently.

4. Microwave-Assisted Organic Synthesis (MAOS)

Description:

Microwaves heat reactions quickly and uniformly, reducing reaction time and energy
consumption.

Benefits:



e Shorter reaction times
e Increased yields
o Lower solvent usage
e Often higher selectivity
Example:
Synthesis of benzimidazole derivatives in just a few minutes using microwave irradiation

instead of hours with conventional heating.

5. Ultrasound (Sonochemistry)
Description:
Ultrasound waves create cavitation (formation of microbubbles), enhancing mass transfer and
reaction rates.
Benefits:
o Faster reactions
e Milder conditions
o Improved yields
e Reduced need for harsh reagents
Example:
o Transesterification of oils to biodiesel is enhanced by ultrasound, reducing reaction
time and improving efficiency.

6. Solvent-Free Reactions
Description:
Reactions carried out without solvents reduce exposure to hazardous chemicals and simplify
purification.
Benefits:
o Eliminates need for solvent recovery/disposal
e Often performed using mechanochemical techniques (e.g., ball milling)
Example:
e Aldol condensation under grinding (mechanochemical conditions) without solvents.

7. Renewable Feedstocks
Description:
Using starting materials derived from renewable resources such as plant biomass, rather
than petrochemicals.
Sources:

e (Carbohydrates

e Vegetable oils

e Cellulose

e Lignin
Example:

Polylactic acid (PLA), a biodegradable polymer, is produced from corn starch.

8. Photochemistry (Light-Driven Reactions)
Description:
Using visible light or sunlight to drive chemical transformations, replacing high-energy
heating or harsh reagents.
Benefits:
o Energy efficient
e Often mild conditions



o Compatible with oxygen and water
Example:
o Photocatalytic water splitting using sunlight to produce hydrogen.

9. Real-Time Analysis for Pollution Prevention
Description:
Real-time monitoring during reactions allows detection and prevention of by-products or
hazardous intermediates.
Techniques:
e In-situ spectroscopy (IR, UV-Vis, NMR)
e Flow chemistry with feedback control
Example:
o Real-time pH or temperature sensors in pharmaceutical synthesis to maintain
optimal reaction conditions.

10. Design for Degradation

Description:

Products should break down into harmless substances after use, preventing accumulation in
the environment.

Example:
o Biodegradable plastics like polyhydroxyalkanoates (PHAs) degrade naturally in soil
and water.

11. Process Intensification
Description:
Optimizing chemical processes to use fewer resources, generate less waste, and increase
throughput.
Techniques:
¢ Flow chemistry
e Miniaturized reactors
e Combining multiple steps in one pot (tandem reactions)
Example:
One-pot synthesis of drugs without isolating intermediates — reduces solvent, time,
and waste.

12. Green Extraction Techniques
Description:
Environmentally friendly methods to extract natural compounds from plants or biological
materials.
Techniques:
e Supercritical fluid extraction (SFE)
e Ultrasound-assisted extraction
e Microwave-assisted extraction
e Pressurized liquid extraction
Example:
o Extraction of essential oils using supercritical CO- instead of organic solvents.



