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Twelve Principles of Green Chemistry
★ Green chemistry is the design of chemical products and processes that

reduce or eliminate the use and generation of hazardous substances.

★  Paul T. Anastas formulated the basic principles of Green Chemistry

\



1. Prevention of waste/by-products.

It is better to prevent waste than to treat or clean 
up waste after it is formed.



What is the problem faced if by product is huge?
● The cost involved in the treatment and disposal of waste adds to the 

overall production cost.

● Even the unreacted starting materials (which mayor may not be 
hazardous) form part of the waste.

● The waste (or by-products) if discharged (or disposed off) in the 
atmosphere, sea or land not only causes pollution but also requires 
expenditure for cleaning-up.



E-Factor: Weight of byproducts/weight of desired product



E- factor : Weight of byproducts/weight of desired
product
        Industry            Tonnes/annum       E-factor



2. Maximum incorporation of the reactants 
(starting materials and reagents) into the final 
product.
  The reaction or the synthesis is considered to be green 

if there is maximum incorporation of the starting 

materials and reagents in the final product.



Wittig Reaction

❏ For the reaction % yield = 100%

❏ WHAT ABOUT THE SIDE PRODUCT FORMED? HOW IT SHOULD BE 
INCORPORATED IN CALCULATION?



                            Atom Economy
1. ADDITION  REACTION

DIELS-ALDER REACTION IS AN EXAMPLE OF 100% ATOM 
ECONOMY, WHILE WITTIG REACTION IS 35% ONLY



OTHER EXAMPLES OF ADDITION REACTION



                2. REARRANGEMENT REACTIONS

CLAISEN REARRANGEMENT





3. IS SUBSTITUTION REACTION AN ATOM 
ECONOMICAL REACTION?



SUBSTITUTION REACTIONS DON'T HAVE 100% 
ECONOMY. IN PREVIOUS REACTION ETHYL ALCOHOL IS 

NOT A PART OF PRODUCT. ATOM ECONOMY = 65.4%



4. ELIMINATION REACTIONS

Hoffman elimination, Atom Economy = 35.30 %

Elimination reaction= 27%






