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12 Principles of Green Chemistry



CATALYSIS: INTRODUCTION

 Catalysis is the increase in rate of a chemical

reaction due to an added substance known as

a catalyst.

 Catalysts are not consumed by the reaction and
remain unchanged after it.

CATALYSIS: TYPES
 Homogeneous catalysis
 Heterogeneous catalysis
 Autocatalysis
 Enzyme catalysis
 Photo catalysis
 Positive catalysis
 Negative catalysis
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CATALYST: Global Industrial Market

Market Dynamics

Diverse
• Increase in consumption of industrial catalysts in fuel 

and other refineries
• Rise in demand for industrial catalysts in various 

end-use applications 

Restraints
• Limited availability of raw materials and high 

production costs
• Technological advancements in chemical synthesis

Opportunities
• Surge in R&D activities

 Major producers are BASF, DOW and JM etc.



CATALYSIS: Applications in Agrochemicals

Classified by MOA:

1. SDHI class 

Boscalid Sedaxane

2. Strobulirin class 

Kresoxin-methyl Azoxystrobin Pyriofenone

3. Enzyme inhibitors 

5. Sodium gated channels 4. Mitochondrial inhibitor 

BifenthrinBifenazate

8. ACCase inhibitor 6. Plant cell inhibitor 

Pendimethalin

7. GGPP inhibitor 

S-Metolachlor Pinoxaden
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Heterogeneous catalysts
• Solid phase
• Easily separable
• Recyclability and regeneration
• Low rate of reaction
• Diffusion control
• Poisoning, deactivation
• Low selectivity
• Long catalytic life
• Energy- consuming process
• Poor mechanism understanding

Homogeneous catalysts 

• Same phase as reaction medium
• Difficult separation
• No recyclability
• Often high rates of reaction
• No diffusion control
• Robust to poisoning
• High selectivity
• Short life
• Mild conditions
• Well understood mechanism

CATALYSIS: Heterogeneous Vs Homogeneous

Vs
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CATALYSIS: By UPL (Economical & Environmental Competitiveness)
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 UPL has developed a new catalyst for S-metolachlor                                        
 High Turnover number (TON) and high TOF                                                         
 Recycle and recovery of the catalyst                                                                      

 Low catalyst loadings with high selective er= 90:10
 Low COGs with reduced dosage on fields
 Minimum effluent

 Low catalyst loadings with quantitative yield
 More no recycles and high recovery of cat.
 Highly economic process with low COGs
 Minimum effluent

Scale of production 30000 MT/A
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CATALYSIS: By UPL (Economical & Environmental Competitiveness)
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 Process development of Pendimethalin: By heterogeneous catalysis

 Developed the process based on Pt/C catalyst

 Low catalyst ladings to yield >99% of the product

 Catalyst recycled more than 300 times with 90% recovery

 Low COGs

 High quality with 97% (900 g/Kg UFSA guidelines)

 Nitroso-Pendimethalin 0.1% (45 mg/Kg USFA guidelines)

 Environmentally benign as reduced toxic nitroso impurity
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CATALYSIS: By UPL (Economical & Environmental Competitiveness)
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 Process development of Bifenazate: By heterogeneous catalysis

 Bifenazate is an insecticide used for mite control

 It has a low water solubility, volatile 

 Would not be expected to leach to groundwater

 It is also not expected to persist  in soil or water  

systems.

 Developed a heterogeneous catalyst for Suzuki coupling

 No phosphorous ligands required 

 No halogen required as another partner

 No homocoupling formation unlike Homogeneous catalysis

 Low catalyst loadings and Low temperature reaction

 High recovery and recycle of the catalyst

 Cheap and commercial viability
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CATALYSIS: By UPL (Economical & Environmental Competitiveness)

O
N

N

O

O

Cl

O

TEA, DMAP

THF

20 -25°C, 10hrs

80%, Pinoxaden

NH2 Br
CN

CN

NC CN

NH

NH

O

NaNO2, H2O

HBr

PdCl2 ( 1 mol%)

PCy3 ( 3mol%)

NaOtBu, xylene

92%

. 2 HBr

TEA, xylene

115 -120°C

30% H2O2

5% NaOH

50 -60°C, 2hrs

NH2

O

O

NH2

O
N

N

O

OH

 Process development of Pinoxaden: By homogeneous catalysis

 Under development
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CONCLUSION

Demonstrated importance of catalysis 
in chemical industry

Developed various homo & 
heterogeneous catalysts

Applied them to various processes in 
agrochemical applications

Catalysis makes processes is greener 
(green chemistry principles)

UPL having different capabilities in 
developing various catalysts
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What next?

Single atom catalysis describes a process

in which a single atom on a catalyst

surface drives a catalytic reaction. The

catalyst with a single atom on its surface is

called a single atom catalyst (SAC).

Thank You


