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Two Main Principles of Microwave-
Assisted Synthesis 
Dipolar Mechanism 
● Polar molecule follows electric field 

alignment 

Electrical Conductor 
Mechanism 
● Results in polarization 
● Electrical resistance in solvent causes 

heating in sample 

 
Acc. Chem. Res. 2011, 44, 469-478. 
Acc. Chem. Res. 2005, 38, 653-661. 



Motivation 
● Green Chemistry Principles 

5. Safer solvents and auxiliaries 
6. Design for energy efficiency 
9. Catalysis 

● Arrhenius Law   

Green Chem. 2011, 13, 794-806. 
Acc. Chem. Res. 2002, 35, 686. 



Solvent-free Accelerated Organic Syntheses Using 
Microwaves   

Reactions once run in solvent to control reaction temperature can now be run  
without solvent using microwave assisted reactions.  
 
 
● Produces higher yields 
● Allows for faster reactions 
● Cheaper because solvent isn’t necessary 
● Safer - don’t have to worry about pressure increases 
● Can operate at ambient pressure 

 
 

 
Green Chem. 2010, 12, 961-964. 



Superior Heating Methods in Microwave 
Assisted Reactions 

Rapid heating causes the reaction to reach a higher  
percent conversion and also causes an increase in  
 the speed of the reaction.  
 
 

 
 
 

 
     Int. J. Environ. Sci. Tech. 2008, 5, 75. 

Acc. Chem. Res. 2005, 38, 653-661. 
     Chem. Rev. 2007, 107, 2300-2318. 

  



Selectivity 
● Solvent-free reactions  
 
● High stereoselectivity  
 
● High regioselectivity 

Acc. Chem. Res. 2005, 38, 653-661. 



Selectivity 
● Little or no loss of functional group tolerance 

Green Chem. 1999, 1, 43-55.; Ceramics International41(2015)2069–2080 
 



Thermal vs MW Heating 
● Rapid heating likely the 

cause of improvements 
in yield, selectivity, etc. 

 
● Same improvements 

possible, but infeasible in 
conventional systems 

Green Chem. 2010, 12, 1340–1344. 



Industrial Scale Microwave Reactors  
Large scale reactions 
● Laboratory to industrial 

o mg scale to kg scale 
● Single mode to multimode 

Green Chem. 2011, 13, 794-806. 



Conclusions 

Green Chem. 2011, 13, 794-806. 
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