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Since applications such as wireless devices (2.4 to 
5.0 GHz; U.S.), satellite radio (2.3 GHz), and air 
traffic control operate in this range, regulatory 
agencies allow equipment for industrial, 
scientific, and medical (ISM) use to operate at 
only five specific frequencies: 25.125, 5.80, 2.45, 
0.915, and 0.4339 GHz.
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• Microwave heating is based on the ability of a 
particular substance such as a solvent or substrate 
to absorb microwave energy and effectively 
convert the electro- magnetic energy to heat 
(kinetic energy).

• Molecules with a dipole moment (permanent or 
induced) attempt to align themselves with the 
oscillating electric field of the microwave 
irradiation, leading to rotation.

• Molecules in the liquid or gas phase begin to be 
rotationally sympathetic to inci- dent 
electromagnetic irradiation when the frequency 
approaches 106 Hz. 
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• The optimal frequency at which a molecule turns 
incident electromagnetic radiation into kinetic 
energy is a function of many component parts, 
including the permanent dipole moment, the size 
of the molecule, and temperature.

• For most small molecules, the relaxation process is 
most efficient in the microwave region (0.3–300 
GHz) of the electromagnetic spectrum.
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Microwave Effect
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“Microwave heating can enhance the rate of 
reactions and in many cases improve product 
yields.”

“Heating can enhance the rate of reactions.” 

Microwave heating can be different from 
“conventional,” solely convection-based, “stove-
top” heating. Numerous attempts have been made 
to evaluate differences between microwave versus 
conventional heating, either real or perceived. 



Microwave-Assisted Synthesis
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H2O



Small-Scale Equipment
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Microwaves vs Green Chemistry
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• Waste Prevention. By enabling faster, cleaner reactions, reduced 
quantities of reaction by-product waste and solvent waste from 
purification are reduced.

• Design for Energy Efficiency. Microwave chemistry uses a smaller 
total amount of energy to promote chemical reactions, when 
compared with more conventional heating techniques, such as 
oil baths and heating mantles. This is so primarily due to the 
reduced reaction time required.

• Catalysis. In many cases, microwave heating enhances catalytic 
reactions, such as to further encourage the application of 
catalytic chemistry.

• Inherently Safer Chemistry for Accident Prevention. Since these 
instruments provide safe microwave irradiation and are able to 
achieve high pressures and temperatures in a well-controlled 
manner, worker safety is improved while improving reaction 
outcomes.
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• Faster reactions, due to the higher reaction 
temperatures achievable.

• Increased yield; this is probably because it is 
easier to reach the endpoint of a reaction that is 
heated to high temperatures for a short period, 
compared to waiting for an uncertain end point at 
more modest temperatures over a prolonged 
period. 

• Reduced impurities, which are usually attributed 
to reduced “wall effects”; fewer impurities also 
mean more product and, hence, higher yields.
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• Enlarged reaction space through the use of 
superheated solvents in sealed-vessel systems
(i.e., autoclave-type conditions); this may allow
for new chemistries to be accessed, such as
reactions in near-critical water.

• Linear reproducibility on scale-up, potentially 
avoiding traditional scale-up problems. 

• Possible energy savings.



Microwave Heating as a 
Tool for Organic Synthesis 
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Solvent-free Reactions
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Poorly Absorbing Organic 
Solvents

Heating 2 mL of pure hexane at 200 W in a monomode microwave unit 
resulted in a temperature rise of only 20 °C after 10 s. 
Adding a small amount of the ionic liquid (10–50 mg) resulted in a 
temperature of 217 °C under the same conditions. 
In addition to ionic liquids, disks made of silicon carbide can act as 
passive heating elements. 
In a control study, heating neat hexane (150 W, 77 s) resulted in a final 
temperature of 42 °C. 
Adding a silicon carbide disk to the hexane solution and performing the 
same study resulted in a temperature of 158 °C. 

Green Chemistry – Prof. Rossi – AA 2016-2017
Green Chemistry – Prof. Rossi – AA 2016-2017



Poorly Absorbing Organic 
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Tandem Metathesis/Michael Addition
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Metal-Catalyzed Carbonylation
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Cycloaddition Reactions
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C–H Activation
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Ullmann Couplings
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Reaction in Water
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Reaction in Water
Suzuki Couplings Using Ultra-low Catalyst Loading

Heck Reactions Using Ultra-low Catalyst Loading

Organocatalysis
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Asymmetric Transformations
Heck Coupling Reactions

Preparation Of Amino Alcohols
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Asymmetric Transformations

Mannich Reactions

Michael Additions

Green Chemistry – Prof. Rossi – AA 2016-2017Green Chemistry – Prof. Rossi – AA 2016-2017



Microwave Heating as a 
Tool for Sustainable 
Polymer Synthesis 
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Polymer Synthesis in Water 
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Polymer Synthesis in RTILs
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Solvent-Free Polymer Synthesis
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Microwave Heating as a 
Tool for Drug Discovery
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Multicomponent Reactions

Multicomponent Cyclization/Suzuki Coupling Sequence

Multicomponent Sonogashira Coupling-Cycloaddition Sequence
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Multicomponent Reactions Performed in Continuous Flow
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Domino Reactions
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Domino reactions are defined as processes in which a 
consecutive series of transformations take place, each one 
taking place at functional groups formed in the preceding 
reaction. They allow chemists to build a large degree of 
complexity into one transformation. At the same time, they 
reduce waste and save time since intermediates are not 
isolated.
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Copper-Catalyzed Domino Reactions
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Organocatalyzed Domino Reactions
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Organocatalyzed Domino Reactions
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Organocatalyzed Domino Reactions
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Solid-Supported Synthesis
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Parallel Synthesis Using Soluble Polymer-Supported Strategies
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Natural Product-Like Libraries
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Medicinal Chemistry
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Microwave Heating as a 
Tool for Process Chemistry
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• The examples presented will be drawn mainly from 
pharmaceutical process chemistry derived from traditional 
organic synthesis and particularly the chemistry of drug 
discovery;

• Microwave heating is relatively expensive compared to 
other types of conventional, conductive heating methods, 
so to be commercially competitive, it must be applied to 
high-value products.

• Manufacture of high-value, low-tonnage pharmaceuticals, 
polymers and peptides (effectively biopolymers).
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The key limiting factor is the penetration depth of microwave 
irradiation, which is only a few centimeters in most solvents at 2.45 
GHz.
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Microwave Scale-Up 

Green Chemistry – Prof. Rossi – AA 2016-2017Green Chemistry – Prof. Rossi – AA 2016-2017



Microwave Scale-Up 

Green Chemistry – Prof. Rossi – AA 2016-2017Green Chemistry – Prof. Rossi – AA 2016-2017



Microwave Scale-Up 

Green Chemistry – Prof. Rossi – AA 2016-2017Green Chemistry – Prof. Rossi – AA 2016-2017



Microwave Scale-Up 

Green Chemistry – Prof. Rossi – AA 2016-2017Green Chemistry – Prof. Rossi – AA 2016-2017



Microwave Scale-Up 

Green Chemistry – Prof. Rossi – AA 2016-2017Green Chemistry – Prof. Rossi – AA 2016-2017



Microwave Scale-Up 

Green Chemistry – Prof. Rossi – AA 2016-2017Green Chemistry – Prof. Rossi – AA 2016-2017



Microwave Scale-Up 

Green Chemistry – Prof. Rossi – AA 2016-2017Green Chemistry – Prof. Rossi – AA 2016-2017



Microwave Scale-Up 
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Synthetic Transformations
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