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The Modern Microwave

• “Discovered” by Dr. 

Percy Spencer of 

Raytheon Labs – 1946.

• Started domestic use 

around the mid-1970s.

• Typically for heating 

food and beverages.

• Uses electromagnetic 

waves in the Ultra-High, 

Super-High, and 

Extremely-High 

Frequency range (0.3 

GHz to 300 GHz)



Principles

• Time to go in the “WABAC Machine”

– E = Electric Field

– B = Magnetic Field

– c = speed of propogation

– l = wavelength
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• Show similar properties as light

– Diffraction

– Interference

– Refraction

– Reflection

• Microwaves

– Reflected by non-polar metals

– Pass through Ceramics and Glass

– Are typically absorbed by organic materials

Property of 

Electromagnetic Waves



Microwave Heating

• One of two typical ways:

• Dipole Moments

• Ionic Solutions



As a result . . . 

• Not all solvents are good for use in a 

microwave:

Poor Medium Good

Chloroform                    

Dichloromethane 

CCl4

n-Hexane

Toluene

Xylene

Water

Acetonitrile

Acetone

Ethylacetate

Tetrahydrofurane

DMF

Methanol

Ethanol

Propan-2-ol

1-Butanol

Ethylene glycol



No More Hard Science

• Application in the typical lab . . . .



Heated Reactions

• Old ways are unpredictable and 

dangerous (fire, oil bath, etc.)

• More modern ways were safer (hot 

plate with positive feed back control, 

heating mantle, etc.)

• Traditional heating gives the same 

problem:



Conventional Heating

• Heating only at the surface



Microwave Heating

• Much Faster and More Uniform Heating



Higher Temperatures

• Under normal conditions, 

temperatures are limited to boiling 

point of solvent.

• Close the system, however . . . 

• Higher temperatures means . . . 



Open vs Closed Vessels

• One last time, I swear:

RT

Ea

eAk





80 °C 90 °C 100 °C 110 °C 120 °C 130 °C 140 °C 150 °C 160 °C

8 h 4 h 2 h 1 h 30 min 15 min 8 min 4 min 2 min



That great, but . . . 

What’s in it for me (the scientist)?



Uses for the Scientist

• Synthesis

• Environmental

• Material Testing

• Petroleum

• Geochemistry

• Food and Beverage Testing

• Defense and “Homeland Security”



Types of Synthetic Reactions

• Suzuki Reactions

• Heck Couplings

• Negishi Couplings

• Sonogashira Couplings

• Ester Hydrolysis

• Methylamination on Merrifield Resins

• Newman-Kwart Rearrangement

• Near Critical Water Reactions



Model Reactions

1) Biginelli Multicomponent Reaction
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Org. Process Res. Dev. 2003, 707-716

2) Negishi Coupling
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Model Reactions

3) Suzuki Cross-Coupling

T. N. Glasnov, W. Stadlbauer, C. O. Kappe

J. Org. Chem. 2005, 3864-3870
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4) Solid Phase Synthesis

Cl N
H

Me
MeNH2, H2O

150 °C, 5 min



Model Reactions

5) Near Critical Water Chemistry

 NCWC at temperatures >250°C and pressures >40 bar

 easily accessible with Rotor 8 SXQ80

 conditions can be maintained up to 4 hours

 enabling development of new reaction pathways

 Green Chemistry approach

J. M. Kremsner, C. O. Kappe

Eur. J. Org. Chem., 2005, 3672-3679 
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295 °C, 77 bar, 30-240min

7 mmol

R = OEt, NH2

 Ester/Amide Hydrolysis



Environmental

• EPA Methods 3015A, 3050B, 3051, 

3052, and 3546

• Digestion of Soils to determine metal 

content.

• Extraction of Soils for SVOC analysis



Extraction Applications



Material Testing

• Digestion of fabrics

– Silver in woven material for odor 

suppression

• Polymer Manufacturing

– Extraction of copolymers to determine 

quality

• Lead in Paint

– CPSC



Polymer 

Digestions



Extraction of Polybrominated 

Flame Retardants



Geochemistry

• Digestion of soil samples

– Determination of trace components

– Platinum Group Metals

• Dating by determination of trace 

metals by radio isotopes



Geochemical 

Applications



Petroleum Industry

• Digestion of crude oil

– Determination of nickel and vanadium

• Extraction of different components

• Determination of sulfur content



Petroleum 

Applications



Food and Beverage Testing

• Digestion of food stuff

– Determination of metals

• Drying

– Evaporation of Water

• Extraction

– Determination of vitamins and minerals 



Food and 

Beverage



Forensics

• Acid digestions of tissues for heavy 

metal poisoning.

• Extraction of biological material from 

solid matrices.

• Trace metal determination in 

biological samples.



Forensic Samples



Biology and Biochemistry

• Reactions on DNA

– 96 well block format reactors for parallel 

reactions

– (Big Pharma) is doing Suzuki Reactions 

on DNA

• Protein Hydrolysis



Protein 

Hydrolysis



Protein 

Hydrolysis



The “Complete” Scientific History of 

Laboratory Microwaves Systems

• First patent was filed in the 1960s.

• Domestic use in the 1970s.

• Industrial use for environmental labs 

and material testing during the 

1980s.

• Pharmaceutical use in the late 

1990s/early 2000s.

• Where are you going to take the 

technology tomorrow?
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