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Microwave Irradiation – Historical Overwiev

Microwave Chemistry

- microwaves (2.45 GHz)

- WWII – radar (magnetron)

- 1950s  food industry 

- 1984  first application in 
chemical synthesis



Microwave Irradiation –

The electromagnetic spectrum



Microwave Irradiation – Heating Effect

Dielectric polarization

αt – total polarization

αe - electron polarization

αa - atom polarization

αi - interfacial polarisation
(Maxwell – Wagner effect)

αd – dipolar polarization 

αt = αe+αa+αd+αi



Microwave Irradiation – Heating Effect

Dipolar polarization

tgδ=ε''/ε’

ε‘ – dielectric constant
ε'' – dielectric loss

Variation of dielectric properties as a function of frequency

Dp ≈ ′ ′′λ ε ε0 ( ) Depth of irradiation



Microwave Irradiation – Heating Effect

Interfacial polarization
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v – volume
fmax – frequency at max loss
σ- conductivity
ω – frequency of relaxation
τ – time of relaxation



Microwave Irradiation – Heating Effect

Interfacial polarization



Microwave Irradiation – Heating Effect

Interfacial polarization



Microwave Irradiation – Heating Effect

Frequency

Solvent 3.108 Hz 3.109 Hz 1.1010 Hz

ε' ε'' ε' ε'' ε' ε''
water 77.5 1.2 76.7 12.0 55.0 29.7

0.1 M NaCl 76 59 75.5 18.1 54 30

heptane 1.97 - 1.97 0.0002 1.97 0.003

methanol 30.9 2.5 23.9 15.3 8.9 7.2

ethanol 22.3 6.0 6.5 1.6 1.7 0.11

1-propanol 16.0 6.7 3.7 2.5 2.3 0.20

1-butanol 11.5 6.3 3.5 1.6 0.2 -

Ethyleneglycol 39 6.2 12 12 7 5.5

CCl4 2.2 - 2.2 0.,0009 2.2 0.003

Dielectric properties of solvents



Microwave Irradiation – Heating Effect

Sample P (W) t (min) T (°C) Sample P (W) t (min) T (°C)

water 560 1 81 Al 1000 6 577

methanol 560 1 56 C 1000 1 1283

ethanol 560 1 78 Co2O3 1000 3 1290

acetic acid 560 1 110 FeCl3 1000 4 41

CHCl3 560 1 49 NiO 1000 6.2 1305

CCl4 560 1 28 CaO 500 30 83

acetone 560 1 56 CuO 500 0.5 701

DMF 560 1 131 WO3 500 0.5 532

hexane 560 1 25 V2O5 500 9 701

Temperature change of materials after 2.45 GHz 
frequency microwave  irradiation (RT samples, 50 cm3

liquid, or  25 g (1000 W) or 5-6 g (500 W) solids)



Microwave Irradiation – Applications



Microwave Irradiation – Applications
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X= H, 2-Me, 4-MeO,
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Microwave Irradiation – Applications
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Microwave Irradiation – Applications
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Microwave Irradiation – Applications

92 %

CH2)3OAc

OAc

((CH2)3OAc

OH

(CH2)3OH

OH

Al2O3, µw

(800 W, 30 s) (800 W, 2,5 min)
Al2O3, µw (1.58) 

93 %

COOEt

COOEt
H2C + R Hlg K2CO3, Bu4NBr, µw

(650 W, 2 min)
COOEt

COOEt
CHR

R= Bu, allil, Bn,
     4-MeO-benzil

71-86 %

(1.65) 



Ultrasonics/Sonochemistry - Historical Overwiev

Ultrasonics

- Ultrasounds (20-10 000 kHz)

- 1880 Piezoelectricity (Curie brothers)

- 1893 Galton

- 1912  TITANIC 

- 1912  Behm (Echo technique)

- 1917  Langevin (Ultrasonic variation,
Icebergs, Submarines)

- 1945 Application in chemistry



Ultrasonics/Sonochemistry – Basics

Frequency ranges of sound



Ultrasonics/Sonochemistry – Basics

Sound transmission through a medium



Ultrasonics/Sonochemistry – Acoustic Cavitation

Bubble size and cavitation
dynamics

Transient cavitationFormation of an acoustic bubble



Ultrasonics/Sonochemistry – Acoustic Cavitation

Acoustic cavitation in a homogeneous liquid

Suslick - ~ 4-5000 K



Ultrasonics/Sonochemistry – Acoustic Cavitation

Acoustic cavitation in solid/liquid system



Ultrasonics/Sonochemistry – Acoustic Cavitation

Acoustic cavitation in solid/liquid system



Ultrasonics/Sonochemistry – Acoustic Cavitation

Acoustic cavitation in liquid/liquid system



Ultrasonics/Sonochemistry – Transducers

Galton whistle (physical)
Liquid whistle (physical)

Piezoelectric sandwich transcducer Magnetostrictive transcducer



Ultrasonics/Sonochemistry – Experimental 
Parameters

Experimental parameter Physical parameter Effect

Acoustic frequency Period of bubble collapse Change in the size of the bubbles

Acoustic power Size of the reaction zone The number of cavitation
phenomena in a unit volume

Temperature Vapor pressure of liquid
Themal activation

The content of bubbles, the 
intensity of collapse
Secondary reactions

Static pressure Total pressure
Solubility of gas

Intesity of collapse
The content of bubbles

Gas Politrop ratio
Thermal conductivity
Chemical reactivity
solubility

Intesity of collapse
Primer and secondary reactions
The content of bubbles

Solvent Vapor pressure
Surface tension
Viscosity
Chemical reactivity

Intesity of collapse
Limit of transient cavitation
Primer and secondary reactions



Ultrasonics/Sonochemistry – Applications

- Electronics industry (coating with metals)

- Therapy (surgery with ultrasounds), diagnostics

- Food industry

- Materials (metallurgy)

- Synthesis

- Environmental applications



Ultrasonics/Sonochemistry – Synthesis

Aqueous sonochemistry
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Ultrasonics/Sonochemistry – Synthesis

Non-Aqueous sonochemistry



Ultrasonics/Sonochemistry – Synthesis

N

R'

+
I-

R

Cl3CCOONa, CH3CN

R

N

R'

CCl3

+
N

R'

CCl3

R (2.14)  

70-100 %

)))

(2.15)  

R

I-
+N

Me

tBuOK

R

N

Me

OtBu

R

N

Me

O

85-98 %

) ))

91 - 98 %

R+CH3COCH3, NaOH

))) N

Me

CH2

C CH3

O

N

Me

CH2

C
CH3O

R

N

Me

+
I-

R

(2.16)  
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