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From shear modulus to electrical modulus

N. G. McCrum, B. E. Read, G. Williams, 
Anelastic and Dielectric Effects in Polymeric Solids (Wiley, London, 1967)

(Dover, New York, 1991)
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BASIC PROPERTIES



Dielectric Relaxation and Retardation
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definitions of dielectric and electric quantities
‘permittivity of vacuum’

ε0 = 8.854×10-12 pF m-1 

= 8.854×10-12 A s V-1 m-1

= 8.854×10-14 S s cm-1

V voltage I current Q charge
D displacement E electric field P polarization
ε dielectric function M electric modulus χ susceptibility
j current density σ conductivity ρ resistivity 
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Relations for time/frequency, epsilon/modulus, and probability densities
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time-scale relations: M(ω) - ε(ω) for the Debye case
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time-scale relations: M(ω) - ε(ω) for the non-Debye cases
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Model calculation for Debye process + dc-conductivity
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Relaxation versus Retardation

-4 -3 -2 -1 0 1
0

5

10

15

20

25

30

-1 0 1 2 3
0.00

0.05

0.10

0.15

0.20

0.25

0.30

M''

M'

tanδ

ε''

ε'

 

ε(
t) 

, ε
' ,

 ε
'' ,

 ta
nδ

 ×
15

 

log10(ω/s-1)

 

τ
ε

τM

ε(t)M(t) M
(t) , M

' , M
''

log10(t/s)

 

 

see: N. G. McCrum, B. E. Read, G. Williams, 
Anelastic and Dielectric Effects in Polymeric Solids (Dover, New York, 1991)



Identical Information – Different Emphasis
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DIELECTRIC MODULUS
TECHNIQUE
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Comparing  M(t) with  ε*(ω)

H. Wagner, Dissertation, 1999, Mainz
R. Richert, J. Non-Cryst. Solids 305 (2002) 29
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Same Dynamics Above and Below '100s - Tg'

H. Wagner, R. Richert, Polymer 38 (1997) 255
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Dielectric relaxation measurements of poly(vinyl acetate) 
in glassy state in the frequency range 10-6-106 Hz
R. Nozaki, S. Mashimo, J. Chem. Phys. 87 (1987) 2271

Nozaki, Mashimo: poly(vinyl acetate) in the frequency range 10-6 - 106 Hz

different dynamics above and below Tg ?



Temperature and volume effects on local 
segmental relaxation in poly(vinyl acetate)
C. M. Roland, R. Casalini, 
Macromol. 36 (2003) 1361

Temperature dependence of relaxation times 
and the length scale of cooperative motion 
for glass-forming liquids
B. M. Erwin, R. H. Colby, 
J. Non-Cryst. Solids 307-310 (2002) 225

Is Ultra-Long Relaxation Time Data Useful ?



Universal scaling, dynamic fragility, 
segmental relaxation, and vitrification 
in polymer melts
E. J. Saltzman, K. S. Schweizer, 
J. Chem. Phys. 121 (2004) 2001

Data analysis with the Vogel-Fulcher-
Tammann-Hesse equation
J. F. Mano, E. Pereira, 
J. Phys. Chem. A 108 (2004) 10824

Is Ultra-Long Relaxation Time Data Useful ?
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Electric Modulus of Ionic Glasses
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DIELECTRIC HOLE-BURNING
EXPERIMENTS



MD Simutation: Binary 80:20 
Lennard-Jones Liquid

S.C. Glotzer, C. Donati, J. Phys.: Condens. Matter 11 (1999) A285
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R. Richert, Chem. Phys. Lett. 216 (1993) 223
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Spectrally selective dielectric experiments
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Dielectric relaxation and retardation in viscous glycerol

K. Duvvuri, R. Richert, J. Chem. Phys. 118 (2003) 1356
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Exploiting M(t) for high frequency hole-burning

K. Duvvuri, R. Richert, J. Chem. Phys. 118 (2003) 1356
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DHB results for glycerol: Vertical and horizontal differences

K. Duvvuri, R. Richert, J. Chem. Phys. 118 (2003) 1356
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DHB results for glycerol: Burn-frequency dependence

K. Duvvuri, R. Richert, J. Chem. Phys. 118 (2003) 1356
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DHB results for glycerol: Waiting-time dependence
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DIELECTRIC HOLE-BURNING
MODEL



Original observation and 'box-model'
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Calculation of energy loss (heating) for RC network

R. Richert, Physica A 322 (2003) 143
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Calculation of heating p(t) for RC network

R. Richert, Physica A 322 (2003) 143
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Dielectric and thermal relaxation times in glycerol

K. Schröter and E. Donth, J. Chem. Phys. 113 (2000) 9101

N. O. Birge, S. R. Nagel, Phys. Rev. Lett. 54 (1985) 2674
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Only one step further: Tau's are locally correlated
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Model:
locally correlated structural and 
thermal relaxation time heterogeneity 
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DHB in glycerol: Calculated vs. measured results
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standard impedance: ε*(ω) from 10-3 Hz to 107 Hz
yields dynamics with high resolution
modulus shifts time by a factor of 
dielectric modulus is a directly measurable 
quantity: time constants of > 1 y are accessible
thermally stimulated M(t) uses low fields only
shows kinetic nature of Tg, advantageous for
discriminating various models of relaxations
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