
Non-linear Effects in
Physics of Dielectrics

High-Field Dielectric Response:
► Coulombic stress
► Langevin effect
► Energy absorption
► Time-resolved technique
► Reverse isothermal calorimetry

Ranko Richert
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dielectric relaxation technique
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typical case near the glass transition
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result usually independent of field amplitude



variety of high field techniques
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non-linear susceptibility
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Coulombic stress



Coulombic stress exercise

10 µm

top electrode 16 mm Ø
bottom electrode 30 mm Ø
ring outer: 20 mm Ø
ring inner: 14 mm Ø

glycerol at E0 = 283 kV/cm
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dielectric saturation



expected non-linearity: dielectric saturation (aka Langevin effect)
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saturation in water at 293 K
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time resolved NDE experiments

M. Gorny, J. Ziolo, S. J. Rzoska, Rev. Sci. Instrum. 67 (1996) 4290



field effect (71 - 283 kV/cm) result for propylene glycol

S. Weinstein, R. Richert, Phys. Rev. B 75 (2007) 064302
S. Weinstein, R. Richert, J. Phys.: Condens. Matter 19 (2007) 205128
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energy absorption



E E

ε : polarization at constant field E

'burn cycle' (n = 3) 'measure cycle''wait'

time

dielectric hole-burning technique: summary
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features of homogeneous dynamics

local behavior ensemble average
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features of heterogeneous dynamics

local behavior ensemble average
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high field impedance - beyond the linear regime
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analyzer input protection

S. Weinstein, R. Richert, Phys. Rev. B 75 (2007) 064302
S. Weinstein, R. Richert, J. Phys.: Condens. Matter 19 (2007) 205128

RPROTECT = 3 MΩ:
protects against 300 V (no time limit)
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L.-M. Wang, R. Richert, Phys. Rev. Lett. 99 (2007) 185701
W. Huang, R. Richert, J. Phys.Chem. B 112 (2008) 9909

adding time-resolution capabilities to high-field technique
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single / multiple frequency technique

Stanford Research DS-345 Generator

Nicolet Sigma 100 Digital Oscilloscope

4 channels

1 Ms depth 

12 bit @ 100 Ms/s
14 bit @ 1 Ms/s

W. Huang, R. Richert, J. Chem. Phys. 130 (2009) 194509
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1ω versus 3ω data analysis

low field response

high field response

1ω approximation

1ω + 3ω response

εhi - εlo

A3ω / Aω
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calculated frequency dependence of χ3

R. Richert, J. Non-Cryst. Solids (in press)
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high field impedance of glycerol and propylene carbonate
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rise of configurational temperature for different frequencies
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agreement between experiment and model
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non-steady state version of 'box'-model
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non-steady state version of 'box'-model

W. Huang, R. Richert, J. Chem. Phys. 130 (2009) 194509
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high field impedance technique

R. Richert, Thermochim. Acta (submitted)
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testing the claim: τT = τD versus  τT = τD/h

L.-M. Wang, R. Richert, Phys. Rev. Lett. 104 (2010) 239603
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summary of relevant non-linear effects (~E2)

S. Weinstein, R. Richert, Phys. Rev. B 75 (2007) 064302
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reverse calorimetry



basic techniques: heat capacity

W. Kauzmann, Chem. Rev. 43 (1948) 219

Differential Scanning Calorimetry

sample ref.

TS TR
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dynamic heat capacity in glycerol

N. O. Birge, S. R. Nagel, Phys. Rev. Lett. 54 (1985) 2674 A. A. Minakov et al. Thermochim. Acta 403 (2003) 89



standard dynamic heat capacity
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...
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conventional heat source



reverse dynamic heat capacity (isothermal)

τ1

...

...τ2 τ3 τ4 τN

cp ∞

cp1 cp2 cp3 cp4 cpN

electric field  E = E0 sin( t / τ3 ) 



reverse dynamic: microwave heating in slow motion

typical frequency: 2.45 GHz



nonlinearity from energy absorption
measure configurational Cp

thermal time scales
thermal heterogeneity

alcohols / ionic liquids
physical aging

what do we learn ?


