
Nonlinear Dielectric Effects
in Simple Fluids

High-Field Dielectric Response:
Coulombic stress
Langevin effect
Energy absorption
Time-resolved technique
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dielectric relaxation techniques
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typical case near the glass transition
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non-linear susceptibility
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variety of high field techniques
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Coulombic stress



Coulombic stress exercise
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Coulombic stress solutions
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dielectric saturation



expected non-linearity: dielectric saturation, Langevin effect
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saturation in water at 293 K
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time resolved NDE experimens
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high field impedance
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analyzer input protection
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field effect results for propylene glycol
[ 71 - 282 kV/cm steady state harmonic measurement ]
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energy absorbtion



(less) expected non-linearity: sample heating via dielectric loss
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spectrally selective dielectric experiments
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dielectric hole-burning technique: what do we look for?
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model prediction for 300 kV/cm steady state harmonic field
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high field impedance



high field impedance technique
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dynamically correlated domains
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model for high-field steady-state harmonic measurement
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adding time-resolution capabilities to high-field technique
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single/multiple frequency technique
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rise of configurational temperature for different frequencies
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rise of configurational temperature for pumping with 1 kHz
and probing at higher 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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what do we learn ?



high voltage impedance results for glycerol
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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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continuous harmonic (impedance) measurement
(glycerol)
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L.-M. Wang, R. Richert, Phys. Rev. Lett. 99 (2007) 185701
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L.-M. Wang, R. Richert, Phys. Rev. Lett. 99 (2007) 185701

differential scanning calorimetry of propylene carbonate
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measuring the configurational heat capacity
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configurational heat capacity



configurational versus excess-vibrational heat capacity
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testing the claim: τT = τD versus  τT = τD/h

L.-M. Wang, R. Richert, Phys. Rev. Lett. (submitted)
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why not look at a RTIL 
1-butyl-3-methyl-imidazolium + hexafluorophosphate −

W. Huang, R. Richert, Phys. Chem. Chem. Phys. (submitted)
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explanation: mild decoupling of τM from τα
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configurational temperature lifetime of Debye peak
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