
Nonlinear Dielectric Effects
in Simple Fluids

High-Field Dielectric Response:
Coulombic stress
Langevin effect
homogeneous ‘heating’
heterogeneous ‘heating’
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definitions of dielectric and electric quantities

‘permittivity of vacuum’

ε0 = 8.854×10-12 F 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 

steady state relations
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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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from nonlinearity to cooperativity length scale ?

We argue that for generic systems close to a critical point, an extended fluctuation-dissipation 
relation connects the low frequency nonlinear (cubic) susceptibility to the four-point correlation 
function. In glassy systems, the latter contains interesting information on the heterogeneity and 
cooperativity of the dynamics. Our result suggests that if the abrupt slowing down of glassy 
materials is indeed accompanied by the growth of a cooperative length l, then the nonlinear, 3ω
response to an oscillating field (at frequency ω) should substantially increase and give direct 
information on the temperature (or density) dependence of l. The analysis of the nonlinear 
compressibility or the dielectric susceptibility in supercooled liquids, or the nonlinear magnetic 
susceptibility in spin-glasses, should give access to a cooperative length scale, that grows as the 
temperature is decreased or as the age of the system increases. Our theoretical analysis holds 
exactly within the modecoupling theory of glasses.

Physical Review B 72, 064204 (2005)
Nonlinear susceptibility in glassy systems: A probe for cooperative dynamical length scales

Jean-Philippe Bouchaud and Giulio Biroli



Coulombic stress



Coulombic stress exercise
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Coulombic stress solutions

10 µm
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impedance approach to mechanical loss in a cantilever
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ringdown of cantilever at resonance frequency
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k' and k'' across 3.5 decades in frequency
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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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Langevin and chemical NDE's

J. Malecki, J. Mol. Struct. 436-437 (1997) 595



time resolved NDE experimens

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



high field impedance
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field effect results for propylene glycol
[ 71 - 282 kV/cm steady state harmonic measurement ]

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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(less) expected non-linearity: sample heating via dielectric loss
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predicted heating/temperature effects
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features of heterogeneous dynamics
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DIELECTRIC HOLE-BURNING
IDEA AND METHOD



spectrally selective dielectric experiments
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dielectric ε(t) and electric M(t) hole-burning
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DIELECTRIC HOLE-BURNING
EXPERIMENTS



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

10-2 10-1 100 101 102

0

1

2

0

1

2

3 ΔM(t)

 1
03  ×

 Δ
M

(t)

T = 187.30 K

 

t / s

 ΔH(t)

 

10
2 × ΔH

(t)

vertical & horizontal
signal at:

n = 6
tw = 1s
fb = 0.2 Hz
Vb = 90 V
Eb = 140 kV/cm
T = 187.30 K



DHB results for glycerol: burn-frequency dependence

K. Duvvuri, R. Richert, J. Chem. Phys. 118 (2003) 1356
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K. Duvvuri, R. Richert, J. Chem. Phys. 118 (2003) 1356
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DIELECTRIC HOLE-BURNING
MODEL



calculation of energy loss (heating) 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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also assume: tau's are locally correlated
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DHB in glycerol: calculated vs. measured results
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FURTHER MODEL
'PREDICTIONS'



DHB: insight from the model
[ hole amplitude and position ]
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DHB: insight from the model
[ hole recovery and accumulation ]

-3 -2 -1 0 1 2 3 4
0.4

0.6

0.8

1.0

-1

0

1

2

3

  Δ V Pε
  Δ V PM

 
 

β

log10(τb / s)

τmod = τHN

  Δ V Pε
  Δ V PM
  Δ V PM exp.

τmod = τb

 

 

lo
g 10

(τ
m

od
 / 

s)

1 10 100 1000

-1

0

1

2

Δ V PM

Δ V Pε

 

 

lo
g 10

(t m
ax

 / 
s)

n

0

1

2

3

4

5

tw = 0

Δ V Pε, max

Δ V PM, max

 

 

Δ
 V

 P m
ax

 ×
 1

03

fb = 0.2 Hz

fb = 0.002 Hz

fb = 0.2 Hz

S. Weinstein, R. Richert, J. Chem. Phys. 123 (2005) 224506



high field impedance



model prediction for 300 kV/cm steady state harmonic field
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continuous harmonic (impedance) measurement
(glycerol)
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model for high-field steady-state harmonic measurement
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high voltage impedance results for glycerol
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high voltage impedance results for glycerol
[details of frequency dependent field effects ]
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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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L.-M. Wang, R. Richert, Phys. Rev. Lett. (submitted)
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'forward'  dynamic heat capacity experiment

N. O. Birge, S. R. Nagel, Phys. Rev. Lett. 54 (1985) 2674
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