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Techniques of Time-Resolved Dielectric Relaxation 

Measurements in the Nonlinear Regime
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Nonlinear Basics



limits to linear dielectric behavior
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limited to:



dielectric saturation for non-interacting dipoles
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non-linear dielectric effects: static limit
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beyond the static limit: ac- versus dc-field approach
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gauging deviation from linear dielectric response
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Fourier analysis of polarization
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Fourier analysis of polarization
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perturbation approach to nonlinear dielectric response
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Experimental Techniques
(polar viscous liquids)



experimental techniques: high field impedance
U

. P
athak, R

. R
ichert, C

olloid P
olym

. S
ci. 292 (2014) 1905

GEN

V-1

V-2

SI-1260 PZD-350
(350 V, 200 mA)

 100

 100

Buffer Amp.
Vin  500 Vp
  800 kHz

Zs()
 1

Csam

E0  650 kV/cm
μE  0.1 kT

 = 0.1 Hz ... 350 kHz

-1 0 1 2 3 4 5 6

101

102

103

|  Z s 
| /

 

log10( / Hz)

Cblock
(for DC)



experimental techniques: time resolved techniques
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adding time-resolution capabilities to high-field technique: dc
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Chemical Effect
(Monohydroxy Alcohols)



special case of 5-methyl-3-heptanol
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special case of 5-methyl-3-heptanol
A

. R
. Y

oung-G
onzales, R

. R
ichert, J. C

hem
. P

hys. 145 (2016) 074503

101 102 103 104 105
-2

0

2

4

6

8

10



max

ED = 11.0 %
ElnD = 12.6 %

5-methyl-3-heptanol
T = 203 K

EB = 171 kV/cm

 

 

10
0 
 

(  '
hi
 

 
' lo

 ) 
/ (

 '
lo
 

 


 )

 / Hz

101 102 103 104 105
0

5

10

15

20

25


max

ED = 11.0 %
ElnD = 12.6 %

5-methyl-3-heptanol
T = 203 K

EB = 171 kV/cm

 

 

10
0 
 

(  '
' hi

 
 

'' lo
 ) 

/ 
'' lo

 / Hz

100 101 102 103 104
0

1

2

3

4
170 kV/cm
28 kV/cm

T = 195 K5-methyl-3-heptanol 

 ''

 [Hz]

4

6

8   '  

  ''  
 

'

 

L.P. Singh, R. Richert, Phys. Rev. Lett. 1009 (2012) 167802



time resolved changes: structural recovery
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NDE Summary
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NDE summary: dielectric saturation
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NDE summary: chemical effect
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NDE summary: energy absorption
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NDE summary: entropy reduction
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Time resolved non-linear techniques provide
information on dynamics of structural 
recovery, analogous to physical aging.

Different sources of non-linear behavior can be 
separted by ac vs.dc or by frequency.

Effects that can be studied are: 
Dielectric saturation; 
Field induced shifts of chemical potentials; 
Structural recovery after energy absorption;
Electrocaloric effects; 
Test of Adam-Gibbs model.

Much of the general theory needed for 
interpretation is still missing.

Susan Weinstein Ullas Pathak Amanda R. Young-Gonzales
Li-Min Wang Abidah Khalife Pyeongeun Kim
Wei Huang Subarna Samanta
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