
Hide-and-seek below the 
dc-conductivity signal

motivation

insulating electrodes

how much do we gain ?

Ranko Richert

R
om

a,
 D

ie
le

ct
ric

 T
ut

or
ia

l
30

 A
ug

us
t 2

00
9



motivation

10-2 10-1 100 101 102 103 104 105 106

10-1

100

101

102

p2

p1

εsam

 

 
ε''

ν / Hz

R. Richert, Eur. Phys. J. B 68 (2009) 197



all by synthetic data
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ε∞ = 2, 

α1 = 0.85, τ1 = 2 ms, ∆ε1 = 4, 

α2 = 0.70, τ2 = 2 µs, ∆ε2 = 0.5, 

σdc = 8×10−12 S/cm 



insulating the electrodes

electrodes:
area A

insulators:
total thickness dins
permittivity εins

sample:
thickness dsam
permittivity εsam

R. Richert, Eur. Phys. J. B 68 (2009) 197

typical insulator: Teflon, PTFE (polytetrafluorethylene), εs = 2.04



eureka ?
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need to subtract the two 'Teflon-burgers'
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correction relations
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corrected data
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thickness is more relevant than insulating
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bulk liquid

  pore ∅ 7.5 nm
  pore ∅ 5.0 nm
  pore ∅ 2.5 nm
  MWS: εf(ω) → εc(ω)

N-methyl-ε-caprolactam
T = 192 K

ε''
(ω

)

log10(f/Hz)

dielectric relaxation in porous glasses

nominal
size

pore
 diameter

pore
fraction

surface
area

25 Å 26 Å 0.39 609 m2/g

50 Å 46 Å 0.68 594 m2/g

75 Å 84 Å 0.72 342 m2/g
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  filler εf(ω)
  εm = 3.00 , φ = 0.50 , εf(ω) → εc(ω)
  εm = 2.75 , φ = 0.47 , εc(ω) → εf(ω)
  εm = 3.25 , φ = 0.53 , εc(ω) → εf(ω)
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)
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dielectric relaxation in porous glasses
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εf  : filler
εm: matrix
εc : composite

Maxwell-
Wagner-
Sillars

R.W. Sillars, J. Inst. Electr. Eng. 80 (1937) 378



CONCLUSIONS

Insulation will not help finding peaks
that are otherwise hidden under 
dc-conductivity signal.

Because of the necessary correction, 
the only effect is to add errors.

Simple reason: proximity of PTFE 
will not change properties of sample.

Only use of insulating is to prevent 
additional charges being added, 
but noble metals usually do the same.
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