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dielectric relaxation: static permittivity
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limits to linear dielectric behavior
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dielectric saturation for non-interacting dipoles

Langevin saturation effect
(for dipole gas)
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non-linear dielectric effects: static limit

P=ye E
y=¢-1

dielectric saturation: y <y,

polarization P

chemical changes : x> y;,
(electrostriction disregarded)

field E




beyond the static limit: ac- versus dc-field approach
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polarization response

gauging deviation from linear dielectric response

low field P,.(t)

high field P, (t) = P.(t) + P4(t)




E(t)= E,sin(ar)

t+k2rx/w

Pl(o)==
T

Fourier analysis of polarization
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high field P, (t) = P, (t) + P4(t)
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out-of -phase component

- E(w)=1+ y(0)=¢'(0)-ie"(w)
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Fourier analysis of polarization

E(t)= E,sin(wt)

o t+k27/w ® t+k2rx/w
Plo)==[sin(nat)P(t)dt , Plw)== [cos(nar')P(¢)dt
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appearence of x,'s in first eight Fourier components

E(t)= E, + E, cos(at) i i
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perturbation approach to nonlinear dielectric response

E(t)= E, cos(at)
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limited to: third order effect, non-interacting dipoles, Debye type response, stationary state
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experimental techniques: high field impedance

SI1-1260 PZD-350 A
(350 V, 200 mA) DANGER
High voltage
GEN O+—»— x 100
E, <650 kV/cm
/ | hﬁ ] ’
[ ] ME <01 kT
Coam v =0.1 Hz ... 350 kHz

V-1 O-{—<— +100

G061 (¥7102) 262 "19S "WAjod plojjo] ‘Haydly Y Yeuied ‘N

G
N
V'2 O__ X1 101_
Cblock /
(for DC) — -1 0 1 2 3 4 5 6
Buffer Amp. log, (v / Hz)
V,, <500 vV,
v< 800 kHz



experimental techniques: time resolved techniques

SRS DS-345: PZD-700
Arbitrary Waveform DS-345 (700 V, 100 mA) A
Signal Generator DANGER
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Digital Storage Oscilloscope Ch1 O—<— +200
4 channels, 100 MS/s
vertical: 14 bit

horizontal: 108 points
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voltage

current

V(1)

I(t)

adding time-resolution capabilities to high-field technique: ac
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voltage

current

V(1)

adding time-resolution capabilities to high-field technique: dc
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adding time-resolution capabilities to high-field technique: dc
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special case of 5-methyl-3-heptanol

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

T
v [HZ]

L.P. Singh, R. Richert, Phys. Rev. Lett. 1009 (2012) 167802
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time resolved changes: structural recovery

5-methyl-3-heptanol
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Mode Stirrer ~ Wave Guide
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temperature increase as non-linear effect
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energy absorption with heterogeneous dynamics

B. Schiener, R. Bohmer, A. Loidl, and R. V. Chamberlin, Science 274 (1996) 752
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high field impedance of glycerol and propylene carbonate

glycerol propylene carbonate
(Ep = 283 kV/cm) (Eqg =177 kV/cm)
30— 020} PC Rt
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A In(tan 8) x 100

agreement between experiment and model
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observations at high frequencies

! PC
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time correlation function

of v’s is structural recovery :

not seen in linear response
experiments,
homogeneous in excess
wing.

not yet steady state
after 30 000 periods
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dc-field induced change of entropy at constant temperature

dielectric loss , &"

G. Adam and J. H. Gibbs,
J. Chem. Phys. 43 (1965) 139
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field induced change of entropy

cresolphthalein-dimethylether (CPDE)
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field induced change: entropy effect

glycerol
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'heat'-corrected results: glycerol
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explaining the rise/decay asymmetry
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more complicated field patters
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Effect is quadratic in field.

Two step field pattern practically

eliminates need for 'heating’
correction.

All six transitions are represented by
one common set of parameters (B,1).

time / ms
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NDE summary: dielectric saturation

14

DC: amplitude reduction at all frequencies
AC: amplitude reduction fades for v> v.__.
(depending on number of T, for structural recovery)



NDE summary: chemical effect

14

log, (v/v__)

DC: amplitude enhancement at all frequencies
AC: amplitude enhancement can fade for v> v,__.
(depends on nature of chemical effect)



NDE summary: energy absorption

14

10° 10" 10° 10" 10°
log, (v/v__) log, (v/v__)

DC: no energy absorbed from static field

AC: reduction of relaxation times for v> v,



NDE summary: entropy reduction

14

DC: increased relaxation times for all frequencies
AC: increased relaxation times only for v< v,
(always combined with dielectric saturation)
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CONCLUSIONS

- :} Time resolved non-linear techniques provide
) ’ information on dynamics of structural
_______ v recovery, analogous to physical aging.

polarizétion P

U

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

>
<>
&
N

U

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.

N
|:> Much of the general theory needed for
interpretation is still missing.
£
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