g3 U

Maxwell-Wagner Effect
Case: Crystallization kinetics

Kristine Niss

Glass and Time, IMFUFA,
Department of Science and Environment
Roskilde University

BDS, August 2018, Brussels



g3 U

Dielectric Properties of Inhomogeneous Media
Case: Crystallization kinetics

Kristine Niss

Glass and Time, IMFUFA,
Department of Science and Environment
Roskilde University

BDS, August 2018, Brussels



People and background

Crystallization of n-butanol
Mikkel Hartmann Jensen, RUC
Tina Hecksher, RUC
Christiane Alba-Simionesco,
LLB, Paris




People and background

Crystallization of n-butanol
Mikkel Hartmann Jensen, RUC
Tina Hecksher, RUC
Christiane Alba-Simionesco,
LLB, Paris

It looks like a Maxwell-
Wagner effect

g Ranko Richert,
% Arizona State University



People and background

Crystallization of n-butanol
Mikkel Hartmann Jensen, RUC
Tina Hecksher, RUC
Christiane Alba-Simionesco,
LLB, Paris

JCP, 143, 134501 (2015)




People and background

Crystallization of n-butanol
Mikkel Hartmann Jensen, RUC
Tina Hecksher, RUC
Christiane Alba-Simionesco,
LLB, Paris

JCP, 143, 134501 (2015)

Crystallization of glycerol
Alejandro Sanz, RUC

JCP, 146, 044502 (2017)
Cryst. Growth & Design, 17, 4628 (2017)




Outline

Maxwell-Wagner-Sillars
Introduction
Simple layered structure
General layered structure
Particles dispersed in a medium
General considerations

Crystallization studied by dielectrics

n-butanol
Glycerol



Dielectric spectroscopy

o




Dielectric spectroscopy

QO mm



Dielectric spectroscopy




Dielectric spectroscopy

dQ du
© @B al
- U = Upe™!
7_ 1 o~o__1
Z_iwC C_in




Dielectric spectroscopy




Non-additive

We measure a macroscopic property of a
capacitor. We want to know something about
what the molecules are doing. If the material
is inhomogeneous - then the spectra can be
changed or distorted. In general we do not
have additivity

écomp Z$1€1 + (1 — Pp1)ez

Maxwell-Wagner effects should be considered
in for all composite materials.



This investigation shows that a dielectric composed
of strata of different kinds may exhibit the phenomena
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though none of the substances of which it is made ex-
hibit these phenomena when alone.

Maxwell 1873



This investigation shows that a dielectric composed
of strata of different kinds may exhibit the phenomena
known as electric absorption and residual discharge, al-
though none of the substances of which it is made ex-
hibit these phenomena when alone.

Maxwell 1873

Wagner 1914, Sillars 1936



This investigation shows that a dielectric composed
of strata of different kinds may exhibit the phenomena
known as electric absorption and residual discharge, al-
though none of the substances of which it is made ex-
hibit these phenomena when alone.

Maxwell 1873

Wagner 1914, Sillars 1936

Broadban Chapter 3, Kremer and Schonhals

géﬂ:tcrgiiopy Chapter 13, Steenman and Turnhout




This investigation shows that a dielectric composed
of strata of different kinds may exhibit the phenomena
known as electric absorption and residual discharge, al-
though none of the substances of which it is made ex-
hibit these phenomena when alone.

Maxwell 1873

Wagner 1914, Sillars 1936

Broadban Chapter 3, Kremer and Schonhals

g;;‘s;l:tcrgiiopy Chapter 13, Steenman and Turnhout

Sometimes it is forgotten
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Experimental evidence is provided that colossal dielectric consiantsg’Z 1000, sometimes reported to exist

in a broad temperature range, can often be explained by{Maxwell-Wagner-typeJeontributions of depletion
layers at the interface between sample and contacts or at grain boundaries: Cmonstrate this on a variety of

different materials. We speculate that the largest intrinsic dielectric constant observed so far in nonferroelectric

materials is of order 107
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Insulated electrodes for elimina
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Abstract. In a variety of samples, conduc s a limiting factor regarding the resolution of dielectric
ne approach to eliminating the signal that originates from conductivity s th
of insulating layers on one or hoth clectrodes. For the typical case, it is shown that jnsula
than i o

layers add
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Dielectric spectroscopy and dynamics

in confinement
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Abstract. There are numerous reasons, such as frequency range and
sensitivity, to employ dielectric spectroscopy for investigating how
confinement alters the dynamics of liquids, supercooled liquids, or
polymers. However, care has to be taken to account for the fact that
the sample is a heterogeneous dielectric. i.e. a mixture of the confining
matrix material and the liquid filler whose dynamics are of interest.
Since diclectric permittivity is not an additive quantity, extracting the

¢ filler can be complicated or even impossible, and the
agnerelations will ot always solve the problem. Some
oW to interpret dielectric data on confined systems will
be presented.




An insulating layer and a conducting layer
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General layered system
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General layered system
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An insulating layer and a conducting layer

€1 = €1 (constant)
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Insulating layer and relaxing layer

€1 = €1 (constant)

€2 = €0 + 1+iwtp
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Insulating layer and relaxing layer

€1 = €1 (constant)

€2 = €0 + 1+iwtp
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Insulating layer and relaxing layer
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An insulating layer and layer with several relaxations

€1 = €1 (constant)
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Spheres dispersed in a matrix
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Spheres dispersed in a matrix
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Spheres dispersed in a matrix
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Insulating matrix relaxing filler
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Insulating filler relaxing matrix
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Insulating filler relaxing matrix
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Take home summary

Large effect when insulation covers the plates
Large effect with conducting filler
Large effect with large amplitude of dielectric loss



Crystallization of n-butanol
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Crystallization of n-butanol
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MW-analysis of n-butanol crystallization
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MW-analysis of n-butanol crystallization
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Microscopic interpretations

Polyamorphism: R. Kurita and H. Tanaka, J. Phys.: Con-
dens. Matter 17, L293 (2005)

Breaking of hydrogen bond structure in isopropanol:

A. Sanz et al., Phys. Rev. Lett. 93, 015503 (2004)



Crystallization of glycerol
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Crystallization of glycerol
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Aborted crystallization of glycerol

Growth of soft, slush-like glycerol

,=60 min
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Aborted crystallization of glycerol

Growth of soft, slush-like glycerol
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Take home summary

Dielectrics is a powerful tool for crystallization studies
— but be aware of Maxwell-Wagner Effects

Thank you for your attention



