
HIGH PRESSURE DIELECTRIC SPECTROSCOPY
Case study: 

charge transfer in ionic glass-formers
Zaneta Wojnarowska

Institute of Physics, University of Silesia
Chorzow, Poland

email zaneta.wojnarowska@smcebi.edu.pl



Ionic glass‐formers
General information and 
applications 

 Liquids, solids
 Organic/inorganic
 Low and macromolecular systems
 Composed of solely of ions or ions 

and neutral compounds

That can be obtained 
in the amorphous form

THE RATIONAL DESIGN OF ILS AND POLYILS REQUIRES FUNDAMENTAL 
UNDERSTANDING 

OF THE MICROSCOPIC PARAMETERS CONTROLLING THEIR MACROSCOPIC PROPERTIES, 
ESPECIALLY CONDUCTIVITY

without long-
range ordering

Tg is ranging 
from -100 to 300C.
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High pressure chamber 
suitable for 
measurements up to 1.8 
GPa. 1-hydraulic press, 2-
crown, 3-arm,4-thermal bath 
connector, 5-termostatic 
coat, 6-high pressure 
chamber, 7-holder, 8-
pusher, 9-piston, 10-scroll, 
11-anvil, 12-pin, 13-teflon 
capsule, 14-sample holder, 
15-electrical connection with 
impedance analyzer. 

Schematic illustration of the high pressure dielectric set-up



Dielectric spectra of ionic systems

Dielectric measurements of ionic glass-formers

τσ=1/2πfmax

Nudc 
1 dc

Conductivity 
relaxation times

DC-conductivity 

Frequency-dependent
dielectric spectra of 

ion-containing systems 
usually display 

a quasi-universal 
behavior.  

To provide a detailed 
description 

of charge transport in 
ionic material the 

temperature/pressure
evolutions of τσ and 
σdc need to be 

examined.



Temperature evolution of dielectric data
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BDS data are 
successfully applied to 
determine the glass 
transition temperature 
of given aprotic IL using 
the standard definition

Dynamic fragility

Case of classical ionic liquids: ion transport 
is controlled by viscosity  i.e. molecular entities 
involved in structural relaxation are also the ions 
transporting the electrical charges
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log τσ(T) as well as log σdc(T) in 
supercooled liquid follow the VFT law

Tg=T(τσ reaches 1000s
or σdc is equal to Tg ≈ 10-15 S/cm



Case of some protic ionic liquids 
& most of polymerized Ionic Liquids

σdc(T) reveal a well-defined kink from VFT-like 
(T > Tg) to Arrhenius behavior (T < Tg), 
identified with the liquid-glass transition of given 
ionic compound. σdc(Tg) is several orders of 
magnitude higher then 10-15 S/cm.2.5 3.0 3.5 4.0 4.5 5.0
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Stickel approach 
the operator, 
[dlogτα/d1000T-1]-0.5, 
linearizes the data 
and two regions, 
supercooled liquid 

and glass, 
become well 
separated 
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λmol·η-k=const

Physical interpretation of crossover phenomenon
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GLASSτα(Tg) is in the order 
of 1000s for any 
glass-former.

τσ at Tg is many decades 
faster then 103s only in 
decoupled systems.

Decoupling index
Rτ(Tg)=3-logτσ(Tg)

Rσ (Tg)=15-logσdc(Tg)

Crossover observed at 
τσ<1000s 

or σdc>10-15Scm-1

indicates difference in time 
scale of ions and structural
motions being due to proton 

transport or different
contribution of cation and 
anion to charge transport

Direct comparison of times 
scale of structural/segmental 
dynamics and ion transport

Walden rule



Pressure evolution of dielectric data
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During squeezing the 
mobility of charge 

carriers enormously 
slows down, resulting 
in dramatic decrease 
of ionic conductivity. 
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Pressure behavior of decoupled ionic glass formers

The glass transition does not 
ocacur at isochronal conditions

             Low-molecular
             protic ionic systems
            PR-HCl     ACB-HCl

LD-HCl     LD-succinate
C-HCl CLR-HCl
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-
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Compression enhances the decoupling 
of ionic conductivity from the structural 
relaxation in the case of protic ionic systems 
with proton transfer mechanism
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brings the ions closer and 
reduce free volume that is 
crucial for effective motions 
of free ions
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Pressure coefficient of the glass transition 
temperature dTg/dP

determined as the first derivative 
of Tg(Pg) dependence in the limit of ambient pressure

Pressure behavior 
of decoupled ionic glass formers
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The value of dTg/dP usually falls 
in the range 30-300 K/GPa.
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How is the pressure sensitivity different in normal liquid and supercooled liquid states?
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∆V# - an apparent 
activation volume 

parametr 

It is commonly related 
to the local volume 
expansion required 
for ionic transport. It is 
increasing with cooling.
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How to compare pressure sensitivity of different samples?

To determine ∆V# at isochronal 
conditions (at the same mobility i.e. 

Tg or the same distance from Tg)
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Density scaling of ionic systems

Isobaric and isothermal data could be collapsed on the single 
master curve if they are plotted as a function of new generalized 
variable:TVγ. 
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How to determine scaling coefficient?
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Practical application of density scaling

It is possible using only PVT and η(T) data!

Assumption: the density scaling rule is valid

  VT 1  vs.log

How to determine η (T,P) 
dependence close 

to the liquid-glass transition?



Stokes-Einstein and Walden relations under pressure

-14 -12 -10 -8 -6 -4 -2 0

-14

-12

-10

-8

-6

-4

-2

0

Carvedilol HCl  

 

log
10

[
m

ol
(S

cm
2 /m

ol
)]

log
10

[1/(1/Poise)]

inc
re

as
ing

 te
mpera

tur
e

KCl (0
.01 M

)

superionic region 0.86

0.62
Carvedilol 
phosphate

By squeezing the sample it is 
possible to transfer the “poor ionic 
liquid” from the subionic regime to 
the superionic region

Densified glasses 
are characterized 
by higher proton 
conductivity than 

ordinary glass

‐



Crossover of temperature and pressure dependence of dc conductivity being 
due to the structural changes of IL
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SUMMARY

 High pressure dielectric spectroscopy is a powerfull tool for investigating charge
transport in ionic conductors.

 There is an universal pattern of behavior for relaxation dynamics in ionic conductors


