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How to exert

pressureon the
sample?

Schematic illustration of the high pressure dielectric set-up
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How to exert

Schematic illustration of the high pressure dielectric set-up

1.8 GPa

pressure on the
sample?

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.
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Temperature evolution of dielectric data

© o © il Case of classical ionic liquids: ion transport
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Case of some protic ionic liquids
& most of polymerized lonic Liquids

Stickel approach

¢ ) . cH, 4. LD-HCI/ the operator,
Dielectric results N O\/OQJ\/\ /IJ E N ! n | PRL-HCI°'5m'fT [dlogT./d1000T-"]05,
of ionic O . /E ~ linearizes the data
glass-formers - Ho g and two regions,
HO—P—0 -  HC CHy supercooled liquid
OH T, and glass,
l o° become well
2] \-’ separated
nE R i WSS 7 30 33
F _6_- Protic polylLs: -8 — ‘10,00”
§ ] r<]o m:(:y)_rsg\-/lm sem 2.6 2.8 3.0 3_.12 3.4
:21: VFT behavior O Soumporsen 1000/T K
g ] paedandut 04.(T) reveal a well-defined kink from VFT-like
. e TrS (T > Tg) to Arrhenius behavior (T < Tg),
47 ™ poysuvim TFS) identified with the liquid-glass transition of given
ae oo 7 | jonic compound. 04.(T,) is several orders of
25 30 35 40 45 50 magnitude higher then 10-15 S/cm.

1000T-" /K-
Chemistry of Materials 29 (19), 8082-8092, 2017




Dielectric results

of ionic
glass-formers

Physical interpretation of crossover phenomenon

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

T4(Tg) is in the order
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lon dynamics

under pressure

Pressure evolution of dielectric data
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lon dynamics
under pressure

Pressure behavior of decoupled ionic glass formers
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Pressure behavior
of decoupled ionic glass formers

Pressure coefficient of the glass transition
temperature dTg/dP
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How is the pressure sensitivity different in normal liquid and supercooled liquid states?
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How to compare pressure sensitivity of different samples?
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Activation volume at Tg

#
AV
——— =log(e)R-mp
dT, /dP
291 | stuctural 5| inosioseche
— 200 relaxation 5375 et
5 2o A e
T 225 -
£ T Ve
£ 150 80 100 120 140 160 180 200]220
L % AV* cm®/mol
125 T~ a
E e
100 e
conductivity e
Pressure 791 relaxation A
sensitivity 320 340 360 380 400
- - T/K
of ion dynamics
Alternatively:
E
a g
M=—= = GPa
AV dT,/dP [ ]

respectively

the ratio of activation energy (E,) and activation
volume (AV#), parameters determined from
isobaric and isothermal dc-conductivity data,

90 .
a0 CH,OH
Activation volume . “;;ij;" e
reflects the size 3 &
Of relaxing unitS %: 60_- ) c‘.ni():ill thraitol Lm “:: t}i“
50-j g;c:::l . CH,O0H 1l:: {'Iii:l
40 - HO H
T
30'1’l'r'|':':r'1‘|‘
POIymerized 80 90 100 110 1iﬂvﬂw [:\;3]0 140 150 160
ionic liquids |
n
N
Cw n \02H5 N n
\{+ U
N, Poly-EtVIm Nt
C4Hg (CoH40)3CH3
Poly-BuVIim R Poly-EGVIm
il
Vo= 98 cm®/mol
150 -
C |_m
25 o0
=2 E
C 3
<2 50
0_

polymarized ionic liquid

170




Density scaling of ionic systems
[C,mim][NTF,]

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

B(T)
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Practical application of density scaling

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

How to determine n (T,P) Assumption: the density scaling rule is valid
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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
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Protic jonic liquids (PILs) are key materials for a wide range of emerging technologies. - L K

In particular, these systems have long been envisioned as promising candidates for fuel cells.
Therefore. in recent years special attention has been devoted to thorough studies of these 1 16 P
compounds, Amongst others, dielectric properties of PILs at ambient and elevated pressure
have become the subject of intense research. The reason for this lies in the role of broadband
dielectric spectroscopy in recognizing the conductivity mechanism in protic ionic systems.

In this paper. we summarize the dielectric resulis of various PILs reflecting recent advances in
this field.
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