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Classes of “Hard” lonic Conductors

Defective Crystalline Materials:

Dopants fix concentration of mobile carriers

Carriers move through periodic energy landscape
Disordered Crystalline Materials:

Crystal chemistry fixes concentration of mobile carriers

Carriers move through periodic energy landscape
Amorphous Materials:

Variable mobile carrier concentration

Aperiodic, irregular energy landscape



Range of Properties (xtalline)
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Potential Energy Landscapes
—

Defective anionic vacancy conductor

Disordered crystalline cationic conductor
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Diffusion and lonic Conductivity
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Diffusion in Crystalline Solids

jump distance fraction of atoms that participate

J N
Canshow: D =y-a5-P-[N] o i
/ /\ an available site

geometric constant probability that a nearest neighbor site is

~ 1/(# nearest neighbor sites) vacant (available) for jumping into

Gives rise to:

D = Dy [N]exp %

b

Do these relationships imply a limit to o;_ 22 Particularly via point defects?



Disordered Crystalline Conductors
=
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Disordered Crystalline Solids
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Disordered Crystalline Solids
=

Lithium ion conductors
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Disordered Crystalline Solids
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Lessons from Crystalline Materials

Conductivity disordered > conductivity defective

Is ~10 S cm! some sort of limit?
Conductivity of disordered materials often drops on
melting (Agl)
The superionic transition itself is not of interest, the
high conductivity phase is

Has motivated extensive efforts to stabilize the
disordered phase over wider temperature range

Often the target is lower temperature

Other properties also matter (e.g., transference #)



Stablizing Superionic Phases

Nano-confinement
A relatively recent approach
Lattice matching (2)

No explicit examples

Leads into a controversial topic: conductivity
enhancement in ultra thin films and multi-layers

Chemical substituents

Traditional materials chemist approach



Nanoconfinement of Agl

Encapsulated in polyvinylpyrrolidone (PVP)
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Chemical Substituents: CsH,PO,
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Improve properties by substitution?

ep/fes = 0.92  r/ros = 0.86 Distinct structures
Y
— agqueous
Rb’ K e Lm Sglution \/\
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rotationally methanol .
disordered e
— \ %5000 /
(H2P04) precipitates

= Tt superprotonic temp. — lower (228°C)

= T4: dehydration temp. — higher (270°C, 0.4 pH,0O)

= 0. conductivity — higher (2.2 x 10?2 S/cm, 240°C)

= a: lattice parameters — better cubic/monoclinic compatibility




CsH,PO,-RbH,PO, Phase diagram

ep/fes = 0.92
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CsH,PO,-KH,PO, Phase diagram
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Conductivity

Temperature (°C)
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Comments

Space charge region

on Internal Interfaces
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Engineer to reverse sign of space charge??




Can We Get There Faster?

High throughput computation
High throughput experimentation




Summary

Disordered crystalline solids have exceptional
lonic conductivity

Pathway to greater than 10 S/cm unclear

Stabilization for utility over wider temperature
range likely possible

Chemical stabilization proven
o YSZ, doped-Bi,05, K-substituted CDP

Newer approaches have yet to pass the test of
time

Defective solids amenable to gb engineering?
High throughput is required
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