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(Gj &A% CeO, s as a model system to study chemical expansion
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How to give a quantitative description on chemical

W) s expansion?
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(Gj #&#M<4 Chemical expansion in other oxide systems
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W) &% Anisotropic chemical expansion
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W) & <4 Anisotropic chemical expansion: battery materials
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How to model the equilibrium of charged ionic defects

TMELEY .
WJ) Z70755 under strain/stress?

Space charge layer + stress field

(b) Equilibrium condition: f; is uniform fi = W +z;Fo

[ = Wi +ziFp = /,t? + PV i + RTlna; + z;F¢

\

hydrostatic pressure partial molar volume

In dilute limit:

Mixed conductor Substrate Ci (JC )

1
= exp[—ﬁ [ZiF(¢(x) - ¢ref) + Vm,i(P(x) — Pref)]]
I I
Electro-chemical Chemo-mechanical
coupling coupling

Ci ref

Chia-Chin Chen, Wei Cai, William C Chueh et al., PCCP, 2021



How to model the equilibrium of charged ionic defects

TEL L
WJ) Z70755 under strain/stress?

In dilute limit: +
4 Zj
Ci (X) Type Il Typel
C:rof = exp[— 5= [ZLF(¢(x) Grer) + le(P(x) Pref)] Ve
Lre
1 l My Vi Li;
Electro-chemical Chemo-mechanical b r , FFL
coupling coupling Vi Mu '
0;’
Note: Type Il Type IV

® In this picture, electrons and holes are treated as localized charge -
(polarons) = reduced cations (electrons) lead to expansion while

oxidized cations (holes) lead to contraction; Vacancy: Vp,; <0

Interstitial: Vy,, ; > 0

® At equilibrium, the concentration of ionic defects are determined
collectively by both electrochemical and chemomechanical coupling.

Chia-Chin Chen, Wei Cai, William C Chueh et al., PCCP, 2021



How to model the equilibrium of charged ionic defects

TMELEY .
WJ) Z70755 under strain/stress?
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How to model the equilibrium of charged ionic defects

TEL L
WJ) Z70755 under strain/stress?
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How to probe chemical expansion: X-ray diffraction
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(XRD)

Hydrogenation of NdNiO3 thin films w/ a
3-electrode electrochemical system
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How to probe chemical expansion: X-ray diffraction
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Concentration gradient of protons in NdNiO; thin films
et @Nables efficient characterizations
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How to probe chemical expansion: optical measurement
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W) & <4% How to probe chemical expansion: electron microscopy
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® Chemical expansion can be observed by tracking lattice
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Swallow et al., ACS Nano, 2018
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Ejj & #M <4 Effect of strain on ion migration
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(Gj & # k4 Effect of chemical expansion on energy storage devices
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Solid state battery (SSB) = very large volume change due to
(de-)intercalation of Li*
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Ejj & #M <4 Effect of chemical expansion on energy storage devices

Increased
impedance

Accelerated
capacity loss

Fracture of battery cathode materials (e.g., Li,Mn,0O,)

—> Capacity loss due to disconnected primary particles.

McGrogan et al., JES, 2018; Xue, Dong, Shao-Horn, Li et al., Nat. Energy, 2021



[Gj &M <4 Things we have discussed in this lecture
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Chemo-mechanical coupling (chemical expansion/contraction):
® What is the microscopic mechanism of lattice expansion/contraction induced by point defects?

® How to describe and quantify the change of lattice constant induced by point defects?

® \What are the consequences of chemical expansion/contraction in the context of energy storage
and conversion devices?

Goal of this lecture: you should be able to answer the questions above now (hopefully) :)
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