
• Non-interacting:

too large at high conc

• Interacting: slightly too low

• Adjusted ∆HD (by < 0.2 eV):
essentially perfect

• T-dependence correct

• Phase transition from ∆Gtot 
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Interface atomic structure prediction
Sharan et al,  Appl Phys Rev. 9, 041411 (2022) 

KLM

• Interface structure prediction from first principles
• Statistical structure sampling (no assumptions)
• Incommensurate heterostructural interface
• Discovery of atomic CdCl2 interlayer phase
• Near-perfect electronic structure and band offsets
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Defect Graph Neural Network

Collaborations: Anuj Goyal, Dmitry Krasikov, Tony McDaniel, Marco Nardone, 
Tadashi Ogitsu, Ryan O'Hayre, Michael Sanders, Abhishek Sharan, Nirpendra 
Singh, Matt Witman

Equilibria with interacting (neutral) defects

Impact of defect mechanism on STCH performance

H2 + ½ O2  H2O

Reduction (solar heat)

Oxidation (H2 production)

Ideal gas law (H2, O2, H2O)

SL, JACS 146, 14114 (2024)SL, J Chem Phys, 148, 071101 (2018)

Capacity – yield tradeoff 
• higher δred ⇒ lower pH2

• defect interactions bad
• charged defects good

Hypothetical systems 
• limited gains via ∆HD in CeO2

• high capacity and yield via 
defect ionization energies

Shortcomings of van’t Hoff

• Convolution of solid state and gas phase properties
• Non-linearity due to gas phase term
• No analysis of T-dependence, δHr(T) and δSr(T)

polynomial expansion in T decomposition of δGr into δHr and δSr 

Chemical potential method

⇒

Solid state enthalpy and entropy (δHr, δSr )

SL, JACS 146, 14114 (2024)

Chemical potential analysis of simulated (pO2,T) data (validated CeO2 defect model)

• Strong T-dependence of 
δHr and δSr

• Physical origin: 
Defect ionization

• Large electronic entropy 
due to charged VO

+2

Free energy of defect interaction

parameterization

A. Goyal, M.D. Sanders, R.P. O’Hayre, SL, PRX Energy 3, 013008 (2024)

∆HD = ∆HD
ref + ∆µO

VASP
(SCAN+U)
UMn-d = 2 eV
UCe-f = 1 eV

3δ

• SCM splits water, but 
only at low H2:H2O

• little benefit of Ce

• Enthalpy/entropy 
tradeoff
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