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INTRODUCTION

Doped Perovskite Oxygen Carriers

• BaFe1-xInxO3 perovskites exhibit rapid oxygen 
release and stability in a range of conditions[3]

• Amount of dopant (In) has dramatic impact on 
temperature of reduction

• Dopant changes oxygen excess energy, calculated 
via density functional theory (DFT)

DEFINITION OF MOTIF

Ideal Perovskite 
Unit Cell

B-Site (Fe or In)

A-Site (Ba)

Oxygen

PROPOSED APPROACH

Which locations contribute to the variation in excess energy of 
a particular oxygen in the lattice?

 As a first approach, we consider the 10 closest B-sites to a given oxygen

Key Question: 
Can we identify patterns of dopant placement that 

produce high-performance perovskites?

Input definition of motif

Identify/enumerate motifs of interest

Tabulate possible site descriptors

Evaluate oxygen excess energy via DFT

Identify simplified structure-function 
relationship against possible descriptors

Embed relationships in optimization 
model to design dopant patterns

Output high-performing 
structures

Challenges:

Combinatorially explosive; 
need to identify 
rotationally unique motifs

Can be difficult to solve for 
some descriptors; may 
choose to indicate 
presence of motifs directly

Computationally 
expensive; may need to 
selectively reduce the 
number of considered 
motifs

Perovskite supercell, 
focused on a particular oxygen

Perovskite supercell, 
highlighting neighboring B-sites

CONCLUSIONS

 An approach for characterizing material performance against atomic-scale 
material conformations was developed

 An MILP formulation to design perovskite dopant patterns was proposed 
and solved 

 Identified designs can serve as theoretical limits on material performance 
and guide future experimental synthesis methods
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Motifs with Lowest Oxygen Excess Energy:
(i.e., easier to remove oxygen)

Motifs with Highest Oxygen Excess Energy:
(i.e., harder to remove oxygen)
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EVALUATION OF MOTIFS

EXAMPLE RESULTS

DFT Evaluations
• Periodic, spin-polarized, generalized gradient corrected DFT with onsite Coulomb 

interactions was employed to predict the oxygen excess energies
• Validate results by evaluating with increasing computational fidelity
• Extend results to higher temperature via vibrational energy calculations

Chemical Looping Combustion

• Easy recovery of CO2 from waste streams

• Potential for co-generation of H2 for liquid fuel 
(via SR-CLC)

• Access higher thermodynamic efficiencies

Figures adapted from [1] and [2]

Future Steps: 
Evaluate designs computationally and utilize predictions in the IDAES 
framework for optimizing a chemical looping combustion process
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Optimization-Based Design Paradigm

• Lots of work on how to fabricate complex 
structures, but no systematic approach as to 
which structures to fabricate

• Proposed paradigm: Design bottom-up, arranging 
matter via mathematical optimization

• Mathematical optimization provides a rigorous, 
systematic way to explore the entire design space

DOPANT DESIGN MODEL

Key Variables: Placement of dopant in B-site (Yj)
Presence of target conformation (Zic)

Objective: 
Max. target 
material property

Constraints:
Indicate target 
conformations,
Limit local & global 
dopant concentration

Objective: 
Max. the # of sites displaying 
one of the three motifs with 
lowest oxygen excess energy.
→ Achieved 50% of sites as 
target motifs

Objective: 
Min. the avg. oxygen excess 
energy across the lattice
→ Achieved ~0.16 eV 
reduction in average

Objective: 
Max. a sum of Boltzmann 
factors @ 973K for expected 
fraction of oxygen vacancies
→ Achieved 50% of sites as 
vacant as the ideal site


