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Li batteries
Typical Li-ion batteries

• cathode: LiCoO2 , LiFePO4 , LiNiMnCoO2 etc.
• anode: graphite
• electrolyte: LiPF6/LiBF4/LiClO4 in dimethyl carbonate/diethyl carbonate (liquid)
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Li batteries
Typical Li-ion batteries

• cathode: LiCoO2 , LiFePO4 , LiNiMnCoO2 etc.
• anode: graphite
• electrolyte: LiPF6/LiBF4/LiClO4 in dimethyl carbonate/diethyl carbonate (liquid)

ASSB w/ Li anode – require solid electrolytes and anode coatings
• high ionic conductivity
• low electronic conductivity
• wide electrochemical window
• good stability against Li metal
• inertness to environmental elements like water and air
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Methods
Current approaches to study ionic migration:

• experimental measurements
• ab-initio MD, NEB
• space topology analysis 
• bond valence (BV) estimation
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Percolation (3D) barriers



Methods
Current approaches to study ionic migration:

• experimental measurements
• ab-initio MD, NEB
• space topology analysis 
• bond valence (BV) estimation

To compute electrochemical stability windows:
• Grand potential phase diagram analysis
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Our approach
• Generate a database of battery-related material 

properties

• Screen through the database for candidates with low 
Li+ migration barriers and good thermodynamic and 
electrochemical stabilities

• Train interpretable machine learning (ML) models to 
predict migration barriers and oxidation and 
reduction potentials 

• Explain individual predictions and provide model-
level interpretation of feature importance
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Screening 
results
Electrolytes
3D barrier < 0.5 eV

Anode coatings
3D barrier < 1 eV
Reduction potential = 0 V
Stability window > 1 V

* Ehull < 30 meV
* Eg > 1 eV
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ML Features:
3D barriers

Sendek, Yang, Cubuk, et al., Energy Environ. Sci. 10, 306-320 (2017)
Ward, Agrawal, Choudhary, et al., npj Comput. Mater. 2, 16028 (2016)
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ML Results:
3D barriers

GB model predictions
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Li9S3N

Shapley Additive Explanations (SHAP) 
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Li9S3N

Li2CO3

Shapley Additive Explanations (SHAP) 
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Li9S3N

Li2CO3

Sr4Li(BN2)3

Shapley Additive Explanations (SHAP) 
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ML Features:
electrochemical 
stability

Ward, Liu, Krishna, et al., Phys. Rev. B 96, 024104 (2017)
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ML results: 
electrochemical stability

GB model predictions
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Permutation Feature Importance (PFI):
electrochemical stability

GB model GB model



Summary
• We developed a materials informatics approach to explore and identify candidates 

for solid electrolytes and anode coatings in all solid-state Li metal batteries

• Generated a database of battery-related material properties

• Screened through the database to identify over 200 candidates with low Li+
migration barriers and good thermodynamic and electrochemical stabilities 
(Li9S3N, LiAlB2O5, Sr4Li(BN2)3, LiYO2, Li7La3Hf2O12, etc.)

• Trained machine learning (ML) models to predict migration barriers and oxidation 
and reduction potentials 

• Explained individual predictions from screening and ML model, provided model-
level interpretation of feature importance
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Back-up slides



Bond valence method
• Valence sum rule: the sum of bond valences (Sij) around any atom, i, with neighboring atoms j, 

should be equal to the atomic valence, (Vi) i.e., the oxidation state.

• Sij is considered a measure of the electrostatic strength of a bond.

• Every pair of elements can be fitted with unique R0 and b values associated with their interaction.

• Sites in a crystal structure where mismatch |ΔVij| ≈ 0 are considered accessible sites for atom i.
• Paths between accessible sites along which |Vij| remains low represent probable ion transport 

pathways.
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Screening results:
Li anode coatings
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Permutation Feature Importance: 
3D barriers



19

LiErSe2

LiMgB3(H9N)2

SrLi(BS2)S3

Sendek model

Sendek, Cubuk, Reed, et al. Energy Environ. Sci. 10, 306 (2017)


