MXgap: A MXene Learning Tool

for Bandgap Prediction
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Feature Data Models Used:
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Objective: Train ML models to

Q quickly predict the MXene bandgap.

&
Develop a free open-source, user-

friendly Python package (MXgap).

* Elemental: Periodic table properties.
e Structural: Distances, width, etc.

Enhanced Training (136 features):
* Also includes PBE DOS.

Target: Bandgap (PBEO).

ML Approaches
Full Database Bandgap Edges Classifier + Regressor
All MXenes trained together : First, classify MXenes into metallic/semiconductor.
(metallic + semiconductor) Predict VBM & CBM separately Then, predict bandgap for semiconductors only
Low MAE, Good correlation Excellent VBM/CBM prediction More accurate results
MisclassificationT DispersionT | MisclassificationT when combined Reduced misclassification and dispersion
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Eg™ (8V) 2 1] S « The trained models were integrated into MXgap, an open-source Python
ol- RFR N o package developed for predicting MXene bandgaps using ML.
0 ;PBEUZ( vf 4 0 1EPBE20 ( v:; 4 * How it works? Automatically parses calculation outputs to obtain relevant
e e . .
; features and uses the trained ML models to predict the MXene bandgap.
La-MXenes Screening e  Where? Free on GitHub and PyPI with full documentation and examples.
* 396 novel La-MXenes screened with MXgap

h

on their bandgap and stability.
* To confirm these predictions, we s

level validation:
, = Classifier: 89% Accuracy
| a-MXenes = Regression: MAE= 0.25¢eV,R=0.

Band Alignment

these 14, plus 14 random MXenes, for PBEO

— identifying 14 promising candidates based

elected

91

* Suitable band alignment for 6
La,CT, (T=Cl, Br, |, S, Se, Te)

« pH = 0: v band alignment for all
excepting OER in La,CS,,.

Most stable * pH = 7: Some halide-terminated MXenes
structure become unable to photocatalyze HER.
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| Optical Absorption
Potential
Photocatalysts e Calculated at GW-BSE level

Optical properties were also calculated:
* Light Absorption: Most MXenes — strongin visible range, especially chalcogen-terminated.
* Solar-to-hydrogen (STH) efficiency: ~40% for halide-terminated vs. ~10% for chalcogen.

CONCLUSIONS v~
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Using a ML pipeline combining classification and regression models,
MXene bandgaps were accurately predicted. The open-source MXgap tool
makes these models readily accessible, allowing researchers to rapidly
iIdentify promising semiconducting MXenes for photocatalytic applications.
The program, applied to screening 396 La-based MXenes, led to the
discovery of 6 candidates with suitable band alignments, underscoring the
potential of ML to accelerate the research of functional 2D materials for
clean energy technologies.
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