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Machine Learning for Predicting Band Gap in Boron—containing Materials
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try, School of Chemical Engineering, Dalian University of Technology, Dalian, Liaoning 116024, China)

Abstract New materials are an important driving force for social development. In recent years, attention on bo-
ron-containing materials is growing in the fields of new energy and catalysis, and calls for compelling need for in-depth study
of their structure-property relationship to contribute to the research and development of boron-containing materials. In this
work, on the aware of the shift of materials research from traditional trial-and-error paradigm to data-driven research para-
digm, we explored the application of ten important machine learning algorithms in the prediction of band gaps of bo-
ron-containing materials through feature selection (Pearson correlation analysis), grid search-based optimization (Model op-
timal parameters), and feature importance analysis (interpretability analysis of the model). The results show that the band gap
prediction model using the Random Forest algorithm outperforms the other models with a 84% prediction accuracy, and the
total magnetization of boron-containing materials is identified to significantly correlate negatively with the band gap, i.e. the
smaller the total magnetization of the material, the larger its band gap. The advantage of the Random Forest algorithm over
other models is that it is better able to capture correlations between features. For example, the linear model is unable to detect
the importance of the total magnetization of boron-containing materials from the material features, thus leading to a lower
model prediction performance. This work shows that machine learning methods can be used to guide the design of bo-
ron-containing materials with specific band gap. Meanwhile, the results also show that, as an integrated learning model,
Random Forest has good learning ability and stable prediction performance, and can be applied to the prediction of band gap
and other material properties of other types of material systems, accelerating the design and optimization process of material
properties, and is of great scientific significance for the rapid screening and high-performance prediction of new functional
materials.
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Figure 1 Analysis of the dataset: (a) statistics of non-B elements in the dataset of boron-containing materials, (b) statistics of crystal systems of bo-

ron-containing materials
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Figure 3 Heatmap of Pearson correlation coefficients for 15 features of boron-containing materials
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Figure 4 The band gap prediction performance of the four ensemble learning models: (a~d) 145 features, (e~h) 15 features
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Figure 5 SHAP feature importance analysis of the Random Forest model (145 features) for predicting band gap, with the overall feature map of SHAP
features (a) and the importance values of SHAP features (b)

R3PS T 2 TS AR RERR T R2AE(GEF 15 FOMPRHESR AR VR VI ZRAE A1 - IR AR B F) I R AR 45 1)

Table 3 R’ values for ten models (test set results of ten regression models using 15 material features as training samples)

Number of elemental species

Models

2 3 4 5 6 7 8
Linear Regression 0.42 0.44 0.46 0.26 0.33 —0.01 —2.15
Lasso —0.07 0.16 0.23 —0.06 0.05 —1.14 —1.2
Bayesian Ridge 0.42 0.45 0.46 0.25 0.33 0 —2.09
Elastic Net —0.11 0.2 0.28 —0.1 0.1 —1.52 —0.83
Support Vector Regression —0.14 0.02 0.01 —0.18 —0.25 —0.72 —1.43
Decision Tree Regression 0.55 0.76 0.78 0.47 0.5 0.6 —4.75
Gradient Boosting Regression 0.64 0.81 0.81 0.73 0.57 0.07 —2.48
AdaBoost Regression 0.45 0.62 0.66 0.53 0.43 —0.65 —2.65
Random Forest Regression 0.72 0.84 0.86 0.73 0.68 0.37 —1.9
Extra Tree Regression 0.25 0.77 0.63 0.42 —0.29 0.84 —0.46
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Table 4 Training parameters of Random Forest Regression Model

Parameters

bootstrap: False, max_depth: 30, max_features: log2, min_samples_leaf:
1, min_samples_split: 2, n_estimators: 300
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Figure 6 SHAP feature importance analysis of the Random Forest model (15 features) for predicting band gap, with the overall feature map of SHAP

features (a) and the importance values of SHAP features (b)
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