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Machine Learning Model for Predicting the Glass Transition
Temperature of Polyimides Based on Molecular Fingerprints
and Quantum Chemical Descriptors
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Abstract Combining machine learning and quantum chemistry methods to construct predictive models can facilitate
the design and screening of polyimide material structures. In this study, Molecular ACCess System (MACCS)
fingerprints and nine density functional theory (DFT) quantum chemical descriptors were obtained from polyimide

repeating units to construct three types of predictive models: MACCS, DFT and their integrated models. Twelve

machine learning models were developed using four algorithms random forest (RF) , support vector regression

(SVR), extreme gradient boosting(XGB) and gradient boosting regression (GBR) to predict the glass transition
temperature of polyimides and extract key feature information. The results showed that the optimal predictive model
for the glass transition temperature is the integrated XGBoost model, with coefficient of determination (R?) values of
0.956 and 0.811 for the training and test sets, respectively. The root mean square error (RMSE) and mean absolute

error (MAE) for the test set are 25.41 and 20.20, respectively. Furthermore, the integrated MACCS fingerprint and

DFT models performed better than the individual models. The established integrated model framework provides new
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insights for the structural design of polyimide materials and other polymer materials.

Keywords Machine learning; Quantum chemistry; Molecular fingerprint; Polyimide
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Fig.1 Structure of polyimide(PI)
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Fig.3 Accuracy of training and test sets for four ensemble machine learning models
(A) XGB-Combined model; (B) SVR-Combined model; (C) RF-Combined model; (D) GBR-Combined model.

Table 1 Performance statistics of 12 predictive model

Model Train R Test R RMSE MAE
XGB-DFT 0.983 0.575 38.07 27.90
XGB-MACCS 0.814 0.785 27.11 21.71
XGB-Combined 0.956 0.811 25.41 20.20
SVR-DFT 0.497 0.512 40.79 30.73
SVR-MACCS 0.766 0.755 28.94 22.26
SVR-Combined 0.845 0.811 25.40 19.55
RF-DFT 0.813 0.529 40.11 28.65
RF-MACCS 0.793 0.751 29.13 23.03
RF-Combined 0.895 0.757 28.81 23.38
GBR-DFT 0.941 0.534 39.89 29.24
GBR-MACCS 0.833 0.731 30.28 24.63
GBR-Combined 0.882 0.822 24.64 18.86
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Fig. 4 SHAP values of the 10 most important input variable
(A) XGB-Combined model; (B) SVR-Combined model; (C) RF-Combined model; (D) GBR-Combined model.
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Fig. 5 Important substructures affecting the 7, model
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Fig. 6 Correlation analysis of the most important 10 substructures of the XGB-Combined model
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