Deep learning for thermoelectric property prediction: A data-informed approach to
skutterudites
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1. Introduction

The accurate prediction of thermoelectric
properties, particularly the figure of merit (zT), is
crucial for the discovery and optimisation of new
thermoelectric materials. Skutterudites, a class of
promising thermoelectric compounds, exhibit
complex composition-property relationships that
challenge traditional predictive methods. In this
study, we leverage a large dataset of experimentally
curated [1] and computationally  derived
skutterudites to develop a deep learning framework
for precise zT prediction.

2. Methodology

Our approach combines domain-specific feature

engineering, statistical outlier detection using
LightGBM [2] and a deep neural network
implemented in TensorFlow [3] to capture complex
composition-property  relationships  within a
standardised dataset. The model was optimised using
Scikit-Learn [4], systematically exploring the
hyperparameter space to optimise predictive
accuracy and generalisation.

3. Results and Discussion

The model achieved a training RMSE of 0.069 and
validation RMSE of 0.077, with a R2 score of 0.947
and 0.956, respectively, demonstrating strong
predictive performance (Fig. 1). Unlike brute-force
approaches that rely on predefined statistical
assumptions, our model captures physicochemical
meaningful correlations between input features and
zT, enhancing interpretability and guiding material
design. These findings highlight the potential of data-
driven approaches to accelerate the discovery of
high-performance thermoelectric materials.
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Fig. 1: Parity plots comparing predicted and experimental
zT values for the training (blue) and validation (red)
datasets. The strong alignment along the diagonal indicates
high predictive accuracy and generalisation capability of
the model.

4., Conclusions

This study presents a scalable and interpretable
deep  learning framework for  predicting
thermoelectric properties in skutterudites. By
integrating advanced machine learning techniques
with domain-informed feature engineering, our
approach enables accurate property predictions
while uncovering physicochemical trends relevant to
material design. Future work will expand the dataset
and incorporate first-principles simulations to
further enhance model reliability and transferability.
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