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Accurate prediction of phonon interactions plays a key role in thermal transport simulations of semiconductors 
and insulators. Generating harmonic and anharmonic force constants (FCs) with density functional theory (DFT) 
and the iterative solution of Boltzmann transport equation (BTE) is one of the most reliable methods to predict 
thermal transport properties. However, unfavorable scaling of the computational cost of DFT can be quite 
restrictive limiting us with studying perfect crystals and small supercell sizes. On the other hand, molecular 
dynamics (MD) simulation is a computationally efficient alternative to predict forces on atoms, but fixed forms 
of classical force field functions result in less accurate prediction of forces. Machine learning (ML) techniques 
propose an approach to gathering positive aspects of DFT and MD simulations, i.e. working on realistic systems 
with high accuracy and reasonable computational cost. For this purpose, we generated ML-based interatomic 
potentials (MLIPs) by using Gaussian approximation potential (GAP) for two-dimensional materials (2DM) 
including graphene, silicene (as buckled 2DM), and h-XN (X = B, Al, and Ga, as biatomic 2DM) structures. In 
order to test the accuracy of the GAP for all considered structures, we calculated phonon dispersion curves 
and lattice thermal conductivity via harmonic and anharmonic FCs, respectively, and compared them to DFT 
results. In addition to that, we generated anharmonic force constants from both DFT and GAP by using the 
HIPHIVE package, which is a python library aiming to generate high-order FCs with classical machine learning 
algorithms. In the case of 2nd order force constants, GAP predicted not only low-frequency acoustic modes, 
which are the main heat carriers in semiconductors and insulators, but also relatively high-frequency optical 
modes in DFT accuracy. Lastly, in the case of 3rd order force constants, predicted thermal conductivity values 
from DFT (GAP) are 3345 (3469), 34 (35), 915 (934), 120 (127), 47 (43) Wm-1K-1 for graphene, silicene, h-BN, h-
AlN, and h-GaN, respectively.   
 
 
 

 
 
 


