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Abstract

Thermal transport in crystals is usually described by particle-like phonon propagation, valid for 

simple lattices with small unit cells and distinct phonon bands. In complex and modular crystals, 

however, strong anharmonicity and overlapping linewidths induce glass-like diffusion that dominates 

heat conduction. Using first-principles and machine-learning-accelerated molecular dynamics, we 

capture high-order anharmonicity, phonon renormalization, and quantum effects beyond ground-state 

DFT. The results show that glass-like transport leads to ultra-low and weakly temperature-dependent 

thermal conductivity, consistent with experiments and underlying the phonon-glass electron-crystal 

concept. Recognizing this mechanism bridges theory–experiment gaps and guides the design of high-

performance thermoelectrics and solid-state electrolytes.
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