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Plastic crystals are promising solid-state refrigerants with large caloric responses (e.g., an isothermal entropy changes of 389 J kg⁻¹ K⁻¹). However, their intrinsically low thermal conductivity gives rise to thermal hysteresis, which severely hinders practical application. To address the limited availability of accurate interatomic potentials, the ionic plastic crystal [(CH₃)₄N][FeCl₄] is adopted as a model system. A high fidelity interatomic interaction model is constructed using a deep neural network potential and combined with molecular dynamics simulations to systematically investigate the evolution of single crystal thermal conductivity under uniaxial strain along different crystallographic directions. 
Under 9% compressive strain along [001], the thermal conductivities along [100], [010], and [001] increase from 0.19, 0.14, and 0.35 to 0.40, 0.97, and 0.74 W m⁻¹K⁻¹, respectively [1], which is associated with strain-induced stiffening (blue shift) of low-frequency acoustic modes and the concomitant reduction of phonon scattering. In addition, hot-pressed films (≤16 MPa) exhibit pronounced anisotropic heat transport, with the in-plane/cross-plane conductivity ratio reaching 7.0 and the in-plane conductivity rising from 0.20 to 0.77 W m⁻¹ K⁻¹ [2]. 
Structural characterizations indicated that both the enhanced anisotropy and improved thermal conductivity stem from hot-pressing-induced preferred orientation: oriented crystal planes and a relatively dense lamellar structure are formed, which reduces in-plane phonon scattering and constructs more continuous heat-transport pathways. In contrast, cross-plane heat transport remains constrained by interlayer interfaces and defect scattering.
Overall, this study establishes a cross-scale framework for regulating thermal transport in plastic crystal systems, spanning from atomistic simulations to thin-film device-level experiments, and demonstrates the exceptional thermal conductivity anisotropy achievable in hot-pressed plastic crystal films. These findings provide a practical strategy to mitigate the thermal hysteresis bottleneck caused by low thermal conductivity, thereby advancing the application of plastic crystal materials in solid-state cooling technologies.
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