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[bookmark: _GoBack]Abstract. Stereochemically active lone pairs are widely invoked as a chemical design principle for inducing strong anharmonicity and suppressing lattice thermal conductivity in crystalline solids. Here, we identify a complementary mechanism in which localized copper dynamics, rather than lone-pair activity, dominate the lattice response. Cu3Bi2S4Cl provides an ideal platform to disentangle these effects because its crystalline framework simultaneously contains distinct Cu coordination environments and stereochemically active Bi3+ lone pairs. Despite its well-ordered crystal structure, Cu3Bi2S4Cl exhibits glass-like thermal transport, with a lattice thermal conductivity of  0.24 W m1 K1 at 473 K. Temperature-dependent single-crystal diffraction and total-scattering measurements reveal highly anisotropic and site-selective Cu displacements, with Cu(3) exhibiting pronounced off-centering and a broad distribution of local Cu–S environments. Bonding analysis further identifies weak Cu–S interactions within a hierarchical bonding network, providing a soft potential landscape for Cu motion. Crucially, inelastic neutron scattering and anharmonic phonon calculations reveal strongly temperature-dependent, low-energy (<2 THz) vibrational modes dominated by Cu, accompanied by pronounced anharmonic renormalization. These localized Cu dynamics strongly modify phonon transport and drive the system toward a phonon-glass regime, while the contribution of the Bi3+ lone pair is comparatively modest. In this poster, I will present how these findings establish localized Cu dynamics, enabled by coordination and bonding heterogeneity, as a complementary design principle to lone-pair chemistry for engineering strongly anharmonic solids with ultralow thermal conductivity.

