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Figure S1. The thermal conductivity calculated by the Fourier’s law of conductance with a various solid/fluid boundary for (a) Ag(001)/Ar interface and (b) Ag(111)/Ar interface. The errors are estimated as the summation of the standard error of the heat flux equation and the uncertainty of temperature gradient of the linear least square fitting. The black dash line represents the thermal conductivity calculated by Green-Kubo Method with a homogeneous LJ argon system, which contains 12,195 argon atoms with the approximately same thermodynamic state with the bulk region of nanoconfinement.
Thermal conductivity can be theoretically calculated by Green-Kubo method with equilibrium molecular dynamics (MD) simulation [1–3], and Fourier’s law with non-equilibrium MD simulation [1,4]. In the case of Fourier’s law, the heat flux is necessary to estimate the thermal conductivity. Consequently, the computed thermal conductivity varies with the definition of the solid/fluid boundary as shown in Figure S1. The thermal conductivity in the small channel shows high uncertainty making it difficult to pinpoint the thermal conductivity. When comparing the homogeneous system with the nano-confinement system, the thermal conductivity of confined liquid shows insignificant finite-size effects until 3.24 nm channel, which can be explained by the short phonon mean free path of the liquid argon (one molecular diameter) [5,6].
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Figure S2. Density distributions of the Ag(001)/Ar nanoconfinement: (a) two-dimensional contour, (b) one-dimensional profile for convex () and concave () corrugation. (c) semi-three-dimensional density profile of the adsorbed fluid near the Ag surface.
The three-dimensional nature of the solid/fluid boundary may be important to define the solid/fluid boundary. Figure S2 provides a two-dimensional insight into the solid/fluid boundary. A zero-density region of the nucleus can be found between the solid atoms and between solid and fluid in Figure S2a. This depletion region is a distinct difference between the continuum description of the solid/liquid interface and molecular-based solid/liquid interface. To directly investigate this region, where electrons are occupied, a quantum mechanical study is necessary.
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