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FIG. 5: The force between two methanes in vacuum derived from density-functional theory and Lenard-Jones potentials. At

larger distances (> 4.4 Å), DFT gives almost zero force between two methanes.

FIG. 6: Illustration of the buried area between two methane molecules.

vacuum calculated by PBE-GGA and Lennard-Jones potentials. The force derived from DFT depends on the relative

orientations of the two methanes. On the other hand, the force derived from Lenard-Jones potentials can be regarded

as the average over all relative orientations of the two molecules. Since the hydrophobic attractive force in Fig. 1(a)

of the paper is of the order of 0.001 au, its magnitude is much larger than the force between 2 methanes in vacuum

when r > 4 Å.

As shown in Eq. (8), the hydrophobic force between two methanes can be estimated via the surface-tension model.

A derivation is given here. Denote the radius of water as rW , the radius of methane as rM , and ρ0 = rW + rM . When

the distance between two methanes r is such that 2rM < r < 2ρ0, the solvent-accessible area is

∆A = 8πρ2
0 − 2 · ρ2
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