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Size-dependent solubility is prevalent in atmospheric nanoparticles, but a molecular level
understanding is still insufficient, especially for organic compounds. Here, we performed
molecular dynamics simulations to investigate the size dependence of succinic acid solvation on
the scale of ~1-4 nm with the potential of mean forces method. Our analyses reveal that the
surface preference of succinic acid is stronger for a droplet than the slab of the same size, and the
surface propensity is enhanced due to the curvature effect as the droplet becomes smaller.
Energetic analyses show that such surface preference is primarily an enthalpic effect in both
systems, while the entropic effect further enhances the surface propensity in droplets. On the
other hand, with decreasing droplet size, the solubility of succinic acid in the internal bulk volume
may decrease, imposing an opposite effect on the size dependence of solubility as compared with
the enhanced surface propensity. Meanwhile, structural analyses, however, show that the surface
to internal bulk volume ratio increases drastically, especially when considering the surface in
respect to succinic acid, e.g., for droplet with radius of 1 nm, the internal bulk volume would be
already close to zero for the succinic acid molecule.
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