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Investigate the Effects of Gas Adsorption on Interfacial Nanobubble by using Molecular
Dynamics Simulation

Tsu-Hsu Yen'", Yi-Xian Chen®?, Yeng-Long Chen?®
! Department of Marine Science, R. O. C. Naval Academy, Kaohsiung, Taiwan, R.O.C., *corresponding author
2 Department of Physics, National Taiwan University, Taipei, Taiwan, R.0.C
® Institute of Physics, Academia Sinica, Taipei, Taiwan, R.0.C

Although the existence was doubted, the stable interfacial nanobubble (INB) has been verified in a large
number of experimental observations. In addition, the unique properties of INB attract lot of investigations,
especially for its extremely long lifetime and large contact angle (from the water side) compared with water
droplets on the same substrate. Two categories may roughly divided the explanations of INB’s stability, one
deals with the substrate’s effects which consider the water-solid and gas-solid interfaces and another one
focus on the molecular interaction on gas-water interface. On the first category, some explanations were
established. More recently, the contact line pinning, provided and sustained by both experimental
observation and theorem calculation, is considered as a critical factor to stabilize the INB. Base on the fixed
basement, the Laplace pressure will balanced by the curvature radius of INB, surface tension and pressure
outside the nanobubble. On the second category dealing with gas-liquid interface, some of explanations
were provided such as electric field on interface and gas oversaturation. Most recently, the gas
oversaturation provide a reasonable explanation of stability mechanism from several basic theorems

including Henry’s law, diffusion equation and Laplace pressure .

However, some questions may arise, first, the gas-water “shell” created by hydrogen bonding (HB) network
may deviate the prediction of gas flux on interface by diffusion equation and Henry’s law. Second, some
properties difference between cap region and interfacial gas enrichment (IGE) region including pressure
and density were not considered as a dominate factor [2]. In present work, a quasi-2 dimensional domain of
channel fluid is simulated by using MD simulations. Periodic boundary conditions were used in x and y
directions. The bottom substrate was fixed during the simulations. The position of upper substrate was
adjusted to maintain a constant pressure. The INB consist of argon molecules among the substrate and
water molecules are simulated. As an initial condition, cubic containing water molecules mixed with argon
molecules are arranged on the middle segment. In present study, we first examined the relation of density
between IGE and cap region of nanobubble and then investigated the HB and potential energy distributions
of the nanobubble. The results shows several unique behaviours including the aggregation of gas particles
on surface, HB on gas-water interface and potential energy distribution nearby the nanobubble play critical

effect to stabilize the nanobubble.
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