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Argon adsorption isotherms at 87 K on the MCM-
41 materials with pore diameter of 3.134>, 4.155),
and 5.54 nm® . Peq is the thermodynamic equilibri-
um phase transition pressure, calculated through the
gauge cell Monte Carlo simulations by Vishnyakov
and Neimark” .
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Kinetic Nature of Capillary Condensation in
Mesoporous Silica Materials

Tatsumasa Hiratsuka, Hideki Tanaka and Minoru T. Miyahara

Department of Chemical Engineering, Kyoto University
A4-101, Katsura, Nishikyo, Kyoto, 615-8510, Japan

In ordered mesoporous silica materials such as MCM-41 and SBA-15, the vapor-liquid phase transition, named
capillary condensation, occurs at a pressure lower than the saturated vapor pressure in the bulk system. Under-
standing of the mechanism of capillary condensation is important for the characterization of mesoporous materials;
however, despite a long history of research on capillary condensation, it is still difficult to completely describe it
using the proposed thermodynamic theories to date, because capillary condensation inherently includes an activat-
ed process. In the present study, with the aid of the molecular simulations, we evaluate the free energy barrier for
the capillary condensation process and the dimensionless rate constants of capillary condensation. Consequently,
we reveal that the rate constant drastically increases with increasing pressure, and capillary condensation occurs at
the pressure where the rate constant reaches a critical value (critical rate constant) . The critical rate constant deter-
mined through the comparison between the simulation results and experimental counterparts allows us to reason-

ably estimate the capillary condensation pressures over a wide range of temperatures and pore sizes.
Key words: nucleation, free energy barrier, rate constant, transition state theory, molecular simulation
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