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Deliquescence behavior of salts confined in small
pores
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The relative humidity at which a salt absorbs water vapor from the atmosphere spontaneously to form a sat-
urated solution is called the deliquescence relative humidity (DRH) of the salt. In comparison to the DRH of
bulk salt crystals, the DRH of levitated salt nanocrystals increases with decreasing crystal size[1,2]. Even in
case of salts confined in pores smaller than 100 nm the DRH is no more equivalent to that of bulk crystals. It
is strongly affected by the curvature of the liquid-vapor interface, when the pore size of the porous material
gets smaller than 100 nm. To our knowledge, experimental investigations about the influence of confinement
below 100 nm in diameter on the deliquescence humidity of a salt are not yet carried out.
The experimental work focuses on the water uptake behavior of different salt-silica-composites with pores
smaller than 100 nm carried out to investigate the deliquescence behavior of confined salt. Porous materi-
als like mesoporous SBA-15 and controlled porous glasses are impregnated with NaCl- and KNO3-solutions
preventing over-filling of the available pore volumes. The experimental results of the water sorption measure-
ments of bulk salts, pure host materials and the composites reveal a significant decrease of the deliquescence
humidity (DRH) of the salt with decreasing pore size. A thermodynamic model approach, based on combined
use of the Young-Laplace equation, the Kelvin equation and the Pitzer ion-interaction model, is used to pre-
dict the sorption behavior of salts confined in the respective pore sizes. The calculations match well with the
experimental results that the main reason for the decrease of the relative vapor pressure over the salt solution
in the unsaturated pore is the concave curvature of the liquid-vapor interface. Similarly, this model approach
show, that the increase in DRH of levitated nano-sized salt crystals[1,2] is due to the convex curvature of the
liquid-vapor interface, whereas the effect of increase in solubility with decreasing crystal size is low. Further
experimental work focuses on the water uptake behavior of porous materials containing salts, which form
higher hydrated phases before they deliquesce.
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