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Metal-Organic Frameworks (MOFs) are porous materials made of metal clusters connected by
organic linkers, typically dicarboxylate ligands. These materials have been intensively studied in recent
years due to the distinctive properties such as high surface area, surface functionalization and structural
flexibility for some of them. The potential applications are broad in fields such as catalysis, separations
or drug delivery.[1]

The supercritical CO, (sc-CO) has been recently used to activate MOFs, i.e. the removal of
the excess of ligand and solvent from the pores, in substitution of procedures like calcination which can
damage the crystallinity. Through this technology the highest surface area has been reported, around
7000 m?/g.[2] Therefore supercritical fluids seem to be of potential interest in MOFs processing. In our
case we have tested the impregnation with supercritical CO, in MOFs, in opposition to liquid
impregnation which requires post processing steps, as separation and drying of the material.

In this work, sc-CO, have been used to impregnate caffeine in MIL-53(Al), which is
composed by terephthalate linkers and AI**. The caffeine properties in supercritical fluids are widely
reported because of the industrial use in coffee decaffeination and MIL-53(Al) is a flexible and very
stable material of a MOF family with demonstrated use in controlled release.[3]

In Figure 1 the loading values of caffeine for different impregnation times with sc-CO, are
shown. In liquid impregnation, a maximum loading of 14% was reached for 24 h, lower than the 24%
achieved in sc-CO,. It was more remarkable the difference in the other tested material, Mg-MOF-74 for
which the loading was of 27% in sc-CO2 for 24 h, while the loading was 0% in liquid impregnation for
the same time.
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Figure 1. Loading values of caffeine in MIL-53(Al) for different impregnation contact times in sc-CO, at
40°C and 100 bar.
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INTRODUCTION

Metal-Organic Frameworks (MOFs) are actively studied due to their characteristics of permanent porosity, high specific surface area and large number of
potential applications in fields such as catalysis, separations or drug delivery. The supercritical CO, (sc-CO,) has been recently used to activate MOFs, I.e.
the removal of the excess of ligand and solvent from the pores, in substitution of procedures like calcination which can damage the crystallinity. Through this
technology the highest surface area has been reported. Therefore supercritical fluids seem to be of potential interest in MOFs processing.

In our case we have tested the impregnation with supercritical CO, in MOFs, In opposition to liquid impregnation which requires post processing steps, as
separation and drying of the material. Additionally and taking into account the reduced pore size, the accessibility by conventional methods to the whole area
IS reduced. We tested the impregnation of caffeine in two carboxylated based MOF: MIL-53(Al) is a flexible material that adapts its porosity to the guest with
a pore size of 8.5 A in the ht form (after calcination) and 2.6x13.6 A in the It form (once it is hydrated) and Mg-MOF-74 shows a rigid honeycomb structure of
12A. Finally we compared the loading results with conventional liquid impregnation for the same contact time.
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» High caffeine loading (> 20%) have been achieved in both carboxylated based MOFs, MIL-53(Al) and Mg-MOF-74, by sc-CO, impregnation.
* It has been shown that supercritical CO, impregnation is a more effective for impregnation in MOFs than conventional liquid impregnation for drug delivery.

ACKNOWLEDGMENTS:
Soraya Rodriguez Rojo acknowledges Junta de Castilla y Leon and FEDER 2014-2020 for her postdoctoral contract under Project VA040U16. Financial support from the Aragon Government is acknowledged. Authors
acknowledged the use of the Servicio General de Apoyo a la Investigacion-SAl (University of Zaragoza).




