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Abstract 

Adsorption processes on high surface area materials are at the core of several emerging energy 

technologies, including thermochemical energy storage, sorption-based desalination, and 

atmospheric water harvesting. Among the various classes of porous sorbents, Metal-Organic 

Frameworks (MOFs) stand out for their exceptionally high surface areas (up to 7000 m²/g) and highly 

tunable pore architectures, which allow their sorption behavior to be tailored to specific application 

requirements. However, conventional MOF synthesis routes typically rely on energy-intensive 

conditions (150-220°C) and hazardous solvents (e.g., HF, DMF), which limit their scalability and 

conflict with the sustainability goals that make these materials attractive for energy applications in 

the first place. 

This work presents a greener synthesis route for MIL-100(Fe), one of the most promising high surface 

area MOFs for water-vapor sorption applications. The material was synthesized in aqueous medium 

at room temperature, starting from FeSO₄·7H₂O and trimesic acid, avoiding toxic solvents and high-

temperature processing steps. Structural and sorption properties were characterized by X-ray 

diffraction (XRD), N₂ physisorption, and Dynamic Vapor Sorption (DVS) analysis (0-70% RH, 

30°C), and directly benchmarked against MIL-100(Fe) obtained via the conventional industrial route. 

The green-synthesized material exhibited a well-ordered, phase-pure crystalline structure, a surface 

area of ~1204 m²/g, a pore volume of 0.12 cm³/g, and a maximum water uptake of ~0.55 g/g — 

outperforming the industrially synthesized counterpart (surface area 1360 m²/g, uptake ~0.42 g/g). 

These results demonstrate that a milder, more sustainable synthesis route can enhance sorption 

performance while significantly reducing the environmental footprint of the production process. 

The presentation will further discuss how the sorption behavior of this high surface area MOF 

compares with other classes of porous adsorbents (silica gels, zeolites, activated carbons) commonly 

employed in energy-related sorption processes, positioning green MIL-100(Fe) as a sustainable 

candidate for next-generation thermochemical energy storage and water harvesting systems. 
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