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transferrable to the production of different linker 
analogues of the MOF and other topologies. 

Moran, C. M., et al., “Structured Growth of Metal–
Organic Framework MIL-53(Al) from Solid Aluminum 
Carbide Precursor”  JACS, 2018, 140, 9148-9153. 
[10.1021/jacs.8b04369]

Structured Growth of Metal–Organic Framework MIL-53(Al) from 
Solid Aluminum Carbide Precursor

Research Details
– Aluminum carbide was implemented as both metal precursor and growth-directing agent for MIL-53(Al).
– The Al4C3 precursor generated a unique “needle-like” morphology in the resulting MOF and exhibit 

altered adsorption behaviors from parent MIL-53(Al), with a unique water vapor adsorption step.
– Thermodynamic stability of the materials at higher water loadings suggest a robust large pore form of 

MIL-53(Al) that can be implemented in high pressure adsorption applications in the presence of water.

Significance and Impact
These findings can be used as a blueprint for 
controlled, efficient, and economical MOF syntheses 
and set a new milestone toward the industrial use of 
MOFs at large-scale.
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Presentation Notes
Metal–organic frameworks (MOFs) are well-known for their large surface areas, tunable ligand moieties, and reactive open metal sites. In general, MOFs are obtained through solution reactions between organic ligands and soluble metal salts in polar solvents (e.g., DMF). Ionic metal salts are the most common type of metal source for MOF production, but dissolution of metal salts complicates solvent recycling, and creates corrosion and oxidation issues through evolved nitrate and chloride anions. The use of alternative metal precursors such as metal oxides and metal hydroxides would provide a more flexible and cost-effective strategy for MOF production and would also provide a potential method for direction- and shape-controlled synthesis. Elucidating information that leads toward more efficient production of these versatile nanomaterials, while extending the knowledge base of how MOFs form during reaction, is critical to advancing MOF materials into large-scale use. In pursuit of controlled MOF crystal growth, a myriad of research studies have developed around the area of layer-by-layer growth mechanisms with self-assembled monolayers (SAMs) on noble metal substrates. These interesting techniques allow for monolayer control through synthesis procedures that rely on cyclic exposures to metal salts and linkers with intermittent rinsing steps. Thus, other methods that simplify the synthesis process for controlling MOF growth and enable scale-up are of interest to the field. Recent literature has begun to examine the growth of MOFs directly from solid precursors. For example, Majano and Pérez-Ramı́rez attained high yields of HKUST-1 from insoluble copper(II) hydroxide while avoiding high reaction temperatures and expensive metal precursors. Li and co-workers reported similar observations for the hydrothermal growth of the aluminum terephthalate MIL-53(Al) from insoluble aluminum oxide/hydroxide compounds. The resulting product exhibited enhanced resilience toward humidity and high temperatures as compared to the traditionally synthesized product. In each of these studies, oxygen availability in the precursors was speculated to facilitate the reaction between prealigned octahedral metal centers and framework ligands. The conventional synthesis of metal–organic frameworks (MOFs) through soluble metal-salt precursors provides little control over the growth of MOF crystals. The use of alternative metal precursors would provide a more flexible and cost-effective strategy for direction- and shape-controlled MOF synthesis. Here, we demonstrate for the first time the use of insoluble metal–carbon matrices to foster directed growth of MOFs. Aluminum carbide was implemented as both the metal precursor and growth-directing agent for the generation of MIL-53(Al). A unique needle-like morphology of the MOF was grown parallel to the bulk surface in a layer-by-layer manner. Importantly, the synthesis scheme was found to be transferrable to the production of different linker analogues of the MOF and other topologies. Given the variety of metal carbides available, these findings can be used as a blueprint for controlled, efficient, and economical MOF syntheses and set a new milestone toward the industrial use of MOFs at large-scale.

https://pubs.acs.org/doi/full/10.1021/jacs.8b04369

	Structured Growth of Metal–Organic Framework MIL-53(Al) from Solid Aluminum Carbide Precursor

