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MATRL 218/CHEM 227: MOFs: A class of advanced inorganic materials
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Porous solids

Depending on characteristic pore size, solids are classified into microporous (or more accurately, nanoporous)
with pore sizes of the order of 1 nm, mesoporous when pores are 2-40 nm, and macroporous when pores sizes
are of the order of 1 µm. For solids to be considered porous, the pores must be connected, and they must be
empty, and capable of exchanging molecules.

Zeolites are microporous solids with well-defined crystal structures. Many zeolites occur naturally as min-
erals. They are usually, but not exclusively made up of SiO4 tetrahedra that link up through the sharing of
corners to form cages, and these cages assemble into a periodic crystalline solid.

(From the British Zeolite Association http://www.bza.org)

Zeolites find various uses in separations, catalysis, water-softening, as detergents, in kitty-litter etc. The
crystal structure of a zeolite called Sodium Zeolite A is shown below. It is used to exchange Na+ ions into
water and hence soften water.

(From the British Zeolite Association http://www.bza.org)
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Many zeolites have structures that can be described mathematically as periodic minimal surfaces. Minimal
surfaces are surfaces of minimal area for a given perimeter, and for example, are formed by soap films. The
figure below is the so-called P surface of Schwartz is one of the samples. Many zeolites can be thought of as
chemical decorations of the P surface:

(From the web page of Professor Ken Brakke http://www.susqu.edu/brakke/)

Zeolite synthesis: Most zeolites are made by treating silica and alumina sources in alkali under hydrothermal
conditions. The addition of structure directing agents, which are large organic molecules (usually amines) is
often used to template the pores.

Mesoporous materials: These are porous materials whose pore walls are often amorphous oxides such as
SiO2, but which have periodic pores. The structure directing agents for mesoporous materials are either large
molecular assemblies or small polymers. The electron micrographs below are high resolution images along
different crystallographic directions of a three dimensional material called SBA-6:

From: Direct imaging of the pores and cages of three-dimensional mesoporous materials, Y. Sakamoto, M.
Kaneda, O. Terasaki, D. Y. Zhao, J. M. Kim, G. Stucky, H. J. Shin, and R. Ryoo, Nature 408 (2000) 449-453 (DOI).
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Metal Organic Frameworks

Omar Yaghi and coworkers discovered a very stable class of salts of organic acids that are porous as-formed,
without the need for structure directing agents. The first structure (MOF-5) was derived using the organic
acid 1,4 benzene dicarboxylic acid, also called terephthalic acid and zinc ions. The unit cells structure can
enclose spheres (shown below) that are about 18 Å in diameter.

Another view of the structure (without the sphere) is shown below. As-prepared, some solvent molecules
are trapped within the cages, but these can be driven away at 300◦C without destroying the cage structure.
The effective surface area of the material is 2,900 m2g−1. The density is about 0.6 g cm−3.
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Following MOF-5, the Yaghi group have prepared a number of other compounds with record low densities,
large pore sizes, and surface areas. The isorecticular MOFs (IRMOFs) are derived from MOF-5 by changing
the nature of the dicarboxylate linker ions:

The MOFs are more than just a crystal chemical curiosity. It has recently been shown that they could be
useful for H2 storage. At room temperature and 20 bar, MOF-5 stores 1 wt.% H2. IRMOF-8 can store 2 wt.%
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