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The Applications of Reticular Framework Materials

Metal-organic frameworks (MOFs) and other reticular framework materials pre-
pared following the principles outlined in this book have become the largest class
of crystalline materials. Today, a large community of scientists and engineers is
working in the field of reticular chemistry, expanding it beyond the synthesis and
characterization of new materials by exploring a manifold of applications. !is
wide range of applications of such materials (MOFs, zeolitic imidazolate frame-
work (ZIFs), and covalent organic frameworks (COFs)) is made possible by their
crystalline structures with exceptional surface areas, tailorable pore openings and
pore sizes, and their extensive structural diversity [1]. As illustrated throughout
this book, reticular materials can be modified on an atomic scale, allowing for
precise chemical modifications as well as the formation of structural motifs not
accessible in the realm of molecular or classical solid-state chemistry. Knowledge
of the local structure facilitates the determination of adsorption sites within the
pores, a key factor for the design of MOFs with ultrahigh porosity. Controlling
the surrounding of catalytically active sites by crafting the sterics and electronics
of such sites gives tailored materials with outstanding properties [2].

!e development of reticular chemistry has allowed chemists to synthesize
materials by design whose properties surpass those of traditional porous
materials. Among such properties are ultrahigh gas storage capacities, high
selectivity in gas separations, and the capability to harvest water from air [3].
Employing the principles of reticular chemistry not only allows to tune tune the
metrics and composition of the resulting materials but also to create structural
arrangements such as precisely designed catalytic centers for highly selective
transformations and small molecule activation not accessible any other way [4].
Such tunability is also advantageous for adjusting the electronic properties,
which led to the discovery of porous conductive frameworks [5]. !e ability
to make materials that are both conductive and porous opens new fields of
applications such as supercapacitors or electrocatalysis; both have been proved
fruitful for conductive MOFs and COFs alike [6].

Gaining control over the particle size and being able to process materials into
specific shapes facilitates the preparation of thin films, membranes, and shaped
bodies for gas separation and catalytic applications, as well as the synthesis of
colloidal materials for biomedical applications such as drug delivery systems [7].
Knowledge of the precise crystal structures plays a key role in the development
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of hybrid materials such as encapsulated metal nanocatalysts [8]. Both modeling
and quantum chemical calculations lead to a deeper understanding of many
phenomena found in porous framework materials and will, without a doubt,
become increasingly important for both the discovery of new materials and the
understanding of their properties [3j, 9].

Some of the materials covered in this book are being produced on an industrial
scale. BASF SE is now scaling up the synthesis of a variety of MOFs and mul-
tiple start-up companies produce MOFs for different applications such as gas
storage tanks. !is illustrates that research in reticular chemistry with respect
to possible applications is not limited to research programs at universities
worldwide but major chemical and automobile companies are also focusing on
the development and commercialization of these porous materials [10]. We will
focus on applications of MOFs and ZIFs as these two classes of materials are
well developed and many applications have been tested. !e study of COFs in
various applications is beginning to emerge and will most certainly constitute a
major direction in the future. We will also limit our discussion to applications
based on the adsorption of gases and vapors since such applications have been
studied in detail and a solid understanding of the underlying process has been
established. !e principles discussed in the following chapters are however also
applicable to other reticular materials such as COFs.
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