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Over the past decade, the exploration of
functional framework materials – with
notable examples that include metal–
organic frameworks (MOFs), covalent–
organic frameworks (COFs), hydrogen
bonded-organic frameworks (HOFs) and
porous organic polymers (POPs) – has
generated new research areas in chem-
istry and materials science.1–5 The driving
force to explore these materials is based
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on their unprecedented structural
tunability and physicochemical proper-
ties. These materials stand at the fore-
front of scientic research due to their
promising functionalities in separation,
catalysis, energy conversion/storage,
sensing, and medicine, to name a few
relevant applications.3,6–15 We note that,
over the last decade, these applications
have attracted increasing scientic
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Fig. 1 Stack area chart showing the number of papers published over the last 10 years on selected framework materials for specific applications.
Scopus was used with (MOFs OR COFs OR HOFs OR POPs) AND the listed application on March 7th 2024.
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interest as shown by the stack area chart
in Fig. 1.

With their typically ordered frame-
work, high surface area, and tunable pore
size, framework materials exhibit
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a uniquely high propensity to structural
and functional customization, making
them versatile platforms for tackling
some of the most pressing global chal-
lenges for sustainability (see United
Nations' 17 Sustainability Goals).16

The current themed collection,
“Functional Framework Materials,” pres-
ents a meticulously curated set of over 70
papers (including 5 review articles and 2
communications), each contributing to
the progress of this dynamic eld.

The theme focuses on the design of
new framework materials spanning from
their synthesis, via traditional sol-
vothermal and unconventional methods,
to device fabrication and applications.
We note that the use of unconventional
synthetic approaches (e.g. vapor deposi-
tion, mechanochemistry) and the devel-
opment of protocols for device
fabrication, will progress the practical
application of framework materials.17–20

Equally important in this collection, is
the use of advanced computational and
characterization methods that under-
score the need for new tools for a deeper
understanding of the material proper-
ties.21,22 This collection places a signi-
cant focus on MOFs, which are discussed
in 44% of the papers. This emphasis
reects the established attention to their
specic combination of organic and
inorganic building blocks, yielding
unique functional properties. COFs and
porous polymers/cages, known for their
robustness and designable structures, are
the subject of 18% of the contributions,
This jou
further illustrating the scientic com-
munity's effort to explore and expand the
boundaries of organized organic struc-
tures. In addition to MOFs, COFs, and
POPs, the collection encompasses
a diverse array of materials including
HOFs, carbon-based structures, zeolites,
and more, expanding the scope to other
extended materials.

The collection reveals the promising
role of functional frameworks in energy:
37% of the papers are related to renew-
able energy production and storage.
Catalysis and separation account for 22%
and 20% of the contributions, respec-
tively, highlighting the materials' effi-
ciency in facilitating chemical
transformations and purifying essential
resources. Additionally, the collection
includes valuable insights into sensing
(6.6%), environmental remediation
(3.3%), and biomolecule protection
(3.3%), showcasing the broad applica-
bility of these materials in detecting
environmental pollutants, mitigating
ecological impacts, and protecting valu-
able biomacromolecules.

This diversity of preparation methods,
materials, and applications underscores
the interdisciplinary nature of this
research eld that combines aspects of
chemistry, physics, materials science,
and engineering.

To highlight the quality of the
collected studies, here we briey discuss
three selected examples.

Example 1: Vicent-Luna and Calero
and colleagues (https://doi.org/10.1039/
rnal is © The Royal Society of Chemistry 2024
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D3TA05258C) utilized molecular
simulations to evaluate the effectiveness
of ve different metal–organic
frameworks (MOFs) in adsorption-driven
heat pumps with methanol and ethanol
as working uids. Their approach
involved a detailed analysis of adsorption
data along with a thermodynamic model
to determine key properties such as
coefficient of performance, working
capacity, and specic heat. This research
emphasizes the signicance of
enhancing the efficiency of adsorption-
based heat pumps (AHPs) and adsorp-
tion cooling systems (ACSs) in order to
decrease energy usage through the utili-
zation of MOFs. Specically, MAF-6
emerges as a promising candidate based
on the ndings presented in this study.
The methodology presented in this work
elucidates the operating mechanisms of
the adsorption-driven heat pumps for
heating and cooling with light alcohols as
working uids and the potential of MOF
materials in such applications.23,24

Example 2: the Farha's group (https://
doi.org/10.1039/D3TA07163D) proposed
a new modication strategy to prepare
Zr-phosphonate MOFs. This two-step
post-modication method consists of
replacing carboxylate linkers with phos-
phinate linkers, to then post-synthetically
oxidize them to phosphonates. Indeed,
the phosphonate-based hydroxyl group
remains uncoordinated, resulting in
more hydrophilic materials with
increased Brønsted acidity. This modi-
cation platform provides an easy strategy
to obtain versatile and tunable iso-
reticular robust Zr6-phosphinate/
phosphonate MOFs, being potentially
extended to other MOF families and/or
beneting from the digital reticular
chemistry.25

Example 3: Patterson and co-workers
(https://doi.org/10.1039/D3TA05397K)
studied the inuence of protein folding
in prenucleation clusters on the
efficiency of enzyme@MOF composites,
particularly focusing on glucose oxidase
and catalase encapsulated into zeolitic
imidazolate frameworks-8 (ZIF-8).
Through electron microscopy and spec-
troscopy analyses, the author reveals that
the interaction between enzymes and
MOF precursors during initial cluster
formation is crucial for retaining enzyme
This journal is © The Royal Society of Chemistry
activity. This research offers a new
perspective on enzyme immobilization,
emphasizing the importance of enzyme-
MOF precursor interactions, potentially
advancing industrial-scale enzyme@-
MOF applications. This work represents
a milestone for the advancement of
encapsulation and protection of
enzymes26 as a way to improve sustain-
ability aspects.27,28 We posit that similar
investigations will be benecial to other
classes of protective matrices (e.g. HOF
materials).

As we stand on the brink of a new era
in materials science, the articles selected
for this collection reect the current
advancement of framework materials
research and provide directions for future
investigations by highlighting their role
in sustainable development. This edito-
rial invites readers to explore the depths
of functional framework materials,
encouraging a multidisciplinary
approach to harness their full potential in
addressing some of the most pressing
challenges of our time.
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