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Abstract The national transition toward sustainable energy solutions necessitates the development of advanced materials
and technologies for efficient energy conversion and storage. Addressing this demand requires innovative approaches to
overcome existing limitations in energy systems, including the need for high-capacity storage, rapid charge transfer, and long
term stability. In this context, research on innovative energy storage carriers and mass/charge transfer mechanisms has be-
come a pivotal focus at the forefront of materials science and energy technology. Porous organic cages (POCs), a unique class
of low crystalline density porous materials, have attracted significant interest due to their well-defined molecular structures,
discrete nanopore cavities and high porosity. These properties make them highly effective for applications in gas adsorp-
tion/separation and catalysis. Unlike traditional extended framework materials such as metal organic frameworks (MOFs) or
covalent organic frameworks (COFs), POCs are discrete and solution-processable molecules that offer superior solubility and
structural tunability, which can be easily designed as various functional composites, broadening their applicability in emerg-
ing energy technologies. A particularly promising avenue for POCs lies in energy conversion and storage. Recent studies have
demonstrated that functionalized POCs can serve as efficient charge transport materials, facilitating electron and ion move-
ment in energy storage applications. Despite their immense potential, several challenges must be addressed before POCs can
be widely adopted in commercial energy technologies. Key challenges include improving the scalability of POC synthesis,
optimizing their stability under operational conditions, and enhancing their conductivity for broader energy applications.
Furthermore, fundamental research is needed to better understand the charge transport mechanisms within POC-based mate-
rials, which will be crucial for advancing their practical implementation. This review provides a comprehensive overview of
the design and synthesis strategies of POCs, summarizes recent advancements in their energy-related applications, and dis-
cusses the challenges and future research directions in the field. By offering theoretical insights into the strategic develop-
ment of POCs for energy conversion and storage, this work aims to drive further innovation in sustainable energy technolo-
gies, contributing to the ongoing efforts to address global energy challenges.
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Figure 1 (a) The chemical structure of Ds;-organic cage Cage-21>*. Copyright 2007 The American Chemical Society. (b) The chemical structure of
quadrangular prismatic TPE-based cage Cage-3"\. (c) The synthesis of tetragonal prismatic porphyrin cage TPPCage® 7. Copyright 2018 The American

Chemical Society
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Figure 2 (a) The synthesis of cuboctahedral [12+8] cages Cage-6a/bi*8l. Copyright 2014 Wiley-VCH. (b) The synthesis of giant boronic ester cage
Cage-7%. Copyright 2021 Wiley-VCH. (c) The synthesis of rectangular prismatic cage COP-5. Copyright 2011 The American Chemical Society
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Figure 3 (a) The synthesis of octahedral cage C%L?,**. Copyright 2011 The Royal Society of Chemistry. (b) The synthesis of [12-+8] organic cage
Cage-9*!, Copyright 2013 The Royal Society of Chemistry. (c) The synthesis of [4+4] organic cage Cage-121°2. Copyright 2018 Wiley-VCH. (d) Struc-
ture diagram of CC1, CC2 and CC3 determined by X-ray crystallography!*). (e) The synthesis of organic cages Cage-11a/bl®!!
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Figure 4 (a) Schematic illustration of the construction of PANPs@C,*/g-C;N, composite for photocatalytic hydrogen evolution. (b) The comparison of
H, production for g-C;N, with different Pd NP loading amounts. (c) The comparison of photocatalytic hydrogen evolution rate for different catalysts®/.
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Figure 9 (a) The encapsulation procedure of IIC-1@Na,Ss!*”). (b) The rate performance and (c) cycling performance and coulombic efficiency for
TIC-1@Na,Ss LSBI”), Copyright 2022 Elsevier. (d) The comparison of the Li”™ and polysulfide ion sieving selectivity and cycling performance of batteries
equipped with CC3/PP and bare PP separators at 1 C over 500 cycles®®). (e) Rate performance at various C-rates for CC3/PP and PP®*%), Copyright 2022
The American Chemical Society
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Figure 10 (a) Structure diagram based on protonated molecular cage
salt proton conductor®. (b) The schematic illustration of preparation of
the Nafion-Cage 3 composite membrane!®®. Copyright 2018 The Ameri-
can Chemical Society
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