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Abstract

Proton-conducting materials, as key components of proton exchange membrane fuel cells (PEMFCs),
play a strategically important role in advancing clean energy development. This review focuses on
carboxylate-based functional materials, which have emerged as a research hotspot in the field of
proton conduction owing to their unique structural designability, rich hydrogen-bonding networks,
and tunable acidic sites. These materials primarily encompass crystalline porous frameworks such
as metal-organic frameworks (MOFs), covalent organic frameworks (COFs), and hydrogen-bonded
organic frameworks (HOFs). The carboxyl groups not only serve as proton sources but also construct
continuous hydrogen-bonding networks through their oxygen atoms, synergistically facilitating pro-
ton transport predominantly via the Grotthuss and Vehicle mechanisms. To date, the proton conduc-
tivity of some materials has approached or even reached that of the commercial Nafion membrane.
However, the field still faces three core challenges: improving the long-term stability of materials,
enhancing proton conduction performance under low-humidity conditions, and elucidating the un-
derlying structure-property relationships. This review systematically summarizes the research pro-
gress of carboxylate-based functional materials in proton conduction and outlines future develop-
ment directions, aiming to provide a reference for the design and application of novel high-perfor-
mance proton-conducting materials.
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Figure 1. Structural schematic diagram of some carboxylic acid ligands. (Reproduced with permission [12] copyright 2026
Elsevier)
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Figure 2. (a) Synthesis of the 1D COF-TP by the covalent interaction of TFPPy and DABP. (b) Proton conduction in 2D COFs.
(c) Schematic representation of the synthesis of 3D SCOF via imine condensation (Reproduced with permission [13] copyright
2026 Elsevier)
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Figure 3. The development of research on crystalline porous materials as stimuli-responsive proton conductors (Reproduced
with permission [18] copyright 2025 Elsevier)
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Figure 4. (a) Fuel cell performance analysis of BD(SO3H)2/PTFE COF composite membrane at 80°C and 100% RH, (b)
Durability performance analysis of BD(SO3H)2/PTFE-0.9 COF MEA (Reproduced with permission [20] copyright 2025 Wiley)
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