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Supercapacitors are a category of energy-storage devices based on high-speed electrostatic or Faradaic electrochemical
processes. The charge is mainly stored at the electrode—electrolyte interface of the active materials, such as high surface
porous carbons, metal oxides, or conducting polymers. They consist of one positive electrode and one negative electrode
soaked in an electrolyte and separated by an ion-permeable, electronically insulating separator.Compared with batteries,
supercapacitors can supply much faster charge and discharge rates within seconds or minutes time scales but lower
specific energy. Besides the high power densities, supercapacitors also have some other advantages over batteries, such
as high operating safety, long cycling life, high efficiency, and high performance stability.
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| 1. Introduction

To meet the portable demand of all kinds of electronics, it is essential to develop an efficient and green energy storage
technology. Among various energy storage devices, supercapacitors (SCs) have drawn much attention due to its feature
of high power density and rapid charge-discharge capability [LI2IEIAI5]E]

SCs work mainly through two types of charge storage mechanisms: (i) adsorption of charge and (ii) redox reactions
associated with chemical changes. Carbon materials (graphene, activated carbon, carbon nanotubes, etc.) with superior
electrical conductivity and excellent chemical stability, usually work in the first mechanism as the SCs electrode materials,
yielding large power density and long cycling life, but flat energy density. Transition metal oxides/hydroxide and
conducting polymers normally work in the second mechanism, presenting high energy density but poor cycling stability
due to the distortion of the microstructure in electrode materials resulting from the continuous redox reactions [AEISIL0].
Hence, to develop advanced SC electrode materials, especially in the case of solving the problems of low energy density
and poor cycling stability and pursuing high capacitance, is of vital significance.

In essence, the fast adsorption/desorption of electrolyte ions or rapid reversible oxidation—-reduction reaction in SCs
requires electrode materials to present short charge/ions transfer channel and abundant active (adsorption/desorption and
redox) sites. MOFs [LUIL2L3] and their derived materials (carbon, metal oxides/sulfides, etc.) with inheriting MOFs pore
structure, can provide adequate adsorption/reactive sites due to their large specific surface area and adjustable porous
structure; in addition, their wide varieties and promising electrochemical activity make them suitable for SC electrode
materials 14, Tremendous efforts go into the research of MOFs and their derivatives’ applications in SCs in the past few
years, where M-BTC (BTC = 1,3,5-benzenetricarboxylate), M-PTA (PTA = p-benzenedicarboxylate, also called
terephthalate, i.e., 1,4-benzenedicarboxylate 1,4-BDC) and zeolitic imidazole frameworks (ZIFs) are the most investigated
MOF series.

Due to the rapid development of this filed and ever-growing research interests, it is impossible to include all the relevant
works in the present review. Consequently, in this paper, we mainly discuss and summarize the recent development of
MOFs and MOFs derivatives as electrodes in SCs since 2020 where the earlier corresponding works have been reviewed
in References L3I[261[17][18] Specifically, their active constituents (such as activated carbon, transition metals, metal oxides
and conducting polymers), synthesis process and electrochemical performance are given. We also present an outlook
and the development direction in the near future.

| 2. Investigations on Mofs, Mofs-Derived Porous Carbon, etc.

(i) MOFs derived metal sulfide displayed an extraordinary electronic performance, especially the trimetal sulfide
composites. Binder-free Ni foam (providing Ni source)-supported NiCo-S/NF (a mixture of NiCo2S4, Co(OH)2 and Ni3S2)
derived from ZIF-67 exhibits the highest specific capacitance of 3724 F g-1, at a current density of 1 A g—1, among all the



discussed materials in the work 22, lower than recently reported MnMoO4/NF with a super-high specific capacitance of
4609 F g-1 at a current density of 1 A g-1, synthesized from non-MOF-involved hydrothermal procedure (reactants:
MnCI2-4H20 and Na2MoO4-2H20) [29;

(i) MOFs-derived metal oxide manifested a remarkable electronic performance, as well. Notably, the Ni/Mn-PTA//AC SC
device (assembled by the flower-like ultrathin MnNi20O4 nanosheet derived from Ni/Mn-PTA as the positive electrode and
AC as the negative electrode) yielded the largest energy density of 142.8 Wh kg-1 at the power density of 800 W kg-1,
overwhelming most previously reported SCs electrode materials [98];

(iif) most of MOFs-derived porous C exhibits specific capacitance smaller than 1000 F g-1, while a combination with metal

sulfide (MoS2, NiS, etc.) can enhance its behavior; for instance, NiS@C can reach a specific capacitance up to 1827 F
g-124;

(iv) Binder-free-supported composites exhibit a better performance than MOFs or MOF derivative alone, partially due to
the decreased “dead volume” in the binder-free composites, resulting in the smaller resistance.

Since two materials derived from MOF-5, i.e., Zn-PTA subfamilies, were used for the electrodes of SC (Ni-Zn—-Co
oxide/hydroxide yields capacitance of 946 F g-1 at 2 mV s-1 [22: nanoporous carbons exhibits specific capacitance of
above 100 F g-1 at 5 mV s-1 [23]) in 2010, great progress has been made over the years. The gravimetric capacitance of
MOFs derivatives increased from above 100 F g-1 at 5 mV s-1 to 3724 F g-1 at a current density of 1 A g-1.
Notwithstanding these achievements, challenges still exist for the practical utilization of MOFs and MOFs-derived
materials in SCs, limiting their application in our daily life: (i) For economic consideration, it is expected that MOFs are
facilely synthesized in the air. Therefore, their stability in the air should also be promoted; (ii) to obtain higher capacitance
and rate property for SCs, enhancing the electrical conductivity of MOFs and MOFs-derived materials is highly in urgent.
For most of the present MOFs/derivatives, the rate performance is unsatisfactory; (iii) an in-depth investigation is essential
to uncover the synergetic effect in composites. First-principle calculations, together with machine-learning method 24,
may be needed to find out the controlling factor and favor the future rational design of MOFs/derivatives as SCs
electrodes. Lots of previous works have proved that first-principle calculation method is an effective tool to investigate the
synergetic effect (251261271 Machine-learning methods, such as SSISSO (sure independence screening and sparsifying
operator) method, developed by Ouyang et al. 2829 have succeeded in revealing the effects of temperature and
composition on materials synthesizability and stability of inorganic compounds by figuring out the best descriptor equation
of Gibbs energy, to generate thousands of temperature-dependent phase diagrams Y. Similarly, SISSO may identify the
descriptor equation of a specific capacitance, using the features (band gap, pore size, surface area, density, void fraction,
etc.) of known materials, and then use the descriptor equation to predict the materials capacitance directly, once their
features data are available.

The investigations show that vacancies such as Ni vacancies in Ni/NiO nanoparticle derived from Ni-PTA Bl oxygen
vacancies in Co304 or ZnO derived from the ZIF subfamily B2 showed a positive improvement in charge storage.
Ce0O2-x films with volumetric oxygen vacancies rendering Ce3+ concentrations as high as ~60 at% yielded the highest
volumetric capacitance of 1873 F cm-3 among the reported works 3l Therefore, to create the vacancies in MOFs
derivatives and investigate the influence of vacancies on the electronic performance of MOFs derivatives as the SC
electrode materials could be an interesting research topic.
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