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Since the discovery of MXene in 2011 by Yuri Gogotsi and 

his team at A. J. Drexel University, these materials have 

garnered significant attention from researchers worldwide for 

diverse applications, particularly in energy storage [1]. This 

editorial explores MXene's role as an electrode material for 

supercapacitors, highlighting its superior properties compared 

to other materials.  

The transition metal nitrides, carbides, and carbonitrides 

family of 2D materials known as MXenes are rewriting the 

fundamental limits of supercapacitors with their combined 

properties of metallic conductivity, hydrophilicity, 

mechanical flexibility, and large surface area [2]. With such 

an impressive list of properties, it is no surprise that the key to 

their dominance of the energy storage field lies in the atomic-

architecture [3], the MXene sheets are only a few atoms thick, 

consisting of transition metal atoms sandwiched between 

carbide or nitride atoms, and their surface termination groups 

can be precisely tuned to obtain the electrochemical properties 

required [4], [5]. As reported by Tongming et al., -OH 

terminations in MXene increase its surface area by further 

delaminating MXene layers than other terminations, which 

directly improves its electrochemical properties as the 

increased surface area provides more active sites for the 

material to achieve higher specific capacitance [6]. These 

delaminated sheets provide both EDLC and pseudo 

capacitance as their surface-active sites allow for both redox 

reactions and surface charge storage. These properties enable 

the successful use of MXene in supercapacitors, because they 

possess an interlayer spacing of few nm, which is suitable for 

the intercalation of ions, and a negatively charged surface that 

provides natural affinity for cations, which is favourable for 

the charge storage mechanism [3], [7]. MXene-based 

supercapacitors remain electrochemically reversible and 

structurally intact at high scan rates and offer charge storage 

in seconds instead of hours, and they allow for millions of 

charge-discharge cycles with minimal degradation. Recent 

studies have shown that MXene supercapacitors can achieve 

an energy density of more than 100 Wh/Kg and a power 

density of more than 100 W/Kg, which was thought to be 

unachievable [4], [8]. MXene supercapacitors are currently 

competing with batteries in terms of energy density, power 

density, and energy storage capacity. The mechanical 

robustness of the material makes it possible to fabricate 

freestanding films up to 1,000 μm thick without the use of 

current collectors or binders, thereby increasing the loading of 

active chemicals and reducing inactive ones [3], [9]. The 

hydrophilic nature of MXenes makes them functional with an 

electrolyte solution, and their surface terminations can be 

tailored to optimize the ions, which further increases their 

specific capacitance. 

MXene is a game-changer in the practical applications of 

supercapacitors across all application sectors, as MXene 

supercapacitors outperform batteries in terms of braking 

energy and charge-discharge cycles both of which are critical 

for a vehicle lifetime in electric automobiles [4], [5], can be 

charged within a few seconds, can be integrated into portable 

and flexible energy storage systems in consumer electronics 

due to their flexibility and ultrathin nature, and can be made 

stretchable, allowing for the creation of wearable devices that 

maintain performance after excessive strain. The materials 

science behind these achievements is equally revolutionary. 

MXene can be precisely tailored at the atomic scale by 

choosing the appropriate MAX phase, etching conditions to 

tune surface terminations, such as longer etching in HF will 

result in more -F terminations, while lesser time etching 

results in more -OH or -O terminations, interlayer spacing 

engineering, and heterostructures with other two-dimensional 

materials. These modifications to MXene can be optimized 

for many applications, making it applicable in such a wide 

range of fields. Advances in MXene synthesis have enabled 

single-flake sizes larger than 100 μm with atomic-scale 

thickness control, and more recent delamination techniques 

yield MXene solutions at concentrations as high as 50 

mg/mL, suitable for industrial-scale processing [6], [7], [10]. 

Looking forward, the future of the MXene supercapacitor 

revolution is being accelerated by 3D-printed MXene 

architectures that enhance ion transport pathways, hybrid 

MXene-graphene heterostructures that combine the most 
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desirable properties of both materials, and solid-state MXene 

supercapacitors with unprecedented energy densities.  As 

production moves from lab batches to industrial numbers, 

costs will come down and allow for broader adoption. Costs 

are expected to go down as production moves from lab 

batches to industrial quantities, making wider adoption more 

likely. The combination of performance and characteristics of 

MXenes could enable supercapacitors to go to a standard 

energy storage solution for all sectors of the global economy, 

ushering in a new era of energy storage where the limitations 

of traditional energy storage technologies are eliminated. 
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