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Abstract
MXenes-based compounds, particularly Ti3C2Tx, have been studied intensively as electrodes for supercapacitors due to their layered structure and high conductivity, enabling facile ion diffusion and charge transfer. However, tight restacking of the 2D layers in these materials limits their practical, accessible surface area, thereby impeding their capacity and rate capability performance. To mitigate this phenomenon, we present a new approach using a processing method based on laser beam irradiation to modify Ti3C2Tx films. We found that the laser treatment induces chemical and morphological changes, ultimately optimizing the stacking arrangement of the MXene electrodes and consequently enhancing their capacity in both neutral and acidic electrolytes. Furthermore, the laser-modified MXene electrodes demonstrate excellent rate capabilities, showing 84% retention at extreme rates of 0.5 V compared to only 33% of the original Ti3C2Tx electrodes. Finally, we discuss the chemical and physical changes induced by the laser treatments and their influence on the electrochemical behavior of the lasered MXene. 

Introduction
Due to their unique chemical, physical, and electrochemical properties, MXene compounds are considered a promising option for high-power energy storage. The 2D structure of MXene enables facile and reversible insertion of a large variety of mono and multivalent cations and negatively charged molecules. This property makes it an appealing material for energy storage and other fields, such as water desalination, selective membranes, and catalysis.1 Yet, the accessibility of the layered structure of the MXene compounds faces an inherent challenge; owing to the robust van der Waals forces between adjacent layers, they easily restack and aggregate spontaneously. This leads to a decrease in the interlayer space and blocking of ion-accessible surfaces, resulting in sluggish intercalation kinetics and reduced capacity.2,3 To address the aforementioned challenge, several strategies have been put forth, including surface modification, pre-insertion of heteroatom, and design of 3D MXene structures.4 For example, Saha et al. demonstrated that applying atomic surface reduction of trimethylaluminum (TMA) on Ti3C2Tx flakes increases their interlayer spacing. This facilitates ionic transport inside the MXene electrodes, enhancing their charge storage capabilities in aqueous and nonaqueous electrolytes.5 The influence of pre-insertion of various alkali ions (i.e., Na+, K+, and Li+) on the performance of the MXene in Li electrolytes was evaluated by Wang et al.6 Their findings demonstrated an improved capacity of the Na+ pre-inserted MXene electrodes, with similar trends observed by others.7 Numerous studies have demonstrated the advantages of employing 3D MXene configurations, whether in a porous matrix, vertically aligned sheets, or sponge-like structures. Herein, we present an effective strategy to overcome MXene restacking by subjecting the MXene electrode to direct laser radiation.
Laser-induced synthesis is a fast, energy-saving, cost-effective material-processing technique used in research and industry.8 In recent years, laser processing of diverse materials has emerged as a favored technique for film fabrications in microelectronics, optics, electrocatalysis, sensing, and electrochemistry.9,10,11 Its remarkable advantages include the unique ability of precise patterning according to the requirements shapes and the direct coating on any substance, including thermal-sensitive such as polymers. The properties of the final products can be tuned by carefully adjusting laser parameters, such as laser wavelength and energy input.12,13,14 Laser reduction is widely known for precursors such as graphene oxide (GO)15 and polyimide (PI),16 in which a core graphitic carbon matrix is decorated with oxygen-containing surface functional groups. 
In this study, we show that the application of ultrafast laser treatment on MXene sheets is effective at alleviating the restacking problem in Ti3C2Tx films. Consequently, the rate capability of the obtained MXene films is notably improved, along with an enormous capacitance enhancement. The effect of the laser on the physical and chemical properties of the MXene films was evaluated by various spectroscopic and microscopic techniques, including XRD, Raman spectroscopy, and XPS. The improved electrochemical performances are discussed with respect to the observed chemical modifications, with insights provided for the rational design of high-performance Ti3C2Tx films for supercapacitor applications. 


Experimental Sections 
Synthesis of Pristine MXene film
Ti3AlC2 was purchased from Carbon-Ukraine. The other chemicals used for MAX etching (HCl, LiF, LiCl, and H2SO4) were obtained from Sigma Aldrich. MXene film is synthesized via an in situ HF formation method in which Ti3AlC2 is added to an enchantant aqueous solution comprising LiF (1.6 g) and 6M HCl solution (20 ml). The reaction is maintained at 35 °C for 24 hours. Afterward, the obtained suspension undergoes several centrifugation cycles (5 minutes at 3500 rpm) to get a pH value between 5 and 6. At this stage, a stable MXene suspension is achieved, allowing for the preparation of free-standing films through vacuum filtration using polyvinylidene difluoride (PVDF) membranes.
Instrumentation
Raman spectroscopy was conducted using an XploRA ONE TM MICRO- Raman system (Horiba Scientific, Japan) using a Kratos AXIS-HA spectrometer with a 532 nm laser excitation in wavenumber range between 100 to 2200 cm-1. Fourier transform-infrared spectra (FTIR) were measured using a Bruker Vertex 70, with a laser power at 100 mW in ATR mode. XPS spectra were recorded using a Kratos Axis Ultra DLD spectrometer equipped with a monochromatic Al Kα X-ray source (hν = 1486.6 eV). ATR mode. Raw data were processed using Casa XPS software (version 2.3.16). Powder X-ray diffraction (XRD) patterns of all catalysts were measured using a Rigaku Smart Lab Studio II X-ray diffractometer using Cu Kα radiation (λ = 1.5418 Å), in the range of 2Θ = 5 - 50⁰, stepping 0.5⁰ per minute. The morphology and the elemental composition of titanium, carbon, and oxygen were analyzed by scanning electron microscopy (Hitachi S-4800 SEM, accelerating voltage range of 10-14 kV for secondary beam detector) with energy dispersive spectroscopy (EDS) measurement capability. The surface area was calculated using the BET model on data obtained in N2 gas adsorption measurements were carried out using Micromeritics Tristar II Plus. 
Laser fabrication of pristine MXene film
This study used a 25 W, long wavelength (10.6 μm), CO2 laser to modify the MXene film (Gravograph, France). Laser powers of 1.5 W and 2 W were used, corresponding to 6% and 8% of the maximum instrument power. A laser scanning line speed of 20 in/s was applied, corresponding to 20% of the full instrument speed of 100 in/s, with a resolution of 300 positions per inch. The specimen is situated 30 cm from the objective lens, made of ZnSe.
Electrochemical measurements 
The electrochemical measurements in aqueous systems were performed in a 3-electrode configuration using over-capacitive activated carbon and Ag/AgCl as counter and reference electrodes, respectively. The MXene electrodes were tested in 3 M H2SO4 and 7 M LiCl aqueous solutions. A Celgard 5550 membrane was placed between the working and counter electrodes as a separator. The electrodes were punched into 5 mm disks and impregnated under electrolyte before the cell assembly. All the electrochemical experiments were carried out using a BioLogic VSP-150 potentiostat. Electrochemical impedance spectroscopy (EIS) measurements were carried out in the frequency range of 100 kHz – 10 mHz with an AC amplitude of 10 mV. 
Calculation Methods: Capacitance was calculated by Integration of the cyclic voltammetry (CV) curves according to 
(1)  C   IdV /m△V
where I is the current (A), m is the mass of the active material (g), ΔV is the potential window (V), and v is the scan rate, respectively. 

Results
[bookmark: _Hlk148357823]A schematic illustration of the electrode fabrication process and the following laser treatment is given in Figure 1. Initially, aqueous Ti3C2Tx suspensions were dispersed and vacuum-filtrated through a PVDF membrane to form a self-standing film. After vacuum drying for a few hours, the prepared films were subjected to laser irradiation. This study tested two laser powers, 1.5 W and 2 W. The lasered samples are labelled by the laser power applied, where 1.5-l-MXene is an MXene film lasered (l) with 1.5 W of power, and 2-l-MXene is an MXene film lasered with 2 W of power. The effect of the laser on the sample is apparent to the naked eye, changing the color of the Ti3C2Tx film from black to blue-grey (Figure S1). The schematic illustration of the synthesis process and the color mentioned above change is presented in Figure 1. 
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Figure 1. Schematic illustration of the synthesis process of the laser-treatment process of Ti3C2Tx MXene films.
The XRD patterns of pristine and laser-treated MXene films are presented in Figure 2a. A typical peak corresponding to the (002) plane of the Ti3C2Tx MXene structure is seen at 2θ = 6.7˚ in the pristine sample, representing an interlayer spacing of 1.32 nm. The position of this peak was downshifted to 2θ = 6.3˚ for the 1.5-l-MXene and to 6.0˚ for 2-l-MXene, indicating increases in the interlayer spacing of 1.40 and 1.47 nm, respectively. Interestingly, a shoulder in the main (002) peaks appeared for the treated samples. This peak splitting can be attributed to an inhomogeneous distributed of the interlayer distance throughout the film. It can originate from differences in heat distribution from the laser at different depths of the film, where the upper layer will adsorb more laser irradiation than the lower layers. In addition, changes in the interlayer distance can result in the rearrangement of confined water molecules inside the MXene sheets, as found in several studies.17,18,19
X-ray photoelectron spectroscopy (XPS) was carried out to analyze the effect of the laser treatment on the surface chemistry of the Ti3C2Tx films. Figure 2b presents high-resolution Ti 2p spectra, while the full XPS spectrum of pristine and laser-treated Ti3C2Tx is illustrated in Figure S2. The relative amounts of the main elements (Ti, C, O) and surface groups (C-C. C-O, C=O) of the examined MXene films are summarized in Table S1. As shown in Figure 2b, Pristine MXene exhibits typical Ti 2p spectra consisting of characteristic doublet peaks (for Ti 2p1/2 centred at ~462 eV, and for Ti 2p3/2 centred at ~457 eV) corresponding to different oxidation states of Ti in the  coordination to carbides and O/OH/F functional groups. After the laser treatment, the spectra were drastically changed, resulting in predominantly the presence of TiO2-xFx on the MXene surface.20 Although certain fractions of the original MXene surface groups are identifiable in the 1.5-l-MXene, exposure to higher laser power (2W) led to the complete disappearance of these peaks. While the MXene crystal structure remains, as evidenced by XRD, the surface is clearly oxidized, as seen by XPS, which is a high surface sensitive technique (probing up to ~10 nm deep). Similar changes in the MXene surface were also observed by others, from their electrochemical oxidation of Ti3C2 electrodes.21 Another key finding from our XPS measurements is the presence of TiO2 at the surface of our materials, with the 2p3/2 peak centered at 459 ​eV. In the pristine MXene film, roughly half of the surface is oxidized, whereas, after laser treatment, all of the surface is oxidized. Also, another effect of laser treatment is a reduction in carbon content from 28.9 % in pristine 1.5- to 26.7% and 22.9 % in 1.5-l-MXene and 2-l-MXene, respectively. We attribute this to removing amorphous, disordered carbon from the pristine MXene upon laser irradiation. 
Raman spectroscopy of the pristine and laser-treated MXene film was carried out to assess the composition, surface functional groups, and chemical modification (Figure 2c). A sharp peak appears for pristine MXene at 200 cm-1 due to the out-of-plane vibration of A1g (Ti-O-C). The 230-470 cm-1 region is attributed to in-plane Eg (Ti-C-O) vibrations of surface groups attached to Ti atoms.22 The next region from 580-730 cm-1 represents mainly A1g C vibrations. Overall, the Raman response of 1.5-l-MXene was similar to the pristine MXene. Notably, the peaks in the 2-l-MXene spectrum appear in a similar position, confirming no significant change in the MXene structure. At longer wavenumbers, two major peaks at 1380 and 1655 cm-1 are seen in the pristine MXene film, corresponding to the characteristic D- and G-peaks for graphitic carbon, respectively.23,24,25,26 However, after laser treatment of the MXene, these carbon peaks are not observed, which we attribute to the effective removal of disordered carbon by the laser treatment process.
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Figure 2. Analysis of pristine MXene, 1.5-l-MXene, and 2-l-MXene films: (a) XRD showing the lattice planes of the main Ti3C2Tx MXene, 1.5-l-MXene and 2-l-MXene films. Here, the planes of the peak are indicated, with a noticeable change in the d-spacing of the (002) plane for laser treated films. (b) XPS of the Ti 2p binding energy region with prominent peaks marked on the graph to highlight laser-induced changes in surface Ti content. (c) Raman spectra measured using 532 nm laser irradiation, with vibrational modes indicated for the MXene and graphitic carbon phases. (d) FTIR spectra showing changes in surface functional group content. Intensities in all analyses here are on arbitrary scales.

Figure 2d shows the Fourier Transform Infrared (FTIR) spectra of the pristine MXene film and laser-treated samples. In the pristine MXene, the existence of hydroxyl groups was confirmed by absorption at ~3437 cm-1, which was assigned to the absorbed external water and strongly hydrogen-bonded OH. However, after laser treatment, this functional group is less prominent in the 1.5-l-MXene film, and completely absent in 2-l-MXene film, which we attribute to the removal of OH surface groups and adsorbed H2O by laser exposure. Another noticeable change is the ~2948 cm-1 peak due to C-H functional groups present for pristine Ti3C2Tx MXene, but absent in the laser-treated samples. The C–F (993cm-1) group is only observed in the pristine MXene, but not in laser-treated films. In addition, the peak at 748 cm-1, likely due to the Ti–O-C bond vibration, was present in all samples, indicating the MXene structure is not wholly disrupted by laser treatment. 
Scanning electronic microscopy (SEM) was conducted on a cross-section of free-standing Ti3C2Tx MXene film before and after laser treatment. Figure 3 shows representative images of the pristine and laser-modified Ti3C2Tx MXene films, showing stacked layer morphologies. Upon laser irradiation, the layered structure becomes more open. In addition, the morphology of lasered films is much less ordered than the pristine film, showing that extreme mechanical changes occur during laser irradiation. Remarkably, while the thickness of the pristine film was ~3 μm from side to side, the thickness of 2-l-MXene expanded by more than an order of magnitude to ~43 μm. Moreover, the distance between a few stacked layers to others in the pristine film is around 0.27 μm, and laser irradiation increases the distance of the stacked layer to 10.8 μm. Along with thickness expansion, large gaps are created, providing the laser-treated Ti3C2Tx MXene film with an open porous structure. Additional SEM images for other sections of the laser treated film, found in Figure S3, further demonstrate this remarkable expansion, with overall thicknesses of ~25, 31, and 33 μm. 
Figure S4 shows the composition of the pristine Ti3C2Tx MXene film, obtained by energy-dispersive spectroscopy (EDS), and is compared with the laser-treated 2-l-MXene film. An EDS mapping image of the pristine MXene indicated the presence of Ti, C, O, F, and Al in the films. Here, the atomic percentage ratio of Ti to C of ~1.58 was close to the theoretical ratio (1.5). The ratio between these elements slightly decreased after laser treatment to ~1.54, which we attribute to the removal of graphitic carbon surrounding the MXene structure, with no evidence of any significant change to the bulk crystal structure or its chemical composition. Interestingly, the amount of O increases from 22.7% to 30.1. % on going from the pure MXene to the laser-treated 2-l-MXene, supporting results obtained by XPS. This change is explained by the partial oxidation of the MXene surface during the thermal laser treatment. 
BET surface area of the pristine and laser-treated Ti3C2Tx MXenes was carried out by the Brunauer–Emmett–Teller (BET) method using N2 adsorption-desorption at 77 K. The calculated BET surface area of the pristine Ti3C2Tx and 2-l-MXene were 19.19 and 64.76 m2 g−1, respectively (Figure S5). The increase in the specific surface area further supports the transformation to a more porous, opened layer structure after the laser processing of the Ti3C2Tx MXene film, as seen in SEM images. The structural changes induced by laser treatment are considered in more detail in the discussion section.
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Figure 3. High-resolution SEM images of (a) pristine Ti3C2Tx MXene film and (b) 2-l-MXene film. The thickness expansion of the laser-treated film and some gap widths are marked in the images.

Electrochemical performances
In order to evaluate the chemical and structural impact of the laser irradiation on the MXene films, the 2D material was examined as an electrode in a supercapacitor cell. The laser treatment's influence was investigated in neutral and acidic aqueous solutions. It is well established that the electrolyte environment greatly influences the electrochemical behavior of MXene films.5,27,28 In acidic media, the MXene exhibits a pseudocapacitive behavior, expressed by well-pronounced redox peaks in the cyclic voltammetry (CV) spectra due to redox interactions of the MXene with the inserted protons. In neutral solutions, the pseudocapacitance response of the MXene typically resembles a rectangular-type shape, due to smaller variations in the oxidation state of the Ti atoms upon cylcing.29 
[bookmark: _Hlk138609887][bookmark: _Hlk138610170]Figure 4a shows the CV of pristine and laser-treated Ti3C2Tx MXene electrodes in 3 M H2SO4 electrolyte solutions recorded at a scan rate of 5 mV/s. Typical voltammograms are obtained, characterized by well-resolved redox peaks between 0 to -1 V vs. Ag/AgCl. While the pristine electrodes show a specific capacitance of 214 F/g, a notable capacity improvement to 253 and 284 F/g was achieved for the 1.5-l-MXene and 2-l-MXene films, respectively. Figure 4b depicts laser-treated 2-l-MXene electrodes at different scan rates from 5 mV/s to 2000 mV/s. The CV shape was well preserved at 200 mV/s and can be clearly seen even at 500 mV/s, represented in Figure S6. As presented in Figure 4c, the pristine MXene retains only 33% of its capacitance. In contrast, 1.5-l-MXene and 2-l-MXene show 78.7% and 70 % retention with a 500 mV/s scan rate. The measured capacity values at each applied scan rate are summarized in Table S2. The CV curves for the pristine MXene and 1.5-l-MXene in different scan rates from high to low are presented in Figure S7. Chronopotentiometry was used to compare capacity retention at a higher current density for the laser-treated and pristine MXene films, presented in Figure 4d. At a current density of 10 A/g, the 1.5-l-MXene and 2-l-MXene show 67.9 and 73.7 mAh/g starting from 76.1 and 80 mAh/g at 1 A/g respectively, whereas the pristine MXene shows 42.5 mAh/g starting from 56.7 mAh/g at 1 A/g. This shows how laser treatment can significantly improve rate capability at increased current density, which we attribute to enhanced ion diffusion. The CP curves for three samples in different current densities from 1-10 A/g are presented in Figure S8. Figure S9 shows EIS spectra, which indicates the resistance consecutively decreases from the pristine MXene to laser-treated 1.5-l-MXene and 2-l-MXene samples. 
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Figure 4. Electrochemical performances in 3 M H2SO4 of the pristine MXene and laser-treated 1.5-l-Mxene and 2-l-Mxene samples. (a) CVs at a scan rate of 5 mV/s for all films. (b) Specific capacitance change for 2-l-Mxene from low to high scan rate. (c) Variation of the specific capacitance with scan rate for all films. (d) CP curves of at 10 A/g current density for all films. 

Similar electrochemical performance measurements were performed in neutral aqueous electrolyte 7 M LiCl. Specific capacitances of samples become approximately half of that seen in the acidic solution. Figure 5a shows CV curves at 5 mV/s. In a neutral solution, the electrical double layer (EDL) appears rectangular, with more area at the edges of the CV curves for all samples at a slow scan rate. However, high scan rates, such as 200 mV/s and 500 mV/s, cause deformation of the shape of the CV curve and, consequently, a high capacitance loss for the pristine MXene. In contrast, 1.5-l-MXene and 2-l-MXene maintain their structure (Figure S10) even at high scan rates, similar to what was seen in the acidic medium. The pristine MXene at 5 mV/s shows a specific capacitance of 96.07 F/g, and for 1.5-l-MXene and 2-l-MXene, these are 116.6 and 120.2 F/g, respectively. Figure 5b shows the specific capacitance (F/g) for 2-l-MXene from low to high scan rates. An EIS impedance study was done and presented in Figure 5c. Nyquist plots account for EDL formation at the electrode/electrolyte interface, charge transport in the electrode, and ion electro-diffusion in the electrolyte. Solution resistance is almost similar for the pristine MXene and laser-treated samples. Still, a remarkable decrease in the charge transfer resistance was observed, which we attribute to the release of strain in the tight 2D sheet structures, which can ease electrolyte ion diffusion. Table S4 represents the values of the capacitances and resistances involved in the parallel combination of the circuit. Figure 5d presents the specific capacitance measurements in a range of scan rates starting from 5 mV/s to 2000 mV/s. The pristine MXene retains only 33% of its capacitance. In contrast, the 1.5-l-MXene and 2-l-MXene show 80% and 84.4 % retention. Table S3 shows the values of the specific capacitances at different scan rates. The CV curves pristine Ti3C2Tx MXene and 1.5-l-MXene in different scan rates from high to low are presented in Figure S11. Figure 5e compares CP at 10 A/g for the pristine and laser-treated films, showing similar improvement exhibited in acidic solution. At a current density of 10 A/g, the 1.5-l-MXene and 2-l-MXene samples show 31.4 and 34 mAh/g starting from 35.7 and 37.9 mAh/g at 1 A/g respectively, whereas pristine MXene shows 15.1 mAh/g starting from 26.8 mAh/g at 1 A/g. The CP curves for three samples at different current densities from 1-10 A/g are shown in Figure S12.
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Figure 5. Electrochemical performances in 7 M LiCl of the pristine MXene and laser-treated 1.5-l-MXene and 2-l-MXene samples. (a) CVs at a scan rate of 5 mV/s for all films. (b) Specific capacitance change for 2-l-MXene from low to high scan rate. (c) EIS spectra of all films. (d) Variation of the specific capacitance with scan rate for all films. (e) CP curves of at 10 A/g current density for all films.

Discussion
The analyses above indicate that employing direct laser treatment on a pristine MXene film successfully exfoliates the 2D layers in the structure. This treatment likely creates an increased number of pathways and ion channels within the closely packed nanosheets. The laser beam provides substantial thermal energy, causing an immediate separation of the layers. Generally, laser processing impacts a material structure in two ways. In a photothermal reaction, the oxygen-containing groups are evaporated by localized laser heating. In a photochemical reaction, the radiation initiates a direct breakage of the oxygen bonds (such as C-O or C=O), resulting in the removal of the oxygen. In our case, we used a long wavelength (10.6 μm) CO2 laser source, which is too long to drive photochemical reactions, but can facilitate photothermal reactions. Oxygen groups are eliminated from the surface due to the thermal heating. The mechanism of the laser exfoliation possibly involves local pockets of increased internal gas pressure from the evaporation of water and oxygen-containing terminations within the layers of the MXene sheets that push the layers apart. Furthermore, the MXene film experiences substantial expansion on the macro-structural level, as confirmed by cross-sectional SEM images. As a result, the laser affects modified-Ti3C2Tx MXene electrodes in two ways. First, separating the layers exposes an increased surface area for higher EDL capacitance. Second, the large gaps between sheet stacks greatly enhance ion transport within the MXene film, significantly improving its rate capability. Although the electrochemical performance of Ti3C2Tx MXenes can be improved through doping, intercalation, metal addition, etc., herein, we find significant improvements in the electrochemical performance through laser-treatment of MXenes. This laser modification process is fast, scalable and it allows film-based patterning of materials, unlike traditional material processing techniques. Table 1 compares the specific capacitances of modified MXenes for applications in supercapacitor systems.30,31,32,33,34,35,36,37,5 Notably, the performance of our laser-treated 2-l-MXene sample produced herein compares favorably with the literature. 

[image: ]Table 1. Comparison of MXene-based materials for electrodes in supercapacitors systems.











Conclusion
Herein, we investigate the use of laser processing to modify the structure of Ti3C2Tx MXene films for supercapacitor applications. We find that our laser processing method was capable of modifying the MXene structure at both the atomic and macro length scales: increasing the atomic spacing between the (002) 2D interlayers of the MXene structure from 1.32 nm in the pristine material to 1.47 nm in the 2-l-MXene sample; increasing the thickness from ~3 µm in the pristine material to up to ~43 μm in the 2-l-MXene sample; and increasing the surface area from 19.19 m2 g−1 in the pristine material to 64.76 m2 g−1 in the 2-l-MXene sample.
The laser processing technique, when applied to this MXene, successfully opens the restacked layers, giving a general porous structure typical of graphene, which helps build ion channels inside the stacked layers. Also, the evaporation of surface functional groups, adventitious carbon, and water adsorbed inside layers pushes the layers apart due to the high temperature of the laser flux and mechanical forces experienced. Importantly, after laser irradiation, the supercapacitive performance of the MXene is substantially improved, showing both high specific capacitances and high-rate capability. In an aqueous acidic electrolyte (3 M H2SO4), the electrodes exhibit a pseudocapacitive response with the generation of peaks for redox-active groups on the surface, having a maximum capacity of ~80 mAh/g for the 2-l-MXene sample, whilst the pristine electrodes show only 56.7 mAh/g at a similar current density. In contrast, a neutral aqueous solution (7 M LiCl) causes only EDL capacitance to be seen, yielding a capacity of 37 mAh/g at 1 A/g for the 2-l-MXene sample and 26.8 mAh/g for the pristine material.
Based on these results, we show how laser treatment can be an effective tool to improve the performance of Ti3C2Tx MXene films for use as supercapacitor electrodes. Moreover, we postulate that laser treatment can have similar beneficial effects in related 2D materials, increasing their interlaying separation and surface area. Laser processing is a fast, energy-efficient, and scalable production technique that may be highly beneficial in the development of high-performance supercapacitors.
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