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Abstract We explore the applications of MXenes, a new material class of growing interest, in the 

area of nanophotonics and plasmonics. A broadband plasmonic metamaterial absorber and a random 

laser device have thus been demonstrated. 

OCIS codes: (160.3918) Metamaterials; (250.5403) Plasmonics; (140.3460) Lasers 

 

1. Introduction 

MXenes are a new family of two-dimensional (2D) nanomaterials formed of transition metal carbides and carbon 

nitrides that shows high metallic conductivity, surface hydrophilicity and excellent mechanical properties [1-2]. They 

are derived from layered ternary carbides and nitrides known as MAX (Mn+1AXn) phases by selective chemical etching 

of the ‘A’ layers and addition of surface functional groups ‘T’ (=O, -OH or -F), making the final composition of 

Mn+1XnTx [3]. MXenes have been explored in a variety of applications [3]; however, investigations of MXenes in the 

context of nanophotonics and plasmonics have been limited [4-5]. This motivates the current study of MXenes as 

building blocks for plasmonic and metamaterial devices. 

2. Results and discussion 

For the purpose of this work, we focus on one of the most well studied MXene, titanium carbide (Ti3C2Tx). Single to 

few layer sheets of Ti3C2Tx (in a solution dispersed form) were synthesized from the parent MAX phase of Ti3AlC2 

by selective chemical etching of the Al layer [3]. This dispersion of the sheets is then used to create a continuous film 

on a desired substrate by using spin coating technique followed by drying in an inert ambient. The spectral dependence 

of the real and imaginary parts of the dielectric permittivity (ɛ) was measured for the spin coated Ti3C2Tx film, using 

a variable angle spectroscopic ellipsometry set up. A dielectric to metallic crossover at ~1.07 µm corroborates the 

existence of surface plasmon polaritons (SPPs) at the MXene interface in the near- and mid- infrared (IR) frequencies 

(Fig. 1a). A large imaginary part of the relative dielectric permittivity (Im(ɛ)) is observed for the film which is 

attributed in parts to the intrinsic absorption and to losses stemming from surface roughness and bulk disorder related 

scattering of carriers [6].  

 
Fig. 1. Broadband plasmonic metamaterial absorber based on Ti3C2Tx MXene. (a) The real and imaginary parts of the dielectric permittivity. (b) 

The scanning electron microscope image of the fabricated disk array on Au/alumina substrate (the scale bar indicates 1 µm). (c) Measured absorption 

spectra comparison for the two types of disk arrays and unpatterned MXene film (incident light is TE polarized, angle of incidence is 20o). 

Losses inherent to the bulk MXene and existence of LSP resonances in nanostructures led us to investigate the 

potential of nano-patterned MXene as an absorber metamaterial. Using the measured optical data for these spin-coated 

films, we perform finite element method simulations of Ti3C2Tx disks/pillar-like structures showing strong signatures 

of surface plasmon resonances in the NIR. These resonances are then optimized for the design of the absorber with 

maximum efficiency in the NIR. Our experiment shows that the simple disk array (Fig.1b) enables ~80% absorption 

across ~0.5-1.6 μm (Fig 1c). To further increase the performance of this broadband absorber design, we add a thin 

mirror (Au) and dielectric spacer layer (Al2O3) underneath the disk array. This geometrical configuration supports gap 

surface plasmon resonance which stretches the bandwidth further to ~1.55 µm and with efficiency ~ 85-90%. 
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We also experimentally explore random lasing behavior in a random metamaterial composed of 2D Ti3C2Tx 

MXene. Conventionally, dielectric and metallic scatterers are employed to initiate optical feedback for random lasers 

(RLs); however, these RLs usually lack external tunability, reproducibility and control over the spatial pattern of the 

lasing emission [7]. Recently, it has been shown theoretically that the exotic optical responses of 2D materials could 

offer new avenues to control RLs due to the extraordinarily low threshold for saturable absorption [8]. 

 
Fig. 2. Random Laser based on Ti3C2Tx nanoflakes. (a) Schematic illustration of the RL device, which consists of a mixture of monolayer Ti3C2Tx 

nanoflakes and R101 molecules. (b) Emission spectra recorded under various pump energies. An offset is applied when plotting the spectra. (c) 

Pump threshold as a function of the concentration of Ti3C2Tx. 

Our random metamaterial device is constructed by randomly dispersing Ti3C2Tx nanoflakes into a gain medium 

(rhodamine 101, R101) as illustrated in Fig. 2a. To study lasing properties, a 532 nm picosecond laser is used to pump 

the device. Fig. 2b depicts the evolution of the emission spectrum versus the pump energy. Sharp peaks begin to 

emerge from the broad-band background when the pump energy reaches the threshold value of ~ 0.70 μJ/pulse. When 

the pump energy is further increased, other sharp peaks subsequently appear. These results are consistent with the 

behavior of random lasing achieved through coherent feedback [7]. The lasing behavior in this metamaterial can be 

controlled by changing the density of the Ti3C2Tx in solution, as shown in Fig. 1d. With increasing density of Ti3C2Tx 

flakes in the solution, the optical response of the metamaterial is enhanced, thus making it easier to form lasing modes. 

This leads to a decrease of the pump threshold. This is the first experimental demonstration of random lasing behavior 

in metamaterials made from 2D materials. The extraordinarily low threshold for saturable absorption of 2D materials 

suggests that 2D materials have great potential to controlling the feedback and emission properties of lasing which is 

under investigation currently. 

3. Conclusion 

A member of the emerging class of two dimensional MXenes and its nanostructures have been explored in the realm 

of nanophotonics and plasmonics. A broadband plasmonic metamaterial absorber and a random laser device have thus 

been demonstrated. As the material class and its synthesis techniques continue to mature, applicability in optics along 

with device performances are also expected to improve further. 
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