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MXenes are an emerging class of two-dimensional (2D) transition metal carbides, nitrides, and 

carbonitrides that have demonstrated their potential in a wide variety of applications including energy 

storage, electromagnetic shielding, gas sensing, smart textiles, optoelectronics, and environmental 

applications [1]. MXenes have the general formula Mn+1XnTy, where M is a transition metal, X is carbon 

or nitrogen, and T is the surface-terminating group (e.g., -O, -OH, -F). Among all MXenes, Ti3C2Tx is 

the most widely studied one for its potential plasmonic applications due to its high metallic conductivity 

and tunable optical properties [2-4]. Considering that Ti3C2Tx MXene is surface-terminated with various 

functional groups (such as -O, -OH, and -F) during its synthesis, it is crucial to understand the effect of 

these surface terminations on these properties. A detailed understanding of the effect surface chemistry 

of MXenes has on its plasmonic response would enable pathways to engineer MXene based devices 

with tunable plasmonic properties. 

 

In this study, we use scanning transmission electron microscopy (STEM) and monochromated electron 

energy loss (EEL) spectroscopy to study the effects of surface chemistry on the plasmonic response of 

Ti3C2TX MXenes. Monolayer flakes of Ti3C2Tx were dispersed on a carbon-coated copper TEM grid and 

STEM-EELS characterization was done using a monochromated aberration-corrected Nion Hermes 

microscope operating at 60 kV. The probe convergence semi-angle was 30 mrad and the EEL 

spectrometer collection semi-angle was 25 mrad. The full width at half maximum of the zero-loss peak 

was ~8 meV while the spectrometer dispersion of 1.2 meV/channel was used to record the EEL spectra. 

 

Figure 1a shows the high angle annular dark-field (HAADF) image of the Ti3C2Tx MXene single flake 

and the relative position on the probe. Figure 1b is the background-subtracted EEL spectra in the 0.1 – 

1.2  eV range. Two broad peaks at 0.3 eV and 0.62 eV respectively were observed corresponding to the 

two surface plasmon (SP) modes. In situ heating of the Ti3C2TX (T= OH or F) MXene (dispersed on a 

silicon nitride heating chip) was done to selectively remove these functional groups. Figure 2 shows the 

normalized STEM-EEL spectra of the MXene flake from 100-500°C. The SP mode at 0.62 eV reduces 

on increasing temperature and is below detectible limits at 500°C. In Ti3C2Tx MXenes, OH functional 

group loss occurs in the 300-500
o
C range while the fluorine terminations are desorbed above 500

 o
C [5]. 

This indicates that the SP mode at 0.62 eV is due to -OH termination in Ti3C2Tx MXenes. The results 

presented here demonstrate that in Ti3C2TX MXenes, the SP response depends on the surface chemistry. 

Since MXenes can be synthesized with varying surface chemistries their plasmonic response can 
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therefore be directly tuned to selectively activate or deactivate specific SP modes in the near-infrared to 

mid-infrared region. [6] 

 
Figure 1. (a) HAADF STEM image of Ti3C2Tx MXene single flake showing the probe position relative to the 

sample. (b) Background-subtracted EEL spectra of Ti3C2Tx single flake showing two strong broad plasmonic 

peaks at 0.3 eV and 0.62 eV respectively. A power law background subtraction model was used. 

 

 
Figure 2. Background subtracted temperature-dependent EEL spectrum of Ti3C2Tx MXene showing reduction of 

the plasmon peak at 0.62 eV with increasing temperature. Inset is the HAADF STEM image of the Ti3C2Tx 

MXene dispersed on a silicon nitride heating chip. The red box in the HAADF image is the region used to average 

the EEL spectra. 
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