
 

 

MXene's characteristics, like those of other 2D materials, are sensitive to the type of functional group repre-

sented on the surface. Their surface chemistry, however, has been proven to be dependent on the synthesis 

circumstances, which affect the processing and characteristics of MXenes. In this calculation, the pristine 

Ti3C2 MXene and the functionalized ones are dynamically stable structures because there are not any imagi-

nary frequencies in their phonon band dispersion curves. 

Fig .1. Schematic view of pure Ti3C2 and functionalized MXene. 

Fig .2. The phonon dispersion and projected phonon density of states of pristine Ti3C2 and Ti3C2X2 (X=F, Cl) MXene. 

In Two dimensional Ti3C2X2 (X=F, Cl) MXene the role 

of the surface termination groups in chemical bonding 

are directly apparent by applying electron energy-loss 

spectroscopy and simulations based on Density Function 

Theory (DFT). By concentrating on the 1s core electrons 

excitations of the C and Ti atoms, the effect of the termi-

nation atoms on the K-edge shift is determined. 

We have done all our calculations based on density functional theory (DFT) using the projector augmented wave 

(PAW) potentials method by Quantum Espresso1-3(QE) code with an energy cut-off of 750 eV, and we concentrate 

on the electron energy-loss near edge structures (ELNES) at the C and Ti atoms K-edges. The experimental data 

were selected from Damien4. et al, To avoid unphysical mutual interactions between adjacent excited atoms, we 

used a 2×2×1 supercell and the calculations were performed using a 10×10×2 k-point sampling of the first Bril-

louin zone using a Monkhorst–Pack grid. 
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Fig .3. DOS and PDOS of surface terminated Ti3C2X2 (X=F, Cl) monolayer.  

Fig .4. Comparison between the experimental C-K edge and calculations performed for pristine Ti3C2 and its terminations (X= F, Cl). Also, the K-edge for the Ti1 and Ti2 atoms 

in the pure Ti3C2 and the functionalized one with halogen atoms is calculated.  

It is obvious that in total density of state (TDOS) at around Fermi energy the dominant contribution is related to d orbitals of Ti atoms. The C-s states 

with little Ti-d states are the reason for the lowest valance bands contribution from -12 eV to around -10 eV. In the higher valance band from -5 eV to -

2.5 eV for the Ti3C2 monolayer, the main share corresponds to a strong hybridization of C-p and Ti-d states (Ti-C bonds). However, applying the halogen 

atoms as surface functionalization has a diverge influence on these bands: for example, in the Ti3C2X2 (X=F, Cl) some bands shift into a lower energy 

range due to the hybridization among p electrons of terminated atoms and d electrons of Ti atoms, which correspond to the Ti-X bond.  

The ELNES at the C-K edge is presented to be sensitive to the chemical nature and the location of the X termination atoms on the MXene’s surface. 

Furthermore, the ELNES at the C-K edge is shown to be determined by the hybridizations of this atom with the Ti d bands: this edge is thus a relevant 

probe of the Ti d density of states close to the Fermi level which is of particular interest since it drives most of the Ti3C2X2 electronic properties. Also, 

the ELNES for the Ti1-k and Ti2-k edge is demonstrated to be shifted for the functionalized with the halogen atom, because the Ti2-C bond length of the 

functionalized MXenes increases compared to the bare Ti3C2, while the Ti1-C bond length for F and Cl terminated MXenes gets smaller. 

 

The accounted DOS display that all the terminated monolayer structures sustain the metallic nature of Ti3C2. Also, The electronic structure of multi-layer Ti3C2X2 has 

been investigated using DFT calculations. The ELNES at the C-K edge is also shown to be highly sensitive to the chemical nature of the termination atoms. Considering 

that the C-K edge is to a good approximation a probe of the unoccupied C-p DOS. However, the K-edge for the other two Ti atoms (Ti1 and Ti2) was influenced due to 

the termination atoms. Considering the crucial role of X atoms in Mxene’s properties in general, these calculations can be applied to select the appropriate synthesis 

route regarding the desired applications. 


