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MXenes are 2D transition metal carbides or nitride terminated with a mixture of –O, –F, –OH or –Cl surface 

terminations. The composition and structure of the layers enables the tuning of MXenes properties according 

to the target application. Here, we screen the effects of composition and termination on the tribological 

properties of MXenes. Our results indicate that interlayer adhesion and friction as well as the layer binding 

to iron and iron-oxide are governed by termination. Interestingly, MXenes with selective terminations show 

superior lubricating properties than MXenes with uncontrolled and mixed terminations. 
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Introduction 

Transition metal carbides and nitrides (MXenes) are 

an emerging class of 2D materials with promising 

properties for several applications ranging from catalysis 

to energy storage [1,2]. The growing interest in this class 

of 2D materials for tribological applications requires a 

better understanding of their functionality as solid 

lubricants. In this regard, computer simulations based on 

ab initio methods represent a useful tool to complement 

the experimental observations, particularly at the 
nanoscale.  

We apply ab initio calculations to study the interlayer 

and layer-substrate interaction of titanium carbides and 

nitrides with different thicknesses and terminations. The 

accuracy of the computational set-up is analyzed in 

detail, in particular the description of dispersion forces, 

which govern the interaction of terminated-MXenes. The 

interlayer adhesion and resistance to sliding is studied as 

a function of the surface termination, nitrogen/carbon 

content, and applied load. MXenes` adsorption on iron 

and iron-oxide is also considered as well as the ability of 

MXenes to reduce the adhesive friction of these 
technologically relevant materials.  

 
Figure 1: MXenes interfaces with three different surface 

terminations. On the bottom-left the oxygen terminated 
MXene is adsorbed on the iron surface. Color code: Ti in 

light grey, C in dark grey, O in red, H in white, F in green, 

and Fe in blue. 

Methods 

We perform density functional theory calculations 

including van der Waals interactions described by the 

Grimme method with an ad hoc choice of the parameters. 

The electronic wave-functions are expanded on a plane-

wave basis set and the ionic species, including the core 

electrons, described by pseudopotential. The PBE 

generalized gradient approximation is used for the 

exchange-correlation functional. 

Discussion 

We consider -O, -OH and -F terminated MXenes. 

Preliminary calculations are devoted to the choice of the 

best computational set up for the dispersion forces, which 

are fundamental for obtaining a correct description of 

interlayer sliding in MXenes.  We find that the adhesion 

and potential corrugation are notably affected by the 

surface termination, while the layer thickness and 

carbon/nitrogen content play a minor role. A comparative 

analysis revealed that homogenous terminations can 

provide interlayer slipperiness comparable to that of 

well-known solid lubricants, such as graphene and MoS2.  

The binding energy of MXenes on iron and iron-oxide is 
also governed by the termination, which can be tuned to 

both increase the resistance to peel-off and reduce the 

metal-metal interaction.  

References 

[1] Wyatt, B. C. et al., “2D MXenes: Tunable 

Mechanical and Tribological Properties” Adv. 

Mater, 33, 2021, 2007973. 

[2] Anasori, B. et al., “2D metal carbides and nitrides 

(MXenes) for energy storage” Nat. Rev., 2, 2017, 

16098. 

 
The presented results are part of the "Advancing Solid 

Interface and Lubricants by First Principles Material 

Design (SLIDE)" project that has received funding from 

the European Research Council (ERC) under the 

European Union’s Horizon 2020 research and innovation 

program (Grant agreement No. 865633).  

 

7th World Tribology Congress, WTC 2022
July 10-15, 2022, Lyon, France

TUE-T3-S6-R9

Powered by TCPDF (www.tcpdf.org)

http://www.tcpdf.org

