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Different kinds of typical ultrathin 2D nanomaterials

H. Zhang, ACS Nano 9, 9451 (2015). 
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Mn+1AXn Structure 

M. W. Barsoum, PROGRESS IN SOLID STATE CHEMISTRY 28, 201 (2000). 

M2AX1 M3AX2 M4AX3

n  : 1, 2 or 3

M : early transition metal

A  : A-group (mostly IIIA and IVA) element

X  : C or N. 
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Table of Mn+1AXn 

M. W. Barsoum, PROGRESS IN SOLID STATE CHEMISTRY 28, 201 (2000). 

Mn+1AXn

n  : 1, 2 or 3

M : early transition metal

A  : A-group (mostly IIIA and IVA) element

X  : C or N. 
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Mn+1AXn Structure 

M. W. Barsoum, PROGRESS IN SOLID STATE CHEMISTRY 28, 201 (2000). 

M2AX1 M3AX2 M4AX3

n  : 1, 2 or 3

M : early transition metal

A  : A-group (mostly IIIA and IVA) element

X  : C or N. 

Mn+1AXn
MX
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Two-Dimensional Nanocrystals 
Produced by Exfoliation of Ti3AlC2

Ti3AlC2 structure

M. Naguib, M. Kurtoglu, V. Presser, J. Lu, J. Niu, M. Heon, L. Hultman, Y. Gogotsi, and 
M. W. Barsoum, Advanced Materials 23, 4248 (2011). 

Al atoms
replaced by OH

Breakage of the hydrogen 
bonds and separation
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MXene Structure

B. Anasori, M. R. Lukatskaya, and Y. Gogotsi, Nature Reviews Materials 2, 16098 (2017). 

Mn+1XnTx

n  : 1, 2 or 3

M : early transition metal

X : C or N

T : stands for the surface terminations (ex. H, O, F)
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MXenes and Double Transition Metals MXenes

B. Anasori, Y. Xie, M. Beidaghi, J. Lu, B. C. Hosler, L. Hultman, P. R. C. Kent, Y. Gogotsi, and M. W. Barsoum, ACS Nano 9, 9507 (2015). 

Double Transition Metals MXenesMXenes

B. Anasori, M. R. Lukatskaya, and Y. Gogotsi, Nature Reviews Materials 2, 16098 (2017). 
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(2D) Topological insulators

● ν does not change without 
closing the gap.

● Quantum spin Hall edge 
states

● Protected by time-reversal 
symmetry

● No backscattering

M.Z. Hasan and C.L. Kane, Rev. Mod. Phys. 82, 3045 (2010)
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Nano Lett. 16, 6584 (2016) 

Mo2HfC2O2

on the zigzag edge
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Phys. Rev. B 94, 125152 (2016)

M2MC2O2 (M = Mo, W; M = Ti, Zr, Hf) MXenes are TIs
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Search

Yellow X     : F,Cl,Br,I, O, or H
Black M'     : V, Nb, or Tb
light green : C
orange M’’ : Ti, Hf, or Zr

M'2M''C2X2
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Computational Method

Package: Vienna Ab initio simulation package (VASP 5.4.4)

Pseudopotential:  Projector augmented wave method (PAW)

Exchange-correction: Generalized Gradient Approximation (PBE)

k-point grid:  12x12x1 Gamma-center Monkhorst-Pack     

Cut off energy: 400 eV

vacuum space : ~20 Å

forces : < 10-3 eV/Å in fully relaxed structures

convergence criteria : 10-6eV
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Crystal structure of M'2M''C2X2

Yellow X     : F,Cl,Br,I, O, H, OH

M'2M''C2F2 M'2M''C2(OH)2

M'2M''C2X2

Top view Side view

Black M'     : V, Nb, or Tb

orange M’’ : Ti, Hf, or Zr
light green : C
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Order Double Transition Metals MXenes

The 100% concentration of M'' in the middle layer 
corresponds to the fully ordered structure.

Most of them are order, except Nb2TiC2 and Ta2TiC2.



  17

V2TiC2X2 (X=F, Cl, Br, I, O, OH)

V2TiC2X2 (where X = F, Cl, I, Br, H, or OH) are topological semimetals,
and only V2TiC2O2 is a trivial insulator
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M’2M’’C2F2 (M’=V,Nb,Ta ; M’’=Ti,Zr,Hf)

Since PBE will underestimate the band gap, HSE06 will give a more accurate
band gap. The topological phase is the same in PBE and HSE06 calculations.
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Band structures

brown M’ : V dxy+dx2-y2

red      M’’: Ti dxy+dx2-y2

At Γ gap

V2TiC2F2 : Ti dxy+dx2-y2

V2HfC2F2 : V dxy+dx2-y2

M’ major M’’ major
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Different mechanism at Γ point

M’’
M’ M’

C. Si, K.-H. Jin, J. Zhou, Z. Sun, and F. Liu, Nano 
Lett. 16, 6584 (2016). 

M. Khazaei, A. Ranjbar, M. Arai, and S. Yunoki,
Phys. Rev. B 94, 125152 (2016). 

Mo2M’’C2O2  (M’’=Ti,Zr,Hf) M’2M’’C2O2  (M’=Mo,W  ; M’’=Ti,Zr,Hf)
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Band gaps at the Γ point

Gap induced by M’ and M’’
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Band gaps at the Γ point
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Band gaps at the Γ point

(b)(a)
M’ M’’

linear combination
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The substrate supported MXenes

SiC(0001)-supported Nb2ZrC2F2

Red dots : the contribution from Nb and Zr atoms
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Conclusions

● Some ordered double-transition metal MXenes, M'2M''C2X2 (M' = V, Nb, 

or Ta; M''= Ti, Zr, or Hf ; X = F, Cl, Br, I, H, or OH) are topological 

insulators by first-principles calculation.

● Atomic and orbital contribution analyses show that majority of the 

contribution in the bands near fermi level at the Γ-point are from dxy and 

dx2-y2 orbitals of the transition metal M’ and M’’.

● Propose SiC(0001) as a candidate substrate for material realization
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