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Table S1 The calculated equilibrium lattice parameters (), the layer thicknesses (£), the bond lengths between surface M atom and
termination (dk-1), the differences of adsorption energy between the configuration | and configuration Il (AEagsorption = Econfiguration 1~
Econfiguration 1), @nd the band gaps (A&,) of the selected oxygen-functionalized MXenes in comparison with previous theoretical results.

Material a(Ah) L(A) Ot (R) AFadsorption (€V) Afgap (V)
|-Ti.CO; Theo.” 3.0349 4.47 1.98 0.88 0.24
Theo.” 3.029 445 1.98 0.88 0.24
Theo.* 0.25
Theo.* 3.04 0.26
PBE 3.0330 4.46 1.98 0.88 0.25
II-Mo.CO:; Theo.® 2.8836 521 2.07 -0.55 metallic
Theo.' 2.891 -0.65 metallic
Theo.® -0.56 metallic
PBE 2.8828 5.20 2.07 -0.55 metallic

*Ref. 1, Ref. 2, “ Ref. 3,  Ref. 4, “ Ref. 5, " Ref. 6, ® Ref. 7.
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Fig. S1 The PDOS of (a) I-Ti.CO;, (b) II-Ti.COs, (c) I-M0.CO. and (d) lI-Mo.CO.. The Fermi level is set to zero.
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Fig. S2 The COHP analyses of (a) I-Ti2CO,, (b) I-Ti2COs, (c) I-M0.CO: and (d) II-Mo2CO.. The Fermi level is set to zero.



Fig. $3 The ELF maps of (a) I-Ti-CO», (b) II-Ti:COs, (c) I-M0>CO» and (d) II-Mo2COs.
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Fig. S4 (a) The stress-strain curves of graphene under uniaxial tension along X direction and Y direction, in excellent agreement with the
previous results’. (b) The stress-strain curves of graphene under biaxial tension, in agreement with the results of Si et al.” (c) the lower
phonon dispersion of graphene at & = 14.5%. (d) The comparison of the stress-strain curves of Ti:CO: in the original PBE functional and the
revised optB86b-vdW functional under uniaxial tension along X direction.
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Fig. S5 (a) The imaginary eigenvector in top view and in side view and (c) the energy vs in-plane movements of a Ti atom at £ = 0.15 under
uniaxial tension along X direction. Note that the unit in the energy map is meV. (b) The bond length vs strain (&) curve and (d) the gap at "
point (4) vs strain (&) curve of Ti.CO. under uniaxial tension along X direction. Note that the dot lines indicate the appearance of phonon
instability.
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Fig. S6 The calculated stress-strain curves of Ti.CO. under uniaxial tension along (a) X direction and (b) Y direction, and (c) under biaxial
tension, respectively. Note that the words “undisturbed” and “disturbed” represent that the undisturbed and disturbed methods,
respectively. “SC_disturbed” stands for the calculation performed for a supercell of 2x2x1 by the disturbed method. Note that the
undisturbed curve and disturbed one are perfectly superimposed in Fig. S6b. The arrows indicate the appearance of dynamic instabilities.
The right panels show the deformed polyhedral structure of Ti.CO. under the corresponding strain states.
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Fig. S7 The calculated stress-strain curves of Mo.CO, under uniaxial tension along (a) X direction and (b) Y direction, and (c) under biaxial
tension, respectively. Note that the words “undisturbed” and “disturbed” represent that the undisturbed and disturbed methods,
respectively. The arrows indicate the appearance of dynamic instabilities. The right panels show the deformed polyhedral structure of
Mo.CO: under the corresponding strain states.
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Fig. S8 The band structure of Ti.CO: (a) at equilibrium (¢ =0%) and at the critical strains (b) near the dynamic instability (&= 7%), (c) near
the lattice instability by the undisturbed method (¢=24%), and (d) near the lattice instability by the disturbed method (¢=12%) under
uniaxial tension along X direction. The Fermi level is set to zero. For clarity, only most relevant two bands near the Fermi level are drawn.
The right panels show the band composed charge density (BCCD) of the two bands at I" point projected in (110) plane. The isosurface
maps of the BCCD correspond to 0.01 electrons/Bohr”.
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uniaxial tension along Y direction. The Fermi level is set to zero. For clarity, only most relevant two bands near the Fermi level are drawn.

The right panels show the band composed charge density (BCCD) of the two bands at I' point projected in (110) plane. The isosurface

the lattice instability by the undisturbed method
maps of the BCCD correspond to 0.01 electrons/Bohr™.

Fig. S9 The band structure of Ti,CO,



—_
2
(3]
3
S

Energy (eV)

2

e e

[ | T SRR

bls

(b) *

R s e

Energy (eV)

-2

e | T PRSIy, I~ g

bl e e

~
Q

~—

[

5

ES] EERREREREEE < =L EIEERREEERE

Energy (eV)

- U (15 . W

e | TSRS

(d °

-{é--- -

R e

=3
T
'
|
'
'
'
'
'
'
'
I

Energy (eV)

2

L ] S e G

F ] e e

Fig. S10 The band structure of Ti.CO:. (a) at equilibrium (&= 0%) and at the critical strains (b) near the dynamic instability (¢=4%), (c) near
the lattice instability by the undisturbed method (¢=19%), and (d) near the lattice instability by the disturbed method (¢=15%) under
biaxial tension. The Fermi level is set to zero. For clarity, only most relevant two bands near the Fermi level are drawn. The right panels show
the band composed charge density (BCCD) of the two bands at I' point projected in (110) plane. The isosurface maps of the BCCD
correspond to 0.01 electrons/Bohr”.
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Fig. S11 (a) The total energy (Eot) VS strain (&) curves, (b) the electronic band energy (Eejec) VS Strain (&) curves, and (c) the elastic energy
(Eelas) Vs strain (&) curves of metallic Mo.CO: in the undisturbed mode and disturbed mode under biaxial tension. The arrows indicate the
appearance of dynamic instabilities.
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