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1. Core level method to calculate the work function of the charged electrode

The WF of charged Ti3C>Ox is calculated by the following equations:

AETi(1) 1stAETi(2) 15 AEc 15+AEQ
T _1s _1s

AE = T (1)

where AETi(1) 15, AETi2) 15, AEc 1s and AEg ;¢ are the energies of 1s orbital of

Ti(1), Ti(2), C and O atoms, respectively.

AEp = Epgy, 050 ~ EFriycy0, (2)

where EFTigczogn and EFTi3C202 are the Fermi level of the charged and neutral

Ti3C203, respectively.

The work function of a charged electrode could be calculated by

WF = WFp, ¢ o — (AEp — AE) 3)
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2. Figures and Tables
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Figure S1 The work function of a charged electrode calculated by core level method
(green circles) and rigid band approximation method (blue dots) versus charge value

in Ti3C,0;.
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Figure S2 Atomic bond lengths of the charged TizCoT2 (T=0, S). Blue circles and red
stars are the bond lengths of Ti(1)-C and Ti(1)-O, respectively.
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Figure S3 Total density of states (TDOS) of Ti3C,S> before (black lines) and after

(pink lines) charging. The number indicates the charge value.
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Figure S4 Patterns of TizCoS> with (a) two (b) three and (¢) four hydrogen ions
adsorbed on the top surface. Blue dots are the relative energy of different H patterns.
Due to Coulomb repulsion between ions, the energies of different configurations are

almost linearly related to the reciprocal distance between hydrogen ions.
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Figure S5 Band structures of Ti3C, T2 (T=bare, O, S). The violet circles represent the

contributions of oxygen and sulphur atoms, respectively.
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Figure S6 Electronic structures of TizC>Sz with different atom vacancies before and
after hydrogen ions adsorption. V represents the atom vacancy and the number “1”
represents one vacancy on the top surface and the number “2” represents one vacancy

on both top and bottom surfaces.
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Figure S7 The average electrostatic potential along c axis (blue solid line) and Fermi

level (grey broken line) of TizC202, Ti3C2Sa, TizC> and TizCa_g3.

S9



o
=

Evac=4.6%eV

Evac=4.27eV

Evac=4.48¢V

00F = ===} - -~ =027V [T T E—o27ev] [T T Er=-0.18¢V
5.0

100 D=1 WF=4.96¢v| | I= WF=4.75¢v| | D= WF=4.45¢V,
5.0 Frac=d.05¢V] Evac=3.85¢V Evac=3.666V

Er=1.61eV

Ex=0.66eV

s
=

o
=

n=

-10.0 WF=3.39V n=6 WF=2.05¢V

o
=

Evac=3.55eV

Electrostatic Potential (eV)

e
=

5.0
-10.0 “_. _ WF=155¢V “28_ _ wr=161ev| | 177 . WF=1.92¢V
00 50 100 150 200 00 50 100 150 200 00 50 100 150 200
Z (A)

Figure S8 The average electrostatic potential along c axis (blue solid line) and Fermi

level (grey broken line) of Ti3C202 38 (n=1~9).
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Figure S9 The average electrostatic potential along c axis (blue solid line) and Fermi

level (grey broken line) of Ti3C2S2 52 (n=1~9).

S11



(a) 0.1 Top = Bottom (C) w/ H adsorption
o - __w/o H adsorption 0.5 - PR N Vg °
2 | . 0.0F %" gl e e e
= 0.0 3 0.5t L . ' N L . I .
0-0.1T 0.0 g 2 e we Do
é -0.5 : 1 ) ‘: B, Uil L 1
] _— L PRiuis
=.0.2 = 057 . AT
é 7777777777777777777777777777777777777777 o> 0.0F« ﬂ‘..........l... L - JETET kel S -
03 < -0.5E , Yo . .
7 VEVEQVE Ve VE Vi) Ve '% gg - ° V%i(z) g
— i Q. &
(b) Top = Bottom &-05E2 ac” “a 2
— 0.5F .o Vi .
< 0.9f w/ H adsorptmn 0.0F L = .\0‘.._..;.,3 . " SN S o
= 0.5F , . . ,
B 0.6F 0.5F v
=3y SR i | e — S
203f § -0.5¢ DI Er L.
= : Ll gg F 9 yiTe ° e
7] SR & .-
& 0.0 _oE -0.5E ) , \ .
-0.3 VIV VIV VI ViV H g) ? g %) @ 0 0 O
s VrimVe Vi Vs Vi Vo i i C T1i 8§ H

Figure S10 The work function of top and bottom surface in defective TizC>S: relative
to that in pristine one (a) before and (b) after H adsorption. (¢) Variation of numbers
of electrons in different atom layers of defective Ti3C2S2 with H adsorption relative to

those of pristine one.
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Figure S11 The calculated results of TizC202 and TizCaoSz with the schemes of
DFT+U (U=4eV): Pseudocapacitances and binding energies of (a) TizC2O2 and (b)
Ti3C2S2. Average transferred charge and variations of work function of (c) TizC202
and (d) Ti3C,S». Total density of states (TDOS) of (e) TizC20O2 and (f) TizC2S, before

and after hydrogen ions adsorbed.
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Figure S12 Density of states of TizCz (a) before and (b) after hydrogen ions adsorbed
calculated with the schemes of GGA+U (U=4eV).
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Figure S13 Quantum capacitance of TizCoT2 (T=bare, O, S) absorbed with hydrogen

ions.
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Figure S14 Hydrogen migration path and corresponding energy barrier on the surface

of pure TizCs. Blue, violet, grey and white atoms represent Ti(1), Ti(2), C and H,

respectively.
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Table S1 The energy of the core level of each element of neutral and charged

Ti3C,0,.
AQ Ti(1) (eV) Ti(2) (eV) C(eV) O (eV) AE AEr  WF
(e) 1s 2s 2p 1s 2s 2p Is 1s V) (V) (eV)

- —4865.68 —533.78 —441.08 —4864.77 —532.78 —440.10 —265.80 —507.26 - - -
0.76  —4864.68 —532.75 —440.09 —4863.75 —531.76 —439.07 —264.80 —506.30 099 0.08 594
1.55 —4863.72 —531.81 —439.12 —4862.77 —530.78 —438.09 —263.84 —50535 1.89 020 5.82
237 —486339 —531.48 —438.78 —4862.46 —530.47 —437.78 —263.53 —505.00 228 0.13 5.89
323  —4863.42 —531.51 —438.81 —4862.50 —530.50 —437.81 —263.59 —505.05 223 0.08 594
4.13  —4863.40 —531.49 —438.80 —4862.48 —530.48 —437.79 —263.58 —505.04 224 0.14 588
511  —4863.32 —531.41 —438.71 —4862.40 —53040 —437.71 —-263.52 —50496 232 0.12 590
6.26 —4863.28 —531.37 —438.67 —4862.37 —530.37 —437.68 —263.51 —504.92 234 0.13 5.89
7.45  —4863.25 —531.33 —438.63 —4862.34 —530.34 —437.65 —263.50 —504.90 236 0.16 5.86
7.99 —4863.24 —531.33 —438.63 —4862.33 —530.33 —437.64 —263.51 50490 236 0.17 5.85
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Table S2 The work function of a charged electrode calculated by the Integrated DOS
method with different DOS grid points.

AQ ©) NEDOS=2000 NEDOS=5000
Integrated AQ (e) AEr(eV)  WF (eV) Integrated AQ ()  AEr(eV)  WF (eV)
0.76 0.63 0.07 5.95 0.75 0.09 5.93
1.55 1.61 0.18 5.84 1.51 0.17 5.85
2.37 2.33 0.25 5.77 2.33 0.25 5.77
3.23 3.05 0.31 5.71 3.29 0.34 5.68
4.13 422 0.42 5.60 4.06 0.41 5.61
5.11 5.07 0.49 5.53 5.17 0.51 5.51
6.26 6.49 0.59 5.43 6.24 0.59 5.43
7.45 7.60 0.66 5.36 7.45 0.67 5.35
7.99 8.20 0.69 5.33 7.88 0.69 5.33
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Table S3 The total energy difference of Ti;C.T: (T= O, S) with different surface

group sites and formation energy (Ef) of T (T= O, S) in eV, of unit cell.

T site
Er
Top Ti Top C
Ti;C,0, 0 1.47 -0.82
Ti;C,S, 0 0.94 -4.78
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Table S4 The binding energy of one hydrogen ion adsorbed on Ti;C,T, (T=bare, O, S)

monolayer. The top of T (T=0, S) atom is the same site as the top of the Ti(2) atom.

adsorption sites Ti3C,0, TizCoS; TisCy
Top T -2.93 -2.48 -
Bridge -2.17 -2.31 -2.68
Hollow -0.53 -2.41 -3.25
Top_Ti(1) -0.07 242 223
Top_Ti(2) - - -3.57
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Table S5 The binding energy of Ti;C.T, (T=0, S) with H adsorption on the top and
bottom surfaces. n is the number of H adsorbed on each surface. T and B refer to the

top and bottom surface, respectively.

n Ti3C202 I8 Ti3CaS, gt
2 -2.90 -2.40
4 -2.79 -2.29
6 -2.76 -2.23
8 -2.66 -2.13
10 -2.59 -2.06
12 -2.52 -1.97
14 -2.40 -1.86
16 -2.30 -1.77
18 -2.22 -1.69
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