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1. Calculation method of HER activity
AGy
HY +e” +* »H" (D

* represents the active site and H* represents the adsorbed intermediate. According to
the computational hydrogen electrode model,’' AGy can be calculated according to
the following relationship:

AEy is the adsorption energy of hydrogen calculated by DFT, AEpg is the difference
between the zero point energy of adsorbed hydrogen and gas phase hydrogen, T is the
temperature (298.15 K), and ASy is the change of entropy between the adsorption
state and the gas phase. The entropy of the gas phase molecule is obtained by the
NIST database, and the entropy and zero-point energy of the adsorbate can be
obtained by calculating the vibration frequency where the entropy value is calculated

by the following formula:
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Where R stands for the ideal gas constant, kg is Boltzmann constant, h is Planck

constant, N is Avogadro constant, v; represents the vibration of the normal mode,

and N represents the number of adsorbed atoms.
2. Calculation method of OER and ORR activity

At pH=0, the OER usually goes through the following four steps:
AG,
H,0)+x >0H" +H" +e” @)
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The change in free energy is calculated by the following formula:s3

AG = AE + AE .~ TAS + AGy + AG ®

AGy =-eU

AFE refers to the energy obtained by DFT calculation; , where U is the

electrode potential, e is the number of transferred electrons; AGPH = kpTinl0 x pH ,

in this work, pH = 0 was employed. A method developed by Nerskov et al was

employed to calculate OER overpotentials, use the developed method of Nerskov et

al:s*
max {AG,,AG,,AG,,AG
T]OER: { 1 2 3 4}—123V
e
)

Since ORR is the reverse of OER, we also calculated the ORR overpotential (n°RR)
for TMs@Ti;C,0,, which is defined as the difference between 1.23 V and the
reaction energy of the minimum free energy change of the four mechanistic steps in
this system:
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3. Figures and Tables
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Figure S1. The AGy of primitive Ti;C,0, at different H coverage.
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Figure S2. AGy of different TM,@Ti;C,0, at TM sites.
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Figure S3. Free energy diagram for the OER over the TM sites of TM;@Ti3C,0; at an electrode

potential of U=0 V.




(a)sf —om (b)s [T,
I |
4 lg 4f g.'
lery ! 1
g 3 lm ™ 3 H?|
*OOH | I L*
= 2 % 2 0OH
S 1 o ]
o ey O a |
4 0 2H20!l!; 'N‘)’ ﬂ 0 I "P: 2H20£l!+
I "
-1F 3: =0 1 -1k I +o ::3
2t - n=199V] -2fn=2.86V e
Reaction Coordinate Reaction Coordinate

Figure S4. Free energy diagram for the OER (a) and ORR (b) of the primitive Ti;C,0, at an
electrode potential of U=0 V.
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Figure S5. Calculated PDOS of the weight d band (Dg) of the TM atoms in TM;@Ti3C,0,, The
Dy is marked by the red dashed line, and the Fermi level is set as zero.
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Figure S6. The DOS of Pd,@Ti;C,0,, and the Fermi level is set as zero.



4. Tables:
Table S1.The number of electrons changed of O-site after the introduction of transition metals and

the calculated OER/ORR overpotential of TM;@Ti3C,0, at non-TM site and the values of U were

used.

ANe (e) 0.008 | 0.008 | 0.001 | 0.002 | 0.009 | 0.008 | 0.005 | 0.012 | 0.007 | 0.004 | 0.006 | 0.003

ToER V) 2.081.97|2.08|3.23|2.08|3.36|1.98|4.03|5.64|2.06(2.092.52
Norr V) 2.95]2.9512.93(2.91|2.94(2.94|2.97|2.84(2.60]3.01(2.69]1.08
U (eV) 4.10 |4.2014.20(4.00|5.00(3.40]3.90{4.00(4.00]2.90(2.90]4.00
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