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Fig.1 (a) Top and side views of the t~TiC monolayer sheet Here Ti and C atoms are in perple and gray, respectively;

(b) Deformation electron density of the (~TiC sheet, Charge accumulation and depletion regions are in green and yellow, respectively,

with the isosurface set at 0.02 e/Bohr’
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Fig.2 (a) The 441 optimized supercell including five categories of hydrogen adsorption sites; (h) Optimized geometries of t=TiC adsorbed

by hydrogen atoms

The H is represented by white balls
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R 1 TEHMBE TIC 4/ Lk Con top L SHIWIRE. C - HEERKME AT A HAE
Table 1 Adsorption energy of hydrogen adsorption distance of C—H and Gibbs free energy on TiC sheet

Site AE,. eV Z../ nm A Gyl eV Ref
t-TiC-topC1 Con top -0.043 0.159 0.20
t-TiC-topC2 Con top -0.70 0.113 -0.46
Bilayer-TiC(100) Con top -0.25~0 - 0.13 [ 29 ]
Monolayer-TiC(001) Con top -0.62 0.113 - [ 28 ]
TiC(011) Con top -1.40 0.112 - [ 28]

A E,,. : adsorption energy of hydrogen on TiC sheet; Z,, : adsorption distance
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Fig.3 Optimized geometries of hydrogen-absorbed #-TiC sheets at different coverages
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Fig.4 Deformation electron density with different hydrogen coverage

(with the isosurface set at 0.003 e/Bohr3)
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Fig.5 Gibbs free energy of hydrogen adsorbed at different sites
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Investigation of the Hydrogen Evolution Reaction on Two-dimensional
Tetragonal TiC Monolayer Sheet

SUN Nan-nan'", ZHAO Zhi-chao'?, ZHANG Yu', ZHAO Cui-lian', DONG Hai-yang'
( 1. Hebei University of Water Resources and Electric Engineering, Cangzhou 061000, China;
2. Hebei Thchnology Innovation Center of Phase Change Thermal Management of Data Center, Cangzhou
061000, China )

Abstract: Electrochemical water splitting is one of the most efficient ways to generate long-term hydrogen energy.
Transition metal carbides have received increased attention due to their low cost and high catalytic activity in
hydrogen evolution reactions (HER). This research used the first principles of the density functional theory to
investigate the stability and electronic properties of the two-dimensional (2D) tetragonal titanium carbide (#-TiC)
sheet. Then, we selected five hydrogen adsorption sites, and optimized results reveal two ideal adsorbed sites: topC1
and topC2. To compare their catalytic ability in the HER, the adsorption energy and Gibbs free energy (4 G,,) of the
hydrogen adsorption on the t-TiC surface with different active sites and hydrogen coverage rates are investigated. The
results show that the of the topC2 site at the 100% hydrogen coverage is about —0.0611 eV, indicating that the topC2
site can have good catalytic activity for the HER. The charge density difference and electronegativity are used to
analyze the charge transfers and bonding details of the two carbon-hydrogen adsorptions as the associated structures
and relative 4 G are explained further. This research demonstrates a promising 2D catalyst material for the HER of
electrochemical reducing water.

Key words: density functional theory; TiC monolayer sheet; coverage rate; catalytic ability
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Fig.S1 Band structure (a) and PDOS (b) of the #-TiC sheet
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Table S1 Bader charge analysis under different hydrogen coverages

o” 0=1/4 0 =2/4 6 =3/4 0 =4/4
t-TiC-topC1 1.16 1.20 1.23 1.03
t-TiC-topC2 1.06 1.07 1.06 1.03

TDOS TDOS TDOS

TDOS

e : Bader charge on the adsorbed hydrogen in atomic units. 6 : converage.
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Fig.S2 The TDOS of topCl and topC2 under different hydrogen coverages



