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First-principles Study on the Photocatalytic Hydrogen Production of a
Novel Two-dimensional Zr,CO,/InS Heterostructure
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Abstract: Electronic structure and photocatalytic performance of 2D novel Zr,CO,/InS heterostructure was sys-
tematically investigated using first principle calculations. The calculated results demonstrate that the Zr,CO,/InS
heterostructure is a direct bandgap semiconductor with a lattice mismatch less than 3% and a formation energy of
—0.49 eV, indicating a stable structure. Band gap of the Zr,CO,/InS heterostructure is 1.96 eV, which should have a
wide visible light absorption range, and the absorption coefficient is up to 10° cm'. The heterostructure has a typi-
cal type-II band alignment, and its valence band and conduction band offsets are 1.24 and 0.17 eV, respectively,
demonstrating the transfer of photo-generated electrons from Zr,CO, layer to InS layer and vice versa for holes,
which indicates that the electrons and holes can be separated effectively in space. In addition, InS is an indirect
band gap semiconductor material, which can further reduce the recombination of electrons and holes. Therefore, the
novel Zr,CO,/InS heterostructure is a potential visible-light photocatalyst.
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Fig. 1 Top views of 2D (a)Zr,CO, and (b)InS and side view
of (¢)Zr,CO,/InS heterostructure
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Fig. 2 (a) Projected band structure and density of states of
Z1,CO,/InS heterostructure, and band-decomposed charge of
local density distributions of (b) conduction band minimum
(CBM) and (c) valence band maximum (VBM) for Zr,CO,/InS
heterostructure (p=3.7x10"% e-nm™)
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Fig. 3 Schematic diagram of the charge density difference of
Zr,CO,/InS heterostructure, and the accumulation and deple-
tion of electrons displaying with cyan and purple color isosur-
faces, respectively (p=1.2x10"" e-nm™>)

Red curve showing the plane-averaged charge density difference plot;
The vdW Gap stands for van der Waals gap

B WHFE. P25 AT % R Y], ST InS
(s KA T B 3.5%107° enm ' AEH N E
fii BT M Zr,CO, #8231 InS H, {24 B 7 A1 25 700
HFLRLE InS JEM Zr,CO, J2H, SEBL T HF RIS X
FEA A ERE R, W TR E A,
BRI & T R Atk ae At

i & S B AL R — DN EESH R
RN R H T, FRATIHE T HZ InS A Zr,CO;,
DL Zr,COo/InS S 25 it &%k, 531 753
BR[241HE A & R4S F . ZrCOy/InS R &5
WSO A T A0, $hH 1R AT G R W
P 1 AE ] L DX 3 ) e 2z e R (B 4) . 5 U B
JZ InS Ml Zr,CO, #LL, Zr,CO,/InS 5 Jii 45 75 7] W%
Xk EE 7RG E, 447 InS Al
Zr,CO, WA MR s . HILFIR, Zr,COy/InS 5 )i 45
G AE LT AT A AL T InS AT Zr,CO, H, SEE
T O A B B, > TR
H & Bk, Zn,COy/InS R i 45 B A R i i
RE AR - N E A, 22— MR I
FeMELAL L

Kl 5 44 InS. Zr,CO, M Zr,CO,/InS 5 5 45
Y7 37 B DA SR B B (V0 ) FITIE B HL

B (Vg y, ) - R BGC I7 ik 545 5] Z1,CO, 1 CBM

1 VBM 4351 79-0.57 Fl 1.56 eV, X5 Zhang 2
4R —5, InS i) CBM #1 VBM % %1l 4—0.4 FlI
2.8 eV, 5 Zhuang 1545 RAWI AT, Zr,CO/InS
SR 451 CBM Ail VBM 437 8-0.4 F1 1.56 eV, JF
H Zr,CO,/InS 55 45 (1 5 75 ik Fb 7K 1) 388 Ji Fa Ar
P, %04 eV, MHH T LK FIEA AL (V) 1 0)

5 0.12 eV, Kt fERBHAEIES T, Zr,COy/InS
FREE T REALTIRTRE K G i B S(b)RT AT i, K
1 S8 HLAL (Vo ,0) AR SRR (7 ) 3BT

i ST

— I
TE 4+ 1——1InS : 2
5] 2 Zr,CO, |
I 513 Zr,CO/IS |
=70 :
gaf :
e |
o
2L |
< | .
1
|
0 .

2.5 3.0 3.5 4.0 4.5
Energy / eV

B 4 B2 InS.Zr,CO, M1 Zr,CO,/InS 55 45 M B e 2 %%

Fig. 4 Optical absorption coefficient of monolayer InS, Zr,CO,
and Zr,CO,/InS heterostructure
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Fig. 5 In contrast to standard hydrogen electrode (SHE) po-
tential, band gaps and band offset of two-dimensional InS and
Z1,CO, in (a) and Zr,CO,/InS heterostructure in (b)

VBO: Valence Band Offset, CBO: Conduction Band offset. The dotted
lines represent the standard water redox potential
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