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Figure 1

Top and side views of monolayer GaTe and monolayer g-C;N; crystal structures and
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Figure 3 Projected band structure, projected density
of states and maps of the decomposed
charge density at the conduction and valence
band bottoms of the g-C;Ny/GaTe hetero-

junction.
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Figure 4 Planar average differential charge density and 3D differential charge density plots,and electrostatic potential

maps of g-C;Ny/GaTe heterojunctions
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Figure 5 Schematic diagram of the band edge positions of monolayer GaTe,

monolayer g-C¢N; and g-C;N;/GaTe heterojunction, and the photo-

catalytic mechanism of the g-C;Ny/GaTe heterojunction
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K7 g-CNy/GaTe 5 BT 45 7 — 6% W28 T /)
e A I . N T AT UL HE — 690 MRS R AR R,
g-CoNy/GaTe 5 i 4548 5 T B B, 548 IS A i
W BIAE T A IR RS e 45 0 . B B
AR F T AT, P AR R A T B
(110 A (S | i N i a2 N e e/ N W = R
W JF N

Energy/eV

B7 g-CNy/GaTe B4 e — 6% NS N 1 RE 254 [
Figure 7 Band structure diagram of g-C;N;/GaTe
heterojunction at —6% strain

2.5 4 g-C,N,/GaTe 5[5 &5 1Y 5t % U Fn K BH &€
TSRy E

e e R ECR A AR ARG R — A

PRI FE K A i A rh i EE VR L D Wl R BT

b a(w) =2 2] fei(w) T i) — e(@)|

He(w)file(w)s3 5l A o e B 2B AR,
LM E S HEE , K 8~ g-CiNo/GaTe 7 5 45 1t
W . MR 8 AT LA 21 - 76 AT LG Bl P, S iz ik
ZBRE AL 710" em !, K H R Y 6 W 0 5
JE,fE 5 AN X O W R B R K 5 A, Y i
n—+2%, +4% F1-+6% B9 R AS B, 60 ik B2

7 T T
s ! Visible light !
T 6 1 1
: p——r :
S 5 e 2% !
x
g, —— a5t :
£ T 6% |
= | 1
g 34 | 2% :
(&) ra— |
= | 4% 1
2 24 ! '
=) | 1
g 1 1
i '
0 |
1 2 3 H
Photon Energy/eV
B8 g-CoNy/GaTe 5 i Z57E AR M AL T Bt JinAs [5) b A2
ARG I Wi 3%

Figure 8 Optical absorption spectra of g-C¢N;/GaTe het-
erojunction under unstrained and under different

strains



B 16% iAW

PR A 1 BN AR R T2 g-CoN/ GaTe S Ab 7 (1 35 — M I #LAAF 5% 589

B, 0] UL X8 PN Ol W i3 i R S A R 7E 6940 B
AR e R B 1107 em ' 1 W S o it
W AR A L BCRE g-CoNo/GaTe 5 5T 45 B9 6 W et g o
BT W g-CsNy/GaTe 5 & 45 A9 61k M B
T T K BH B8 il &0 3 30R | 3 4 W AR K PH B
PEAT S AL K A i e 1 B9 — T EE TR bR o (BB AY
AR R R 100 %, B A K an R,
AG | P;h‘”)dwm
. (1)
J P(hw)d(hw)

0

NsTH —

E, ((H,)=0.2,(0,)=0.6)

(D) A psrn R 78O W BL 2%, P(hw) £ 7R 1E
AML. SR FHAEE &, AG K i py 3 aE2E 1. 23
eV, EJ& otk id 2 b ol BDG TR BE R .

HT T 30 1 AR AN [ b RE 2 8] A2 2 A e A
&, IS b BT OEAE ALK 70 9 T RE i E 2
TEARACH) o MEAE i B B BRI B BE N 0. 2 eV
(v (H ) 28 SCH 5785 Ji A0 /K G 5T e 34 22 1) 11 g
W) AL RN E A EIEE 0.6 eV (Hrh x(0,) 8
SCh At THORIK S8 Al L 34 2 TE] ) RE 4 22 ), BT LA E
PATR S s ™, iati(2) .

E,+02—x(H,), ((H,)<<0.2, (0,)=0.6)
E,+0.6—x(0,), ((H,)=0.2, (0,)<<0.6)
E,+ 08— x(H,)— x(0,), ((H,)<<0.2, (0,)<<0.6)

TEHLZE GaTe H, y (H,) # x (O,) 43514 0. 81 Fil
0.06 eV; 75 8 2 g-CNg H , y (H,) Fl 3 (O,) 43 51
0.26 F11. 69 V; 7¢ g-C;Ny/GaTe S 25, (H, ) A
x(0,) 43510 0. 14 F10.08 eV, i 1 354 7l 45 9 2
GaTe, ¥ )2 g-CN; K g-CNy/GaTe 5 Ji 45 )
KBHRE I A 250 % 4 0 R 5.66% . 1.48% Fi
16. 48% ,g-CsNy/GaTe S [ 45 (1) 5% sk R B gt g - 2
2 GaTe FUHLE g-CoNG I 55403805 . K] 8 A [a] — 4k
MR R i . INEI 9 AT I, g-CeNy/GaTe 5+
JBT 235 1 e 8 % v T S 0 PR T AR R A R,
PtS, " AlSe;, ® fil ALS,® 4 . I, g-CsNo/GaTe 5+
i R R 2 R B N Sl 2l st B o (AP 8
by

100

MoSe,/SnSe,

. .

[=] 1

wn 1

o 1

8o 5 -
q.80

2" 2 |

>~ 1

g 1

.5 604 :

3 .

= .

1

= 401 !

P 1

175} 1

1

1

1

1

1

1

B9 I 4k UL )2 GaTe, 82 g-CNg #l g-CoNg/
GaTe 5 45 1 K PH g i 20 5% e 0%

Figure 9 Solar hydrogen production conversion efficiencies of

GaTe,

monolayer g-C;N; and g-C;N;/GaTe heterojunctions

some 2D  materials and monolayer

(2)

3 &g

Py Yk g-CN/GaTe 5 itk S R 45, 338 i
B — e R BT BRI ST T SR B TR SR L
TR R AL . 45 R K g-CNy/GaTe 5+
JoT 45 SR [R] 42 B P AR AT BRI 1. 45 eV, R
S HE S B RE AT 25 R, Al R Y R i 0 A
9 0.56 F11.54 eV, # B g-CN;/GaTe 5 i 45 72 1l
RIS R, 22 mmrE R B, Rmas P IE R T M g-
CsNyF8 ] GaTe [ N & HL Y . 76 P HL 37 R GBI
BEOEHT AR THERRFHE8 s E. @l
NG o N e
CoNy/GaTe 5 J5i 45 76 1] U o6 X 3 9 A O I e 22 4
IR Y TX 10" em ! A R RRE N 16.48% . )
A SO0 5 545 e i N AR, & B BR A AR N 6
Wi LT i — 2 B T R B4 AR AT O X
PR E I I BE 1. DRI, =4 g-CyNg/GaTe j8 itk
55 25 A AR N B RGBT OK o o

e ¢

[1] CHEN S, TAKATA T, DOMEN K. Particulate
photocatalysts for overall water splitting [J]. Nature
Reviews Materials, 2017(2) : 17050.

[2] FUJISHIMA A, HONDA K.
photolysis of water at a semiconductor electrode [J].
Nature, 1972,5358:37-38.

Electrochemical



590 Ok B 5 MM 2022

[3] NOVOSELOV K S, GEIM A K, MOROZOV S V, et ab initio investigation [J]. Journal of Materials
al. Electric field effect in atomically thin carbon films[J]. Chemistry A,2015,45 (3):23011-23016
Science 2004, 5696:666-669. [15] ZHUANG H L, HENNIG RG. Single-layer group-III

[4] JIANG X, WANG P, ZHAO J. 2D covalent triazine monochalcogenide photocatalysts for water splitting
framework: A new class of organic photocatalyst for [J]. Chemistry of Materials, 2013, 25 (15) : 3232-
water splitting [J]. Journal of Materials Chemistry A, 3238,

2015. 15 (3) 77507756, [16] CHANG J, DONG N, WANG G, et al. Theoretical

[5] SUN Y, GAO S, LEL F, et al. Atomically-thin two- insight into two-dimensional g-C4N;/InSe van der
dimensional sheets for understanding active sites in .. .. .
catalysis[J]. Chemical Society Reviews, 2014, 44 (3) : waals heterostructure: - A promising  visible-light
623-636. photocatalyst[ J]. Applied Surface Science, 2021, 554

[6] WANG H,ZHANG L, CHEN Z, et al. Semiconductor 149465,
heterojunction photocatalysts: Design, construction, [17] WANG G, LONG X, QI K, et al. Two-dimensional
and photocatalytic performances [J]. Chemical Society CdS/g-CsN;  heterostructure used for visible light
Reviews, 2014, 43 (15):5234. photocatalysis [J]. Applied Surface Science, 2019,

[7] ZHANG J, HUANG Y, LU X, et al. Enhanced 471:162-167.

BiVO,photoanode photoelectrochemical performance via [18] WANG Z, SAFDAR M, MIRZA M, et al. High-
borate treatment and a NiFeOx cocatalyst [J]. ACS performance flexible photodetectors based on GaTe
Sustainable Chemistry &. Engineering, 2021, 24 (9) : nanosheets[ J]. Nanoscale, 2015,16 (7) :7252-7258.

8306-8314. [19] KRESSE G,HAFNER J.Ab initio molecular dynamics

[8] MAURINO V, MINERO C, PELIZZETTI E, et al. for liquid metals [J]. Phys Rev B Condens Matter,
Influence of Zn (II) adsorption on the photocatalytic 1993, 48 (1):13115-13118.
activity and the production of H,0, over irradiated TiO, [20] PERDEW J. P, BURKE K, ERNZERHOF M.
[J]. Research on Chemical Intermediates, 2007, 33 (3- Generalized gradient approximation made simple [J].
5):319-332. Physical Review Letters, 1998,77 (18) :3865-3868.

[9] LU X, YE K H, ZHANG S, et al. Amorphous type [21] HEYD J, SCUSERIA G E, ERNZERHOF M.
FeOOH modified defective BiVO, photoanodes for Hybrid functionals based on a screened coulomb
photoelectrochemical water oxidation [J]. Chemical potential [J]. The Journal of Chemical Physics, 2006,
Engineering Journal, 2022, 428:131027. 124.8207-8215.

[10] HUANG Y,LU Y,LIN Y, et al. Cerium-based hybrid [22] GRIMME S, ANTONY J, EHRLICH S, et al. A
nanorods for  synergetic  photo-thermocatalytic consistent and accurate ab initio parametrization of
degradation of organic pollutants [J]. Journal of density functional dispersion correction (DFT-D) for
Materials Chemistry A, 2018,48 (6):24740-24747. the 94 elements H-Pu[ J]. Journal of Chemical Physics,

[11] WANG, B J, LI X H, ZHAO R, et al. Electronic 2010, 132 (15):154104.
structures and enhanced photocatalytic properties of [23] ZOLYOMI V, DRUMMOND N D, FAL'KO V L
blue phosphorene/BSe van der Waals heterostructures Band structure and optical transitions in atomic layers
[J]. Journal of Materials Chemistry A, 2018, 19 (6): of hexagonal gallium chalcogenides [J]. Physical
8923-8929. Review B: Condensed Matter &. MaterialsPhysics,

[12] REN K, TANG W,SUN M, et al. A direct Z-scheme 2013, 87 (19) :195403-1-195403-6.

PtS,/arsenene van der waals heterostructure with high [24] SRINIVASU K, MODAK B, GHOSH S K. Porous
photocatalytic water splitting efficiency[J]. Nanoscale, graphitic carbon nitride: A possible metal-free
2020,33 (12):17281-17289. photocatalyst for water splitting [J]. The Journal of

[13] KUMAR R,DAS D, SINGH A K. C,N/WS, van der Physical Chemistry C,2014, 118 (46) :26479-26484.
waals type-1l heterostructure as a promising water [25] TOROKERM C,KANAN D K, ALIDOUST N,et al.
splitting photocatalyst [J]. Journal of Catalysis, 2018, First principles scheme to evaluate band edge positions
359:143-150. in potential transition metal oxide photocatalysts and

[14] SRINIVASU K, GHOSH S. Photocatalytic splitting of photoelectrodes[J]. Phys Chem Chem Phys, 2011, 13

water on s-triazine based graphitic carbon nitride: An

(37):16644-16654.



%16 % 4 W LB S : 1 B A AR 5 45 g-CoN,/GaTe S Ak 7 19 55 — P U A 5% 591

[26] WANG G, ZHANG L, LI Y, et al. Biaxial strain photovoltaics and light polarizers [J]. Physical Review
tunable photocatalytic properties of 2D ZnO/GeC B,2015, 92 (12):125201.1-125201.8.
heterostructure [J]. Journal of Physics D: Applied [28] FU C F, SUN J, LUO Q, et al. Intrinsic electric
Physics, 2020, 53 (1) :015104. fields in two-dimensional materials boost the solar-to-
[27] XIN H, PAUDEL T R, SHUAI DT, et al hydrogen efficiency for photocatalytic water splitting
Hexagonal rare-earth manganites as promising [J]. Nano Letters,2018,18(10) :6312-6317.

First-Principles Study on the Type I Van Der Waals
Heterojunction g-C;,N,/GaTe Photocatalyst
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Abstract: Two-dimensional materials have attracted much attention in the field of photocatalysis due to their
unique physical properties, and constructing heterojunctions is an effective strategy to improve the
photocatalytic performance of two-dimensional materials. The photocatalytic properties of g-C;Ns;/GaTe van
der Waals heterojunctions have been systematically investigated based on density functional theory. The
calculated results show that the lattice mismatch ratio of g-CsNy/GaTe is 0.6% , the formation energy
1s —486 eV and the heterostructure is stable. The heterojunction is an indirect band gap material with a
band gap value of 1.45 eV, forming a stable interlaced arrangement of energy bands with an energy band
bias of 0.56 eV and 1.54 eV in the valence and conduction bands, respectively. The built-in electric field
pointing to GaTe constitutes a typical type II heterostructure. Under the action of the built-in electric field
and band polarization, it is conducive to the effective separation of photogenerated electron-hole pairs and
improves the photocatalytic performance of the heterojunction. The light absorption coefficient of the
heterojunction in the visible light range is as high as 7>X 10" cm™', and conversion efficiency of the hydrogen
production is 16.48% , which is favorable for the photolysis of water. Finally, an attempt was made to
apply a load to the heterojunction, the heterojunction shows a clear red shift under tensile stress. g-C4N/
GaTe Heterojunction is a promising photocatalyst, and the results of this study provide a theoretical basis for
the design and preparation of g-C4N;/GaTe heterojunction.
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