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Abstract

Photocatalysts, as green environmental materials, hold immense
development potential. With the increasing threat of fossil fuels to the
environment, finding alternative energy sources has become urgent.
Photocatalysts initiate chemical reactions under light irradiation,
converting light energy into chemical energy. They decompose pollutants,
deodorize, and purify water. Hydrogen energy development is promising,
with photocatalytic water splitting being an effective method. This
approach uses photocatalysts to absorb light energy, decomposing water
into hydrogen and oxygen, making it simple and environmentally
friendly.This study employed MoS:-Doped Boron Nitride Nanotubes as
photocatalyst materials. Boron nitride nanotubes have excellent
mechanical properties and thermal stability, while molybdenum disulfide
1s known for its unique photoelectric properties and efficient photocatalytic
activity. Combining these materials aims to enhance photocatalyst
performance. We conducted computational simulations, optimizing the
structure of MoS2-Doped Boron Nitride Nanotubes for stability and
analyzing its band structure, finding a suitable bandgap for photocatalytic
water splitting. The material showed excellent mechanical properties,
photoelectric properties, and light absorption performance, indicating its
potential as an efficient photocatalyst. Future research will optimize
material preparation processes to enhance efficiency, study performance
under actual conditions for large-scale application feasibility, and explore
other doping elements or composite materials to improve performance
further. Photocatalyst technology, as a green technology, has broad
application prospects. Continuous research and optimization will expand
their applications in environmental protection and renewable energy. With
technological advancements, photocatalysts will play a significant role in
future energy structures, contributing to sustainable development goals.

Keyword : Boron-Nitride Nanotubes, DFT study, Hydrolysis,
Molybdenum Disulfide (MoS:), Photocatalysis
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Bl 3.1 f1 sl = 8% (a) (8, 8) SWBNNT, (b) (9, 9) SWBNNT, (c) (10, 10)
SWBNNT, (d) (11, 11) SWBNNT, (e) (12, 12) SWBNNT, (f) MoS2-#% 3= (10, 10)
SWBNNT #4L B, % (g) MoS2-#3¢ (10, 10) SWBNNT |48 ]

% 3.1 2 A2 SWNNNT #4442 & /5 % k-points &

Material Diameter({A)

Pristine SWBNNT(8,8)
Pristine SWBNNT(S,9)
Pristine SWBNNT(10,10)
Pristine SWBNNT({11,11)
Pristine SWBNNT(12,12)
MoS;-doped SWBNNT(10,10)
Pristine SWBNNT(12,12)
MoS,-doped SWBNNT(12,12)

13.91
13.95
14.05
14.26
14.29
14.42
15.37
1571

% 32 H & SWBNNT Hiligit i % 5

chirality ~ diameter
(n, m) of B (A)
(8, 8) 9.80
(9, 9) 9.81
(10, 10) 9.81
(11, 11) 9.83
(12, 12) 9.85

strain ener

(eV/atom

0.238
0.393
0.051
0.028
0.14

Volume(A%) | K-points
0.93 1.1.50
0.96 1.1.50
1.00 1.1.60
1.01 1.1.60
1.02 1.1.60
1.03 1.1.60
1.05 1.1.80
1.08 1.1.80
diameter B—N bond
of N (A)  length (A)
921 1.70
9.22 1.71
9.31 1.73
9.33 1.73
9.35 1.75
23

band

(V)

4.71
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MoS;#%#& BN # ot g i {7 kit 2 & HF2 MR 3
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268 .05V
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w w
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B 3.2 (a) & 4> SWBNNT (b) MoS: #% 32 SWBNNT #8 4 -5t £ % 1* B 7% B

ul @ pristine SWBNNT | | (b ——HoS,-doped SWBNNT]
222 37
: :
x 20 x 20-
> N
g g
E 184 l.6imn s 18- l.66|mu
16 16-
0 4 8 12 16 20 24 28 0 4 8 12 16 20 24 28
Bond length (x 0.1 A) Bond length (x 0.1 A)

B 3.3 (2) & 4> SWBNNT (b) MoS, % 32 SWBNNT 4 £ -it £ & 1 B % ]

3.2 ;}2}3@.&.‘,’0@ el ?f

i F (R 3.4)2 i 2 Fae ds SWBNNT 4 &% GGA %
GoWo > #9358 M@ aF @B 5 49eV 2 52eV a Hieish
(10,10)SWBNNT i # &% % 0eV > 52 - H48 - &2 afsf A i

T G AEY o FF g 33218 (12,12)SWBNNT Azt 3 {8 4
A
v

|
By
® g
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B 3.4 (a) %4 SWBNNT (b)MoS;-3%32(10, 10) SWBNNT(c) MoSy-4% #2(12, 12)
SWBNNT it # 214 ]

4

EXod TAB3ZWISKRLAFAEFEEINB ST A

MoS2-3% 32.(12,12) SWBNNT % ¥ * # 4L » @ MoS2-4% 32(10,10)
SWBNNT 4vb it » A& Ak @ * o ¥ ¢h > d | 3.6 4t 5 2100 95 H
EHad N2 S ki aBdd Moz Bk fFd 7 b ek 472

LI i e RE RGP A R 8 T iR

+ =%, N 4, Iy 2L LYy K= - %
233 s ENzZBreaisad s HE

9%

o i

pristine (10, MoS,-doped  pristine (12, MoS,;-doped

10) (10, 10) 12) (12, 12)
parameters SWENNT SWBNNT SWBNNT SWBNNT
band gap 5.20 0.00 S.40 2.50
(eV)
a(A) 38.00 39.00 39.31 39.50
b (A) 38.00 39.00 39.31 39.50
c (A) 0.12 0.13 0.14 0.14
formation -8.37 -~8.71 —-8.42 -8.71
L‘"L‘l’g)'
(eV/unit)
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3.4 LR R kA d B AN R

band gap  absorption

material (eV edge (eV)
MoS,-doped 2.50 2.60
SWBNNT
N-doped TiO, 2.91 2.61
nanotube/TiO,— 2.31 2.59
ZnO composites
2D MoS, 1.30 1.45
MoS,/Ni;S; 1.48 1.51
4. B8

BARFEL Y O APEY RRLSES (DFT) 38 > 57§

—\\*F‘

3 K # 48 & it 49 (MoS,-Doped Boron Nitride Nanotube ) 3k
[ 3 WL sV e AR Rl s L TR U R, P AL e S T
Azl gk B B EFAT R A A RAR Y IR D
kL o
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TR o RIS 0 AR H R T BRI T
2 AGTE T B oA s o RET S 6 0 Biew M s
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Q: 2 & #4143} & ¢ Bandgap & ?

A o RIp g TSR A S ER LA F 22 1.23 eV i
ek iR bk A2z B RH/H) T (444 eV)E k& fRehg
(0/H,0) % =(-5.67 eV)2. £ & ©

Q:kpoints e Z_& &_i* -2

At 2R N k F g 44

Q:zfm (8:8)(9°9) Hifehgtpr L7
Az fEH L 0l % it (strain energy)i® < 0 FHR ML AP FRenGHE L

3 g
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Q:CBM 4r VBM #_i+ A&-?
A:Valence band maximum (VBM) % Conduction band minimum (CBM)

(ES S-S 5 WY

Q:% A& * GGA-PBE % GoWo-PBE & fEH5 > 5425 & end v 2
A:GGA A i feng it B = 2 BEEAG L orjl f e R RS o 3 Y
18 1 5 Bandgap #ciE ] o GoWo B 5 it B 2 2 > R opje
ok > 38 e Bandgap #iciE i+

33 BT L BEEAIRL ePaper(2024 &)



MoS,4% 3 BN % 'F? BEFRBLA G ¢i%ﬁ7\g;ﬁ552

10.

11.

12.

13.

14.

15.

542
Lin, S. H.; Kuo, J. L. Towards the ionic limit of two-dimensional materials:
monolayer alkaline earth and transition metal halides. Phys. Chem. Chem. Phys.
2014, 16, 20763-20771

Chen, X.; Shen, S.; Guo, L.; Mao, S. S. Semiconductor-Based Photocatalytic
Hydrogen Generation. Chem. Rev. 2010, 110, 6503 — 6570.

ASHWIN KISHORE, M. R.; LARSSON, Karin; RAVINDRAN, Ponniah. Two-
Dimensional CdX/C2N (X= S, Se) Heterostructures as Potential Photocatalysts for
Water Splitting: A DFT Study. ACS omega, 2020, 5, 23762-23768.

Kresse, G.; Hafner, J. Ab Initio Molecular Dynamics for Liquid Metals. Phys. Rev.
B 1993, 47, 558-561.

Kresse, G.; Hafner, J. Ab Initio Molecular-Dynamics Simulation of the Liquid-
Metal-Amorphous-Semiconductor Transition in Germanium. Phys. Rev. B 1994, 49,
14251-14269.

Kresse, G.; Furthmuller, J. Efficiency of Ab-Initio Total Energy Calculations for
Metals and Semiconductors Using a Plane-Wave Basis Set. Comp. Mater. Sci. 1996,
6, 15-50.

Kresse, G.; Furthmuller, J. Efficient Iterative Schemes for Ab Initio Total-Energy
Calculations Using a Plane-Wave Basis Set. Phys. Rev. B 1996, 54, 11169-11186.
Perdew, J. P.; Burke, S. M.; Ernzerhof, H. Generalized Gradient Approximation
Made Simple. Phys. Rev. Lett. 1996, 77, 3865—3868.

Blochl, P. E. Projector Augmented-Wave Method. Phys. Rev. B 1994, 50, 17953-
17979.

Kresse, G.; Joubert, D. From Ultrasoft Pseudopotentials to the Projector
Augmented-Wave Method. Phys. Rev. B 1999, 59, 1758-1775.

Grimme, S., Antony, J.; Ehrlich, S.; Krieg, H.; A consistent and accurate ab initio
parametrization of density functional dispersion correction (DFT-D) for the 94
elements H-Pu. J. Chem. Phys. 2010, 132, 154104.

Monkhorst, H. J.; Pack, J. D. Special Points for Brillouin-zone Integrations. Phys.
Rev. B 1976, 13, 5188-5192.

Heyd, J.; Scuseria, G. E.; Ernzerhof, M., Hybrid functionals based on a screened
Coulomb potential. The Journal of Chemical Physics 2003, 118 (18), 8207-8215.
Fu, C.-F.; Sun, J.; Luo, Q.; Li, X.; Hu, W.; Yang, J. Intrinsic Electric Fields in Two-
dimensional Materials Boost the Solar-to-Hydrogen Efficiency for Photocatalytic
Water Splitting. Nano Lett. 2018, 18, 6312-6317.

Takhar, D., Birajdar, B., & Ghosh, R. K.. Photocatalytic and piezocatalytic
properties of h-NbP and h-NbN monolayers for green hydrogen production: Insight

34 HY X B84 ePaper(2024 #)



MoS,4% 3 BN % 'F? BEFRBLA G ¢i%ﬁ7\g%552

from density functional theory calculations. The Journal of Physical Chemistry C,
2023,127(7), 3408-3416.

16. Ombaka, L. M., McGettrick, J. D., Oseghe, E. O., Al-Madanat, O., genannt Best, F.
R., Msagati, T. A., ... & Bahnemann, D. W. Photocatalytic H2 production and
degradation of aqueous 2-chlorophenol over B/N-graphene-coated Cu0/TiO2: A
DFT, experimental and mechanistic investigation. Journal of Environmental
Management, 2022,311, 114822.

35 HY X B84 ePaper(2024 #)



