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Interfacial Performances of MoS,-H,O Depended on Plasmonic
Metal and Its Localized Thermal Effect
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Beijing University of Technology , Beijing 100124, China )

Abstract MoS, has been expected as a potential material in photocatalytic water splitting, and the efficiency of
hydrogen production can be improved by loading the plasmonic Ag nanoparticles. In this work, the influence of Ag
nanoparticles and its temperature rise from the thermoplasmonics effect on the interfacial properties of MoS,-H,0 was
investigated. Based on the fabrication of the model of MoS, loaded with Ag clusters, the interfacial properties such as
the interfacial water density, the Helmholtz layer width, the surface electrostatic potential and the water diffusion
coefficient were calculated by molecular dynamics at 298—368 K, and the interfacial electron transfer, the
adsorption energy, and the desorption time of water molecule were also analyzed by combined with the calculation of
density functional theory. The results show that the Helmholtz layer width increases and the surface electrostatic
potential decreases when loading Ag nanoparticles on the MoS, surface. The adsorption energy of water molecules
enhances due to the interaction between Ag nanoparticles and water molecules on MoS, surface, leading to a relative
increase in the delamination range of water molecules. With the increase of temperature, the adsorbed water
molecules on the surface of Ag/MoS, decreases, and the delamination range of water molecules as well as their

diffusion coefficient increases. Considering the change in the surface electrostatic potential, the desorption time of
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water molecules with loading Ag nanoparticles and the temperature rise, the desirable temperature for the interface

reaction could be about 328 K.

Keywords Plasmonic metal; MoS,; Molecular dynamics; Density functional theory; Interfacial property
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Fig.1 Surface model of MoS,(A), top view of Ag,, cluster model(B), MoS,-H,O system model without(C)
and with(D) Ag,, clusters

The yellow spheres are S atoms, the blue-green spheres are Mo atoms, and the light blue spheres are Ag atoms.

Chem. J. Chinese Universities, 2025, 46(5), 20240569 20240569(3/13)



J %4 B g R

Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁg‘%iﬁi
¥y . MoS, 2 1 S PR Ui IR G5 M), Ag9ioKKiF /20  Table1 Structural parameters and number of
AR ) DO TR AR 2 R TAT A, X S 58 B L 7)) molecules in each system

7"% pin} iﬁ ﬁ—} IL'fﬂ' /fj[‘: /ﬂg , /f%': ilj % Eﬁﬁ% szl ﬁa E]/\j Ag20 [] System (x, ¥, z2)/nm Number of molecules
%‘2, MK 1(B) s MoS,-H,0 (3.15, 3.15, 7.90) (M0S,)100(H,0) 100

A Z R =B R, TR 4kl AgMoS,H0 (315, 3.15, 7.90)  (Ag),(MoS,) 00 (H,0) 10
MR A, P21 RS MoS, FAl , IR/ R 5 11 2K
Aghig. HFIHI 1200 17K 701, K Ir )25 2 LA
TH bR MoS, & 1 X 4K A 7K 20 F (1 52, % % 0
1 gfem’. FEREIE R 1, 45 WA 1(C)FI(D). 1k
REASZE N2 nm. KT FH Ty BAL S, FH, fr7 (Simple
point charge, SPC) #& Y | f& & ¢,=0.41 e, ¢,=
—0. 82 e, MY R LA i 7K 58 P A AR A i
FIZEAE | BRI B R TR ST SE WA 5
XF MoS, IS JZ2 I ¥ EA 7 [ , s #EA 7 Uit . 7E
JUTARALSE ) L 45 Ag BIFE JEAT [ € , 153 i n9
TR

HF DFT WL 11 MoS, 2% i Al 1 2% Ag 5+ 5 19 Fig.2 MoS, surface model without(A) and
324 FRTH A AL 3 A 2 (A) R (B) B, BERLR: with(B) Ag atom
FH2x2x1 [ i MoS, 4514 .

12 #ERE

121 Fa A FEN BEROHEREAEN(NVT) RZ5. BT EEE SRR, BRI AR, KA
JEAME BT ABERTCRR /MR R . 1 T2 AL R i K T 4% i 22 (8] A AR FHYE R, A AE
TE T ) A e 152 22, TRDHCR TR 1 0 SR 2 A B B . I 2 428 T 35305 Nose-Hoover 25 i
P, & NVT FIAE IR S5 R (NPT) REEA R i iy I EIRTE . O AR R IR R 298 K, BT R
1200 ps, BHEZK N 1.2 s, FES B TR, Bk Ewald SRFIEDY; JupE4E ) 8 FRf T, ok
FH Atom Based R AL SR [E] Q ratio W ERIAME 0. 01, AT LR AT RE & AL (IR IR 7 R T REFEAIS, M\
T SE PRk B . U0 AR Y it T R AL o B2 i e A 711050, PR O EESS & ] DATECRIERS BE 1Y)
[ S TR, 378 1 BUR ] oIt 13, 21 R SO T AR 22 08 K 3 iy J 1 Fh 2 1)
PIAREAE I Ay sl 1 2 U SR B TE R Materials studio 9 Forcite BN 4T .

DI T 17 38 Ag WK TR Y MoS,-H,O & RAE BT R4 , i3 318 1 2# U5 MoS,-H,0 1A &
SR N I RS R GG -0 o (F T4 1111 VA 1 7 NS I 0 I & e 2 B 53 VA 2 D E 1
I BRI A% 1) 43 A R B 35 A T RE S [ Ol 298~368 K, I LA 10 K O E) B, 15540 M A ) B R
Ag/MoS,-H,0 H)ZR I K 73155 BE 43 A1 . /K LA 85 BE AR 22 . F 37 BE A 22 | 3RTHT L 3 KK o3 1 i 9 B
i
1.2.2 DFTAH#l  EEEH FHA0) B E I ) (Generalized gradient approximation, GGA) Jy i, f#i
Perdew-Burke-Ernzerhof (PBE)iZ R HL T2 [BIAH EAEF , 232 PRZECRIET TR0 1Y [A] B BE 0% fE
WA AR 50 00, AR A IR 45 R, GGA-PBE A LG AR HE MoS, Fl H,0 AHGHA
AP &R Z B A AN . T UL, REER USRI, 2. 72x107 eV, JyUSSbRifE
5. 44x107" eVinm, NFBUESIPRIE R 5}107 nm , %5 5 pREL (p ) I AL BR BT SR EAR A5, S KA
KECA 500K, H 1A 0 v fr 28 FEWCEOPRIE R 107° eV, A LUK IX A9 & 05380 B A 5x5x 1. A B4 7E 3K
{4 Materials studio ¥ Dmol3 2 /3 47 H 5E A .

DA TC 4R Ag J5L 71 MoS,-H,O R B AE W BIFFE R 4, i ad DFT BEALLTH53 MoS,-H,0 & & LK 73+
W B2 S AV SRTATRE T 4540 S AN B | 2200 i T BE A A1 . JFARAE DL e s SRR mixd Kk 4y

&) ®)

Chem. J. Chinese Universities, 2025, 46(5), 20240569 20240569(4/13)



o HEF FHwE R

I I I CHEMICAL JOURNAL OF CHINESE UNIVERSITIES ﬁﬁg‘%i/t\.j

TR HEARE | AT AT AR B L SR L K TR E], 0BT T Ag DA HL TR MoS,-H,0 {4
FR S HIE B 7K 231 (R 5

2 GRS

2.1 Ag#KHF3F MoS,-H,0 5L W B & 43 f B 5401

P 35 298 K 45T TG 61 AN 17 2 Ag 9 KOR T+ 1 72 11 B2 Mo, 3 I /K 7028 5 43 A 1150 245 SR A
1200 ps FAERAR . I 3(A)FI(B)AIAL, TEigREA &b 70k, Ko Rmb BT 52
REMING . BEGT K T REEL T S A, nTLUE B, K o185 B i 8 Ae i 3R e 55
b H BT AR, W 3(COFI(D) PR, X 5P BREE A — 3K, 15 Luan & BF5% 1 MoS, & 1fi_F/K3F
H B I A B A — 3k, DR TR ST EE Y 13 | R | SRS BRI . AR
O34T, ToIER Ag PR T- IR 1 /KT B R MR/ MEE R 0. 15 nm, T 512k Ag 49K KLTJ5 1) MoS, 3
1A IR A BB ARk . Bl I S R S RGN, K T FE DA (EAIV T R A — /ML,
T 25 W R B 2 - GE e AARAR X . K432 BEVEAE PR 2. 19 gfem®BE 2R 1. 92 g/em’, S5 PR IR & 2R
SEFEFEARNT R, UEEH T /K50 F7E MoS, R 10 I R4 2 22 Ag KR T TG W s s . R K 074
BEA3 A1, AT 43k N 22 i8R 24 )2 (Inner Helmholtz Layer, THL) | M Z2 i 2= 2% 2 (Outer Helmholtz Layer,
OHL) FIAF X (Bulk ) 3 4~EB 43, TG 2N T2k Ag AN KE 78 2 11 1) 22 W B 25 122 9 FE 43 1) M 0. 81N
0. 85 nm, 1T 0. 04 nm. Ag G172 AH MoS, FR 1AL JZAE FITE FlAZ K

_\‘\‘ ' P g = N \I , o = (B) / -/-"\\’I ‘/ \\//\'" :
s ] ;-

e 5

o o

& &

E E

< <

S S

G [

1 1)

2 2

7 7

5 5

a : (=)
IO15 0.ISO 1 081I L 1 1 0 |015 O'TSO 1 O.85| 1 1 1
00 02 04 06 08 10 12 14 0 02 04 06 08 10 12 14

Distance/nm Distance/nm

Fig.3 Snapshots at 1200 ps(A, B) and surface water density distributions(C, D) of MoS, surface
without(A, C) and with(B, D) Ag nanoparticles at 298 K
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Fig.4 Charge density distribution, electric field intensity distribution and interfacial electrostatic potential
distribution of MoS, surface without(A, C, E) and with(B, D, F) Ag nanoparticles at 298 K
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Fig.5 MSD curves of water molecules in IHL, OHL and bulk of MoS, surface system without(A)
and with(B) Ag nanoparticles at 298 K
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42 18] 4347 B %Y (Radial distribution functions, RDF) (] S1, WA ZH5+5 B ). Mo-0y #2[0] 43 7ii R 1Y
A IAE 0. 48 nm &b, 2l S5 o m i m TPAR, X UK 1 45T O, 5 2 1T Mo J5i-F 77
TEAHE AR, A S 7R 50— e (5 Ak 1 BRAE Mo J] Bl A E SR B (E, 0. 48 nm AT LITACAJE Mo-Oy AH H.
YERRIEEES . XIF S-Hy, A Ag-Oy B4R ] 43 A PRECHLAT FSL A a5, [RIFE H B0 T 20— N0, Ao Oy
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Fig.6 Energy band structure and surface atom PDOS of MoS,(A, C) and Ag/MoS,(B, D), PDOS of Ag
atoms on Ag/MoS, surface(E) and TDOS of MoS, with Ag/MoS,(F)
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4 DFT T34 AT A MoS, Fil Ag/MoS, X 7K 43—~ 1A Wiz 86 175 150 N 22 43 He %8 B2 43 A, DAL 7(A) FL(B) AT
HI, TCit MoS, &A1 28 Ag KT, Hy # & FIZRIAIT O, r"”élz”j%VFFH X558 5 th i A
243 A PR —E0. XFF 0y, BT MoS, 18 b S JFE-FHIXT 264, A RE W S0 B T2 1 (19 Mo J7 -+
b TAE Ag/MoS, & A 3R L, Oy WNTE Ag i+ b, X FIHEEZH T Ag EVJ d?ﬂﬁtﬁ%ﬁa e, H
Ag T T MoS, 3R 1, fiHL TR LA Agln] O 6#% , Ml Ag 5 O [/ AEAHEAEM , iX 5 RDF 45
R Ag-Oy 55—V 5 FE B g = T E A EAE A BLG AR R . WLEE MoS, Fll Ag/MoS, | 1225 L 79
LE7(COFND) ], FTLAG AN TR B2 L~ B4R 7 1) . MoS, R AT 57K 43F-[] S-H,, i - o S T H,,
F14) B 28 AR AR 43 ) — 38—, 156 B H T DOK R SR AL B R AR R ITTE Ag/MoS, & & 4R 1
R Ag-Oy ZIRFAEAI AR, 5 Ag JE 710 e 72 FEAH L H B I AR fh /)N
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Fig.7 Adsorption structures(A, B) and differential charge density distributions(C, D) of water molecules
on MoS,(A, C) and Ag/MoS,(B, D)
(A, B) Blue dashed lines are hydrogen bonds, red dashed lines are close interactions; (C, D) red and blue are

charge density increasing and decreasing, respectively.
P HF T MoS, 1 Ag/MoS, E/K 7T IO HERE . SR HL e RS i A AU I, 45518 T3k 2. ]
BT RE AR R | IR ER I B 0 R T AR S T R R I I R A RE B, I R RE A RN B R
i BE e AR B PR 2 Bl AT R IR RERG TS

E.. = (E N ) tl(-,surpliml) N + adsorption (7)
Krh: £, (eV) HRWEINEE; E.,...(eV) R I EH A i a i, tesorpion € V) AR R B0 47 J5 R B T B )
AETE 3 Eoaceradeoniv (eV)fJ%UgﬁFiE 1A R 1 B 4 R A L B, A J\_@iﬁﬁ B/ INAT LA sz e e 86 5 J3E

R AT & Q, RS H0 20 F R A A2 f i %/T”ﬁﬁﬁ)ih HH,0 73155 7% 51 MoS, 2 1M 1Y)
MM ot AT L AT AR IR, Ag iR S8 & 17 XK i B aE , X S AT i REHT LTI A
Table 2 Adsorption energy (E,, ), surface charge transfer (Q,) and hydrogen bond length (dHW,O) of

water molecules on MoS, and Ag/MoS, surfaces

System E /eV Qe dyyy—o/nm
Ag/MoS,-H,0 0.578 0.084 0.269
MoS,-H,0 0.208 0.003 0.269
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P38 1205 IR A FAEF RN 7 )2 25 A AE T 2k Ag GRRL T 5 B T B4, T2
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F2MT I, FERER Ag i T2 )5, 100 H fr 75 B 1 B B 38 b T i — 2B EDE Bk A b . X i i T
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G353 2N R R AR R SR A
2.3 AREIRET Ag/MoS,-H,0 HI R E 14 /R

FIFH T3 1285 Ag/MoS,-HL0 1R R A TALITAE, 1 e 8 R MK TR mas . Tk
MHERT, 1E A 2% )2 ok 0 788 B B e KAl OB T 7K 43 T 16 Ag/MoS, 11 i & A2 1 50 .
F 8(A) iR, BEEIREMTHE , KO TR EIEME 1. 92 g/fem BEITLEME R IR E 1. 68 g/em®, VLK1
T 2R THT P9 R 56 B 0 T 8 A BT, SRR AR B AT PRI . AR AS [ T Ag/MoS,-H,0 & R K53+
WA SR Z W EZZ)Z TR E8(B) |. AT, M 298 K #1368 K, Z MHFE %% )2 5 B /M b Tt
e, 0. 85 nm B INEN 0. 87 nm , X PEHIR T2 5 R 1 AR 2 70 2 /E FHTE I K .
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Fig.8 Trends with temperature on surface water density peak(A), width of Helmholtz layer(B), D(C) of
Ag/MoS,-H,0 system and the desorption time of water molecule on MoS, and Ag/MoS, surfaces

at different temperatures(D)

2D ML AN [F) I T 14 7K 3 8 A A L T Py % A 2 Rl 3 P A 25 (1B 82, AR
SCEREF ), DAZETAT A faf 25 13 2R 1) 0 07 R g e 9 DA (A 1) L g 2 P A 22, DAL 31 e 378 A
25, FoN LA PR A B (R 0 S AR B . 5K G P B T AR TR — B, R R g 2 A 22
I 78 3 A 2 S5 Bt il P T A P A, T PR A 285 BE A 25 D 66. 65 e/nm’ B 22 54. 83 e/nm’, T HLZ 98 JEE
e 22 M 26. 08 Vinm [ 5 23. 25 Vinm. 38 5 YA FA 5 FE TS (]I BT 1) 2 T i 45 B 22 1 2% 2 H 4
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