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Abstract

As a sustainable and clean energy production method, the development of more efficient and sta-
ble electrocatalytic materials is of great significance to promote the development of renewable
energy. Nickel selenide, as a new Kkind of electrocatalyst material, has received extensive attention
in recent years. Compared with other common metal catalysts, nickel selenide compounds have
many advantages, such as higher chemical stability and greater chemical conductivity, and nickel
selenide compounds have adjustable electrical conductivity, surface area and surface chemical ac-
tivity, so that they show good electrocatalytic properties in the water electrohydrolysis reaction.
Molybdenum doped nickel selenide nanomaterials have shown promising catalytic activity for
hydrogen evolution reactions, making them potential candidates for use in hydroelectrolysis. The
construction of molybdenum metal-doped nickel selenide nanomaterials and their water elec-
trolysis performance are important and valuable topics in the field of materials science and ener-
gy research. In this work, Mo-NisSes three-dimensional porous nanomaterial was synthesized. The
nanomaterial was obtained by ion exchange with Mo solution on NisSes material. As expected, the
materials we have prepared have shown good electrocatalytic properties in HER/OER. These
findings provide an excellent idea for the industrial application of molybdenum-based nickel
selenide materials in the future.
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1. 5|

B R O AT RE SRR IR T SR FF GG, A RR IR, AEREEIR AL AWNELL, FF R T RESE
R AR REIR 2 OC L BE[1] o LA /K I U0 D — o B B P HRR R i vt e IR A 7= 7 3, T DU 7K ik
AARAA, BRI N EERE[2] [3]. ML EEAGR SEBUK = A ) — Pl ik Ae, b3k —Fhae
% v RRR B B PRI AL AT RE S T SR BRI 2 B AR B U [4]. €4 Mk, B R oA S L
R, AH BT AR R SR, BRI T AR S R A KSR F 5] [6]. S5 AHR, FHIER I,
WZ BB S EIT R —, KRR —MERN . FENEE, 2R T d =880 7] .
[ N4 A0 A A D —FoB B A AR AL AR, IR S22 T i2 I OGVE8] [9]. S W4 s Ak A
b, FHEMAWA V2, BIanE s e AR E SR, i, HE LAY A AT
e RIARRR A =S, AR R SO P R I R4 1) F AL PR RE 100 R St 11 Ha i
IKMEALFIA R T HEh B RE IR ARV o E B . Sk E, WAL B AR A N R R i
i, BRGNS SRS, BT DU SR 15 AR R R 1 i 3 S L A K M B A
BEREE A BEYS AT 7T Uk op B B S5 SN E I EREE[11] [12]. 248 H B SRR R 2 BoR O HT
SRS A B AT P, e AT T T /K F AR I AR A AR 13] [14]

e R LR, SR A A R s T AR R 2 —, HPERE T T B
DL IV < e AL R SE G NiSe, NiSe2 T iz 5t T HER A1 OER 1, I HEUS T ANES B R
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[15]. WHFLREH, BERAEYINT HER RILHER Z P rEgE, AL sl & 4k
Tt U 4 SR I N FL R A AR . T A S (RN TR R ARORE , R iR A AR B R AF Y HER RUR2[16]
[17].

B MR EHE K S U R UL 1 B IR ), EEAR R T AR A e
Ae[18]. LERA S e — P R AL, RS BA RGBSR ERE . S u R B gt
AR ZE R, BT DAE— 20 SCE A R BT S5 M R (AL 5 12 [19] [20]. £HB 445 SR 1) M 125 A0 R RS R e e it
W2 (YRR s, HARAG AT A, X T K o R RO R o [21] . kA, FHIB MG
e S DA ) R BT v PR R AR e M, X T S bR R HR R R 1 SR AR R E L [22] [23]. FHB 2R R4k
M RLREAE T BRI I H A T SR i B K i X TR TE SE g/ Hh RE 6% FRAIRREFE, PR iR nRe
B o X — VA EH S A AL R RO — AR A R S K SR . FESRIORE AR, A kLR
7~ TIRT 2 A G B E YRR M, R R AE B PR S R B A R H[24]. b4, BRI
T A AR A AL ) 1) % i R ARG (7 5, AT DB A 2 DA B A B A5 T VR SR BL, 3 DR DR RIS A 7 R b Ak
R T R BE[25]. SR, 4H45 A AN AL B AR PR L sk R fE A M R AT R I I 22 05 M, TR fE T RF
SRRV, JUH R RIRI A, B BN A A5

ATAEA R T —F Mo-NisSes £k, Fr& R AR I H 00 5 e fe A Ve e FH T HL A A /K R S
23S, P A R R A I F R A PR R, R AN TS MR AN S 1) F T S v R R A S R A
BETH 1. KRR T EFESE PR S BB IMEE BT %, RN, e
AL AR PEAI AT Rl it . XA B T HES M AL A MK B AR IR R, D vt R IR A3 1) 2 P i )
FLUTHR

2. SCIGERSY
2.1. EERFH

SEA e, Bl RAF A IR A F]), BRI, B RAE ARG R A ),
TR CEEGrMTal, ERTRr TAE R A F), Wk (bral, BRasRAEEARERAF).
2.2. Mo-Ni58e5 E‘J'S}ﬂz

AR FERHE T #1543 3] Mo-NisSes, BAARUI T Frs, KA (NF)TIAL 1 cm x 3 cm, 7£ 3 mol/L
HCI 7 A a5 AL FE 30 Jr4h BRI EAL 2, AR5 H QB FIHB 4l K e 4% 10 208, B a K AL FET () NF
N 60°CHEF T4 12 /NiF, SR FALFE R NF. BEG¥ 0.5 o Wik B T/ B, i B A i1
WA, BTFEh. fEIES Nosh &4 T, B8 E 450°C, FHR#EZE N 2 C-min?, i 2
he f)a, PEEIEAEEL, 78 60CHIEZSMAE TR, &5, AH%E =R F] NisSes/NF.

i & 0.1 M MoCls ] ZBIETR, #4515 1Y NisSes/NF BN A, 3230 24 h, BUH IF HLBei R e,
7E 60 CHIE A P T, fa, A EIE =R %] Mo-NisSes.
2.3. GHISHIRRIE

FH X B8 RATHHE 20 Y5 Bl A (10°~907) AL &, FAFEEE A 5 °-mint. HEHIZ RS HfH T 5
BT (SEM) ML ZZTE S .
2.4. H{LZERAE

i AL MR R AR R = R R Gt fEEIR T, EH#Ei% T/EN(CHI 660E)7E 1 M KOH H
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RV HEAT IR . B AgIAQCT (TAN KC)IE NS LL A, b Xt B i, #4511 * 1 om NF SEH N T
YRR . LR 220 SR i 28, B FE R 8 N 5.0 mV s L. FFE VIAE B #1820/ MEAR
1E, I AR 2 ] A AR (RHE) . ZEAHE AU = FE AT 1 M KOH Hffii k4T s Ak 24 B BT IS (EIS),
AL H N 0.01~10° Hz, R8N 10 mV. FIH CV i HAFRAHEF(20~60 mV s~ K HLAL K H AR
(ECSA).
3. &R511i8
3.1. Mo-NisSes # RI BV IR R AE

KB A8k, 1E NisSes FiIhiiA K 7 Mo-NisSes = 4E LI 454 .
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Figure 1. XRD pattern of Mo-NisSes

1. Mo-NisSes B9 XRD

] £ PO AL TR 2 (R R X SR AT S (XRD) S i 4] 1 B, Zead 2 ) STk al %0, A7 506 5 STk B
RG2S T AT PUR 7 HBULAL . Mo B F#B4: 2 f5, 3 XRD TR AH] NisSes/NF %A KA1 .

3.2. Mo-NisSes {44 IR L S RAE

2 F iy SEM FHE A TR, BTl 4% 1) Mo-NisSes 1 NisSes/NF i K44 = 4EFLIA K54, 1X
MG T AR LER AR, it — P 1 NF B2k, AR T A 22R6H Mo 35 4% .
B TR G R AR R ER T IX A B m LRI S, RS LR P RE R GBI R

Figure 2. (a) SEM images of NisSes/NF; (b) SEM images of Mo-NisSes.
[& 2. (a) NisSes B9 SEM [&; (b) Mo-NisSes f SEM
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3.3. Mo-NisSes B 14 gE MR

£ 1 M KOH ¥ x5 (K U BEAL TR AT SECPE REREAT T T . W1 3(a) s, i Lotk 22k
(LSV) M =Fh A AL 71U OER ERE. H1 AT UKL =HFALBLT OER PEREZ A X BT MBI LLE
HEEMEL Mo-NisSes (T MERER IR ELF. EAHF LT, Mo-NisSes HUTH i, W IR
Mo-NisSes AL PEAH LE NisSes/NF S 4F . (4] 3(b) 2 7E F AL 2SS S B HTL(EIS) M i N 45 21 iy R AL 22 BT
M E BLF H Mo-NisSes AHEE T+ NisSes/NF Al NF (7425 /N, W] Mo JTER B8 008 7 P EH S
RET, A RUBEAR 1 B 678 si BT B 7 PERE . it —DIRFUBAL R A A5 A0S 1, BEAT 1 Ca K,
Can FIR/INEERS S il th FELAL 22 R TR (ESCA) B R/ o A 3(c) T EAKIIE, Mo-NisSes i) Ca 2974 222.71
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Figure 3. (a) Polarization curves of Mo-NisSes, NisSes/NF, NF; (b) Electrochemical impedance spectra of Mo-NisSes,
NisSes/NF, NF; (c) Ca value diagram of Mo-NisSes NisSes/NF and NF; (d)~(f) represents the cyclic voltammetry curves of
Mo-NisSes, NisSes/NF and NF at different scanning rates, respectively.

3. (@) Mo-NisSes. NisSes/NF, NF BU#R{LAIZ%; (b) Mo-NisSes. NisSes/NF. NF BYEE{LZEPRIIE; () Mo-NisSes.
NisSes/NF. NF BUXUEEZE; (d)~(f)5 BlIFRR Mo-NisSes. NisSes/NF\ NF Z£ R EH @R E T HEIMR R ehzk

RN FUPIT ] 2% L E AL AU HER PERE. 1 4(a)3RoR 7 =FibRHE LSV #iZk. Al L,
BB S AL Mo-NisSes 1 HLILE LA T H AP AR B35 f0 e e, X0 W il 26 B4 kLS5 R
OXAARAH EE B A S AF A IS 1. L AL 22 B BT (EIS) wT B AL 77U HER PERE. 14 4(b) 2 1E 1.0 M
KOH ¥ H A3 21 Nyquist Bl HLF 72 FLBH (R 870N, 358 BH A A0 70 3 T P RLA 2 S 82 30 g 27 R
B3, Mo-NisSes [ Ret {Ezize /T H AP AN LEHEAL I Rocfif,  HHRT DARE— 2D I TR 105 20 i
FHELFIAEHE OER A2 P M. 534k, T T EALFIRIXUR 2 LA (Ca) . AIEL 4(c)~() AT
LA i, Mo-NisSes 1R HL 2 FLZX A F 7 150 mF om 2, AR T oA A i B (AR 30 77 5 v (0 00 FEL 22
#(Ca), Fone BATHE K AL AEETRUF HARER 7 B S AL Al TS RERY T, S
R EMEL Mo-NisSes X Hr & HATIR i I HEAL R fE -
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Figure 4. a) Polarization curves of Mo-NisSes, NisSes/NF, NF; b) Electrochemical impedance spectra of Mo-NisSes,
NisSes/NF, NF; ¢) Ca value diagram of Mo-NisSes NisSes/NF and NF; d~f) represents the cyclic voltammetry curves of
Mo-NisSes, NisSes/NF and NF at different scanning rates, respectively.
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AQ/AGCI HARAE Xt AR RN Z: L AR, IR A R HE B AR HE S AR (RHE) . 45 7R, Mo-NisSes AH XS T
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