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Abstract

The semiconductor-based photocatalytic water splitting technology for green hydrogen production
is regarded as an ideal solution to address energy challenges. Constructing composite heterojunc-
tion materials has proven effective in enhancing the photocatalytic hydrogen evolution efficiency
and stability. In this study, CoC,0,4 and NiC,0, were synthesized via a wet chemical method to mod-
ify Mno.sCdosS through composite formation and surface decoration. The as-prepared materials
were systematically characterized using SEM, XRD, Mott-Schottky analysis, DRS, and EIS techniques.
Results demonstrate that the incorporation of CoC,0, and NiC,0, enhances the photocatalytic hy-
drogen production performance through distinct mechanisms. CoC,0, forms a Type II heterojunc-
tion with Mno.sCdo.sS, facilitating electron transfer driven by the built-in electric field. In contrast,
NiC,0, acts as a co-catalyst to accumulate electrons. Both strategies achieve spatial separation of
photogenerated charge carriers, effectively reducing the recombination probability of holes and
electrons. Furthermore, the introduction of CoC,0, and NiC,0, significantly improves the photo-
catalytic hydrogen production efficiency and stability. This work provides mechanistic insights into
the rational design of high-performance heterojunction photocatalysts for sustainable energy ap-
plications.
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1. 51§

Bl & A ERAE IR AL S PR IR R H 23708, SRy — P R R R 71 T8 T mT AR RE IR & 32 55T
HEARBHR B SVE. SR ER R LG RRIR 2 S B, B e SEIl R 45
P RY P B LA 1]-[4] FEARZHIE TR, FeT2 SAM BRI Ab 7 K i) S B AR PR DLK BH E A
W)y, BARPBFARAM. BeFEI8. Jo RIS R5Re i, RILH) T RE M M H AT & BRI O T
P i AR 8 B A R o FEARZ PRI SR VERE I SN T, SRR IR 450 = B AU T ik —,
RIS AR BT S B2 (R PR 288053 5 T 1 s e A A RIS (5] (6]

EFER, BEEST5E VAR H E2EMH AR AL A %)(Coordination Polymers, CPs)PE FH Uy Aty 21
A T LE A AL AN e S5 A R Bt B N FAME . R R MR T A EE 2, i@ 8 - O AT A7 A
RGP P SC AT R 4 At S 2 FLEE TR TS, A BRI THBEE 1 HEAH[7] (8] I I 4 )8 R
HECEY) MC,04 (M =Fe. Ni. Co)RH A5 fai WM 4 32 RVE[9]-[11], Sl 7t KX B S MITE AL
I fR KR S SRR I MR 3, O A R RIS 1R B G AR R STk R [12] [13]. #1140, Zhang
N2 R EALRBUES AL R G FeC04 5 CdS B4, WIS T FeC04/CdS 1 Z LR R 45 40K
SEMEFE N TS KIS, 253K, FeC04/CdS WAL IE MK e, &4 CdS 19 5.9
B, 1 HEEMENERIHBGECEARE . SR, KT MC04 (M =Ni. Co)fEJGHEAL 7 /K i &
J7 TR B FH R GE 2
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FefEALF, W AATE NG T2 7O 43 B AR AR A SR A [ 14] [15]. ASCEEIRAL F 5K CoCy04 F
NiC04 5 MngsCdosS A, AL, 193] CoCy04/MngsCdosS Fl NiC,04/MngsCdosS AL
L, FEX T MR RIEAD AL PSRN, 3R AR e AL S S AL BE AN PE BE B SR AL .

2. SRS V5E
2.1. ¥REIE

MngsCdosS Il : 75 60 mL fITE/K Z —EEF I 5 mmol Mn(CH>COOH), 5 mmol Cd(CH,COOH),-2H,0.
F1 20 mmol ) CH;CSNH i, 7E 25°C NHE/11i+E 30 min, BJS, K abBE 5 PV IRAE N R B RS 2
NiZE, TE 180 CHIZIE R =M 24 hy FRAEIE =, B, B, BOor g, REEOHARIRTN
FEdl MnosCdosS, H4H w44 MCS.

NiC204 J2 CoCo04 i % : VERAFREL 6 mmol [ NiCly-6H,0 5% CoCly-6H,0 24 % & T R B 4, hn
A 10 mg [958 LA e A0 30 mL 8 E K TE BB, JE A 2 mL 20K, EHEmRE &Y, 1558 Al
W FEA 30 mL HE4KEEE 30 mmol 1] HoCo042H,0 24, 133 Bl . FEw Bl 218 Al ¥R
H, 60 CIHIT R | h, WEIREWR, &G, Wik, B0, RMBIRIEEDR NiC04 BURLL
ff] CoC204 ¥ K

NiC04/MCS 1 CoC20:4/MCS E APl #%: FRHL 1 mmol ] NiCl:6H0 B¢ CoCl-6H,0 #j i & T
BB FF R, N 50 mg (K58 20 e AN 15 mL (388 15 K FE RGN 1 mL IEKIE R &40,
BN 146.7 mg 4 47 1) Mno.sCdo.sS Fdh, TSI ERENVER A2, 285% 5 mmol H,C,042H,0 H 15
mL KR, SREER B2, W B2 SNV A2 H, 60°CMIBALEE 2 h, BWEIR R,
WG, ERFEM. PR EOHUEE, JRETRAT TR, PSRN NiC04/MCS 8 CoC,04/MCS
2.2. MHRRAE

FHRLE AR 25 46 20 W R F H A B 22 vk 0454 Rigaku Ultima IV 8 X BHRATHMU(XRD)HEAT . T E
FRAF BT HA BT RS 4E ISM-7500F 437 & S 4131 FL 7 RAMUBE(SEM) T e 6 2= MR SRR 1 A5 ) B2y
UV-2550 RUEKAE - ] WLig [ B (UV-Vis-DRS)MI &, LA BaSO4 AZELFEHE, MR KEH 200~800
nm. YeHALZEMEREMATE CHI 660e FEAL2E TAE MG (L R4E) = ARk R Pk T .

2.3. tEERNRK

BHIAR1) 20 mg YLK R B3 T i 72 mL /KA 8 mL [ FLERHIE AR, IFE S R s
I AR & T o oA S S5 Lasolar-Ha % s N R Ge (A6 5 IAFESE) Rk T, KA 300 W 1R
ST A 420 nm #EJES VR T WER. RSB RIS A8 FULL GC-7920 BUSAH B S /E L8 0 AT, 5K
B Ho A2 R
3. #RE5iTie
3.1. XRD FRIEER S

T X-BRATH O A RO S5 AT RAE . Wil 1 Fim, MCS FES I XRD KIS 57577 4R80T
CdS (JCPDS:041-1049)#1 MnS (JCPDS:06-0518)fr R I & — 2, JoH At ZR0E, Ui syl 7 MCS
A4 . A ) CoCa04 Fll NiC204 XRD 3k 5 AT S0 B KRB, K B AT AT S50 SR e Rt
Eb, B DA H R4 20 5N f-CoCr042H,0 Fl a-NiC204-2H0. Kf CoCr04 F1 NiC,04 43 7] 54l MCS 5 &
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Figure 1. XRD patterns of the materials
1. L XRD Bl

3.2. SEM FESRFBIFLER

N T AR S T SREE, XRES AT T SEM RAEMIK. ¥ 2(a) 7R, MnosCdosS AN 5 1)
YUFRIRGIK . B 2(b)FIE] 2(c) 273 CoCr04 T NiC204 () SEM 1%, w] LATE ZEHLAN 23] CoC204 N
KHHUIR, NiC,04 AARFIERIR, REHREAT. & 2(d)~(H)53 B4 CoC204 Al NiC,04 5 MCS 2l
FEY, ATUE B AERIR B MCS #5150 BIUE CoCo04 F1 NiC,04 F1H, H 5 AT S % e, A7 T
B R A5, AT 26 AR R I 2

Figure 2. SEM images of (a) MCS, (b) NiC20s4, (c) CoC204, (d)
CoC204/MCS, (e) (f) NiC204/MCS
2. #4189 SEM [El: (a) MCS, (b) NiC204, (¢) CoC204, (d)
CoC204/MCS, (e) (f) NiC204/MCS

3.3. RIPAT IR RS IR G SR o4

N TR FUEAGT ORI IERE , X & AF a AT 1 58 A0 AT W18 SRRSO 2047 o &) 3 R, 48 MCS
SR RS A 22 530 nm, RIELK AN By = 1240/, HHEHAENGE N 2.34 eV 1M CoCy04 Al
NiCoO4 PR IABHE S8 40 rT WOGIE A I AN R et e o AT LABREE H, CoCo04 IV (11
WA N RE ST, ARSI £5 2 380 nm Ak, HRIELIE A AN HAETT T 3.26 eV, R BERISCE IS
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Figure 3. UV-DRS of materials
B 3. MR ERSNAT IB R ST STk E

3.4. KERIERERIEE RS

I AR AR, B T MR O IR T 1 B AR L. B 4 g T SRR R
(A5 256 LA N (1) 4(a)) RN AT BELFTIE (] 4(b))e 18 4(a) R T MCS e 53 AR R > oL I8 w3
b, FH i CoCr04 F1 NiC04 UMM R ERIN T MCS HIOCHIRHE, RUILRKIE &5 RS R
TG EHFE, NI SEI CoCr04 Al NiC204 FIIMASE F MCS HIGHEA ISR B 8. Wl 4(b) 58
FHALIE TR, NiC204/MCS S B IR B )N, NiC20o/MCS IR, Bt BRI T 5 A )5 Fff
RS R A B A, ST AT A B PR, AR T AR K A R T R A
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Figure 4. (a) Transient photocurrent responses and (b) EIS Nyquist plots of MCS, CoC204/MCS,
NiC204/MCS

4.MCS. CoC204/MCS\ NiC204/MCS FHEA R (a) BRASIEEIREL; (b) BUAFEIIEE

35. B - BRESERS W

5 i ROV IE R BURE - B4R IIZ R, 2R MnosCdosS+ CoCoO4 Ml NiC2O4 = FG LA EHE N n
R AR HeAh, TR R AERE AL FR A B ROBE T PG E), MnosCdosS. CoCy04 Al NiCo04 FI-F-H
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S H-0.71 eV, —0.51 eV, —1.07 eV, —KIEW T, n HESARSWIR S P BB R, el
SHFEAL HIN-0.51 eV, —0.29 eV, —0.84 V. HALZ AR ZET RN, WJEEEME AN ERN
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Figure 5. The Mott-Schottky plots of (a) MCS; (b) CoC204; (c) NiC204
[&] 5. (a) MCS; (b) CoC20s; (c) NiC204 BIE4E - B4R phsk
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A SEES I IS LE W] WG RS T A 7 K i SR PR A TR B e e AL E P, L SRIR 25 B anl&] 6 B
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Figure 6. The photocatalytic H2 production activities of different

photocatalysts
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HHAT TIRNRG . Wl 7R, XHF CoC04MCS BARR, FHARMTEMERISETF AT GEIR T 11 B 57 i 45
SERINLGIRE f . TEBMEAL R N R, MCS 2R =R 1 A P E N HRIBIKE T, EMiEE s
CoCr04 T2 5 H IR JFE I M AE AT . SR, S5 A i &g 8K T 8 T2 4%, ik
TSNS B RAEA R R RS SHARPE, WE 7(b)FR, Er SR AT, MCS B
Wt BT (o) 2 BIRIE 2 5, I EM AT R 2 7(h ) o NiCoOs FLH B4 (AR 45 1 I 4 B E 5,
MCS Fafy WA BT AMREUE R 28 NiCo04 HF R AR & 4R, HEI 5 1) HY R ARG 5 S B AR B H S A
WS U R L E A A R 8t T OB AE B TE MCS R0 B 51T/ . L4 REW, NiC0, 7F
HEMRR T FERIEIMEAIER: — 77 T @ e g 4ot i, 5H— 7RI e
BT - O 23 0] 7 B R, e AfE MCS VAR DG AR A3 2 B . B8 T B i el i, @
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Figure 7. Schematic illustration of the possible mechanism involved in the process of photocatalytic H2 production over (a)
CoC204/MCS; (b) NiC204/MCS
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5. &g

KB FER ARG Y S MnosCdosS BE, I CoC204/MnosCdosS 1 NiC204/MngsCdosS
RE ARG IRL, AHCRACNDG AL PEINKSE SRR, CoCr04 A1 NiC204 IS GHELL
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