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Abstract

Cadmium sulfide (CdS) has been widely used in photocatalytic hydrogen production due to its ex-
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cellent visible light response and suitable conduction band position. CdS has some disadvantages
such as rapid carrier recombination and insufficient hydrogen-producing active sites on the sur-
face, which largely limits its application in photocatalysis. Loading the cocatalyst on the surface of
CdS is an effective method to improve the migration behavior of photogenerated carriers on the
surface, which can eventually enhance its photocatalytic activity. The transition metal nickel and
its compounds acting as cocatalyst have received intensive attention because of their low cost, fa-
cile preparation and high performance in hydrogen evolution reaction. This review mainly intro-
duces the design and preparation of nickel-based photocatalytic hydrogen production cocatalyst
based on CdS, and expounds its mechanism of improving the hydrogen production activity of CdS.
Finally, the development direction of Ni-based cocatalysts is prospected.
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1. 5|8

P ARG PR A AT R R BHBERE K 3 = AR AR, R A BR AR IR AN IR B 0 A T B 1] 1972
4 Fujishima 1 Honda &I PUTIO, HIARAESLAMEHRES T, AT DA iRK NI P2 AR SRS [2]. B, AT
X A SRS IR BRI TR TT T . I 251 40 SEH, SR SABMEARIBBTRIT R AT
HefE = HH, ZrOy. ZnS. TiO,. ZnO 1 SiC ANTEHT BN FAk, 1Xue e Sk BRI H S AMX ek AT
el RN, TR FHIE R AN R 7 5% [3], 845X 281 SO0 R BH RE AR 2R EUIK,  SEBRRM AT SAME
Cu,0 B EEM FHALE, (HlTHA ARt %, Rl T HNH. CdS Al g-CoN, #UELA & & Ky
R BRRE AR U B . 5 g-CNy AHEL, CdS T B AR BRAAE N S H AN A B, 750 WGX
WEATEIZ MR, I, CdS B — Oy AR R P S A ), A2 AT IR

SRIM, 4l CdS MEDEA BT 55O EENLRK A, B TIER8CERIE, HF B BRI 6 = (™
SRR S5, (EHOL AT Z BIRR B[4, Kk, Qi CdS MR T o BT B ReR,
B2 RPOUERFITREIM BRSSP 20d FE 2 MR U — CdS Jefi b= Z0E IR O . 51 NBhiEfk 7
S FE IR TH A B 5 BRI T, ReE R SO T TR SRR TS S5
RBL[S]e —J7 T, B A RIZER BHER T v R R A B T [6]: 5— 7, Wr] DMEA M
KGOS 5 R AR, 8 R BN, BRACHT S BT, TR T el &
WVE7]e ASCEELRT CdS S =S Bh R, xR Bh AR AR 2R HEAT T A48,
B S S IZ IR B AR B R R 5 A AT T SRR

2. BheETT

ZIRPTE ORI, BRI AT 2 o & R B AL U AN AR B R R B AL 7). Horh, G Jm 3R Bh AL
H] 730N B 4 S A B AL TR AT A 5 < SE B AL R

2.1. &EBhEXLT
TaE LA A e AR MBI, N TR AL EL W Au [8] (9] PA[10][11]- Pt[12]
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25, Li %5 N[O 7E CdS R F12K 16 nm (19 Au G KBURL, {4 7548 40 771 (1 7= S8 5635 1) 6385 pmol-g h '
TR0 55 5 7 3R (SPR)ZARL, 5 3 nm 1) Au PKBURARLL , B Au 49K BTRL(16 nm 1 45 nm) 2 3
$erm T CdS HGEATEETE . Wang 58 A [10]BCT0 A B H B8 7 Pd B4 CdS, A BRALER I
RFT 110 fir. HEZRIEIRDFT)EH, EEMAAMRES 28K, BHERMILK H A, £
B A A

SN 4R AL R EPETT CdS P EA = ETE M, H IR 1A SR T A AT SR . i E SR
AR R 4@ (Fe [13] [14] [15]+ Co [16][17]+ Ni[18][19] [201%) i T H AL &5 iR 8 LU A
55T S & I AV VRS 2, BT RO B & B P A BRI B AR . Gao S N[ 1416 Fe;C 5 CdS &
B4, M T Fe3C 5 CdS FHH M BATIEAZ R, MMTEF CdS FIafitbr= 2% . Fe;C/CdS HIHTA
R4l CdS KRR 15 %, BWE TREN 11.5% (420 nm). Chen %5 A [ 17138 32 a7 5w 2% 1 JR A7 6 UT
B, ¥ Co SIRTE CdS Lo 34 Co fidkE N 1 wt%l, FEMIIF=E0E R ik 1299 umol-h™', &4k
CdS 17 17 f5. Co AMUAT LA Rk CdS YA T3 B, Wl DME =S R BTS2, FEARAT
At A, AR ETEYE . Cui %A [6]7E Ni-MOF .08 & - AHLE ZE(Ni-MOF)BR R H 7 47
A CdS GKBURL, BRI R T CAS/Ni-MOF JEMEAF . 24 CdS 7E MOF K[ 1) f & H 40 wi%lhf, &
AMBHER WG RS0 R N 2508 umol-g *h™', N CdS M 8 . CdS HBAE HL 7 Al DU #4753
Ni-MOF I, [AJif Ni-MOF b4 5 B0 Ni**,  m LAAE A S 0 (38 A7

2.2. & BEHELF

T A = S AR BB AR, 8 IR 2 25 Bl S BRI A S5 43 [2 1 R &1 1 [22] [23]) %
HE24]. Li Z A1 LVEA SBIH(GO) AR, @I EFIRGERI % T CdS BIRMA BIEAK A . B
(1) CdS HI5) /MU S If R, $2m TORER TN CdS MASGHIEREER ., YaRGEHRESEN
1.0 wt%ltf, ZASMFA 1.12 mmol-h™, JE4l CdS 1) 4.87 {5, Peela 25 A\ [23 KAk & 1 5.(CQD) 5 A I
CdS gk&r, fedem CdS AR T N2 B REE . 0.4CQD/CAS FF it I G A = s 2 e iy
>N 309 mmol-g™"-h™", N #i— CdS K 1.5 {5 -Chen 25 \[25]4 1 T B &1 45/CdS (BPQDs/CAS)H A 41K .
4 BPQDs TN 3 wt%ltt, &Mk B SR e Ak = S0 3R, 15 # 9.9 mmol-g™'-h ™', 431l & BPQDs
A1 CdS 19 99 £i5F1 5.5 £%. #£ BPQDs/CdS E& 1k, BT CdS #1 BPQDs A Ft1H 2 AH HAEH, K
KIEmR O A 7 O I 0 B8, T T 1 A ™= s

TERZ AR, S48 Bh A0 B T I AR i BR ) 7 R e, bRk el T H 53 e ) £ o
FEFEE PR T eI 2N TER, WS R B IR B R LR R A . REEE .
e e E PR AL 5 1 S A0 A G A A2 B 1T R

3. SRERhELLT

REEBEAL T T iR e . H&RE . SIERMMHER)EEREER: S, 28 KEE Ni ekl
Iz e e = SR Bh AL
3.1. &RIEELT

T HORE R, SRR AT 58 R 1 L SR T AR R 58 22 (R3S 07 s, SR T P A 2 B8 R L THIAE,
22 N[26]. Wang &5 A\ [27 138 5 fa B id 5%, ¥ 10 nm ARG KBRS E CdS L. M Ni (& EN 4
wt%Hf, Ni/CdS FIF= S0 E 7] LLE F] 25.85 mmol-g *h™', BT RFE N 26.8% (420 nm). T, PR 74
WYL FAE A = A B 7). Zhang %5 A [28 I fa] B YEAb 22 738, 4 T R -T2 B0 Ni ki)
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CdS JefALs . 24 Ni RN 2.85 wt%lhf, Ni/CdS Y6 HEAL > EE % 5iE 326.7 mmol-g '*h™'. DFT
LELRW], fF CdS I NAAS Ni J5 7 Al AR CdS %t H WA Bt fig, 673 Ni/CdS E AR E A
W HORURIR S, TR KR R 7 CdS BB = E0m . A Ni A T RSB A BIBNG)
fi7_E[29], 24 Ni J5 T 532 0.0013 wt%Hf, Ni-NG/CdS 6L M fE L NG/CdS & 3.4 1% . Ni-NG/CdS
FE 420 nm AL E 7R S 48.2%, A2 T0 5t 4 JE B AR T T RCR om0 — B VR R OB AV T
FERHTH NI A TERB OB L, aT DA 2 F3m AL 8, BB PR T 6=
AL FEMIEEE . XL R, SRR E SR S BEEAL AL, 5 TR LA, BRIRR SREZR,
T e Y f A = ST

3.2. SERBIEMH

B S A A R FE BEAE R B AL 7 5 2 AR 45 & 32 m OB A 7= E0E T . Mao 55 N [30]°44 8 v
Ni(OH), 45K Fr i e CdAS 44K 4 ) 2 1M , Ni(OH),/CdS 5 A+ BHE G AL 7= 3 2 9 40.18 mmol-g *h ™',
BT EREIL 66.1% (420 nm), Z1°4 1.25 wt% Pt/CdS WPE) 1.5 f%5. A a] #E5¢%, #6811 Ni(OH),
REAEK CdS AT, MR TS, I H Ni(OH), # 9K Fr Refe it S SIE AL A, 2
AT . Zhang S5 A\ [31[EEAUTRUEA T Ni-Ni(OH), B &M KL, IR HAE N CdS Il
FIHF AL P S £E 7] WO R, Ni-Ni(OH),/CdS 7 Na,S/Na,SO; /K i 1 77 5% # A 428 mmol-g "*h ™",
FEARIFMREE. A, Ni-Ni(OH),/CdS £ 40 vol% H i i 5 K &F B e fE 4k 7= & 3E 1 (13.3
mmol-g”"-h™"), Ni-Ni(OH),/CdS EA T efAl =AMk At £ 22 T Ni M Ni(OH), (¥ [F/EH . Zhuang
S5 N[32]F Ni BB FAMEIRTE CdS GKFRR T, fi & T AR CdS 4K 5264k, FHod Ni(OH),/CdS
RSB EGE TR, TR EGE R ATIA 0.79 mmol-g h!, 21— CdS /) 2.5 f%. Ni(OH), Bif#fk 7
REMERE e A TR, FF3ROE T B Z AL 5 . S 41, Ni(OH)/CdS ¥ i (I AL RN, FIF ik
JEE% Hy o

3.3. LB

IRALER(NIS. NiSy. NisSy), HTEAFIREMN S HEME SR A, O 2 FE B S B A7)
[33] [34] [35]. Ke ZEAN[36]HTHyiRFES K T BB/ BRALER - — 206 = 4K i (NiS/CdS-DETA). 1
A LGRS R, NiS/CAS-DETA 8 & ML= 2 % IA ] 230.6 pmol-h™, 43Rl 44> CdS A
CdS-DETA 1B 8.42 /%A1 1.72 £, HZE T PYCAS A P/CdS-DETA, 8] NiS & —Faf LLE AL Pt ()
AR F]. SIN NiS AT MR EA L - O I B AR, FRAK SR B B L. Li 55 A\ [34]E
BT NiS, G KBURAE 1) CdS 9K Zk . FEFLER HE I B 26 4F T, 40%-NiSy/CdS B~ EH A il 1k 14.49
mmol-g -h™', EILE T4 CdS. BEEWBOLIELEREY, 40%-NiS,/CdS HEMEHIER 7 dric i T
CdS 4Kk, VLRHEA B FREA R CdS R E NiS,, ML E e fEfb g . Guan 25 A\[37)@d —44
IK B IAE LA R B & % 5E CAS@NIsS, 4K HEERES(CSNC) . Hrt, NisS, fE B A8 Z 0] LA
TR CdS MRMRZEE 1, 3858 CdS@NI;S, A M TIMAREME, #& CdS FefEf=Etkge. £
475 nm NS R, CAS@NisS, B AL HEFIERME TR N 1.36%.

3.4. BLIRBHEEAL

AR, TS EA MR &8 R R S i, SRR, AR
A [38] [39] [40]. Wang 25 N [41 1R HIEFIFATELE CdS K #E _FAEK NipP 4Kk, & s Ni,P/CdS
HAMEPP YN E0E%E N 34.9 mmol-g -h™', &4l CdS 49K 23 {5, Ni,P 5 CdS Aiiss &%,
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B THBRAGEE, HHTHERTITRE NLP, R uilEd . ok, Sun 25 A[42]FEFEH
Ni,P &1 7E CdS #9KHE . Ni,P/CdS 17/ E0E F i = iliA 1200 pmol-mg '-h™', RAME T HRIAH 41%
(450 nm). [FF, SRR ZOCRIN R B R BUR YOG IERIR R IR TR, 48RRI BT hE
R A CdS GUKFREEFE 21 NipP KIH, (R3E 1 a4 o723 70 (148 B AUE RS, 33 1538 J5 5 1A BR H,

3.5 Hibig ERhaE{LF

oA AR L B AL 6035 NiSe [43]+ NiSe, [44] [45] [46]H1 NisN [47]184 8}, Irfan 25 A [43 381 {41 8 (0 &
7145 3] NiSe, 76 NiSe A PTAAE CdS KR, JEMKL NiSe/CdS E &ML fEREFZRM T,
NiSe/CdS & & A G AL A ZE A 340 pmol-h ™', T E T RERAIL 12% (420 nm). JEHUEIEIGRE
H IR M S B, NiSe/CdS Stk A AF A ) LT 5472 - Huang 55 A\ [44 14 NiSe, B 4677 J5 A7 4=
KAE CdS 4k 1. 5 wt% NiSe,/CdS HIVe A= E0EH N 167.1 mmol-g -h™, JEHAL5) CdS GKAEH)
2.7 f%. BT CdS 5 NiSe, E &G LUER—NMHNEHRY), &R T BEMITEER, 74T CdS
MG . Sun ZEA[47]H14 T NisN/CAS JefEbil. ERAESRM T, Ni;N/CAS 5 7= E %N 88
pumol-mg -h™', Zj24li CdS FEM I 10 f%. 31N N3N J&, CdS 5 NisN FL i sE e b, 3] 7 304
THEE, Wmies 1 r=aistt.

SR BAE BT, B TR = SR NEVEAL B, BRSO R S IR AR PR R B RE 22, T2
1 CdS WA= SEYE . AR S E B AL, BIF 7835 0 DARf i SIS PR A, X HLER
WHRAEIRN . Bk, RS =SS0, 37— I A B AR B B A 7

4. BESRE

FERRALER IR A 2 AL SR T, B R R AT BRI Se P AT 5. R H AT A R 1 1R 2
e ALV BR I B AL R (HIX S B AL I8 B O RN, H R T G5 XE CURSHER €, A0 T3 113 A
i€ 2 5 AL SN PE Ry, ARG TG SR ML B WF T TCIEIR A B 73T 2KF « 5351,
X BMEAL TS 2 SR B 1] B AR FIHLHIRSORI AN, AR ORHBR A 1 e P e A ™ S AL TR BT o
U, 9 TR EAE AL TR A G AL S RIALER,  ARSRBIIZAE LN 7 I EATIR AR L T A B AR
Tl 5 0 R 2 R A B B A1) (B0 B A AR B A1) s il B R A7 A T BEOR M I O e 7 3 2 o
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