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Abstract

This paper mainly introduces the development of ZnIn;S4 in the field of photocatalysis in recent
years. ZnIn;S4 has a narrow band gap and a large visible light absorption range, but its photocata-
lysis performance is limited by the easy recombination of photogenerated carriers. In this paper,
ZnIn,S, is modified through a series of modifications such as morphology regulation, element dop-
ing, precious metal deposition, semiconductor recombination, and defect engineering, and how to
improve its photocatalysis performance is introduced. It provides ideas for the improvement and
application of ZnIn;S, in the field of photocatalysis.
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FERE RAESE R REVR AL S R & 52 00 . o, R R RRER R ML BOR 512 K ERHIFA G 1T
Ft. HM 1972 4, Fujishima Fl Honda [1]5f— UGB IE Tio, YK = A ESRA S, Je bR AR K25
W RO, Je AR EHE AR —F AT HAE. 24, HEIER, Harma o Kk &35
MERIR[2], AT AL CO, il & & (L EE RS CO F Hyp) [3], i&wT F T8 B K45 Je[4]4%,
BT R 2, B SRS BIR N 5T

ITHEAER, Znin,S, i1t H B SR AL = i B AL SR I, IR SZ RN R BR . ZningS,
M= Inimi), BEAEIRGH . Ea BRI Sk, AR5 (2.06 eV~2.85 eV), 1R WG R [X
% 570 nm [5]. [, S54E4804 BRI CdS A1 Sh,S; [6] [71MHLL, ZnInS, &R E/N, H A Rif
Mtk fa e e & T VER B SRR B S0, (R AW AU I, ZnIn,S, 47— RE5hiG,
SR ZnIn,S, I T/ BRI S BUMALRCRAE, Bk KEFEAL SR T ZningS, ek
718] [9] [10]. PHuk, 7~ REMIFA RSF ZningS, et 7V 2 BRI 72, BUS T KEM SRR . F
WEN LRI, 8 AT D60 B ()2 SR ZningS, AT ISR [11] [12] & FB4%[13] [14]. T2 & 8 UTRA[15]
[16]. PR A[L7] [18]. HRFA TARE[19] [20]5- &Mk vl A e m e, IREDEESR T2 4,
KAR$E s T HOG AR .
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Figure 1. Three crystal structures of ZnlIn,S,: hexagonal (a), cubic (b), and rhombic (c) [21]
Bl 1. Znin,S, M =M@z EH: XA /&), ML HFmIE0b), EMEK(C) [21]
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ZningS, /& AB Xy IR =TTl &4, BABENREH AL E . MRFRRIRGE . RIFRL 2R e 1,
RS SRR JZARGEII Znin,S, BoA =Rt iR ZiK, anlsl 1 ffos, 7351097575 i 5L
T7tk . ZETE G . AHECT SRR, ZNTTAH ZningS, HOA SEEAR AR BREE M, B AE LA STtk rp B 2
KiEe 1E ZnInS, AT, B ¢ 2R, Zn 5 I ER R T7 3505 S I 7454, In Ji1
LAV A B\ T A ) 77 05 S TR 4. XA T HESISE R T ZningS, OB ERE[21] [22].
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Figure 2. Schematic diagram of energy band structure of semiconductor [23]
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Figure 3. Mechanism of semiconductor photocatalytic reaction [24]
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3. ZnIn,S, REAK MR EAEUTEHP L K

H1T Znin,S, BABUR A TR . SR 02 IRE M . RIFRORREYE . JeREio 4, H5 T & kIR
FE, ARTERHEMA, ISR b 2T B A RE . (HIZAMR DGR I AN,
Rt P H KRB, HEZRPZCERR TS TES, R KEFEA A B, 5520 LT e
oetk, SEmelELERE. T ERSEE ST, uRBR. SEeRIUR. FRARES, BB TR
TS 2H ZningS, (B HRECEXT YE AL E E A2 .

3.1. ERiBE

TSR 42— Fhd L AR A AR i, 78OS B2 AE R AR BIAS R AR R ST A Rk oo Fok (i
EMEBEI 7% H 2003 4F, Lei % A[5]5— B K HGE S B ZningS, PKERLLK, 6T Znin,S, LA
BT — HARREZFA I G FESR S — 7 T @ AT ZningS, (6 LR HF OGB4 st
SRR s S — 5T, I I N R p R MR S, NI E LS. BT, @ KA
BRIRIE, WA ECE AR B ZFAFTESN ZninS,, WPRMER. FK[25]. 99K F[26].
KA GURE[27]5
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Figure 4. Schematic diagram of growth mechanism for ZniIn,S, nanotubes (a) and nanoribbons (b) [28]
4. ZnIn,S, K E () FIANK T (b) B E AL /R B B [28]
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Figure 5. TEM images of the ZnIn,S, samples obtained at 180°C after solvothermal reaction for 2 h (a), 8 h (b), and 12 h (c),
respectively, confirming the rolling growth process of ZnIn,S, nanotubes from lamellar structures [28]

[ 5. AR EL 2 h (2)s 8h (b)F112 h (C)/F7E 180°C RIR1FHY Znin,S, #MmAY TEM B A, IESET ZninS, AKREMN
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Gou % A\ [28]3d 5 LAREIE NI A R RGE B i T —4E = J0iA &4 Znin,S, 9K 451 . SRR g ik
B, —4E Znin,S, AR S5 M A48 Uz fl AR K PB IR, AR R ZningS, 2R B 44 mT DL Ik 76 A8 [ (1 2% 1
FIERE RG] 4 FroR). @i 23352 A TEM IE4E R, FoA 1R IR AR 22 i 1) A A 2 %6t
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Shen & A\ [291id /K HGE G B ZnIngS, (ZIS)FEMAEA FIK A BRI R R, HOEFH & A MR . K
AEE 1 h B, ZnIngS, TR T BB VT 2 ZningS, FEIRAE IR 6 h~12 h BF, Znin,S, RIUNEE AN 1 & 2
um PISER, AR 24 B, 19200 ZninS, PP R ERICAM A L. 48 h B, 1921
Znn,S, PRI A FTESHIR G, QFEMERERNFAL . 72%) ZnIn,S, BITESBE K F A0 B2 I [R] 284,
MRk, SR, ZNnIn,S, 7= b AKX P 45 22 57 (0 J R RN AL i ANVE 28 o (EK AR ER IS TS ZningS,
FE MRS 4 B, AT R SO AL PERE . ZIS-1.8-y (y = 1 h~48 h)JefEfk 7] Bkt
HlEE a1 6 fn. 7E 15 NS aE R MO AR, B K AL FE (A ZE ¢, Z1S-1.8-y (y =1 h~48
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Figure 6. Rates of hydrogen evolution over Znin,S, photocatalysts synthe-
sized by hydrothermal method for different times [29]
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Shen % A\ [30]3 L 7 5 (/K #E7E CTAB B N &1 1 — RFIAR F B CuP B2 1 ZningS, et b7,
A RN 0 W% R 2.0 W% ANEE o Il I SEIG VELR T8 T B A AL TR Znin,S, TSR bR
St PR RS . Cu 1IN N BLAERE I T (AL 7] Cu-Znin,S, (TESR, BEEHIB 2 BIAWIE L, Znin,S,
ORI EARAWIRDN, G RS IR, ERMREIN; RIS ZREE M ZningS,, LARMERM
TEAR, HOBREHI AN Cu* B FIBER . HEEE CU BMASWIEIN, Znin,S, YoM 4k 71 i b i 2R 7535
Wik, AR RN, Cu(X)-ZningS, (X A Cu FEE 543 50 K AT I Il 2R K AN 15 2039 i,
LT AT WG WSCTE E, AEK LF  BRAN BT 4 /N o B T ORI AR K, BRI SRR N T T SR R,
AR, R — & G BOTVERT ZningS, #ET 70 R B 2% v UL Re iy 85 M4/ Ny B 40 50 e X 3, 1X
MR A SET B il 7 s RrE R WOBIRSS R, Cu(X)-ZnIn S, e AT Z0E # . KB
2% CU™' i Znin,S, EHINTEGE R AN 26.1 pmol-h™, 24 0.5 Wt ) Cu*#B2% Znin,S, I, 3R E LML
W, MTEGERILF] 1515 pmol-h™. X HE I LB AR B & T Bl AT R B2, ZningS,
AT R A CIR ST B B it T —F L

120

100+

80

604

40+

20

Hydrogen evolution/mL

Time/h

Figure 7. Photocatalytic H, evolution under visible light-irradiation over Cu (X)-ZnIn,S,; the values of X were (a) 0.0 wt%,
(b) 0.1 wt%, (c) 0.3 Wt%, (d) 0.15 wt%, () 0.17 wt%, (f) 0.9 wt%, (g) 1.2 wt%, (h) 1.6 wt%, (i) 2.0 wt% [30]

& 7. Cu(X)-Znin,S, AT I T AAELATE; X 1EH9(a) 0.0 wt%, (b) 0.1 wt%, (c) 0.3 wit%, (d) 0.15 wt%, (e) 0.17 wt%,
(f) 0.9 wt%, (g) 1.2wt%, (h) 1.6 wt%, (i) 2.0 wt% [30]
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Figure 8. Schematic diagram of the band structure of the pristine ZnIn,S, and N-doped ZnIn,S, samples [31]
8. JR¥A ZnIn,S, F N 82 Znin,S, #MRERE AR R E[31]

Du %5 A[31]i@iZ 4 0.4 mmol Zn (CH;COO0),-2H,0, 0.8 mmol InCl; #1 1.6 mmol i fX 2.t i 1 fif 42 30
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ml (& A AN FEFE NN- 5B OMP) RS T, RAERIRIEG R T — KRV . iRYE DMF
FIAEFIEQO mls 1 ml. 6 mle 12 ml. 15 ml F1 18 ml), AHS AR 520 5% 7~ N Zning,S, (Z1S). NZIS-1.
NZIS-2. NZIS-3. NZIS-4 Fl NZIS-5. XJiXLett i EEMRET 7 — RAILIIUE, FFHATIR.

FER] WG IE SR 200 HOG AL = Ak BE, R NZIS-3 iE s, oA & mik 11,086 pumol-g*-h™,

& ZIS 1) 13.8 £5(801 umol-g™"h ™). GRS B2 E R m R 2 (0 15 8 FTzR): N BIAE ZIS Ja A
XY VB MITEE, H N BRNEMEIRESMRE 72 MERR, WA 8dhs & i ra/0f, gk
TR T A, T HIGR&E T CB WA E, ReMi N4t T2 MG ER T, Bk 7 ou4
TR . X uest BIEE T EW ISR dik, ROTTRAARFEN SR %, UEAEARFRKE
FGEAF T IR G RN ZningS, 4T84, A R 3k 6 fE 4k s B b o725 O R 2 B8, AR
PR, IS B2 O IR e i, R ORI RO A SRS R R

33. BRERMA

BEAEO, I Znin,S, WISOERE UL P A2 LT 5 ORI, R ERAE B 28 SO A R 2
AR TR R A B AR JF R N, T AR B & DLARBE I T R . T 5N S & S Tk AT A A, %
JEUN Ag- Pt Au 5 i T H 3RS — AR T2E 4K ZningS, 3K AES:, Wb oI e R E 8 T,
MG AE R T IR A, Sta 8t BT 3R 100 55 B8 M LR 240 (SPR) 1Y 5~ 54450\ WL IR U e T
BRT ZningS, % v WG IR o

An %5 N\ [32]H11 4% Au@PYZnIn,S, (ZIS)FIEFE /3 A=APEE, 1ok, @idFriEm e ik i Aule
(NPs), #RJa il it Fh 14K 5 i8] % Aule@Pt (NPs), & R Aul6@Pt (NPs)EL A 5 7 FL ey A T s LR,
BITAFGE G R ZIS, FEEH R E S — 20 A LA i) APTES #H T8, )5, APTES &1fiff ZIS
5 Aul6@Pt (NPs)iE &3:15 Aul6@P/ZIS fEALFRI(WIE 9 FTzR). IR YL HI AL R B, 76 10 /N
HIET, Aul6@PUZIS [fIF= S E R AP 54y A 4174.7 pmol-g ™ h™, 41,747 pmol-g™%, Z1k4k ZIS [+
%, AU4B@PUZIS ISk FMiAF] T 2094 umol-g * ht, 23R4l ZIS I Tif%. HesREy, EidE 21S
A ER Au@Pt 44, PR R EIOLMAERE . I T AuU@PYZIS G I EWLHI (W 10 FTR)
ARS8, Au ) SPR UK ZIS ()71 BRIBURAE AT WG RE S~ RN R A2, SEOCABR 7, [N,
Pt I5I NFTLA & A Au (NPT ZIS iy BERIA R, AMUATRDCERR TR A, Ea{ERN H
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Figure 9. Schematic diagram of the formation process of Au@Pt/ZIS [32]
B 9. Au@PyzIS FRiZ 2R EE[32]
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Figure 10. Reaction mechanism for photocatalytic H, production in Au@Pt/ZIS system [32]
10. Au@PUZIS fF Z e tE L HI SR R AL FE[32]
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Figure 11. (a) UV-Vis DRS (Inset is the color images of as-prepared samples); (b) Relationship plots of transformed Kubel-
ka-Munk function versus the light energy for pure ZIS, Ag-ZIS, Pd-ZIS and Agg ,5Pdg 75-Z1S [33]
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Figure 12. (a) Changing tendency of H, evolution amount with time and (b) H, evolution rate of ZIS and AgyPd;—« ZIS (x =
0, 0.25, 0.5, 0.75 and 1.0) samples under visible light (A > 420 nm) [33]

12. ZIS #1 AgyPd;«-ZIS (x =0, 0.25, 0.5, 0.75 F1 LO)AF @RI A (A > 420 nm) T, (a) H, #7i E AT B T LiaEE &
(b) H, #r R 2R [33]
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Liu 5 A\ [33)i 4k 2238 JRYVEAE ZningS, K IH 717k 51 &8 Ag-Pd & &l % T AgPd;/ZnIn,S,. 8L %
afi ZnInySs Ag-ZniInySy. Pd-ZnIngS, PLA Ado 2sPdo 75-ZnIngSy (158 4 0] W18 S5 Sl EAT A 78 B, dn 4]
11 iz, 5i4)@ Ag. Pd il Ag-Pd & &3R5 T Znin,S, ] WG RE /7. 72 ML I E i,
£ ZnIn,S, KM FIE R Ag-Pd & 4 BT X4 8 Wik [F) 204 50 1T 3 3 1 ol L = S A . il 12 o,
Ao 25Pdo75-Z1S B i P L %k F) 125.4 umolih, 4> BIH ZIS. Ag-ZIS Fil Pd-ZIS 5 83.6 i 39.2 {5 il 3.6
£ o BHIFA GBS — RAVSLIGIGE, KIL Ag-Pd A &2 mafE b Hl & K R K N 757 WL R, Znin,S,
PR A E BT . T Ag-Pd & RIPOKBEREL ZningS, 1) CB HAL AR, ZningS, 1 HDEAHT
I H RS 2T R Ag-Pd , TR RE TSRS, K 7OCEBRFR&Ed; FE,
Ag-Pd &4t E 1 H AT OGRS RE 7, dE I B B O A A
Shi &5 A [34]i# 1R A i 2@t & WE@M%@&%ZD%EM§4WES H T 3 ) N H AR
GuiR KOTEHIR AN, FUE h-ZIS Mg ] RGP OR T, A=A S AR . e Rh 7 G i) £
# Pt 1) h-ZIS il E 02 s ik 4l h-Z1S 1) 17.8 1%, ﬁkﬁ%Tﬁﬁ@%ﬁ%o%%ﬁ =BT e IUE
e TR FRAEDIR Pt TP B = AEH . 1) 884 PtET % T h-ZIS HIReir4it, 4t
THEZDCERRT: 2) HT5E0 PR TRIZOKREERACT Znin,S, ¥ CB HLAL, A 78 Y HL F-RE B 3R
FAERTF, (2 TR F B RER; 3) PR FRE T Ho At sz, s 1k v s
T AT ER) Pt BUZOE 7 95t &8 DU FEACRA SR it ARG 17772, AL mT e 30 HE)
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34. HEBRRS

B ZningS, ¢ AR TOUEBGR TS B, BEE, FARMRE 7 HOGHETERE, AR
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Figure 13. (a) The representative fabrication process of ZIS/HCNT heterostructures; SEM images of HCNT (b), ZIS (c) and
ZIS/HCNT-2 (d); TEM image (e), magnified TEM image (f) and HRTEM image (g) of ZIS/HCNT-2; (h) HAADF image
and the corresponding elemental mapping images of C, N, Zn, In and S for the ZIS/HCNT-2 [35]

[# 13. (a) ZIS/IHCNT S REMRI A BEI&i2F2; HCNT (b). ZIS (c)F1 ZIS/HCNT-2 (d)AY SEM Bf&; ZIS/HCNT-2 Y
TEM Elf%(e). FAHRI TEM Bl (HFN HRTEM [Elf&(g); (h) ZISIHCNT-2 B HAADF BH&FFENAY C. Ny Zn. In Fd
S JUERARE Ef&[35]
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Figure 14. Pictorial representation of (a) before and (b) after heterojunction formation for Z-scheme mechanism for photo-
catalytic H, generation and subsequent HMF reduction by NiTiOs/ZnIn,S, hierarchical nanostructures [36]
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Figure 15. (a) H, production amount and (b) H, production rate within 6 h of all the samples; Error bars represent the stan-
dard deviation for three parallel experiments; (c) Cyclic H,-production over 2.5-SS/ZIS photocatalyst; (d) XRD patterns of
2.5-SS/ZIS before and after irradiation [38]
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Figure 16. (a) PL spectra, (b) Photocurrent responses and (c) EIS Nyquist plots of ZnIn,S,, SnS,, 2.5-SS/ZIS [38]
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