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BE  RAKROKB PR T 455 Zn, |, Co, ,Niy ,Se/Znin,S, (ZCNSe/ZIS AL &4, WF5E T H A
B TEAREEH . SRR | fe HES FIOGHRAN SR AT UM RE A M AU, PRI T AT &DLBE . 25 3_ 0,
ZZCNSe Ji7 , FEGRIL RATF IR , A3 T ] Wt SR LM IRE JT, R e 8 T8
AEHATIA RS, I T AR T2 O R A, UK A EREAS BIA AR &, Bl ERE L ZCNSe-4/Z1S 11
Hra il #2355 6.89 mmol - g -h™', 29N 4lAH ZIS(1.98 mmol- g™ -h™) [ 3.48 1% ; RERTZ5HE . JGHL T-3h 122 Kotk
W FAE 25 AL IR SE T P 45T ZONSe/ZIS A A I 6L E 2R 78 122 MLk
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Photocatalytic Water Splitting into Hydrogen Production Performance
of Schottky-type Zn,,Co, ,Ni, ,Se/Znln,S, Composites
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(1. Jiangsu Key Laboratory of Coal-based Greenhouse Gas Control and Utilization,
Carbon Neutrality Institute, China University of Mining and Technology , Xuzhou 221008, China;
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Abstract  Schottky-type Zn,,,Co,,,Ni,,Se/ZnIn,S,(ZCNSe/ZIS) composites were constructed by a two-step
hydrothermal/water-bath method. The influence of phase composition, morphological structure, interfacial structure,
band alignment and photothermal effect on the hydrogen evolution reaction(HER) was investigated. The
photocatalytic mechanism was discussed. The results indicate that ZCNSe/ZIS samples exhibit excellent photothermal
effect, which effectively improves the visible-light and near-infrared-light absorption. Simultaneously, the Schottky
contact facilitates the carrier separation and suppresses the electron-hole recombination. Consequently, the HER
performance is enhanced markedly, and the optimal ZCNSe-4/Z1S sample achieves a hydrogen evolution rate of
6.89 mmol-g¢™'*h™", which is ca. 3.48 times higher than that of pristine ZIS (1.98 mmol-g™'+h™). Moreover, band
structure, photoelectron dynamics and photothermal characterizations collectively corroborate the photogenerated

carrier transfer mechanism in Schottky-type ZCNSe/ZIS composites.
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21 AL LR BBIRTT SRONBTE N, PASE A8 H 250 2, TS BRIRECAR T &2 B M AL SeffoK
PP AR AR R TR K PH RB RISk (8 SRR, SRR RIS T RB IR R 2 — 1 SR, A SEfd Kb
AHARZFIR FDEH IR | 0 800 12 SRR AR A AT G ™ B2 8 n i 29, XL Se
Tl AR, PRI, FF R = s G R R K A S H R B E 2 B Rz —.

B AR TR0 670 2N (BB A% 18 S A AL R R DRI RE T | ek 120 2, 3 RERETE UMK ARF A5 5 1 4 Bk
SEAE LA A, ST A -2 SO A, AR EDGERIPERE A A AT B, stk
i, 1Rg vt | B A IAFTE A & | B RGBS, SRS RH A T AR B 4 Jm B AR 24l N
ARG . Rk, oIS R R R Se A sl AR RS Bt 42 PR, ELAS AR A AR HLBH
2, T FI T B ol A v i HL G e A%, DRI Ak 0 B TR R 00 A v P 1 FHIVE 71> Wang S5
4 MoSe, 58 E i zS /Y ZnIn,S, (ZIS) A4 5 i 45 LA S N HL 7 4%, AR T Fa oy s b A 4%, il
PravERerS B 82 M . Yue S5 NiSe /4 B AL R 1A ZIS thIf ki 1 s g i 3, DA 35 42
e 1 RT3 AR, RIS A B NiSe REAS ALK 4 IR B FIAR 25, BReZARTS 1 U pr &S i ok

AN, & IR Yrid Boag R ROCIEON , nRROGRERE 16y #RE LB M AR OIS RE s L Fm
B HAZ 3, AT REFEGA: B far 1 50 18 Mot tan , i — P3RBT &R LTS PE . Lin S5 1L T %
FCLE FeSe@ZIS #1KL, FI ] FeSe ¥4 7] WL- UL 2L AN EIX B CREA S AL AAGE,, TG 3 1Ok S
TEYE. SR, {5 e YA EE R RO AR e SR . IR R, 2 ook Y pr R
I RERS BRI TR P, IC RIS I — 2D b R MR IR T X U A W B BB 202, Du 350
KK IEA BT FeCoSe, MnCoSe LA} CuCoSe, F¥4 I3 il 51 28T CdS, o55e0.0s I, AR E I, Fe, Mn
PAK CuTCR 5 | AfHi75 CoSe AOBMEU U I A i RE & FRAK, &5 1k 4.

AR Zn, NiJLZRBIN CoSe #4722 Fouiseit, Hil& 1 AT WM RHE 158 . SCRRRIE I 2 1)
Zn,,C00Nig ,Se (ZCNSe) B MEAL R , P i 7K i 14 JL 30T Z1S i, T ARAT — R 51 1 5 2L 20
ZCNSe-x/ZIS YCHEALT], TRT T 7 WAL AL . JEA 54 | SO | ST S M RE RO T30 )
SR A

1 SEISERSH

1.1 XF 5

KA A (CH0,Zn-2H,0) | 7S KA R 4 [ Co (NO,) ,-6H,01 . 7N /K5 A R 4 [In (NO,) 5
6H,0] . Nafion117 ¥ (5%, JE 43 %50) . 5,5-— F - 1-ME ik -N-40 1k 2 (DMPO) | 7K & VAT R
(Na,Se0,+5SH,0) AL 2 Weh (Thioacetamide,, TAA), 43#r2li, FifgRIfr T AR A A BR AR 75
KA TEBREA[NI(NO,), 6H,0] . £ % (Ethylene glycol) . = Z % (Triethanolamine, TEOA ) FIJC/K £ 1
(C,H,0H), Frtraf, 258 B = A BRA vl s @ALER(ZnCl,) , Zrtral, il il A aln A IR
Al BT K FH0. 1~1. 0 pS/em).

D8 Advance B X BHEATHMYL (XRD) . SENTERRA B SR AL 17 &%/ (Raman ) F1 A300 Bl 1 H i
PRI (ESR) , 78[5 Bruker 28 ] 5 Tescan Mirad B437; % S 49 Fi 7 2. 508% (FESEM) , 4 78 TESCAN
23] 5 Tecnai G2 F20 B S M W358 (TEM) , 58 [F FELZS A 5 JPS-9010 MC A X 2Rt Hi g 154X
(XPS), HAJEOLZSH]; Escalab 250Xi ! 5848 HL ¥ BTG (UPS) , 26 [ Thermo Fisher 23w ; Lambda-
950 7 58 Hh- 1] Uit 2 I (UV-Vis DRS), 2E[H PerkinElmer A & ; FOTRIC 343 BUIFHEAMAARAL, T
T RAREHE ZRHCA TR A F-7000 #2905 66 TH(PL) , H A Hitachi 23 W] 5 FLS 1000 %1 7] 73 ¢
LI (TRPL) , #e[H Edinburgh Instruments 23 ] 3 PL-SPV 1000 %Y 2 1 5% HL B AL (SPV) , db 5t
THFERBHAT IR 1] 5 GC7900 BT 3L (GC) , IR FERAUZATER A ] 5 CHIGO0E AL fb°7 1.
Vi, iR R A ] .
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1.2 #H@EE

1.2.1 ZCNSe 4k Bidrth# %4 &%, 203 1 mmol 19 C,H,0,Zn-2H,0, Co(NO,),-6H,0 FINi(NO,),-
6H,0 TR E 40 mL Z —Fih, R AR5, 2 mmol Na,SeO,-SH,O U ZE R W, fidk
30 min JEFH BRI AR, 7200 CT AR 24 h. AR ENG , KA 28 TOKRIJCK S By
S0 3R, SRIGHEAE RS 22 70 "CIL2S TR T AICE 12 h, 1351 Zn,,,Co,.,,Ni, ., Se (ZCNSe ) K .
1.2.2 ZCNSe/ZIS & & # Rl & 16, ¥—2 i ZCNSe By AR HUT 100 mLAKH, M E349%5]; B
J&i , MK 0. 4089 g ZnCl,, 0. 9812 g In(NO,),*6H,0 L & 0. 4508 g TAA il A 2 iR B b, Hii bk
30 min &, 7E 80 ‘CAMF FEIRAKIR 6 h. SUWZSHE , KUK 258 F /K FIEK S5 8.0 31K, R
PERESL SRS 2 70 “CELZS THRFE TP A5UE 12 h, 155 ZCNSe-w/ZIS By K (HiH , 24 Se* 5 S (R BEJR Eb 4331
K 1%, 2%, 3%, 4%, 5%, 6% M 1% W}, x=1, 2, 3, 4, 5, 6, 7). WAk, % FRAFE R 5, 7TEATIN
ZCNSe 514 Nl 8 41AH Z1S. ZCNSe/ZIS B4 MR Tl 4 AR A0 Scheme 1 T/ .

S
Step 1 -
Hydrothermal *

reEe @

Step 2
Dispersion+water bath
ZCNSe S
@z @ @O, @se @ s ZCNSe/ZIS

Scheme 1 Preparation process of ZCNSe-x/ZIS samples

1.3 FEHXKE

FAF K SV AEBCAS 420 nm B8R I8 09 TUT Y6 (B8 300 W) BRGS NIEA T, 8 FH A DB 38 E hy
NSRS . TESCIRHT, # 2 mg AL 2T 10 mL TEOA /KW (TEOA 5K AR 2:8), 1]
KA 8 min LIHEBR 2SS, 7ESLIR R, TR IA HIK RGO IR B LERF7E 10 °C, I S0 2545 [ 58
TEFEZEUR 10 em Ak, YERRTRIFLZY S, 28 em?. 7EYGRESEEGAT K Ry 3 h, 7EDGMEALI N i B A, 4530 min il
BRI 2 A BT A . PRI IR AH R A R R 4 0k, FHRAPEAR AR 7 1Y)
JeREE . AL, EFRCR(AQE, %) MRS E R YA A LR — 2, FUZNE 420 nm B IEDE F
R 5 R 350, 380, 400, 420, 450 F1475 nm B EIEI A . AQE HHEARIT .

AQE = N, /N, x 100%

s N RV R TFEG N o AGHETEL.
1.4 SR EREILR

SR FH H A2 A S 0 5 B SR BRSO G HL IR 2R (TPC) | HL k24 BHBTIE (EIS) | £RMEFI IR 22 (LSV )
LA T B AR (M-S) HER . H b2 DR BRI —H R R GE, 2000l ok AR A . e (PR ) DA
KeZ A (He/HeCl) , HUARIBN 0. 1 mol/L B EREHIA W (pH=7. 0). T AR AT $ 5 mgfF
TR S0 BT 250 WL 2588 7K | 250 L C/K ZBE & 50 wL Nafion RSV, #8755 min, BUS0 pl &
R SR E R AU 1 em A ILIRE) (1TO) FHLBEES |, AR5

2 FHRE5TR

21 HENEHERRRLE

Bl 1(A) R ZIS, ZCNSe LA 2 ZCNSe-x/Z1S ¥ i ) XRD 3% & . 7] UL, ZIS 7£ 26=21.59°, 27.69°,
30. 45° 2 47. 18° Ab A7 7E B i Y RFAE 06, 43 511 XF 1 75 J7 A8 Z1S (JCPDS No. 65-2023) f# (006) , (102),
(104) K2 (110) Fhifi . ZCNSe FRAEWE 5 75754 CoSe (JCPDS No. 89-2004)— % HIC H B 24, WEMI £ ¢
ZCNSe B Eh145, HiAr 26=33.20°, 44.80°, 50.50°, 60. 10°, 61. 80° Lk Iz 69. 80° kb i 17 5T U 43 S %k 1 T+
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*) a0 102 +ZCNSe ®) !
"'J |y ZCNSe
AN ot ZCNSe-6/21S

¢ M ZCNSe-4/Z1S

ZCNSe-2/Z1S

Z1S
| CoSe(JCPDS No.89-2004)
| || ZISJCPDS No.65-2023)

ZCNSe-4/Z18

ZIS
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—
o
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Fig. 1 XRD patterns of ZIS, ZCNSe and ZCNSe-x/ZIS samples(A) and Raman spectra of ZIS and
Z.CNSe-4/Z1S(B)

(101), (102), (110), (101), (201) A K (202) & 11 (WA S #5405 BEI S1). ZCNSe-x/Z1S FE bt B FFAE
U 55 ZISPR-F—3k, (BRI ZCNSe RIS 2, B U JE T ZCNSe 19(101) & (102)F¢fiEIE , FW 5
HMRLE I 45 . Z1S J ZCNSe-x/Z1S () Raman it s [E 1(B) 1, £7F 101, 259, 297 % 351 em™ 4k
PRI G S0 S0 182 N 5 ML ZIS By, 1O, TO, K LO,FRENE 22 i 183, 213 [ 239 em™ 4 HHFAE %
H3 XN Co—Se 8 . Zn—Se £ Sz Ni—Se F (IR 220, 2 UFE L ZCNSe-«/Z1S B A FF b iR 2 .

K XPS Xt ZIS, ZCNSe LA J¢ ZCNSe-4/Z1S ¥ i ) R 1 JT TR A F# 83 40t [ 2(A) ], AT 0L,
Z1S, ZCNSe Lk Be ZCNSe-4/Z18 [ Zn, FFAEIESM AT 1021. 99 F11044. 99 eV, 1021. 75 F1 1044. 84 eV LU
J21021. 95 F1 1044. 94 eV 4b"2" | #1455 F ZIS 2 ZCNSe, ZCNSe-4/Z1S 1) Zn,, Fi HEWE L5 45 BE 431 ) 2K LA
B A 5 10 R A AmHs . FeWIHE ZCNSe-w/ZIS H, ZIS 5 ZCNSe Z [0] 7= T 3 ZUMAH HAEF . 7E Co,, 5550
HEXPSHEEI[ I 2(B) 1H, 7T 778. 32, 793.26, 781. 16 F11797. 12 eV AL iy 4 NS FIXF I Co* , Co™* LA
S Coy, , Al Co,, , [y 1L U825 ZCNSe 1 Niy, 15 53 B XPS 3 [ 1] 2.(C) T, 45 45 fiE {2 T 853. 20,
870. 42, 855. 84 F1873. 45 eV AL HRFALUE S I J8 F Ni*, Ni**, DAJNi,, MINi,, Y TR0, Hor,
Co™ LA K Ni* (A AFAE S FH T Ni—Se # LA I Co—Se SEIIE AL, 1M Co™ FI N FYTE B 0] RESR B TRE L R 1HTE
/4 Jm A ALY . TE ZCNSe 1Y Se., 5543 XPS G [ 2(D) [, 1 54. 06, 54.94 LA} 59. 12 eV

A v " (B) Co
( ) Znépl/z anzl’s/z e Co**
ZCNSe ZCNSe-4/ZIS Co*
! ! Coz)’uz i \
. e L Sat. p v
anpl/2 anpa/2 j pll
ZCNSe-4/Z1S COEOZFW
_’Z 2 e Sat. Loy, 12 Sat. Co™
n, . 3 '
1S ZCNSe
1048 1040 1032 1024 1016 808 800 792 784 776
Binding energy/eV Binding energy/eV
C . D
( ) N12P3/2 N ( )
Y
ZCNSe-4/Z1S o NEAL ZCNSe-4/ZIS g Seia,,

3dyy

SeO.
VT

882 874 866 858 850 62 60 38 56 54 32
Binding energy/eV Binding energy/eV
Fig. 2 XPS spectra of Zn, (A) for ZIS, ZCNSe and ZCNSe-4/ZIS and Co,,(B), Ni, (C) and Se,,(D) for

Z.CNSe and ZCNSe-4/Z1S
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AL FFFAEDE , 43 BRIV T Sed, ., Sed,,, MR A MLHEIA] Se0, . Tl ZCNSe-4/Z1S 1) Se,, W [ 5 i 25 5 g
J5 A , Ui BH Se S5 JR R HL YR BERRAI . 25 B RTR, w540 B XPS % I E— A5 F 5L T ZCNSe 4liAH &
ZCNSe-x/Z1S A AE I B il 25 .

KA FESEM, fE & (i (EDS) &2 HRTEM XA S SO IE SR K ot R A it — 2701 . A FESEM B#
R, SAH ZIS FR AN K HERRTT AL, S AORAEAR , Sy MR g A SR 5 [ 3 (A) 5 i liAE
ZCNSe fy R SF 38— (g ok SR AR AL & 3(B) 1. anwid)—ke, & AN N 5 218 — B4k
AR, (AR G Z21S R AT RES I 2SR 51 55 ZCNSe JRUSTHHAT B9 98 K ks () A7 e[ ] 3(C) R S2 (LA ¢
THHEE) 1. BEAh, H ZCNSe-4/Z1IS £ 5 I EDS 43T ol #1, Zn, In, S, Ni, Co 1 Se LR FEAE & Hi
W5 oA, PR T A R & LB 3(D)~ (1) 1. B 3()) 1 (K) B HRTEM B8 i R,
ZCNSe-4/Z1S # i T 58 % B 5 005 21 W RIS [6] 1) di ks 4580, Horb, 0,202 nm @A 22 806 B F 75 7 #
CoSe [ (102) #H T, 17 0. 322 nm g A& 2580 Y F7S A ZIS 17 (102) fhia . FIRZE R —uEi 1
71S 5 ZCNSe Z [A] N & 4 .

Fig.3 FESEM images of ZIS(A), ZCNSe(B) and ZCNSe-4/Z1S(C), EDS mapping images of Zn(D), In(E),
S(F), Ni(G), Co(H) and Se(I) of ZNCSe-4/Z1S, HRTEM images of ZCNSe-4/Z1S(J, K)

2.2 efEfbiEee

LA Z1S S ZCNSe-x/Z1S ZANFEGAE R WG iMr S EREan &I 4 Fros .t 4(A) BT, Bl [a]
JIr A RE i e A R IRPERG K, H ZCNSe-«/ZIS (7= & S & F Z1S, Hr, R G 4E ZCNSe-4/21S
FPE R 0. 90 mL, FEE T Z1S(0. 27 mL). B 4(B) FANEIRE S BT SR th 4k, AT UL, Bl ZCNSe U0
I, ZCNSe-x/ZI1S 7= S 6 5 Se ¥ s sl /b ik 3, Frp SRR i ZCNSe-4/Z1S 1177 &
(6. 89 mmol-g™-h™)ikF T ZIS(1. 98 mmol g™ +h™) {4 3. 48 £ . (HAFERE L, 1 R P2 T Hrais
KRG, X AT R T 1 ZCNSe T30 248 T RIS, FHlll T Z1S BTG AL, [RIBHA 2
WL AE R T E A . BEAh, A B ) PRIE A 45 19 ZCNSe-4/Z1S FE I AT S HUR AU 2. 27
mmol - g™ +h™', UL ZCNSe/ZIS Z [1] 1 F5 LA Ml AT R0 HE i85 17 6 A: B far ) 40 B RIS i, e 2 flibr Al bE e TS
FNEE (1S3, WASCHRHFEE). R, 7ER 55000 4504 T T JefE k7] S 2likH ZCNSe i b & 1

Chem. J. Chinese Universities, 2025, 46(12), 20250242 20250242(81/87)



Jd BF s Hhasr gl

Eu CHEMICAL JOURNAL OF CHINESE UNIVERSITIES e
(A) i: 8r(B)
0.9 e-z18 :
——ZCNSe-1/Z1S on
E ——~ZCNSe-2/Z1S 5 6f
= ——ZCNSe-3/Z1IS £ 2
& 0.6}~7CNSe-4/718 £ g
k3t ——ZCNSe-5/Z1S T 4 3
2 |~-ZONSe-6/ZIS g £ %
5 —~—ZCNSe-7/Z1S A = 3
= 03f 8
= £ ,|Los
°
&
o -
o 1 2 3 4 5 6 7
X
£ 121D —ZIS
:5; —— ZCNSe-4/ZIS
. ki
El s 9r =
= g S
.8 “E’ )
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2 E 6r T g
3 g 2
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s g 3p 7 <
i1
& 1.90%—J ||
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Fig. 4 Time-dependent photocatalytic hydrogen production curves(A) and hydrogen evolution rates(B) of
different samples, cyclic curves of photocatalytic hydrogen production of ZCNSe-4/ZIS(C), absorption
spectra and wavelength-dependent AQE histograms of ZIS and ZCNSe-4/ZIS(D)

fig, Hrh, ZCNSe tr & #2244 0. 09 mmol g ' -h™", ULHIHY S ZCNSe-/Z1S B GAR R BT Al n F %
N (B S4, WASCEFRHEE). BEJa, W SEI0 A, WK T ZCNSe-4/Z1S F i JE 1 AR Ah g %o BE S22
B (S5, WA X HHMEE). HEIF A, ZCNSe-4/ZISTE 5, 10 F120 “CHRE T A &g 7+, Hh,
20 CEAF FHTETERE N 6. 66 mmol g™ -h™", b5 “CHf (4. 85 mmol-g™'-h™) AUTERERR = T 37%, BiHH G
RO SRS ZAAL M RE R T B R 22— . Ah, XF ZCNSe-4/Z18 BEA T4 12 h T A PESEe, & I HAT
A EREAXT R, H7EH O B ET S XRD 3% B R & A W 0w A%, 38 W H HLA 5 BTG kg
[ 4(C) R S6 (AT Fi(58) 1. Bbah, iad il AQE DL KOEIEWLIRE ST, #E—2 148 T ZCNSe-w/
ZISE AR R BDCEAERE . Qi 4(D) Je 3R S1UIAS SCIHHE ) 7R, ZCNSe-4/Z1S FI ZIS (1) AQE 8 745
A St &AW &, H ZCNSe-4/ZISTEAN R KOG RETT 1 AQE AH L ZIS ¥ Il i #27t, b, 78
420 nm F KA AQE 258 6. 49% , 4EAH ZIS(1. 90% ) 3. 42 1% .
23 REFHAHE

o TP AR RN DOGIAPERE , SR IZLAMASUR TS 1 AT D4R BT SliAH Z1S D) K ZCNSe-4/Z1S
AR EE AR AL . il 5 (A) M (B) B, £23d 10 min Y6 B85 ZCNSe-4/Z1S H 3 FE Fr W) 46 (1)

(A) -
I; e "
0 min 4 min 6 min min

®) [

S%08E

O

2 min 4 min 6 min 8 min 10 min

- 7ZeNse-4/z1s UK

Fig. 5 In situ infrared thermal images of ZIS(A) and ZCNSe-4/ZIS(B)
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24. 8 “CH T2 59.0 °C, SEIAETGIRZE16534. 2 °C, NALM ZIS ) 4. 1%, 1508 ZCNSe-4/Z1S F P H
RPN, 3 I 0T W6 B 2T IS w13z gl , kR b At
BHTE P

AR, R ADEHAL AR E AR PE— 4878 T ZCNSe SHEALARIZE I T80 127 B9S2 i I X6k
TEPERR TR IR . Qi 6 (A) FI7R , ZCNSe-/Z1S HHL % 1 = T2liAH Z1S, H Bl ZCNSe 11 28 5 38 i 522
SEREM G /D i H, FBH 6713 ZCNSe J5 Y6 AR 20 T 10 2 B 0R A5 B B 5 $2 71 . BIS I itas
[E 6(B) M & ST(RASL ST H 5 ) 1, 5 ZIS Fl CoSe-4/ZIS M , ZCNSe-x/Z1S HAT B /NI K42, Bi B
NI HL PR Y ZCNSe Y658 T 2 A A B HL AT RS RE 1. 3w, LSV HhZRRENS S M Yot AL b B E
T E S S B, 5 ZIS K CoSe-4/ZIS ALY , ZCNSe-x/Z1S Hr St A7 B B A, X ) T Hr & v
AIPEAT [ B 6(C) B I S8 (LA SCSZ 47 B 197, Ak, R PL & TRPL IR #E— 248 75 e 3 i
HIEOL. E 6(D)FrR, ZISTE PLINGR b B o o s i 45 5 o B, U WO AR B+ 58 B sl e A e,
1Ml ZCNSe-4/Z1S A B 52 A R BB A, X 5 H AT A kR AR M —3 . TRPLMNASS A i
7N, ZCNSe-4/Z1S SE-2%¢ 6 54 M 80. 48 ns, ULfm T-ZIS(38. 74 ns) , #E—5 0 T 5 -S4k EMS 345
KpoeA: i A ar, e FRE GRS TR EMR, Wmem 7 HICHEAEELE 6(E) 1. &5, R
FH SPV £ ARAE /R T A [RIRE L 0 22 100 s fr SRS . Q0lE 6 (F) BTz, ZIS FEBLH 55 3 4 SPV G 8 i 107 3
J&, 1 ZCNSe-x/Z1S 5 J3 il ZCNSe US Il (38 0 2 BH 2 BRfa e, Uil ZCNSe-w/ZIS R RE T H L
SeAE L P SPV IR ZR B 6, AT R AT &S A SES 75, 28 BT, ZCNSe-x/Z1S ZR 80 H B 5% 15t
A BRI T AL RE T L EARMAT A A SR TR AR | B K e A ey A5 SR R Y R TR
HLFUR I, BT tERers 2 B 4Tt

T 2lA ZCNSe-2/Z18 401-(B) ~ (©
g On Off —— ZCNSe-4/Z1S (\I:_‘ ok
; ~—— ZCNSe-6/Z1S g
= ! —ZIS 30 <
> 8+ g S 04r
‘G N 2
£ J 20 Z
= 4 .IC_’ 3 08F
g i ——ZIS = . / _—1.46 V—ZIS
5 10 —o— ZCNSe-2/ZIS g —1.44 V—ZCNSe-2/Z1S
& —s— ZCNSe-4/Z1S | 5 12} ~_~—1.41 V—ZCNSe-4/Z1S
S ot —s— ZCNSe-6/Z1S | © ' |~ —1.43 V—ZCNSe-6/ZIS
L L L L L 0 L L . L L L Mol L I
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Fig. 6 TPC curves(A), EIS plots(B), LSV curves(C), steady-state PL spectra(D), TRPL decay spectra(E)
and SPV curves(F) of pure ZIS and ZCNSe-x/ZIS
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Fig.7 UV-Vis DRS(A) and Tauc’ s plots(B) of pure ZIS and ZCNSe-x/ZIS samples, M-S plots of ZIS(C)

and ZCNSe(D), UPS spectra of ZIS(E) and ZCNSe(F)
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Fig. 8 Energy arrangement in ZCNSe-x/ZIS system
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Scheme 2 Schematic illustration of photogenerated charge transfer in ZCNSe/ZIS catalysts
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Fig. 9 DMPO-'03(A) and DMPO-'OH(B) spin-trapping ESR spectra, high-resolution XPS spectra of
In,,(C) and S,,(D) of pure ZIS and ZCNSe-4/ZIS
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