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Preparation and photocatalytic hydrogen production performance of

N-g-C3N,/CoS, composites

CHEN Jianjun', ZHOU Shiyuan , HUANG Yuchen , YOU Hongge , ZHENG Tianxiang , LI Yongyu
(School of Chemistry and Chemical Engineering, Zhengzhou Normal University, Zhengzhou 450044, China)

Abstract: Carbon nitride (CN) is one of the most promising non-metal catalysts currently, but its photocatalytic
activity is not ideal due to its poor carrier separation efficiency within molecules caused by its unique electronic
structure. In order to improve its photocatalytic performance, N-doped g-CsN, (NCN) was firstly prepared by high
temperature condensation method using urea and citric acid as raw materials. Then, the CoS,-modified NCN com-
posites (NCN/CoS,) were successfully prepared by photodeposition. The introduction of CoS, effectively enhances
the photogenerated carrier separation efficiency of carbon nitride. At the same time, N doping effectively regulates
the band gap of carbon nitride and broadens the visible light response range of carbon nitride. The photocatalytic
hydrogen production results show that under visible light irradiation (4>420 nm), the NCN/10CoS, presents the
best photocatalytic hydrogen production performance (73.8 pmol-g'-h™"), which is 4.9 times and 10.4 times as high
as that of NCN (15.0 umol-g"-h™") and CN/10CoS, (7.1 umol.g""-h™"), respectively.

Keywords: g-C;N,; N-doping; CoS,; photocatalysis; hydrogen production
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RO A0 A 4 1) 45 7 s ol 3 SO Ak Mg o JE ol
%)@ N R T3243 g-C;N, H, A LREHE 5 ] Ik
1 QY N B AT A (871 = R T B =S
MEERS, T E LR, Jiang 550 3 5
HREAEMT NBAA g-CN,, LM T &SR0t
MU R . B, SUREE S — 0y ot T Boxe
LR ARG . R R, 7Ek iR
T T AR B A R RE AR F HL B RS . AR ST
TE 1) A 8 0 R 2 BB A ) B 4 T U,
W Pt, Aufl Pd, fHZH A EE, R 7 H
Tolbfeni A, SRR, IR IE 5t 4 s
AR ST R I PR R I U 4
WAL CoS, A AL . IRAEHZ . RiFrfibs
FeE PR AL, BN & — R R A Fir ik iy B 1k
el

AR S 2 R AR A S A BT 0 I ik B 2
7 1 CoS, 1 1i 1 A 45 2= A AL Ik & 5 64 1k A1 K
(NCN/CoS,), i#id XRD, FTIR, XPS. TEM. BET,
UV-Vis, PL 1 Ak 27 00520 45 5 7 % S fi 4k 550 28 47
— RINFAE, N B CoS, T4 A WO T A
At (4 AT DL G IS RIS A R0 40 B R . G
b= A4 R R, NCN/CoS, [ 7= & 7% BE 15 21 B
W4T

1 MR IE
1.1 FE##l

Sy i PR 34 S A A At BT A SR 5 2 4l
BBETK, IRE. HER. WA . Bilk. K
Ol =P, FE 2L B A RA A
1.2 REAFINHE

g-C3N, Fll N-g-C3N, G HEAL I A il % . FH 404
KU FREL 10g IR E 5 10 mg #74TR , WS 33
S E TR, FES ) (ECFl1-6-14, g
%t it B R Sl AT B2 F]) DL 2°C /min T )
550C, i 3h, WHE=ZEFE L, 4% N-g-
C3N, (NCN). g-C3N, il &1 #2 5 N-g-C4N, # A,
Br T AEH I A ke R, 15 307790 CN.

NCN/CoS, Z &M B ry il 25 . & /6 10 mL A
[i] ¥ & 1) Co(CH3COO0), % # . 10 mL i ik 7K ¥
(15.2 mg/mL). 40 mL JG/K Z, B F1 40 mL # 4fi 7K i
A B #H, #EFE 30min 5, K 200 mg NCN
INA R F i R AW . SR RGBS DL
225, SR 300 W B AR AT B 5 20 min, & )5,
e r=ahug, K G BEVET 3K, RIGTE

60°C T H 75 T4, 15 3| A [A] kb i 1) NCN/CoS,,
it & NCN/xCoS,, x #/aRIMA LRE KW, 47
W k5. 7. 10, 13, 15mg/mL, HAKILFE 1,

F1 ZESHREIT R RER
Table1 Sample names corresponding to cobalt
acetate concentrations

Sample Cobalt acetate concentration/(mg-mL™)
NCN/5CoS, 5
NCN/7CoS, 7

NCN/10CoS, 10
NCN/13CoS, 13
NCN/15CoS, 15
CN/10CoS, 10

Notes: NCN—N-doped g-C3N,; CN—g-C3N,.

CN/10CoS, # &L 19 il % . B& 1T H CN k&R
NCN LL4k, CN/10CoS, il & i 72 Fl NCN/10CoS,
A .

1.3 HmMRIE

K 1 H A< 3% Uitima IV 5 X- 5 28 77 510 RE
i BV AR S5 M 3R A7 00 A s SR 2 S B E A
B 7 7] Y9 FTIR-2000 7Y {# HL 25 36 21 ) 6 335 44 %
FE G 0B BE AT 45 48 2E 4T R AE 5 SR 28 [/ Thermo
Scientific K-Alpha % X-J £k 5t Hy - 68 315 406 A &
BIAb 27 R T R A AT 44T SRATH A H 57
Regulus 8100 % i7 it F 55 WL £ 4 i 119 5% T OO B
S A 9 [ RS A A A BR 2> /] B9 Autosorb iQ %l
W 6 4 AP ASCRT A it 49 AP O 2R I R - G R B A T
RIE,

1.4 Bz

K G HEAC B B A FR A F] Cary-5000 7 45
Ah =T UL 43 5656 BE SO B S G RO ME B R AT 43 AT
K H AR H 37 F-4600 1 %€ 5% 1% SO0 FE 5 28 e
REHEAT /AT, WOR I O 380 nm,

Pk Na,SO, N HLff i W, #4300 W il kT 1 Ky
VR, SRA LR R AR Bl A5 77 1) CHI-600E 2! L fk
F T AR SRR S 90 M RE R T
1.5 gfEA=S RN

SR A 50 04 U R A BR 23 W] CEL-SPH,LN
TS K R G % R b 00 P2 S R R AT R . B o
# 90 mL 7K Fll 10 mL = Z, % g Jin A R g8, 5
¥ 50 mg F i B T RN AR, Bk 30min J5, B
B EZSHIMA 15min, RELA T ESRSES 4T
TR BEK, FTIFELT, F 420 nm (9 # 1E 388 3R
AT ot . KA AR 1h 3 30 RH—K,
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ho(002) LB KA T A, BB 27.6°40, X
J& N #4435 g-CoN, fb % h B &5 -, T NCN
1 NCN/CoS, ¥ 17 5 W 1 & WA K A= 0 B ol 2s
F W CoS, I # L5 NCN M ZE 5. Fi sk,
TE 5 A #1BL NCN/CoS, 1) XRD &l 3% H % 7 W 2% 3
CoS, W TETE, 72 CoS, ¥ #H Al fig & LL G E T 1)
AR,

(100) (002)
Hu_._.*».gz/k\qﬁ____f NCN/15CoS,
¢JW__'h_«”,//$\\\‘__i NCN/13CoS,
N ~4‘-e-»«—4/?\\a_ﬁ*g, NCN/10CoS,
z !
2 ,/-_--;—//4\\\N_~_4 NCN/7CoS,

ﬂ,H»_,~_,_~//$\\~N___ NCN/5CoS,

10 20 30 40 50 60
20/(°)

/1 CN. NCN FI NCN/CoS, i XRD &%
Fig.1 XRD patterns of CN, NCN and NCN/CoS,

|

3 Ao AR HEL I A 4 2T AP S A (FTIR) X AE v E
AE A 2509 AT /AL, S5 R WA 2R, HEATE
810 cm™ Ab 1) W ST fy — R S5 KA ) 1 4 i sh g, 7
1200~1 650 cm™ DX 38 1) W Wi J 1 0% A 4438 C—N
BRI . LB FITH N—(C); fl C—N—H
(9 45 3% 309, 3 000~3 400 e XI5, f W i 06 U
F O—H M N—H W Mgaiesh®™, 5ok, WEHT
A& 1, CNFINCN A FTIR &3 ¥4 1 W22 5,
XA B NCN 38R 8 T CN B 73 4544 . 400~
700 cm™ 1 3 000~3 400 cm™ [X 5, PN W 1) 4 /N A2 4k
FHFE CN P84 T N o R, 5 NCN M,
NCN/10CoS, & & #4 B} (1) £1 1 5 iE W i e BT Ak 32
BHARAURNZML, XK CoS, BTLAIEA k28
4l NCN (W53 254 , 5 XRD 43 #r45 SRAH — 2.

CN heterocycles S-triazine units

******** | r---
”””””

NCN/15CoS,

NCN/13Co0S,

NCN/10CoS,

NCN/7CoS,

Transmittance

NCN/5CoS,

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber/cm™!

[Kl2 CN. NCN F1 NCN/CoS, [ FTIR [

Fig.2 FTIR spectra of CN, NCN and NCN/CoS,

FIF XPS #E— 243 1 CN il NCN/10CoS, 1) #
2= AR TC R 2R, 25 R El 3 ik 2
Jis. [ 3(a) s T Cls BEIEMI PN, HEE5 S
fiEZ> 7 M 284.8 eV fil 288.2 eV, 288.2 eV b f) I I
J& T CN 35 & 45 Hy i (N=C—N) sp* Z& 1k 1y ik 1,
284.8 eV ALK& T CN 14 2 C—C 8. K 3(b)
i N1s WY fE 3 K, B Al 4320 398.5. 399.7. 401.0
il 404.3ev iy 40, 30 HJE T CN ) = R 3%
(C=N—C). # & N—(C);. & # (C—N—H) fi
C=N #4592 5 CN A, NCN/10CoS, I
LB EHBNEME, RPRWB M
CoS, ULFLFE T CN P I L T2 BERE . 73 4
MWE 2 LIAEH, 5 CNFA C/NJET A4
(0.75) #H ., NCN/10CoS, ' C/N It (0.64) A Jir %
fiX, #—2UuEM T N#B 25 g-CN, . 5 XRD
HI FTIR 43 #7745 A — 2. & 3(c) 4 Co2p REIE,
o A~ B Y (1 6 B 43 391 Dl 780.6 eV Fll 796.9 eV,
X} R Co2psjy Fl Co2pyjp, B I1AH N By T W47 F
785.1 eV(Co2p;,) I 802.9 eV(Co2p, ), X % B 4l
JLEEA 2 MV, K 3(d) Jy S2p HIfERS, 162.1 I
163.4 eV AL N0, 43 51X B F S2psy, FT S2p 2,
T E GRS TAEAE SEP, A 168.0 eV H B
F14) D S 3 AR Ak A 25 SR 0 3l gk DA b 40 A mT
I HH# % T NCN/10CoS, & & 1k .

R TSRO A AR b RL B OB B 25 A, X
NCN/10CoS, & 5 # ¥t #E47 T TEM W, 45 2R 40
K oafia. K 4(a). K 4b) A WL F CoS,
W) ks 28, # W CoS, VAR MIE BT, 5
XRD 43 M1 45 B — 5. & 4(c)~4(g) N NCN/10CoS,
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(a) 2882 eV Cls
N—C—N
284.8 eV
| NCN/10CoS, c—C
S e
g 288.0 eV
-~ 284.7 eV
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(b) 399.9 ¢V
N—(O),
401.2 eV
C—N—H
404.4 eV
T excitation

398.7 eV Nls
C—N=C
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Intensity
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CN
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Binding energy/eV

1
410 408 406 404 402 400 398 396 394 392 390
Binding energy/eV
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Co2p,, 7851V i
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d
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Intensity
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Fig.3 XPS spectra of CN and NCN/10CoS,

%2 CN #1 NCN/10CoS, #1#J C/N FEFLEL
Table2 C/N atomic ratios of CN and NCN/10CoS,

Sample C/at% N/at% C/N
CN 42.77 57.23 0.75
NCN/10CoS, 39.07 60.83 0.64

i) STEM &3 . WEIHATLIE H, C. N. Co fil S
Y1514y i ¥E NCN/10CoS, H, #— i T2 &
B CoS, AETE, 5 XPS 43 Hr45 RAHXT I o
0 A R B - R R R (BET) 3000 2 A i Y L 3
1 B AL R B, B 5(a) BT LA A 3, NCN Al
NCN/10CoS, #F & Bl i IV BRI &R 26, 3F A — 4
H, Al 5 B0, RUMEILFI A2 7E L. K 5(b) A
LEamE, IWEH A LLE H, NCNFl NCN/
10CoS, B fLA% 3 A #RE 20 nm 245, MAfL. 18
o AT DA B AR A b 2R T AU LR R,
F 3R, 54 NCN A, NCN/10CoS, it 3%
Tl B (65.90 m?/g) F1FL 1A A (0.25 cm®/g) # A T —

FEFRBE RGN, X AT BEJE CoS, i sl . 3K
b 2% 1T FRURITFL 181 FRA A A S I 2 (L B 22 3% A6
A TG RE =
2.2 HFEmBXBAFEERES T

i 3k 58 40 -] WL % XF CN. NCN il CN/
10CoS, 1M Pk RE AT 40 BT, 25 R An1&] 6(a) i
Ko 5 CNAHH, NCN AW &4 Ta®, b
WESCPEREAS B T BB AR, XOR N B AREIER .
FANMNE Rl LA, 7E NCN _E L CoS, &,
W A A B B B4k, R CoS, M TTRR K
A elAE NCN AER 459, CN. NCN Fl CN/10CoS,
BRI & 6(b) T2k, CN FT NCN F4H5 B 43 9
2.45eV 1 1.85eV, NCN E A H % ({7 B, 7%
T CN ] UL S me o7 ¥ BB, 36 10 A Bl T 64 A
RE M F & o O A A BRIE AT LU i, NCN Al
NCN/10CoS, (4 Bt L T- 52 & F 4, £ W CoS, 1
TUAAG MO NCN Y BER 454 .
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FIH G B0k Ot (PL) 6 3 BF 58 O i 16 351 19 6
AW T B AR . B 728 CN. NCN il NCN/
10CoS, i 9 PLOGIE Kl . MWEIh AT IR N, 5
CNAHEL, NCN WE{E A BN TR, Rk
&R NWB AR TOLAERA B . 76 NCN -
YURL CoS, Ji , Heue o B iff — D ek, & W
CoS, 1t vl L AT 2L il 6B i 7 - R E A
HETA TGS M 42 .

It TAERE X CN. NCN HI NCN/10CoS,
B4 S R 3L M 7 R AT A3 AT, AE AR AN IE 8 TR o A
A7) 1 1% 285 16 R 8 T 1 0 50 A L T A AR
500 nm 500 nm AR, —Mokut, BESOGH S E B, btk

e 5 HL faf 43 5 TN 56 A% e 0 Bk P, NI R T DLE
NCN/10Co0S, /) BF 2 )t H 3 % B B i & F CN Al
NCN, it B NCN/10CoS, H -7 5 & (1) 56 A4k i i 43
B RSRE S . 5 PLI AT A R —5, 1ok, B
B RERER S R R e N LT R AR R R R A

A L FRE Tk
500 nm:| -, 500 nm < 2.3 HRHRBBUFSEESHT

A L YE (K A>420 nm) BB & 5
HAADF—High-angle annular dark-field imaging Tf R - jlﬁ ({EZ ﬁ£> 0 Q)j: E—j T » U J e A
S RE HOAh S 75 —
K14 NCN/10CoS, f§ TEM K% ((a), (b)) #1 C. N, Co Ml S 1y [FVRE i B DAL SR, SR 9 o, M
TEESMEIE ((0)-()) Erh Al LI, 5 CN. CoS, i, NCN Fl NCN/
Fig.4 TEM images of NCN/10CoS, ((a), (b)), and the corresponding CoS, 1] f': S ME fE »Jﬁlg AT BRI s /ﬁ\: 1 NCN/
element mapping for C, N, Co and S ((c)-(g)) 10C052 /E\_ﬁ %1$ E"J F': /éjl“l"i ﬁlé , ﬂi] 73.8 umol-g'l-h'l ,
600
(a) b
—=—NCN ® —=—NCN
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2 400 T
5 < 0.0020 -
= 5
_“é 300 4 °
5] £
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>, 200 4 !
£ o
5 2 0.0012 "L
& 100 : T8
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€5 NCN Fl NCN/10CoS, HM - B4Rk (a) RIFLAEMEIE (b)
Fig.5 N, adsorption-desorption isotherms (a) and pore size distribution curves (b) of NCN and NCN/10CoS,
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Table 3 Specific surface area and pore volume of the NCN and NCN/10CoS,
Sample Surface area/(m*g™) Pore volume/(cm®.g™")
NCN 61.51 0.23

NCN/10CoS, 65.90 0.25
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Table4 Hydrogen production performance of g-C3N,
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Photocatalyst Activity/(umol-g™-h™') Ref.
NCN/10CoS, 73.8 This work
g-C3N,/MoS, 4.0 [27]
g-C;N,/Fe,N 88.7 [28]
g-C3N,/NiS 32.0 [29]
g-C3N,/Co,P 53.3 [30]
g-C3N,/Ni,P 82.5 [31]

2.4 HSBARELESHH R

T RGBS R R B, X AT
T Mott-Schottky I3, 5 an& 10 s, ME
A 1 NCN 9 4 H 37 i —0.50 V (vs. Ag/AgCl,
pH=7), ¥ &l 6 T 13 ) NCN £k 58 & ] sk 13
NCN/10CoS, #r#7 B A Ky 1.35V,  H 1 7T 1 Wt i% 2

4.0

35

C2/(10"°F2-cm*)
g N »
> n o

—_
W

—_
(=]

0.571 0 -08 -06 -04 -02 0 0.2 0.4
Potential (vs. Ag/AgCl))/V
C—Capacitance
[¥1 10 NCN i Mott-Schottky £k
Fig. 10 Mott-Schottky plots of NCN

A MR B A A P, T TR . PR
A A2 5 bR G AL E AL (1 11) AT
SR A T, BT NCN i sk 81 S 47, 7=
AR, 2 L T8 2 CoS, R,
M2 5 T NCN H ) A B - 28 7R A B 80%
K i) HAT 5 CoS, I 1Y L F B Hyo R B,
NCN Hraff B T 928 08k = S BE R 3K

® C N atoms which replace C
©N ® Cos,

CB—Conduction band; VB—Valence band; TEOA—Triethanolamine
%11 NCN/10CoS, HGHEfbHLiEIF
Fig. 11 Photocatalytic mechanism diagram of NCN/10CoS,

3 &it

(1) 2R I R R 45 5 G UL AR 7 B L il & 1
N #8421 g-C3N, (NCN)/10CoS, Je L & &+

(2) CoS, M5 AREAT B il AL Ak fe 1) 6 A -
2N A, IF R R SR AL T 2 Y SO
PEN

(3) N 948 4% Fl CoS, M TR K M 2 = T &L
e Y S A b 7 S g . Hf NCN/10CoS, B A
AR A kR, H 73.8 umol-gh™, 43l J& NCN
(15.0 ymol-g“h™") Fil CN/10Co0S, (7.1 pmol-g-h™") [
4.9 f110.4 1%,

(4) JeEAb S G ARG 7= E AR SE T B4
# CoS, FIl N 45 J 75 Gk AL S B Ak R bl % 2
HIAEHT

S 3Hk

[1] ZHAOB,ZHONGW, CHENF, et al. High-crystalline g-C;N,
photo-catalysts: Synthesis, structure modulation, and H,-
evolution application[J]. Chinese Journal of Catalysis,

2023, 52: 127-143.


https://doi.org/10.1016/S1872-2067(23)64491-2

EEMRER

1998 -
[2] BIE C, WANG L, YU J. Challenges for photo-catalytic over- [14] JIANG L B, YUAN X Z, ZENG G M, et al. Nitrogen self-
all water splitting[J]. Chem, 2022, 8(6): 1567-1574. doped g-C3N, nanosheets with tunable band structures for
[3] FU]J, XU Q, LOW J, et al. Ultrathin 2D/2D WO,/g-C3N, enhanced photocatalytic tetracycline degradation[J].
step-scheme H,-production photocatalyst[J]. Applied Journal of Colloid and Interface Science, 2019, 536: 17-29.
Catalysis B: Environmental, 2019, 243: 556-565. [15] KAVITHA R, NITHYA M. Noble metal deposited graphitic
[4] LUN,ZHANGM, JINGX, et al. Electrospun semiconductor- carbon nitride based heterojunction photocatalysts[J].
based nano-heterostructures for photocatalytic energy Applied Surface Science, 2020, 4: 145142.
conversion and environmental remediation: Opportuni- [16]  A4RULE, ff 557t i ok, % BT Pt & A BB HALIR B
ties and challenges[J]. Energy & Environmental Materials, EROEILFER (1], E A ERIEFR, 2024, 41(1): 219-226.
2023, 6(2): e12338. NIU Fengyan, HE Qisheng, WU Shiran, et al. Photo-
[5] LUN,JING X, ZHANG M, et al. Effective cascade modula- deposition Pt composite graphitic carbon nitride realizes
tion of charge-carrier kinetics in the well-designed multi- efficient photocatalytic hydrogen production[J]. Acta Ma-
component nanofiber system for highly-efficient photo- teriae Compositae Sinica, 2024, 41(1): 219-226(in Chinese).
catalytic hydrogen generation[J]. Acta Physico-Chimica [17] XU X, WANG S, GUO S, et al. Cobalt phosphosulfide nano-
Sinica, 2023, 39(4): 2207045. particles encapsulated into heteroatom-doped carbon as
[6] YU Q, HUANG J, LI A, et al. Engineering semireversed bifunctional electrocatalyst for Zn-air battery[J]. Ad-
quantum well photocatalysts for highly-efficient solar-to- vanced Powder Materials, 2022, 1(3): 100027.
fuels conversion[J]. Advanced Materials, 2024, 36(16): [18] YANG S, GUO X, LIU K, et al. Size effect of CoS, cocatalyst
2311764. on photocatalytic hydrogen evolution performance of g-
[7] JIANGX, HUANG]J, BI Z, et al. Plasmonic active "hot spots"- C3N,[J]. Journal of Colloid and Interface Science, 2023,
confined photocatalytic CO, reduction with high selecti- 635: 305-315.
vity for CH, production[J]. Advanced Materials, 2022, [19] VINOTH S, RAJAITHA P M. In-situ pyrolytic processed zinc
34(14): 2109330. stannate incorporated graphitic carbon nitride nanocom-
[8] LIANG X, XUES, YANG C, et al. The directional crystalliza- posite for selective and sensitive electrochemical deter-
tion process of poly (triazine imide) single crystals in mol- mination of nitrobenzenel]J]. Composites Science and
ten salts[J]. Angewandte Chemie International Edition, Technology, 2020, 195: 108192.
2023, 62(14): €202216434. [20] VINOTH S, RAJAITHA P M. Nickel sulfide-incorporated
[9] ZHANG G, XUY, ZHU J, et al. Enhanced photocatalytic H, sulfur-doped graphitic carbon nitride nanohybrid inter-
production independent of exciton dissociation in crystal- face for non-enzymatic electrochemical sensing of glu-
line carbon nitride[J]. Applied Catalysis B: Environment cose[J]. Nanoscale Advances, 2020, 2(9): 4242-4250.
and Energy, 2023, 338: 123049. [21] XIANG Q J, YU J G, JARONIEC M. Preparation and en-
[10] LIUM H, WEI C G, ZHOU J M, et al. Fully condensed poly hanced visible-light photocatalytic H,-production activity
(triazine imide) crystals: Extended =n-conjugation and of graphene/C;N, composites[J]. Journal of Physical
structural defects for overall water splitting[J]. Ange- Chemistry C, 2011, 115(15): 7355-7363.
wandte Chemie International Edition, 2021, 61(2): [22] YU J G, WANG S H, CHENG B, et al. Noble metal-free
€202113389. Ni(OH),-g-C3;N, composite photocatalyst with enhanced
[11] YANG M, XIAO W, ZENG Y, et al. Homogeneous carbon/ visible-light photocatalytic H,-production activity[J].
potassium-incorporation strategy for synthesizing red Catalysis Science and Technology, 2013, 3(7): 1782-1789.
polymeric carbon nitride capable of near-infrared photo- [23] DONG G H, ZHANG L Z. Porous structure dependent
catalytic H, production[J]. Advanced Materials, 2021, photo reactivity of graphitic carbon nitride under visible
39(33): 2101455. light[J]. Journal of Materials Chemistry A, 2012, 22(3):
[12] CUIL, SONG J, FANG X, et al. Constructing highly uniform 1160-1166.
onion-ring-like graphitic carbon nitride for efficient visible- [24] ZHANGYZ, SHIJW, HUANG Z X, et al. Synchronous con-
light-driven photocatalytic hydrogen evolution[J]. ACS struction of CoS, in-situ loading and S doping for g-C3N,:
Nano, 2018, 12(6): 5551-5558. Enhanced photocatalytic H,-evolution activity and
[13] ZHU D, ZHOU Q. Nitrogen doped g-C3;N, with the ex- mechanism insight[J]. Chemical Engineering Journal,
tremely narrow band gap for excellent photocatalytic 2020, 401: 126135.
activities under visible light[J]. Applied Catalysis B: [25] XUYF,SUNJL, HEY N, et al. Construction of CoS, nano-

Environmental, 2021, 281: 119474,

particles embedded in well-structured carbon nanocubes


https://doi.org/10.1016/j.chempr.2022.04.013
https://doi.org/10.1016/j.apcatb.2018.11.011
https://doi.org/10.1016/j.apcatb.2018.11.011
https://doi.org/10.1002/eem2.12338
https://doi.org/10.1002/eem2.12338
https://doi.org/10.1002/eem2.12338
https://doi.org/10.1002/eem2.12338
https://doi.org/10.1002/eem2.12338
https://doi.org/10.3866/PKU.WHXB202207045
https://doi.org/10.3866/PKU.WHXB202207045
https://doi.org/10.3866/PKU.WHXB202207045
https://doi.org/10.3866/PKU.WHXB202207045
https://doi.org/10.1002/adma.202311764
https://doi.org/10.1002/adma.202109330
https://doi.org/10.1002/anie.202216434
https://doi.org/10.1016/j.apcatb.2023.123049
https://doi.org/10.1016/j.apcatb.2023.123049
https://doi.org/10.1016/j.jcis.2018.10.033
https://doi.org/10.1016/j.apmate.2021.12.003
https://doi.org/10.1016/j.apmate.2021.12.003
https://doi.org/10.1016/j.jcis.2022.12.149
https://doi.org/10.1016/j.compscitech.2020.108192
https://doi.org/10.1016/j.compscitech.2020.108192
https://doi.org/10.1039/D0NA00172D
https://doi.org/10.1021/jp200953k
https://doi.org/10.1021/jp200953k
https://doi.org/10.1039/c3cy20878h
https://doi.org/10.1039/C1JM14312C
https://doi.org/10.1016/j.cej.2020.126135

N-g-C3Ny/CoS, & & # kL il 2 Je OB AR AL 7 S 1 Ak

-+ 1999 -

[26]

[27]

(28]

for high-performance potassium-ion half/full batteries[J].
Science China Chemistry, 2021, 64: 1401-1409.

MAJL, LI X Z, JIAO G J, et al. Single-atom zinc catalyst
for co-production of hydrogen and fine chemicals over
soluble biomass solution[J]. Advance Powder Materials,
2022, 1(4): 100058.

JIAO Y Y, HUANG Q Z, WANG J S, et al. A novel MoS,
quantum dots (QDs) decorated Z-scheme g-C;N, nano-
sheet/N-doped carbon dots heterostructure photocatalyst
for photocatalytic hydrogen evolution[J]. Applied Cataly-
sis B: Environment and Energy, 2019, 247: 124-132.

QI W L, LIU S Q, ZHAO S L, et al. Prussian blue derived
Fe,N for efficiently improving photocatalytic hydrogen
evolution activity of g-C3;N, nanosheets[J]. Catalysis Sci-

ence and Technology, 2019, 9(10): 2571-2577.

[29]

(30]

(31]

LUYT,CHUDM, ZHU M S, et al. Exfoliated carbon nitride
nanosheets decorated with NiS as an efficient noble-metal-
free visible-light-driven photocatalyst for hydrogen evolu-
tion[J]. Physical Chemistry Chemical Physics, 2015,
26(17): 17355-17361.

ZENG D Q, ONG W], CHEN Y Z, et al. Co,P nanorods as an
efficient cocatalyst decorated porous g-C;N, nanosheets
for photocatalytic hydrogen production under visible light
irradiation[J]. Particle and Particle Systems Characteriza-
tion, 2018, 35(1): 1700251.

YE P, LIU X L, IOCOZZIA ], et al. A highly stable non-noble
metal Ni,P co-catalyst for increased H, generation by g-
C3N, under visible light irradiation[J]. Journal of Mate-

rials Chemistry A, 2017, 18(5): 8493-8498.


https://doi.org/10.1007/s11426-021-1057-3
https://doi.org/10.1016/j.apmate.2022.100058
https://doi.org/10.1016/j.apcatb.2019.01.073
https://doi.org/10.1016/j.apcatb.2019.01.073
https://doi.org/10.1016/j.apcatb.2019.01.073
https://doi.org/10.1039/C9CY00198K
https://doi.org/10.1039/C9CY00198K
https://doi.org/10.1039/C9CY00198K
https://doi.org/10.1002/ppsc.201700251
https://doi.org/10.1002/ppsc.201700251
https://doi.org/10.1002/ppsc.201700251

	1 实验材料及方法
	1.1 原材料
	1.2 光催化剂的制备
	1.3 样品的表征
	1.4 光电化学测试
	1.5 光催化产氢性能测试

	2 结果与讨论
	2.1 样品的结构和形貌分析
	2.2 样品的光电化学性能分析
	2.3 样品的光催化产氢性能分析
	2.4 样品的光催化产氢机制探讨

	3 结 论
	参考文献

