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Abstract

By calcining different ratios of precursor urea and molten salt NaCl, defective g-C3N4 doped with
different amounts of Na is obtained. The characterization results of the phase and element compo-
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sition of as-prepared samples showed that the samples are Na-doped g-CsN,, in which N defects are
exposed and the amount of N defects in g-CsN4 tends to be saturated with the increase of the
amount of NaCl. The photocatalytic H,0; production activity of Na doped g-CsN, is better than pure
g-C3N4. When the mass ratio of NaCl/Urea was 1/5, g-C3N4 showed the best photocatalytic activity,
reaching a rate of 1.17 mmol/(g-h). The photoelectric properties of samples exhibited that N va-
cancies can be acted as electron carrier traps to capture photo-generated electrons and promote
the separation of photo-generated electron-hole pairs, and Na can act as an interlayer transmis-
sion channel to promote the migration of photogenerated electrons. Through the capture agent
experiment and EPR determination, it was determined that 10, is the main active species in the
process of photocatalytic H,0, production.
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1. 518

H,0, & — MR AP AV AT, TEANLA R, KIS YA, . EAS T HAEE ZNH.
ARG T A= ik R RS, ERRRE S, IS MMHBCRES . B53MI[1]. L™ H0,
S FMREEHRE. SAFIRA. SRETCTTYIHAEAR, A TR AT 5E[2]. TEYGHEAL ™ HoO, B 4T,
H, g-CoNg & —Fh R UG oAb, BAA T s et S rEae. R s fa e S,
NI 52 BIEFEF AT D [3] o SRTT, AR g-CaNy fEVC R R P AE AR L T2y O R A R i m, S8
FEMEALPEREA PR, Rk, TEXAiAH g-CoNg HEAT it LASR B H e i A PERE

g-CaN, 1) C B N BhFE, BAR MBI R I, AR, ompRel S i, M8k
FEaBHE, G TEPEAL AL, PRARRBIEILRE, BUCR R BRI s [4]. % g-CaNg HH s B HEAT IR 42,
e IR I — R e i . SINIRE T g-CoN, HEAT 1505, Be A 2042 g-CoNy SRIG I L
PR E B AR AR F X g-CaNg BEAT 2%, 24 R AL A2 —. Zhao %5 [5]FIH KOH X i Sk 4 gk
ITRTACFR G RRE, FIAEAN ARG T B O e R IR A DTIE YD, RET K BARMEAH N SRR ()
(1) g-CsNy, FLr IR ZMRHE IR Ny 42 NHg B EAT A, 36 LA N S840 H TR NH; 6B
i, TE K B RIS MG . Zhang ZE[613@ i 42 1 K M g-CaN, R 2 58 I B £ 7 ANIF
WREEREIER K 454 9-CaNy,  Forp KRR A B 1 B P 282 P 37 R LA (2 0 387 At 25 1 P 7 R 25 7R
(SR IRE J, AT e A BRI T 2 B AN A AR B R T AL R R, B ARG 1 g-CaNy HIDG AL
FEEE AR B

FHUERT UL, B4 a8 (195 42 135 g-CaNy HHERFA I —Fia RCF B H RTATIT Na X g-CaNy [ 5505
RIEIRA>, FHIHT Na X g-CoNg 2 mafEH, R— T A8 W TAE. HHMEI Na X g-CN, 145
FBAH M, V25 E T — 2 LR A MR KCUNaCH 30 3% g-CoNy iEAT ek, X2
KA g-CaNg (1) F 58 -G i — A E 500°C~600°C, Tl NaCl #1 KCI 154 5543 518 801°CH1 770°C, R A%
FE ] 2 E YR & A £ 4 BE BRI VR S B0 A (7], — ) N s A KCI 3 NaCl HANAE R4S g-C3Ny
5K, PRORTEIETE g-CaNy (1) 3R A i P2 Hh $ 18 B IR B N S FIPAEE 8] (HIXFEALEXT, fEAIEMA R
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th NaCl ARER AT MR IR FE HI4B 254, HA G SINF e, Kk, A5 TAREH] NaCl Sl fF gk s,
$ Na 51N g-CaN, WESHEAT 1825, XA dh A T30, JuaRdUm. SRS BT RAE, o
Na [AFE L g-CoNy IR AE AL, DU S RIDGAEAL ™ HoOp 15 1, FHIUE R it (1 B S5 R AT L PE
Jit, TRFT Na B2 A N BREEXT g-CoNy FIE5 4 5 e AL VE BRI SE M 1

2. SCIGERSY
2.1, SEI&RF

JRZ(CH N,0), SAbEA(NaCl), X HER(BQ, CeHaO,), FEE(CH;OH)RIE T I i [ 25714 PR A 7
AR I ER SV (CoHsKO,) RIA T R T e B R R AR A A . AL E(KI), HTIRIMER(Ve, CsHgOg)K
T EEETRAEEIE AR AT . Fra A N iral, EFitE—Paite, BEEGH.

2.2, HEEIE

1) Na 24 /) g-CsNy I 45 . 2 HIFKEL 10 g JRZE AT 0.5, 1. 2. 4 g NaCl Jn A\ F|2:45 30 mL 257K
TR, R P A2 SE A AR, B I T 2 R R 2V TR B AR A - K AR & 4 7% &2 50 mL
W, hnse, D IR ERe, LL2°C/min THEZE 500°C, 4ifF 2 h 5 HARBRIEE =R, HEE 7K
)G, 1E 60°CT A A I BT, WHEEWCEE, 7 f38IFE & UNa0.5, UNal, UNa2, UNad4.

2) 4lifH g-CaNg [l . FREL 10 g JREE EHEAE(L) P S Bl e 610 N ifke, Wl R =R 5 RS 2
FE il Usooo

3) Na $52=11 g-CoN, I Z1 k. K UNa2 L 20 mg/L [k 35151 0 B7E NI B2 1 K H, Bt 3h 5
OVEREIR R IE pH IRE 2, TGS IS, 192K 5 UNa2-Etching.

2.3. FRIE

FIF X 5268 K A7 5 (XRD, Bruker D8 Advance, £ )l 5 £ b (PR 2L o ) FH il BRI AR e 21 40l
WE(FTIR, Bruker Tensor 27, & [F)ill & £ & 10 B A . R X B8 0% s T AEREA (XPS, VG Multilab 2000,
& [ )i 5 FE i TR AL R T B (SEM,  Hitachi SU8010, H AW e #E S TS . R
P B i B A (Micromeritics ASAP 2020, 3 [ )il %€ #F it I EE R THIAR - ) FH [ 4 46 718 S 5 Ot 1% (DRSS,
Hitachi UH 4150, HAR)IIEFE G 45 56 5 . R 266 REIC(PL, Hitachi F4600, H A<)IIE FF il (1)<
Fett . B IR SR (EPR, Bruker EMXplus, 2 =) 2 A i R E B IE S 8. DA ENNR =
T R E
2.4, JEHELF® H,0, MEREMIK B AT 75 3%

FREL 10 mg #£fh, 203 10 mL K8 FR R (AL AR E N 1 g/L), B TRERATRMNEY, R5
IF1] S5z L A5 HE N Oy, BE AT S35 HE: 30 min A 8 W B Bt P-4 . Xe T J6d8(CEL-HXF300, b 5() i
Lh)EEH 4 mL B, =500 55 0.22 mm JEkT e, fRE LG, 307755254 A 30 mL
[ RE ALV B AT, AR 261 R eI 8, HX 0. 15. 30, 45. 60 min Fif -k, & EikifEE R
RN

H,0, FIRIIAE ARy, BN 3 mL B3, N 1 mL A8 — FHER AU #A(0.1 mol/L)Fl 1 mL flifk
#(0.4 mol/lL), fRF 3h HEFBAEATINR. REARBET, H0, 25 ITRMNAR I, 7 350 nm &bfA
SR o A I B B A @A USRS WA O EE T (B E) AB9O,  Fifg )il e v VA 350 nm AL 1)
WeEHE . FRELVE GRS H,0, brtE 2R, THEAR BIRE & BISWF H0, PR .
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PEIASEEG: FRHL 30 mg BE & LR 30 mL LB TR E AR Mg, BRI 1 h 500 E 3
() HaO R FEE o SR e B BB E 5 R R R RHN 22T, HIMA 30 mL £& 1K, Sy s) Eid T F—
VAR N, itk E 253 5 MEFREHE
2.5. JEHAENIR

i i R4 CHI 660 FEALA: T ARSI e S e VR RS, AR FHARHER) = AR IR R DAMORIH
TR HAR NS AR, Pt HRRCAS B, 1TO 3 HE 3RS sl 35 il FE AR A T A MR o 6 rELRE DN AR, £ 0.5 mol/L
IR BREAVA BN LT, A5Gy 50 W Xe T (XD-300 v oG, FIat), AR 5T #x
HY 10 mg #5420 B2 E) MeOH (1 mL)A nafion (20 mL)ZH S (VR Ve, #1533 51 (1 B, W
MuEF2 80 mL BRI AR E 1 cm x 1 om (19 1TO SHLIEIE [, SE T HARRT-. SR MR INR A8
FHAR AL BT AR (25 mmol/L 1] K3[Fe(CN)e)/Ki[Fe(CN)eVE A VAR, SN KCI 48 Hyk 5 4 0.1 mol/L) i
R, K 8 mL BRI A1 IR B Bk FBAR b, IR AT AR F AR

2.6. FEMEEIM IR

TEHEA ™ HoOp S B HH S ) 4 FH AR5 PR A7) o 308 I 4l 08 790 S 36 A ) El 00 SR ke o A o il SRR S5
43 HLL Noy BQ (0.075g) Ve (0.075g) HIEE(20% vol)fEA O, #BA H (-0 ). LA (T0,). Fkt
H H 23 (-OH) IR A M Sl 3R 77, SRi b IR 5 e A v M SR 00 — 8. [ b 528 0 S0 ) FH 1 U L
(EPRYKIIN 34T, BCE 5 1 g/l MMM T2 BS /K, AT R B B4 355 (DMPO A2l -O; « -OOH
5-OH, TEMP ¥l *0,), FHBANE R HGE & B mil5 BT A JeRE a2 BIE BES RGN F FiE
it EPR A H HEE 5.
2.7. RMEBFHENMRFHE

F 5% LED 4T3 W) B 2.4 J73E P BT J6UR, DRE & 24 AH R, R fh iR G AL ™= HL0,
WM, TR H0, IR R DI R (R & IR) I & LED AT IR EE, BN FEL
M E T RERAQE) M THHE AT :

2x The number of evolved Hydrogen peroxide
The number of incident photons

x100%

AQE (%) =

3. /R5WiE
3.1. FEmEIRIE

I X-5F 8k RATH (XRD) B0 R AL BT il 84 5 IAE o ] 1() 9 Usgo A1 UNa #4115 XRD
B, A, 2k g-CoNg BEfh Usge HE 13.1° 0 27.3°AbAEAE P MNEFAEAT ST, 43 5I%F B g-CsN, F1(100)
H1(002) & I [9] - (100) & [HIAX R RS AT 7 1 PR E P4 L 0 0o 2 [B] R EE B [10],  (002) i [ AR R AL A 77 1)
9-C3N, JZ A1 BE[11]. UNa £ & (1) XRD P i L A5(002) & T AT 404 22 B UNa A i A A I 431U A g-CaNags
{HL(100) s [F V&g 9 2K 11(002) s 1 777 5 U6 738 5 73 ol 150 B, L 35 ) 0 7 B NS L R 45 s 1R A AR AT o AN it
UNa Z Z1HF: 5 1) (002) & THI 77 5 WA LL T Usoo 37 170 e A1 FE S T, ARFE AT Hids 772 nl = 2dsing, Hor )=
]8R d 5 sing B b, IXTEEH UNa B 5 g-CoNg ()2 B BS 4 [12] . 14 1(b)2A Usgo A1 UNa Ff i 210
HMETER, I Usge £E 1200~1700 cm ™ 4bF1 810 cmt AbF4SFAE G 73 ) A PEEE IR C-N Al C=N [{{H 45 4R
BN EFNRI ARG PR BV, UNa FF it [FIREAE AR X SUARFAE R SO, X0 B UNa R it AT Usgo #5 5L A PEIGE A 2
. SR UNa £ 5 7E 2167 cm ™ A B AT, VAR Takig. R P BALE g-CoNy IR AR
5] Na 2215 5 g-CaNg IBER IR R A R 2, IXH BT g-CaN, 5 85 58 2 6 ff[13].
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Figure 1. XRD patterns (a) and FTIR spectrum (b) of UNa samples
1. UNa #mH XRD Eli&(a)F1 FTIR EliZ(b)

I LB (SEM)RAE Usgo F1 UNa2 FE IR, W1l 2 BTz, Usoo B i 2 R TR G BIEGEL AR,
UNa2 K ity (1 77 351 A2 HE B 19 JE RN TE AU (47 F PRV 2% o Pl 3 A Ussgo T UIN@2 A il 149 N VB R ASE B 25 0 i 28,
HAETRZ N Vv B, B R HILAE 0.60~1.00 P/Po Y PN, Ui BA BTl 6 A% S 3 A A FLA KL .l 1] 3 4y
PritEAE 17 1, o Usg M1 UNa2 FE S B9 ELR TR 0 30,13, 22.65 m?/g, UNa2 # & ) b 2 T ARk
/N9 Usgo 1] 75.2% . Usgo A1 UNa2 A it - 23 FL4% 2373 9 15.80 F1 21.06 nm, UNa2 # 8 i~ LAR K,
XA R T AT FR P 148 SR [14]

Figure 2. The SEM images of Usgy () (b) and UNa2 (c) (d) samples
2. Usgo (@) (b)F0 UNa2 #£&a(c) (d)B SEM
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Figure 3. The N, adsorption-desorption isotherms of Usg, (2), UNa2 (b) samples and their pore width distribution (c)
[E] 3. Usgp (a)« UNa2 (b)#FamfY N, IR PR M= R i FIH FLIZ 5370 ()

Table 1. The BET specific surface area and average pore width of Usqy and UNa2 samples

%2 1. Usgo F1 UNa2 #£ 5 0 BET Lk kB S EHFLE

F i bR A (m?g) P ALAE(nm)
Usoo 30.13 15.80
UNa2 22.65 21.06

T X BT RERE(XPS)RIE AT T Usgo Al UNa2 F e . HIE 4(a) XPS A n] 1,
Usoo £ fn HXAZAE C N O =FiJt%, 1fi UNa2 FEf /77 C. N, O. Na PUFlcE, ¥IBHIE Na ik
B 23N g-C3Ngo X XPS i TR 21 2 P& TGRS &, HEAW, NaBiit g-CN, o,
UNa2 i N JEFAEX & 2K, C/IN BE/RIGA R, X UCBAFE S R TR = 4 T 3 2 19 N sRFE[8]. &l 4(b)
N C 1s (RS4RI, 284.6 eV UGN N bRHE C, 286.3 eV IEXT R C-NHx, 288.0 eV [{I&IHJE T Fisif b
MEmE N FHIZER C T N=C-N. ¥ 4(c)h N 1s FJEiE, 398.5 eV i ynknE N 17 C=N-C, 399.9 eV I
T BRI L H) A 8 N JEF N-Cg, 400.9 eV T8 T2 5:-NHx. [5] 4(d)>y O 1s AE4HElE, 531.0 eV
JJET-OH, 5 Us L, ZIEH R A1 3N, #rre4 i) 532.5 eV g 1T O-Na, 535.2 eV [HjlEN
W B Oy 11K O [15]. 5] 4(e) Jufd Fl Artii i 5t UNa2 #4732 2 2015 16 Na s FE4iit, M — BRI 2
1 %00 ok B 5% HA S FUZ BRI HE T Na, U8 Na 35148 427 g-CaNy IARAH 6]

T B ERIE UNa2 a7 AE O-Na 455773, T XPS 43 #r UNa2-Etching ¥ 5t 1 i o 2 44
B M 4@@) A R T DUR BRI Na a8 E L. Na B kE, fEEKERT UNa2 i N JE
TFAFLAN A, CIN BE/RLEIRE, X ULHA Na BB al GeB 0 BUR T N BT RIAIE . & 4(b)~(d)+ AT L,
UNaz2-Etching f¥] C 1s A N 1s K54 El3HE 5 Usoo AHAL, 177 O 1s B AR B O F1 O-Na WEEH 2% T, A2
A E AR B O B2, JE& ZFN Na &2, IXIHIE T 7E UNa2 £ 5, #4701 Na so & LA O-Na
4G T AP

BT, SRERFEASE BB FE SR, F@E IR ILR(EPR)IE T Ak i
TA5 5 R — D IRAE A AFAE . 8 5(a) A Use AT UNa #5411 EPR i, 4 5(b) A EPR FEI4E (K AH Xt
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SREZEALIEL, BT L, UNa FE gl A 75 SR T Useor LRI Na FIBIR M8 g-CaN, 2 1 B2 Ak
Fao BE#E NaCl FHERIHIIN, UNa B iR SkEEIK S sg i,  Jaié T 1.

(a) (b) (c)

C,NorO2s N UNa2z ™" Cls
NaKLL l" KLL
| l CKLL
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I OKLL
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& z =
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2 2 g
\
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(d) (e) ®
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Figure 4. The full spectrum of XPS of UNa2, UNa2-Etching and Usg (a) samples. High resolution XPS spectrum of C 1s
(b), N 1s (c) and O 1s (d). The Argon ion-etched Na 1s high resolution XPS spetrum of UNa2 (e), the Na 1s high resolution
XPS spectrum of UNa2-Etching (f)

4. UNa2, UNa2-Etching F Usgo B XPS JTTZE &1t (a), C 1s (b), N 1s (c)F0 O 1s (d)fE4AEE, UNa2 A9 Na 1s XPS
ZhAEZAEIE(e), UNa2-Etching B Na 1s ¥ 2HEE(f)

Table 2. Surface element content of UNa2, UNa2-Ecthing and Usg
2 2. UNa2, UNa2-Etching 1 Uspo FIRE TR E

FE C (at%) N (at%) O (at%) Na (at%) CIN (mol ratio)

Usgo 39.29 58.46 2.25 0 0.67

UNa2 38.27 51.70 5.96 4.07 0.74
UNaz2-Etching 38.21 57.33 4.30 0 0.67
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Figure 5. EPR spectrum (a) and EPR relative intensity quantification pattern (b) of UNa samples
5. UNa ##f#J EPR [Eli(a)F1 EPR HEXT58E £ (L E (b)

3.2. R HO, FAMEMIR(FR 3)

TR Usgo A1 UNa FE SR IR G AL H O, 6 M, a1 6(a) 7R, Usoo IYEHE 1 h J5 AL IS PEUA 0.11
mmol/(g-h), XZF AL RTINS &R mAEEE2Z[12], F#E NaCl HEFAEHMN, UNa
FEM I REATEVEJe T S BEAIG,  UNa2 IS s i, 155 1.17 mmol/(g-h), 2924 Usg 1 10 £, Ui
Na 151 NRRIERE T g-CaNy FIYEHEALTS HoOp PERE. 14 6(D) UNa2 Fll Uspo /£ 1 h 2 P [ B % 14 1 3l 71
AWML, AL RSN IR R R, U Lh N AR AE R . 1 6(c) UNa2 FE & 1 6 i
17 H O, TEH 5250, UNa2 MIPEIRPERE R AT, TG VAW =] B2 R 9 i LR TH AN W7 ik F AR T Py 4
ViR IR [16], AR R BIYFRIREEG N, IR —IRIEFR ) HO0, A B# 2 . 5] 6(d) Ay UNa2 R M &
TR (AQE), fE 365, 375. 395. 410 nm A& T RE S AIA 17.6. 17.4. 13.8. 13.8%. %iGtEab T
T g-CaNg G ML HL0, % R K [2] 6

Table 3. Photocatalytic production data of H,0, with g-C3N,4 based photocatalysts
= 3. g-CNo BT L™ H0, JE M HHE

DOI: 10.12677/ms.2021.1112141

g Sacrificial reagent  Irradiation conditions  H,O, production rate AQE Ref
Na-g-C3N, - Simulated sunlight 1.17 mmol/(g-h) 13.8% at 410 nm  This work
(K,P,0)-g-C3N, ethanol A>420 nm 0.49 mmol/(g-h) 8% at 420 nm [17]
AQ-;_ugsr}w\lel‘nted 2-propanol Simulated sunlight 0.36 mmol/(g-h) 19.5% at 380 nm [18]
g-C3N4-Siwyy Methanol Simulated sunlight 0.15 mmol/(g-h) 6.5% at 420 nm [19]
g-C3N,/PDI/rGO - A>420 nm 0.38 mmol/(g-h) 6.1% at 420 nm [20]
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Continued
(S and K)-doped ) 100% at
9-CaN, ethanol A>420 nm 2.73 mmol/(g-h) (360~450) nm [21]
Leaf-vein-like
9-CoN 2-propanol A>420 nm 0.57 mmol/(g-h) 27.8% at 420 nm [22]
~30Ng
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s = S 0.5
3 0.40 g
z ] 3
£ £
o [=7
o~ o~ L —\C_ )
% 0.11 :N 0.0- S O ~
0 -j Ll Ll Ll Ll Ll
Uso  UNabl  UNa0S  UNal  UNa2  UNad 000 025 050 075  1.00
Time (h)
(©) (d)
20
—_ UNa2 ——UNa2
= 1.5 139 1.47
- . 1.38
oo 1.27 134 125 ’; 415
= 1.16 3 v WV
g |10 N _
E 10+ 1.00 o983 ;; 03
2 = 10
= = <
131 o <
= 3
= =
S 054 < 45
(=%
<
=
0.0 - T T — — T 0
" It 2nd 3rd 4th  Sth 6th 7th 8th 9th 10th 350 375 400 25 450 475 500
Wavelength (nm)

Figure 6. The activity of UNa samples (a), the fitting curve of UNa2 and Usy samples (b), the cyclic experiment (c) and the
apparent quantum efficiency (AQY) of UNa2 (d) for photocatalytic production of H,0,
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Figure 7. UV-Vis DRS spectrum (a) and (ahv)1/2-hv plots the inset of (a) of UNa samples. VB-XPS spectra (b). The
Mott-Schottky plots of Usg (c) and UNa2 (d) samples
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Figure 8. Fluorescence emission spectrum of UNa samples (a), photocurrent response of Usy, and UNa2 (b) samples
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Figure 9. Trapping experiment of UNa2 (a) and EPR free radical signal of UNa2 sample: -OH (b), 10, (c) and -OOH (d)
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