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Abstract: Preparation of alkali metal doped g-C;N, materials is an important branch in the research of g-C;N,
semiconductor photocatalytic materials. However, there is still lack of study on g-C;N, materials revealing
mechanisms in photosensitizer-assisted photocatalytic degradation. In this study, Na" doped g-C;N, photocatalysts
(Na'/g-C;N,) were prepared using solution synthesis, calcination, and solvothermal reaction methods. The doped
position of Na” in g-C;N, and photoelectric performance were determined. The changes of morphological, specific
surface area, and pore size of Na'/g-C;N, materials were analyzed by scanning electron microscopy, N, adsorption
and desorption experiments. In Na'/g-C;N, materials, the Na' loaded in a cyclic structure composed of three
heptazine structural units, coordinating with N atoms. Na'/g-C;N, changed the adsorption performance of g-C;N,,

altered its bandgap width and position of conduction (valence) band, and increased its separation rate of
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photogenerated electrons and holes and charge transport rate of the material by affecting the n-conjugated system of

g-C;N,. During the solvothermal reaction process for synthesis of Na'/g-C;N,, strong hydrolysis caused

decomposition of unstable structures of g-C;N, while the C—O™ bonds were formed at the edge of g-C;N,. The

physical and chemical adsorption sites for methylene blue (MB) of Na'/g-C;N, materials are confirmed by

n-conjugated system and C-O bonds of Na/g-C;N,, by which Na'/g-C;N, materials can adsorb MB up to 93.25%,

in contrast to the g-C;N, materials’ adsorbtion only up to 24.50%. Under visible light irradiation, due to their strong

adsorption capacity and photosensitivity to MB, Na'/g-C;N, materials have constructed a unique photosensitive-

photocatalytic degradation system with MB. MB not only acts as the photosensitizer for self degradation but also

collaborates with Na'/g-C;N, materials for photocatalytic degradation. At pH 6.0, the maximum degradation rate of

MB is up to 96.40% in the photosensitive-photocatalytic system constructed with MB and Na"/g-C;N, samples.

Key words: g-C;Ny; Na'; doping; photosensitization; photocatalytic mechanism
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Fig. 1 XRD patterns (a) and FT-IR spectra (b) of samples



1146

AL M OB IR

39 %

FE it FT-IR B3 rp AR 05 B 0 0B 2R 454 C=N H fig
(A 45 R Sh R U s W 72 5 1614 em ', 332 3 4B
BEIR ) C—(N3) 45 3% S IS i 27 2 51 1265 cm ™'

FRYE Na'/g-C3Ny FE 5 F(002) il T 77 5 W 4R X6
T g-C3N, AT S BURZ R FE /DS, DA R 204
W R RR X L RS REE RS, 456 SCHR[19, 241900 Na'f7
FET H NGEFE 1) 3 A5 B0 B A8 B R AR 25 4 v,
Na' Fl 3 AN-L B FLIT I N TE IR 6 B 2544, B 2%
K7 LR ITI T, KT o KGR S
B, WA R T i, JEE Na A B s
T T A R R G M B G, il i Y 4
FLOR I 73 AT P B B2 £ T WP A p, AT
TR R AT,

Kl 2y g-C3N, Al 4-Na'/g-C3N, [ XPS i
M 2(a) AT LAE H, #HELT g-C3Ny, 4-Na'/g-C3Ny [
THEMH Cv Ny O JGZE UL, A5 2] Na TG .
M g-C3Ny Fl 4-Na'/g-C3N, ] Cls XPS Eik (K 2(b))
AT CLE Y, PFREE SIATE 284.8. 286.0. 288.2 il
288.6 eV LIl TFE C-C. C-O. N-C=N Fl
C-(N); 1) Cls HLT&5 & fEIE, 4-Na'/g-CsNy [
N-C=N I C~(N); 45 &5 BelEAHXS T g-C3Ny M im 45 &
Re T MR8l T K 0.2 eV, 1 HH 456 5 g F
R, 20 U B SRR R N R R AR T K
C-O FE [, IR 5 o7 28 0 S1121 H P& 2(c) ml 4,

P FPEE Sh7E 398.70. 399.60 £ 401.10 eV BT HiFH
C-N=C. N-H fl N~(C); 745 & Rel%, N1s 4556t
U AR X A7 B AL AR BH B, H & 4-Na'/g-C3Ny 1F
405.45 eV A B T H IE B AR RN 51 RS 1 IR I UE . 7R
Kl 2(d)1) O1s XPS K1, MR L #7E 533.6 eV Ab
LR TR K Ols W7 45 &Rk, 18
532.0 eV Mt B C-O &5 A hEg. 7R 2(e)
Nals XPS i i, 4-Na'/g-C3Ny £ 1071.6 Al
1072.5 eV I LT 25 A RElE, Horb 1071.6 eV 4b
ZEAREIEYRT Na™5 3 NEBR B CHI N JEK 6 BEfr
gERII) Nals 45588, 1072.5 eV b4 A REIE)R
F Na" FIETH 4 1) C-0 £ H Kl C-ONa & fit
] Nals HF-45A R
2.1.2 HmH) SEM K N, I% Bt Bt 4 57

Kl 3(a)ii s g-CsNy A 2 I AR S5 1), % 4%
ARG BELAR R 200 nm [R5 HUR 9K BE R BY .
Bl 3(b~d) KR RIE IR 2. 4 F1 6 h 3R1FH
Na'/g-CsNy BEFH T SEM [ . [ 25 VA 34 i ]
K, g-CiNy PRSI A W BRI, FLIGE HUIR (1)
YRAR BT R AN KL, DKL T B A S B2 (]
TERIZRHTAL /N, HIEFIRBLOAR] 6 h B, CETERK
THURA o FRE S T 3008 A e R A2 H VA 7R s
AR g-C3Ny 4RI AN RS e DX IZ W v e A
T H e AR WK R S B>,

@ N
Nals QOls
4-Na*/ g-C3N4

Intensity / (a.u.)

g-CsN,

1s
Cls
L
ML

®) 288.3 Cls
4-Na*/g-C;
28875 R3615 g4

288.1

g-CN,
288. 286  284.8

Intensity / (a.u.)

1200 1000 800 600 400 200

0 291 290 289 288 287 286 285 284 283 282

Binding energy / eV Binding energy / eV
© 398.7 Nls (@ 532.15 Ols © 1071.6 Nals
4-Na*/g-C;N, 3997 4-Na'/g-CsN, 533 4-Na/g-C;N,
3 401, = ; -~
EJ T BE :
£ a-C,N, 3781 2l gCN, 532.25 2
g 8 g 1072.5
= 399. 5 533. k=
401.1
410 408 406 404 402 400 398 396 540 538 536 534 532 530 528 I I I O I I
Binding energy / eV Binding energy / eV N N N N SN

2 FEAIK XPS Bl
Fig. 2 XPS spectra of samples
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Fig. 3 SEM images of samples
(a) g-C3Ny; (b) 2-Na'/g-C3Ny; (c) 4-Na'/g-C3Ny; (d) 6-Na'/g-C3Ny
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Fig. 4 N, adsorption-desorption isotherms of different samples
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