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Fabrication porous carbon nitride for photocatalytic degradation of
atrazine: Influencing parameters and mechanism

LIU Xue' LIN Yingnan' ZHAO Xiaoyan' CHENG Sen® CAI Xianjie®

YU Weisong' ™
(1. Tobacco Research Institute of Chinese Academy of Agricultural Sciences, Qingdao, 266101, China; 2. Shanghai Tobacco
Group Co., Ltd., Shanghai, 200082, China)

Abstract To improve the photocatalytic efficiency, bulk carbon nitride (MCN) was treated by
hydrothermal process with phosphoric acid in the present study. The resulting sample was denoted as
PCN-H. The morphology, optical properties, and structure of prepared CN samples were
characterized by UV-Vis spectrophotometer, scanning electron microscope, X-ray diffraction, X-ray
photoelectron spectroscopy, and BET analysis. The effect of the degradation of atrazine by PCN-H
was investigated. The reaction mechanism was identified via active species trapping experiments.

PCN-H with porous structure was successfully fabricated. The Brunauer-Emmett-Teller (BET)
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surface area of PCN-H is about 4.3 times and 3.0 times than that of MCN and PCN-S, respectively.
Compared to PCN-S and MCN, the enhanced light absorption ability was obtained via P doping. The
degradation percentage increased from 18.4% to 45.7% just in an hour. Acidic condition is conducive
to high degradation efficiency. Light induced hole and superoxide radical are the main active species
of PCN-H during the photocatalytic degradation of atrazine. The as-prepared PCN-H exhibits
considerably high photocatalytic activity under visible light irradiation, which can also overcome
contamination problem caused by metal catalyst. This work proved that PCN-H has great potential to
be applied in alleviating negative effects of pesticide on agricultural ecological environment and non-
target organisms.

Keywords carbon nitride, doping, atrazine, photocatalysis, mechanism.
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il L, A RLRL A REAF A5 A8, S B RER AR AT B TR m AR AR RE . ERIE PR £ 2
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1 MBLE ) (Materials and methods)

L1 3R

F5 K bR A (405 >98%, First Standard) ; Z A . H s (o ik 46, 78[5 Merck A F]) 5 H R (235 4,
Sigma-aldrich 73 7] ) ; = R &M . B2 (HsPO,) (43 4ll, B 254 P22 iR A BRA F) ) 5 U T B (TBA) |
AL AR (KD | 28088 (BQ) (BT T 4k 2=1il R 23 | ) s Z&2 18K, £76 GB/T6682 Hh—ZH K Y 2K,
1.2 AU

BS2148 4317 K- (Sartorius /A A, FE[E ) ; X 5 2411 54X (Bruker D8, & [ ) ; 4 F + 2 73058 ( Zeiss
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Sigma 500, [ ) ; UV-Vis 43668 11 (PE Lambda 950, 6 [/ ) ; X S48 H 78141 ( Thermo Fisher K-
Alpha, SE[H ) ; 4 [ 3l b 2 MR FLER BE 43414 (Micromeritics ASAP 2460, 3¢ & ) ; kT F17 ¢ I (CEL-
HXF-300, dt 5t #4005 .

1.3 A5 &

10 g = REMET 50 mL A, a5 %=, B S dEpd. L 10 °Comin™' f#FFHE E 550 °C
JEOREE 4 h RN ES G, WHI B, WETS =Y, BHE 514 . S A1 BRIt o MCN. 2.0 g
MCN #EHE T 80 mL, 1.0 mol-L™" iy HyPO, /KW 1, HiE: 15 min. VR W) # 2 SR N A 19 e Tk S
N 28 H, 200 °C [ [y 12 h. [ Ry Je 250 U 7= 9, Kk 2 i, e H S BEVE T, 60 °C Ht+, FRid
PCN-H. H VRS Y E T heprh, IR 12 h, B.O00RE Y, Kk =T, HJa 1 OB, 60 °C Mt
T, #%ic 2~ PCN-S.

1.4 35 EEOCHEILFE R 5256

BRI AEARFR A 150 mL Jf-Be A 76 PRV BE 7K (10 I 2R gk A7, SR FH RO B Be vl Do (4>
400 nm). 7£ 100 mL 35 K HIK B (2.0 mg L) 1 IIA 50 mg fEALFIBARL, SRIE S FHiFE 30 min, {Hf#
eI RS H AR A4 18 20 0% B - W B 25 O IR S, #E 15, 30, 45, 60 min B 0.7 mL 2 N .
FE i 5.0 (10000 rmin', 5 min) Zb 3, B F 95 W B, Ap A o0 AT AR ' Bk A% v 35 25 ek B2 i AR 1k
FIWTRE AR C AR HAR YR, Co AR Ih BARY RO BE . f 4 S0 5 3 Ik
1.5 Wik

F5 F R B A FH R = 2OROHE €0 1% R 48 (Waters, 55 [H] ) i 25 1B it i (AB SCIEX, 22 F) #F 474l ¥’
AH {034 ACQUITY UPLC BEH C18(1.7 um, 2.1 mm x 50 mm, Waters, 3% [E ). Wi sh# & (A) 2%, (B)
0.1% HIR/K. BEEVER LR 0 min, 10% A +90% B; 1 min, 10% A + 90% B; 4.5 min, 90% A + 10% B; 5.5 min,
90% A + 10% B; 5.6 min, 10% A + 90% B; 6.5 min, 10% A + 90% B. 35 2= Ht (1) 5 P FIE & B X 43 il 2
216.0/104.0 (m/z) 1 216.0/174.1 (m/z), L% H H(DP) A 70 eV, Rlif# L K (CE) iy 24 V.

2 R 5THE (Results and discussion)

2.1 fEAEFIERAE

T 3 L 0 U (SEMD) FRAE AR AR 4 R A TR 35 RO S #. 1] 1 BT/, MCN (a) 3% 1H 30,
SEIHORHEFREE M. 20t HyPO, /KR WIZ 1, PCN-S(b) Y R T 30 & A2 A8 4k, W4 RE 2 AR A5 HLURE . i 7k
N TSR R PCN-H(c) FYEFREE M w0 25 Sk ok, Hor A A7 A 2 LRS54

Fig.1 SEM images of (a) MCN, (b) PCN-S and (c) PCN-H

I3 BT Ny W B -fire W o6 452 R 2k (181 2) \T LS T, MCN, PCN-S Fi1 PCN-H ¥ )& T 1V B4R 2k (BDDT
42, VLM B R S AL, 53 1 LR BRI AL KIS AT ARSI & A A R e T A
PCN-H A9 HL £ 1 A2 MCN 1 4.3 £i%, J& PCN-S 1) 3.0 1%, FLAARF AT 1 & 4.
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Fig.2 N, adsorption-desorption isotherms
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Table 1 The Sggr, pore volume and average pore diameter of the prepared CN samples
F1 K Sample AR Sgpr/(m*g™) FLIARFR /(m® -g™") Pore volumes 4 fLf2/Mmm  Average pore diameters
MCN 14.10 0.11 32.17
PCN-S 20.36 0.21 28.19
PCN-H 60.25 0.48 23.73

MCN, PCN-S Fll PCN-H [ UV-Vis W66 W& 3(a) FiR. 78 300—450 nm i [ 52 30 47 A 1 i
U&. T MCN F1 PCN-S AH kb, PCN-H W 658 BE B S 388 X S 475 4 (XRD) B an 1 3(b) i, 3 F
FARIE 12,7901 27.4°F PHANFRAE AT . 7 T 12,7040 (A4 S5 6 2 SF- 1 PN 3 AR ) = R 5 A R AiE s, v T
27.4°Kb AT 5 06 A 2 ) MEFROS 75 45 40 A REAIE DAY, 5 MCN A B, PCN-S T PCN-H. AT S 058 568 B85 0k 555
VLA R HE R S L R 42, 5 SEM IR A WL e< 21 (1T 51 AR LR 4

@ [ ®)
_______ —_MCN
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rd

5 .

= =

[ ]

g z

£ 5

2 K=

PCN-S
. . . | PCN-H”
300 400 500 600 700 10 20 30 40 50 60 70 80
Wavelength/nm 20/(°)

Bl 3 CNME UV-Vis BEIGi% (a) 1 X G2 it &% (b)
Fig.3 The UV-Vis spectra (a) and XRD patterns (b) of prepared CN samples

W X S FREE (XPS) #E— 2 B PCN-H Ay e R AR M IE 2. Al 4 v 1, PCN-H A 8L &
A C.N. P, OJLE. Hi C Isiy /g l4 7E 284.8 eV, 288.3 eV b A 2404, 73 % %t B C—C.
N—C=N. N 1s iy 73 W& L & 7 398.4 eV, 398.9 eV, 400.5 eV, 404.1 eV &b £ 44>, 43 5] %
C—N=C, N—(C);. C—N—H, n—n HEFEY P 2p (1Y) XPS 435l & 45 K0, P oc Kol i fb2r it 5 A
B AT RLEE 5 (398.9 eV), BUE T AR BB 45 44, #E 752 e ] WGk W iig 7, 51 3(a) PCN-H A48}
UV-Vis IOGRE J7 W] 38 58 45 RAHAF 5. O 1s Y4 IEHLA7E 531.9 eV, 533.0 eV AbA 2 NI, 430 %
M O=P—, C—OM, #E—ESL P R MI15 2.
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r (aCls [ ®)NIs

e g N=C) C—N—=C
z s 3989 eV 398.4 eV
Z Z
g 5
£ £
., —CN-H
T 4005 eV

404.1 eV

294 292 290 288 286 284 282 406 404 402 400 398 396 394
Binding energy/eV Binding energy/eV
(c)P2p (d)Ols

P—N
1337 eV\

Intensity/a.u.
Intensity/a.u.

Wl

v

L L 1 1 L ]
140 138 136 134 132 130 128 338 536 534 532 530 528 526
Binding energy/eV

Binding energy/eV

B4 PCN-HAEHYICE & 53 BF XPS 1% C 1s(a), N 1s(b), P 2p(c), O 1(d)
Fig.4 High resolution XPS spectra of (a) C Is, (b) N 1s, (¢) P 2p, and (d) O s over the sample of PCN-H

2.2 bk LAk RE H A

W 50 mg AL S4B TR GA M B 2.0 mg- L' (935 S HEK I W, SR 45 1F T 35 301 W% - i
WS- ), 45 T OCRE. 786 15, 30, 45, 60 min B HUREAGIN. MIEL 5 0T LAE HY, 35 LM TAL R 2 5
i, 60 min PN A H B 73 i AT LA Z0 B . MCN X35 25 9 B3 i %2 18.4%, PCN-S X 55 2 HE 1Y B i 2
27.6%, PCN-H %35 2 Ht A B A# 2 R 45.7%. PCN-H %35 i AL 0% 45 5, & MCN 11 2.5 4%,

1.0 hee —— -3
09
08
S o7t

—0— blank
0.6 - —O0— MCN

—4— PCN-S

—t— -
05k PCN-H

L L 1 1 1 ]
0 10 20 30 40 50 60

t/min
B 5 CN B3 L E R aE Lh iR

Fig.5 Degradation efficiency of atrazine over prepared CN samples

PRI A SE T
2.3.1 5 R LA TR B B A AR A A )5

SEIGHFSY T S5 AR E N 0.5, 1.0, 2.0, 3.0 mg L™ I X [ A (9 5% 0 ( PCN-H A Ak 700 FH & [ 2
50 mg). 1 & 6(a) i AT, 75 L HEA AR LB AR R 0.5 mg- L fie i (1 h BEARRN 45.7%), BIMIKHE
J B AR T H FR Y. W00 S 2.0 mg- L™ 1 3.0 mg- L I 4 R AR 5038 22 S/ 0N, 130 e ) A 22 1
PEAR R 4 5 b R A0k 040 A, 78 SIS OE BRHK B9 418, 50 mg 416 7 A RE R B 2 19 H
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B4, A, SEue %820 PCN-H F 3 HE 8 0.25—1.5 g L. 11 6(b) iR, 76— & N, 75 L
& i R Bt A AL 7 P 2 A 8 i B2 v, 24 PCON-H A F] 1.0 g L' i, 35 258 1 h &R RIA F] 75.4%.
ARSI PCN-H % 1.5 g L7 B, 5 Je e i T ] W 42 5.

1.0
(@)
1.0
08
08
i
06
.o T o
S S 061
041
04k —©—050gL!
N ——0.75g-L!
0.2 FRANN ——1.0gL™!
——15gL™!
NN 02t
0 AN L 1 1 1 1 1 I 1 1 1 L ]
0.5 1 2 3 0 10 20 30 40 50 60
Initial concentration/(mg-L™") t/min

6 F5EHERIAKIE (a) & PCN-H T4t (b) % 35 2 R R 10 0
Fig.6 Effect of the initial concentration (a) and PCN-H dosage (b) in the degradation rate of atrazine
232 pHEMFIN
% B R PRI T pH {H A2 6 AT REXS PCN-H JGHEAL R AR 55 2 HEMERE OS2 MR, BTS20 % 42 T pH
3—11 X555 2T R A REN . IR 7 ) LUFE Y, PR ZR A 55 25 FE Y I A A0 B oy, T AU SR AR AN A1) 1
F5 R KA

08} T
_IW il
061
~ 04
- T
02 I I
| .
0 3 5 7 9 11
pH

7 pH {EX 5 2 R AR 1 B
Fig.7 Effect of initial pH in the degradation rate of atrazine

233 FEfRPLEL BT

HEAL TR PCN-H X 55 25 HEOGAME A0 B A PE RE (9 32 i 228 3 J7 T i JELERL, — B Rk b 3R T AR iy 184
FRME T 9 2 SN S PR MCON B S B HE AR EE A, (EASADRES AR B A 00 1) A 80 ik v B0/ ) i 3
it KA, PCN-H Z5F BlAT 2800 g, 22 B 2R, H 3w FLARGSH . 7 BIRESH A7 R e Bl as m
LT 23 2, BRI 20 5 0Y Y, PCN-H Y FLIAFL(0.48 m*-g™) & MCN(0.11 m*-g ') Y 4.4 15, Z L4
FNA S B H 1 14 43 B R i Sk T 38, G T AT LA R R A T B S S R, A G RE A
PR — 2D R . 55 =, KRR T i IR R TR PR, A5 1 2R 9 MCN A RESE B R4 1) 73, P T
RN AR ACHRASH T, T G ) B 25 5 AR T i 5 PCN-S X 55 25 i R fig 28030 L]
DUt KBRS0 e B 1) R VA RO T X A T 7R A M R T B Sy I I . AR S0 R Y PR B3 1R R DAL,
A, HIRIE R AR TR B EAT. i T P ICR 3B 2%, AL A UV-Vis Bl t & 4= 1 B i
224k, PCN-H 0] WG ICRE /13 8 B & 0. SE AN eRTR B ke RS E G5 I ML,
ABETE R AR 6 B TC R B 44 Bl & f 68 H 5 B R4

AU CHEACRE A R b ) T2 E VR R R A A AR («OH) | BB /X (h") Rl A At 5L (0, )P,
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M IS PRI RIS Y0 55 AR LB T 04, th1A] 8 AT, SRR AR (1 mmol-L ™) TBA
THFE-OH I, 35 A REMERLAR SR I ATHAERI AR L A K AR BT A2 1, 34K TBA YK 2 6 mmol - L™
I, 55 2SHR IR A 32 BN R . il T8, 78 PCN-H AT DG % b fig i #2 vy, «OH IR K35
TR, X5 EGE TiO, %5 & R M7 5 ANE N B 55 L TR HLEEA BT A TF 7. 24 hRl0, 73 51 9
KI 1 BQ IH#E)7, 75 ZH A R 2 BB, JEHAE Wi Fen, 35 KL AN REREmE . (1511
AR, «O, TG MR IS TN, ) 35 25 1 O AR gk 400 ) 3 S 1 . ol e fi M, O TF R Bk OB R P i B
Z e IHAE, fE— R LAEdE T Wl e/, [ 2 W2 5 2155 L R A, AT RE AT 6 A R 9
5. A PCN-H A WOGHEACRE A 55 25 A A b, G PEYI R A FH R 24 b > +0,™ > «OH.

1.0 == 3 * ‘
op —
09
08|
S o7t \
L —=— JCIHHER]
06k —* IBAI mmol-L™!
: —a— TBA 6 mmol-L™!
—v— KI 1 mmol-L™!
05+ ——KI6mmol-L™
| —<«BQ1mmol-L!
—— BQ 6 mmol-L!
04
1 1 1 1 1 1 1 1 L 1 1 Ll
0 10 20 30 40 50 60

{/min
B8 MRk
Fig.8 Reactive species trapping experiments

TR0 HLIRI 8k (1) —(5). oh R S S 80, b 2 0 ) 38 5 O, 25
W AL (2) 0, BRYESSAES, OVAR R NAF TR 2 Ui B 1 1Y, M4 1 b5 K B9 Rz, fdi 5 22 o]
PAZ: 5 B35 J2 0 e AL R e A v, 2 1T 48 1 AR g S8R T 249 B oz PR 8 R P N, 77 A B 3 2 H
AWHHFE, HZ M S 522 BT, TIARES 555 2 TR MM, DGRl R B, SRR,
AR 2, 52,327 19 L E0 25 A — 2

PCN-H e +h* (D

h* + H,0—+OH + H* )
e +0,5°0; 3)

h*+ 35 5 - B (4)
O, + F5 L — B ) (5)

3 251 (Conclusion)

(1) B Bk A AT DL 35 3R T IR 40 K b A L 2 T R, T 1 1 22 FL AT 0 o5 L 3 T AR
S8 e e Ak R B A1) 5 35 A RO, T AR R R AR AR AR R BT R B A B TR MR RE Y
B 1, S T A B ARG BT DL G IR i A

(2)50 mg PCN-H {1 h P35 L HE AR i 3 n] 5k 45.7% (R GG R 2.0 mg L) . 6 8as
7 B 3 R ARAE .

(3) TR 1 B o7 4% 14 ARG Ak 00 FH o, B R 5% R B A ol T A0 I K 22 R P K
PCN-H £ FRTE 25 A ot 55 2 TR Al e vei A0 e o ol JHC LA B 2 4 oy FH T 5
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