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CoPc-PCN heterojunction activating PMS by efficient interfacial
charge transfer for tetracycline degradation
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Abstract: Phosphorus-doped graphite phase carbon nitride (g-C3N,4) nanosheets (PCN) were prepared from
high temperature phosphating of urea and sodium hypophosphite anhydrous. Then, the PCN was calcined
with cobalt phthalocyanine (CoPc) in a muffle furnace to construct CoPc-PCN heterojunction (hereinafter
referred to as Co-PCN). The samples obtained were characterized by XRD, FTIR, SEM, TEM,
HAADF-STEM, XPS and UV-Vis DRS. The performance of CoPc-PCN heterojunction on activation of
peroxomonosulfate (PMS) for tetracycline (TC) degradation was further evaluated. The results showed that
the construction of heterojunction extended the light absorption edge to the visible light region, and made the
degradation rate of TC (mass concentration of 10 mg/L) reached 98.8% after 40 min in 50 mL solution
activated by 20 mg 5% Co-PCN ( 5% is the percentage of CoPc massto PCN mass ) and 30 mg PMS, with a
degradation rate constant of 0.087 min™*. The heterojunction barrier at the interface between PCN and CoPc
accelerated the separation of photogenerated electron/hole, while the strong interface interaction also
provided a channel for electron transfer, mainly the reduction of O, to generate large amounts of <O,, and
the activation of PM S to produce O, «SO, and *OH to degrade TC.
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Fig. 1 XRD patterns of PCN, CoPc and x Co-PCN
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e
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Fig. 2 FTIR spectra of PCN, CoPc and x Co-PCN
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PCN H6A LI A, Btk 1 1, 2.3 X PS 9#7
RFTEAL PMS FEfR TC B E Y. PCN . CoPc Fil 5% Co-PCN [ XPS i [ Ul & 4.

3 PCN(a)Hl 5% Co-PCN(b)/J SEM &l ; PCN(c)#l 5% Co-PCN(d~f)/J TEM [&; HAADF-STEM [E(g)}% C. N. Co.
P ILE 431 Bl (h)

Fig. 3 SEM images of PCN (@) and 5% Co-PCN (b); TEM images of PCN (c) and 5% Co-PCN (d~f); HAADF-STEM image
of (g), C, N, Co, Pelemental distribution (h)

Kl 4 PCN. CoPc Fl 5% Co-PCN [ XPSii[l: C 1s(@). N 1s(b), P 2p(c)Fl Co 2p(d)
Fig. 4 XPS spectra of PCN, CoPc and 5% Co-PCN: C 1s(a), N 1s(b), P2p (c) and Co 2p (d)
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ST 5% Co-PCN Il PCN 9 Ak 2 1 RE I 45 21
FRYEECHE AT, SCRE AT LA 808 & v 1 525 70U 4
2, FEDCERTFHaER Sy PCN (1 854 1%, A
HL PR R4 At T BEal, TR AR A BE BT 5 i T B
FRIRHAS B . IR 25 UL T 5% Co-PCN A4 i
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Fig. 5 UV-Visdiffuse reflectance spectra (a), band gap (b), VB spectra (c), transient photocurrent response (d), time-resolved
photoluminescence spectra (e) and electrochemical impedance spectra (f) of samples
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B — 3T, AR (& 6b), X fEZ
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KA po Ml p S50 R AL R TG TC %R
WL, mg/L; t A RVEFE, ming
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FIRRER 250, REASAR 4 M 5 [6] S — 440K Bk )
PCN A7 R A2 Mk, 46 %8l TR RO RE RS, B4
TR PEAL S, R T PR

Fel 6d 1, CNos U3 25 mg [) Z HE AR W AR/g-CsNa ;s BCAU A 2 M 7% s PCN AR 3 3R £ 4% W /g-C5N4; CeNCN-2 {3 CeO2/g-CsNu/ZninySy;
rGO AR A A M ; QD kit T /s CZ AR g-CaNW/ZningS,; PACN UK 2,3-Mikitk IR IR
Kl 6 x Co-PCN fWLHIE(a); TC MMM R (b); FEMEREE(C); g-CaNgy LA FIMI SARIE B (d); A5 Y
Y(e). ARAET(f. g). pH(h). KFT(i)%f 5% Co-PCN K&fit TC i3
Fig. 6 Adsorption of x Co-PCN (a); Degradation rate of TC (b); Degradation rate constant (c); g-CsN,4-based photocatalyst
related reports>3>43(d); Effects of different pollutants (€), different anions (f,g), pH (h) and water quality (i) on TC

degradation by 5% Co-PCN

TEICHR | IRIEN 25 CCHY N 2:1F T, ¥ NaCl |
NaCO;. NaNO3. NaH,PO, il A | 50mL fy TC (#]
YRR A 10mg/L ) BERCR, EFHE r B
20 1 2mmol/L, FHIA 20mg %) 5% Co-PCN, $% I
1.3 W TS, 5% ClI7. CO3 . NO;. H,PO Xf
5% Co-PCN [fift TC Fl Kops HY5Z M, 45 5 WL 6f . g,
SEILRIA BB Uk AR, X R AR R M A /N
24 CI™ Il COZ #e i ik %] 20 mmol/L i, TC YR fif
F1 Kons 32 E 2 E PP o X2 F SO, F1OH 7R3 =
f) ClI il CO3 e N & AT K N, 7558 kg
J1eCl., «Cl, 1 CIOH (X (2) ~ (5)) LIKFEA

fBEEI«CO; (X (6) ), [EMHEREME, K Cl .
NO; . H,PO, fl CO% i J& /NF 20 mmol/L A}, TC 7F
40 min PN R R RAT R T 80%.

EIEIE L RN 25 CHISM R, A NaOH
1 HCI #8795 50 mL TC ¥ (PGB E N 10
mg/L ) 4 pH, F-IIA 20 mg i) 5% Co-PCN, ## /R
1.3 Wi TS5, #R5EANE] pH K 5% Co-PCN X TC
IR R, S5 R I 6h, FTLIEH, pH=5 155
R T 358 B ) 1 v A i S T, Kops 35 0.133
min~, pH=12 [l 55 N kops FAK 2 0.065 min™,

TEEIE | RN 25 CRIRME R, B HI N A
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SRAKFH FiiaK, MR 1.3 W7, KA
[ KR (60, ERIK NI ) Kops B A5 0.061
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+S0,+Cl —+Cl+S0%~ (2)
*OH+Cl —>CIOH® (3)
CIOH*+H*—+Cl+H,0 (4)
«Cl+Cl —+Cl; (5)

CO3 ++0OH/*SO,—~OH /SO3 ++CO; ( 6)
H,PO,+*OH/*SO;—OH /SOZ +H,PO, (7)
[ 7 A 5% Co-PCN 45 I FI M o 764 ] 45
FHEAFT 4 WRAEFRSLES, 40 min B [EAR R3304
98%. 97%. 84%f#il 81%. Ffi# 5% Co-PCN 1§ 7
FHUCER AW I, 55 T [l 2 v op e B e
V] i 2 R T A 3 MR S8 TC B R AR AT BT
TR, (HFEIEA K, PiHH 5% Co-PCN Y454 M fa
E, WTEEZRIEAMH. T CoPc BIFEIRLE
Co*" AR 4xiti ittt , fii H G5 @ ok PO ok, (]
HATIEAEE R, HASEWR kIG5, Tmsfist
o, %5 FRTIR, 5% Co-PCN 7ESZFR K K Ab B b B
AR K BT 7 N FH AN B

Kl 7 5% Co-PCN 4 H Fl 4
Fig. 7 Recyclability of 5% Co-PCN

2.6 FEWBERE TC BN
9T 38 5% Co-PCN/PMS Z 58 Ak 5 A it
FEH = BT TR I R, HEAT T TGP A A A
5 (¥l 8a), Kl 8aw UL, M A EDTA-2Na 5 TC
W i %[5 5] 50.0%, A IPA. BQ. MeOH J5%f TC
Wit A3 90 62.2%. 53.0%. 62.006244647 4k 5.
T, hR-O LML R TC il EZAEH .
i LT F e SR (ESR) A, #E—4610
T 5% Co-PCN/PMS Z Gt YA AL B figt st R v = A2 1Y)
A3k (& 8b), FERIEAMT, «OH+SO, -0,
AR E 1) B 2 Y ESR {55 o 1 HH U8 B X o fi
R, X5 Z BTG PR 28 52 56 1 45
gl gk g2l | 5% Co-PCN HY (44 By, 71
B O gk, A RIE Y FeO, (Oy+0,, -0.33 eV ),
AT A B JE A AR TC A FRIE R (38 (8) ). X
F+OH, 5% Co-PCN Afig & /L4 L OH 5 H,O K
*OH (OH/sOH, 1.99 eV ) i [ (9~10)J,
P, «OH St O, Z ML PGB 2™ A 1 . ik
JEUL, B LT RT S R AR K P B L RO A
*0; . R T4 B sOOH, i3k /) L F 5 +O0H
LELIE I HoO,, f0JF B LeOH S 45 W A 24480
e +0,—+0, (8)
OH +h" — +OH (9)
H,0 + h* —OH + H* (10)
[7] ik O YT S TT fiE SR 11 5% Co-PCN fi# L5
IR A4 F ik PMS, £ 5% Co-PCN/PMS {4 %
H, G AL PMS 77 4R ) «OH 75 R BRI o 43t A il
0,150 [0 (11) ~ (16)), 3% 55 i A FREE 2 55 1R
P R e 5 I S 2R s A — 2
HSOs— H* + SOZ (11)

HSOs+ H,0O — H,0, + HSO, (12)
SO2 + H,0 — H,0, + HO, (13)
H,0, — 2 «OH (14)

FORi 25 JelR . TCHIUR B EE N 10 mg/L . AN 25 °C
8 5% Co-PCN JGA LI TC TG PEM A ER (@) . ESR(b)H1 5% Co-PCN YL R fE TC HLEL/R B Kl (c)
Fig. 8 Reactive species capture for TC photocatalytic degradation with 5% Co-PCN (&), schematic diagram of ESR (b) and

5% Co-PCN photocatalytic degradation of TC (c)
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