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(HRIAS PIERE SHARSER, IR FA 250022)

FEE: FIRFERICK IR B TR A = T I T 224 T Bs 22 A B AUk (g-CsNy ) 99K (PCN ), PCN 4k
M-S EkF %G (CoPc ) 76 T3l A BREF 7 T CoPc-PCN S5t 4% ( fAIFK Co-PCN ), 2R F XRD. FTIR. SEM, TEM,
HAADF-STEM . XPS. UV-Vis DRS X RE AT TRAE, IR0 T HIG i —RilgEh (PMS) BRI E (TC)
HITERE. Z5RER, FRESMERMEEIIGZAR e 2T WIEIX, # 20mg 5% Co-PCN (5% CoPc i i
PCN FiE T 4340 FILA 50 mL #4A BRvE N 10 mg/L 1Y TC /KB h T4k 30 mg PMS, £33 40 min %
J&, HXF TC MR IAF 98.8%, KM RN 0.087 min ', PCN 5 CoPc FLTH AL i B #e & sk 7Ok
HLF/25 7 A3 5, [ i SR TR A B P D e e A BRI T, 2R O iR LK -0,, I 1k PMS
P40, *SOFI<OH SEFEf# TC.
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FESEKS: X703 XERFRINE: A XEHS: 1003-5214 (2024) 03-0657-09

CoPc-PCN heterojunction activating PM S by efficient interfacial
chargetransfer for tetracycline degradation

ZHANG Penghui, QIN Hongjie, ZHENG Qiling, YIN Qiang, ZHANG Shouwei"
( School of Physics and Technology, University of Jinan, Jinan 250022, Shandong, China )

Abstract: Phosphorus-doped graphite phase carbon nitride (g-C5N,) 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 mass to 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 PMS to produce *O; *SO, and *OH to degrade TC.

Key words: heterojunction; photocatalysts; cobalt phthalocyanine; peroxomonosulfate; tetracycline; graphite
phase carbon nitride; catalysis technology
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1.5 SR
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2 HR5®

2.1 YIS
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XRD %A,
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20/(°)

K1 PCN. CoPc fl x Co-PCN 1§ XRD il
Fig. 1 XRD patterns of PCN, CoPc and x Co-PCN
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WA EEATEIE . 20=12.7°k BT 504 2 B CoPe
T = EIREE R SR U2 i 20=27.5°4b0 B9 AT 5T
DU J2 T g-CsNy B2 [ HEZ 5 R, 1 £ PCN
17 S P 5 45 20 B CoPe #5824 Fb 1 B AN e 14
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FLIN TIERIEAER CoPe T#RHHAL, S8
AU AL R, FTLL CoPe I # 4T PCN fy — 4k
DR RS 4 R M A X AN o

€] 2 5y PCN .CoPc Fll x Co-PCN & 541 KHY) FTIR
e
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W
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PWek/em™

[l 2 PCN. CoPc Fi x Co-PCN f# FTIR &l
Fig.2 FTIR spectra of PCN, CoPc and x Co-PCN
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TRER R,
22 WIS
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3 PCN(a)fl 5% Co-PCN(b)J SEM & ; PCN(c)Fl 5% Co-PCN(d~f)) TEM [&l; HAADF-STEM [E(g) C. N. Co.

P LR AR E(h)

Fig. 3 SEM images of PCN (a) and 5% Co-PCN (b); TEM images of PCN (c) and 5% Co-PCN (d~f); HAADF-STEM image

of (g), C, N, Co, P elemental distribution (h)

a Cls
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]
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ey Y
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ZifheeV

4 PCN. CoPc fll 5% Co-PCN [ XPS ji[%: C ls(a). N Ls(b). P 2p(c)Fil Co 2p(d)
Fig. 4 XPS spectra of PCN, CoPc and 5% Co-PCN: C 1s (a), N 1s (b), P 2p (c) and Co 2p (d)
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TRMSHE, %F: CoPc-PCN 53 4% & 5 A 1) Ha ff i RS G 1k PMIS [ DU 3R 2 < 661 *

TELEAHE 1323, 134.0 Fil 135.1 eV AbIgEXTN P—N
. P=N M P—O #. P 2p WU IR nT 2
5 CoPc Z [AIAME RS8P, K 4d 1 AY Co 2p 1E
45488 779.6 F1795.3 eV AW IS 5 Co™ A 5, Co™"
WAL 1 (i B% 156 B CoPe BN T3k 7E PCN L. Zi&
SAT, CoPe AMGHE T C JEF M P JRF I (72 3 5
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T S ] A EAE ] o FRRIESE T #e E B2 nT
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VEFH, M SEERE A H 7 iR i 5 R 123341

W FE (1) MIEEHLE PCN Al 5%
Co-PCN W5t 75 1y, 45L& 1.

# 1 PCN Fll 5% Co-PCN 54

Table 1 Fluorescence lifetime of PCN and 5% Co-PCN
Ak ik &
71/n8 Ay 7,/ns A, Tave/NS
PCN 0.11 105963.7 0.02 -51238.9 0.11
5% Co-PCN 0.15 64280.6 1.2 24739.4 0.94

Ay A G REG o) o PO Tave=(4 X T12+A2 X Tzz)/
(A1 X 1+4, X 1)
2.4 StEEEES T
5a JFEMY UV-Vis DRS JGit, 2558 %0,

5% Co-PCN & &A1 EH AT WG IGE FElHH 58 2 500~
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AL R . I3 0Y Tac-plot pREL (4 K
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0.66 eV, Tiii CoPc M fxm A 43+ (HOMO ) HL
#h-1.05 eV (E Sc). HIL, 11H545%] PCN 15
i (CB) Ml CoPe HYIRAKA 4> F#iE (LUMO )
HL 30 91 —1.89 Fl1-2.43 eV, 7E AT WLOGH PR ST F 34
K HLTERIT 2 CoPc () HOMO |, HIAE A4 E
A TR A JEE , A5 AR PMS 15 8K & L AR
BRI [ R EOR A% TC. & 5d. e, f JFE 1
JEXT 5% Co-PCN I PCN [yt HL Ak 24 PE REII A SS 2R .
MIEEIE 0, EIE AT LA 8508 % o1 523 7 4
B, R FAMmER N PCN 1Y 8.54 %, K
HL TR T SERE, BRI BH SIS T R
(R BELASFEAR . LR 25 UL T 5% Co-PCN AN 9
TR] LG B R R R, AR ST AR TS X
BB LIS F . CoPe 5 PCN 22 [u) fi4 5 S 1 2% firh
FETE S RU LT 3 B 58, IR S TC FEMRL
R K

a, b C PCN
N
f \.-m:\ . P
5 \ 2.55eV %
.ﬁ — 1% CO'PCN\ T’g T 1 N7 i 1 1 1 1 1 1 1 1 1 1
2 gjfggjjgg o | S| 150 200 250 3./00/ 3.50
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— g-CN, ) 1.38eV V. -105eV
CoP
PélNc 1 L L 1 LT I L L 1 —FS‘/; 1 I I L
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& ld — pen e PCN 8x10*  f
g o, CoPCN v % 5% Co-PCN 7x10¢ | "
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g 3
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— ) ! 0 \ L 1 | 1
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Kl s ALY SON-RT LI S G0 () . A B(b) . VB 3 (c). BRI OCHUIRMANL() I [E] 7 BEOCECR G (o) ML AL 2 BT

T (D)

Fig. 5 UV-Vis diffuse 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

25 SEELEBIEER

6a~c A x Co-PCN E & ELXF TC AW it
FH . B DL R R A R H B (hgps, min '), FEIE
ALBR 120 min Ji5 , B A AR TC W FHE LR /N

(E 6a), 156HH ML BREAE F O R R s RN K, 4
B8 1.3 WS AP, 5% Co-PCN 7E W 40 min B,
TC FEffRIEFN R, N 98.8%., BE#E CoPc B4t
B — 3T, AR (& 6b ), X fEZE
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T CoPc M1, A5 L6 M7 S
WEE, TS A R A
iz HE—Ssh 126 7 A = AR TC 1Y

, SR

1n(p/pO):7kobs ( 1 )
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e po Ml p 435 R TI B FT IS TC RN FIRRER 250, RERSAR 4 M 5 [6] S — HE 40K Bk )
i, mg/L; ¢ NWEFE], min, PCN ﬁﬁj(ﬁfnﬁﬁﬂ e TR IR,
X x Co-PCN LIJ PCN Ffit TC AT, J& T RBIMEVERLA, $m TOLMEAIERE™ ),
a AR [ RBLE 100 b 0.12
100 30 c 5%
x 80 S Co-PCN
tél_ 60 Jgé 60
g o £ ey
20 20 74 CoPCN =
0 NSNS 1|
o 0 10 20 30 40
v FifF]/min
0.10 5 — 100 — ——— o8
0.08 €% 30 /-/
T g Z & : °
£ 006 3 DU -] BN 60 1 0.06 7
EMN, 285839 % % / E
£0.04 L& 538 E 4 J 10.04 <
g @ & e BB &
0.02 20 mae 1 0.02
. k7S
0 0 { 0
0 10 20 30 40
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100 & > g ]0.08 100 n F 0.15
I {0. I {012
< 80 1006 7 80 _ loo
3 607 lo.04 E 560 CER %
g 40+ o3 § 40 0. I 10.06 2
10.02 |
201 20 : - 10.03
0 “OF o0F - wOs apOr A A s oo 0 0
> & 2 4 7
“@0:’[\»&0\]\,0 0\;;,@0\]\,98 & & § 3'//\ HFBK  HRK  EKETFK
L)

[l 6d 1, CNos 183 25 mg [8) & FEAMNER /g-C3Ny s BC AU F Al F A= W 7% s PCN AR IR 24 W /g-C3Ny ; CeNCN-2 8 3 Ce0,/g-C3Ny/Znln,Sy;

rGO fREB A A B, QDILERETFA; CZUFE g-C:NJ/Znln,S,;
AR R T EL(c); g-CaNy FEIEA AL AH 56 il

Kl 6 x Co-PCN fMiE(a); TC MIFEME R (b)s

PACN 43¢ 2,3-Nlk s — 3R iR

S OEREN IR S

Ye). ARIFET(f. g). pH(h). KE@)XF 5% Co-PCN Fff TC MRZ M
Fig. 6 Adsorption of x Co-PCN (a); Degradation rate of TC (b); Degradation rate constant (c); g-C3N,-based photocatalyst
related reportsi®~>*3(d); Effects of different pollutants (e), different anions (f,g), pH (h) and water quality (i) on TC

degradation by 5% Co-PCN

TEICHR | IRIEN 25 CCHI N 2:F T, ¥ NaCl,
Na,CO;. NaNO;. NaH,PO, il A% 50 mL ) TC ( 4]
YRR E A 10 mg/L ) SR, 2 1 2 51
20 1 2 mmol/L, FFHIA 20 mg ) 5% Co-PCN, F% 1
1.3 FHATEE, #49% CI. CO3 . NO;. H,PO %}
5% Co-PCN [fift TC Fl kops HYSZMN , 25 5 UL 6f . g,

SRR, BB IR BN, , XFREMRE /N
M CIHI CO3 He i 14 %] 20 mmol/L i, TC Y& Al 5
F kops 22 B2 EPIH] o X2 F+SO, F-OH 7R3 =
) CUFN COT WRPE T KL XK N, 7= 55 A Ak g
J1ieCl, «CL A1 CIOH (X (2) ~ (5)) LIKFEA

ERE I H-CO; (X (6) ), HBEFEEMZE, 4 Cl .
NOj; . H,PO, Il COF #eEE/NT 20 mmol/L B, TC 1
40 min N IRERERATI R T 80%.

IR IRE R 25 CHIAMUT, FIH NaOH
A HCL J75 50 mL TC & (RIEG W E R 10
mg/L ) i pH, FEMIA 20 mg () 5% Co-PCN, Fi 1
1.3 AT 3L, A F pH T 5% Co-PCN Xf TC
R ff AR, 45 R 0L 6h, Tu%.ﬂ pH=5 155
PR T 558 B ) 1 8 v A i SO N TR, ko 35 0133
min~', pH=12 AYHEPE 555 ) kobs Vﬁi 0.065min',

TR, JBE R 2S CHIEHT, B2 EFINH



%3 TRME %, 45 CoPc-PCN 53 i 4h
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