
Supporting Information

Fig. S1 TC degradation images of CoMn2O4(P) prepared by NaBH4 at different 

conditions: (a) temperature, (b) concentration, (c) time; (d) TC degradation images of 

CoMn2O4(C) prepared by NaH2PO2 at different conditions.
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Fig. S2 SEM images of (a) CoMn2O4(P), (b) CoMn2O4(S), (c) CoMn2O4(C) and TEM 

images of (d) CoMn2O4(P), (e) CoMn2O4(S), (f) CoMn2O4(C)



Fig. S3 Preparation of CoMn2O4 spinel activated PDS for tetracycline degradation by 
reduction of NaBH4 under different conditions:(a) Temperature (b) Concentration (c) 
Reaction time. Reaction conditions: [catalyst]= 0.25 g, [PMS]= 10 mL, 0.1 mol L-1, 
[TC] = 250 mL, 50 mg L-1, [temperature] = 30 ℃.



5 #416 RT: 2.00 AV: 1 NL: 8.57E6
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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5 #599 RT: 2.45 AV: 1 NL: 7.73E6
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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5 #874 RT: 3.16 AV: 1 NL: 3.26E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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5 #1336 RT: 4.32 AV: 1 NL: 3.30E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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5 #1612 RT: 5.07 AV: 1 NL: 3.36E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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5 #1723 RT: 5.35 AV: 1 NL: 1.99E8
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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5 #1884 RT: 5.74 AV: 1 NL: 2.96E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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5 #1983 RT: 6.00 AV: 1 NL: 1.24E8
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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5 #2338 RT: 7.36 AV: 1 NL: 2.40E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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Fig. S4 (a)~(i): The m/z value of CoMn2O4(P) after 30 minutes of activating PDS to 

degrade tetracycline.



6 #603 RT: 2.46 AV: 1 NL: 7.65E6
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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6 #905 RT: 3.20 AV: 1 NL: 3.15E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]

100 150 200 250 300 350 400 450 500 550 600 650 700
m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e 
A

bu
nd

an
ce

283.71719

284.21835

566.42700155.97412

214.98738113.96393
186.03407 567.43011445.16010284.71982

310.67648

6 #1364 RT: 4.35 AV: 1 NL: 4.17E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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6 #1628 RT: 5.07 AV: 1 NL: 3.77E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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6 #1737 RT: 5.36 AV: 1 NL: 2.40E8
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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6 #1887 RT: 5.73 AV: 1 NL: 4.05E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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6 #1992 RT: 6.02 AV: 1 NL: 1.36E8
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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6 #2191 RT: 6.79 AV: 1 NL: 8.07E6
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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6 #2315 RT: 7.36 AV: 1 NL: 2.43E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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Fig. S5 (a)~(i) The m/z value of CoMn2O4(S) after 30 minutes of activating PDS to 

degrade tetracycline.



7 #899 RT: 3.20 AV: 1 NL: 2.95E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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7 #1362 RT: 4.37 AV: 1 NL: 3.61E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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7 #1603 RT: 5.06 AV: 1 NL: 3.36E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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7 #1721 RT: 5.38 AV: 1 NL: 2.28E8
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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7 #1856 RT: 5.73 AV: 1 NL: 3.65E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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7 #1962 RT: 6.03 AV: 1 NL: 1.32E8
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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7 #2290 RT: 7.35 AV: 1 NL: 2.15E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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Fig. S6 (a)~(g) The m/z value of CoMn2O4(C) after 30 minutes of activating PDS to 

degrade tetracycline.



2_210209173024 #908 RT: 3.18 AV: 1 NL: 3.79E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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2_210209173024 #1384 RT: 4.36 AV: 1 NL: 4.41E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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2_210209173024 #1664 RT: 5.08 AV: 1 NL: 4.96E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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2_210209173024 #1791 RT: 5.37 AV: 1 NL: 2.15E8
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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2_210209173024 #1940 RT: 5.72 AV: 1 NL: 4.76E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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2_210209173024 #2039 RT: 6.00 AV: 1 NL: 1.80E8
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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2_210209173024 #2266 RT: 6.81 AV: 1 NL: 1.53E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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2_210209173024 #2382 RT: 7.35 AV: 1 NL: 2.27E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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Fig. S7 (a)~(h) The m/z value of CoMn2O4(P) after 120 minutes of activating PDS to 

degrade tetracycline.



3 #897 RT: 3.19 AV: 1 NL: 2.96E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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3 #1385 RT: 4.38 AV: 1 NL: 3.89E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]

100 200 300 400 500 600 700 800 900 1000 1100 1200
m/z

0

10

20

30

40

50

60

70

80

90

100

Re
la

tiv
e 

A
bu

nd
an

ce

340.25906

340.76010

155.97401

679.51019
214.98724

680.51343367.21817

(a) (b)

3 #1658 RT: 5.08 AV: 1 NL: 4.09E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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3 #1771 RT: 5.37 AV: 1 NL: 1.69E8
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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3 #1928 RT: 5.73 AV: 1 NL: 4.30E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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3 #2032 RT: 5.99 AV: 1 NL: 1.39E8
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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T: FTMS + p ESI Full ms [80.0000-1200.0000]
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3 #2393 RT: 7.35 AV: 1 NL: 2.41E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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Fig. S8 (a)~(h) The m/z value of CoMn2O4(S) after 120 minutes of activating PDS to 

degrade tetracycline.



4 #1383 RT: 4.38 AV: 1 NL: 2.33E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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4 #915 RT: 3.20 AV: 1 NL: 2.54E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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4 #1755 RT: 5.36 AV: 1 NL: 1.43E8
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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4 #1641 RT: 5.07 AV: 1 NL: 2.53E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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4 #2008 RT: 6.00 AV: 1 NL: 8.51E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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4 #1909 RT: 5.73 AV: 1 NL: 2.34E7
T: FTMS + p ESI Full ms [80.0000-1200.0000]
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Fig. S9 (a)~(h) The m/z value of CoMn2O4(C) after 120 minutes of activating PDS to 

degrade tetracycline.
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Table S1 The pore properties of catalysts

Sample
SSA

(m2/g)

Vtotal

(cm3/g)

Vmicro

(cm3/g)

Vmeso

(cm3/g)

Pore 

size 

(nm)

CoMn2O4(P) 79.40 0.248 0.003 0.245 11.094

CoMn2O4(S) 24.24 0.098 0.001 0.097 17.095

CoMn2O4(C) 242.52 0.694 0.000 0.694 26.105



Table S2 XPS valence content of the synthesized catalyst before use

Co 2p Mn 2p O 1s
Sample

Co2+ Co3+ Mn2+ Mn3+ Mn4+ OA OL

CoMn2O4(P) 18.0% 32.9% 16.0% 24.7% 17.6% 28.8% 71.2%

CoMn2O4(S) 17.5% 16.0% 11.8% 35.3% 19.8% 55.1% 44.9%

CoMn2O4(C) 14.9% 24.3% 24.2% 25.8% 14.4% 38.2% 61.8%



Table S3 XPS valence content of the synthesized catalysts after use

Co 2p Mn 2p O 1s
Sample

Co2+ Co3+ Mn2+ Mn3+ Mn4+ OA OL

CoMn2O4(P) 27.5% 19.0% 19.6% 22.2% 25.4% 31.7% 68.3%

CoMn2O4(S) 18.3% 18.4% 11.9% 37.5% 17.5% 49.2% 50.8%

CoMn2O4(C) 19.2% 22.7% 15.7% 26.2% 13.5% 25.8% 74.2%



Table S4 Identification of CoMn2O4(S), CoMn2O4(P), CoMn2O4(C) activated PDS to degrade TC 

and its possible intermediates under visible light irradiation

No.
molecular 

weight
intermediates Samples

TC 445

OH OH

OH

N
HO CH3

CH3H3C

NH2

O O O1

2

3

4

1 2

3
45

67
8

9
10 11 12

TC

P1 397

OH OO O

CH3 +OH

OH

H

OH

O

O

CoMn2O4（P）（30min 
120min）、

CoMn2O4（S）（30min 
120min）、

CoMn2O4（C）（30min 
120min）

P2 354

OH

+OH

O O

CH3

OH
O

OH

H

.

.

CoMn2O4（P）（120min）、
CoMn2O4（S）（30min 

120min）、
CoMn2O4（C）（120min）

P3 340（1）

OH OHO O
OH

OH

CH3

CoMn2O4（P）（30min 
120min）、

CoMn2O4（S）（30min 
120min）、

CoMn2O4（C）（30min 
120min）

P4 340（2）

OH OH O
OH

CH3

O

OH

CoMn2O4（P）（30min）

P5 274

OH OHO

CH2 OH

CoMn2O4（P）（30min 
120min）、

CoMn2O4（S）（30min 
120min）、

CoMn2O4（C）（30min 
120min）

P6 183
OH

CoMn2O4（P）（30min 
120min）、

CoMn2O4（S）（30min 
120min）、

CoMn2O4（C）（30min 
120min）
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COOH

P7 246

OH OHO

CH2

CoMn2O4（P）（30min 
120min）、

CoMn2O4（S）（30min 
120min）、

CoMn2O4（C）（30min 
120min）

P8 283

OH O

CH3

O

O

CoMn2O4（P）（30min 
120min）、

CoMn2O4（S）（30min 
120min）、

CoMn2O4（C）（30min 
120min）

P9 149

        
CoMn2O4（P）（30min 

120min）、
CoMn2O4（S）（30min 

120min）、
CoMn2O4（C）（30min 

120min）


