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Figure S1. Schematic diagram of the synthesis of Mn modified on the CN.
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Figure S2. XRD pattern of the 1MnCN sample and simulated samples (from the Crystallography 
Open Database) of MnO, MnO2, and Mn2O3.
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Figure S3. XRD pattern of the 3MnCN sample and simulated samples (from the Crystallography 
Open Database) of MnO, MnO2, and Mn2O3.
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Figure S4. XRD pattern of the 5MnCN sample and simulated samples (from the Crystallography 
Open Database) of MnO, MnO2, and Mn2O3.
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Figure S5. Raman spectroscopy of CN and 3MnCN samples.



Figure S6. EDX analysis of the synthesized 3MnCN. 
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Figure S7. Survey XPS of CN and 3MnCN.
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Figure S8. Bandgap energy of CN (A) and 3MnCN (B)
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Equation y = a + b*x
Plot 10\+(14)Cp\g(\+(-))\+(2)F\g(\+(-))\+
Weight No Weighting
Intercept 4.95461E14 ± 1.17237E13
Slope 4.62257E14 ± 1.56287E13
Residual Sum of Squares 4.53799E25
Pearson's r 0.99715
R-Square (COD) 0.99432
Adj. R-Square 0.99318

Equation y = a + b*x
Plot 10\+(14)Cp\g(\+(-))\+(2)F\g(\+(-))\+(2
Weight No Weighting
Intercept 9.75793E14 ± 3.42296E13
Slope 9.69752E14 ± 4.56448E13
Residual Sum of Squares 3.86111E26
Pearson's r 0.99451
R-Square (COD) 0.98904
Adj. R-Square 0.98685

(A)

Figure S9. Mott-Schottky plots of the CN (A) and 3MnCN (B) samples.
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Figure S10. HPLC results of SMX photodegradation catalyzed by the 3MnCN after 180 minutes of 
irradiation.
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Figure S11. Zeta potential at different pH of the as-synthesized 3MnCN.
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Figure S12. LC-MS spectra of the (A) initial SMX solution and (B) – (D) degradation 

intermediate products by the 3MnCN photocatalyst at different photodegradation time points.



Figure S13. Result of ICP-MS analysis of 3MnCN before.



Figure S14. Result of ICP-MS analysis of 3MnCN after.



Table S1. SEM-EDS mapping and surface elemental composition (XPS) of 3MnCN; BET surface 

areas, pore volume, and average pore of CN and 3MnCN; Band gap energy (Eg) and reaction rate 

constant (k) of CN, 1MnCN, 3MnCN, and 5MnCN. 

% wt. Mn

Samples
EDS XPS

SBET 

(m2/g)

Pore 

volume 

(x 10-3 

cm3/g)

Average 

pore 

width 

(nm)

Eg 

(eV)
CB/VB

k 

(10-3 

min-

1)

R2

CN - - 44 79 7.1 2.42 -0.29/2.13 0.5 0.9361

1MnCN - - - - - 2.45 - 2.6 0.9979

3MnCN 0.1 0.1 8 17 8.3 2.39 -0.06/2.33 3.5 0.9961

5MnCN - - - - - 2.49 - 2.1 0.9984

Table S2. Surface elemental compositions of the catalysts.

Catalyst (Sample) Mn2+ (%) Mn3+ (%) Mn4+ (%)

3MnCN 26.4 35.8 37.8



Table S3. Raw data for control experiments assessing the degradation of the SMX antibiotic using 
other MnOx modified g-C3N4 samples. Experimental conditions: [SMX]0 = 15 mg L–1, [catalyst]0 
= 20 mg, pH = 5, V = 100 mL, light source: 40 W white LED lamp. C and C0 (mol L1) represent 
the concentrations of SMX at the current time (t min) and the initial time (0 min), respectively. 
The standard deviation (σ) was calculated based on data from three samples

Sample Time (min) C/C0   -ln(C/C0)
-60 1  0 --
0 1.04123  0.01324 0
60 1.07134  0.0121 -0.02853
120 1.03451  0.00745 0.00642
180 1.06063  0.02022 -0.01836

CN

240 1.04053  0.02317 8.39682E-4
-60 1  0 --
0 1.04395  0.0764 0
60 0.8274  0.03946 0.24359
120 0.59861  0.02933 0.56733
180 0.37225  0.02065 1.04268

1MnCN

240 0.24986  0.01619 1.4419
-60 1  0 --
0 1.03292  0.03091 0
60 0.47588  0.04655 0.77938
120 0.23014  0.02011 1.50486
180 0.17858  0.01916 1.76016

3MnCN

240 0.15418  0.00759 1.9028
-60 1  0 --
0 1.13153  0.03498 0
60 0.97626  0.03137 0.14762
120 0.81096  0.02225 0.33301
180 0.63663  0.04697 0.57747

5MnCN

240 0.48044  0.05854 0.86393



Table S4. Raw data for control experiments assessing the degradation of the SMX antibiotic at 
other pH conditions using 3MnCN catalyst. Experimental conditions: [SMX]0 = 15 mg L–1, 
[catalyst]0 = 20 mg, V = 100 mL, light source: 40 W white LED lamp. C and C0 (mol L1) represent 
the concentrations of SMX at the current time (t min) and the initial time (0 min), respectively. 
The standard deviation (σ) was calculated based on data from three samples.

Sample Time (min) C/C0   -ln(C/C0)
-60 1  0 --
0 0.988051  0.06767 0
60 0.858807  0.055803 0.139946
120 0.798238  0.067208 0.214467
180 0.739968  0.049053 0.288979

pH = 9

240 0.701295  0.049817 0.343025
-60 1  0 --
0 1.007844  0.05461 0
60 0.907956  0.043681 0.104092
120 0.820211  0.018275 0.20479
180 0.72055  0.020963 0.334513

pH = 7

240 0.632697  0.066846 0.469528
-60 1  0 --
0 1.032923  0.030906 0
60 0.475878  0.04655 0.779377
120 0.230144  0.020108 1.504856
180 0.178582  0.019163 1.760155

PH = 5

240 0.154178  0.007591 1.902802
-60 1  0 --
0 1.086844  0.077185 0
60 0.725153  0.029288 0.402997
120 0.411477  0.043006 0.974404
180 0.308843  0.034709 1.261838

pH = 3

240 0.270841  0.015516 1.388666



Table S5. Raw data for control experiments assessing the degradation of the SMX antibiotic with 
other photocatalytic doses using 3MnCN sample. Experimental conditions: [SMX]0 = 15 mg L–1, 
V = 100 mL, light source: 40 W white LED lamp. C and C0 (mol L1) represent the 
concentrations of SMX at the current time (t min) and the initial time (0 min), respectively. The 
standard deviation (σ) was calculated based on data from three samples

Sample Time (min) C/C0   -ln(C/C0)
-60 1  0 --
0 0.979092  0.026516 0
60 1.0002  0.006777 -0.02168
120 0.985879  0.000769 -0.00728
180 0.98424  0.015453 -0.00549

No catalyst

240 0.985099  0.017033 -0.00634
-60 1  0 --
0 1.06178  0.03047 0
60 0.88256  0.02483 0.18486
120 0.72431  0.03797 0.38345
180 0.58521  0.05225 0.59925

10 mg

240 0.45554 0.05394 0.85272
-60 1  0 --
0 1.03292  0.03091 0
60 0.47588  0.04655 0.77938
120 0.23014  0.02011 1.50486
180 0.17858  0.01916 1.76016

20 mg

240 0.15418  0.00759 1.9028
-60 1  0 --
0 1.01288  0.02224 0
60 0.80374  0.02187 0.2314
120 0.54174  0.03266 0.6274
180 0.37104  0.0676 1.02067

30 mg

240 0.28552  0.04315 1.27679



Table S6. Raw data for scavenger trapping experiments assessing the degradation of the SMX 
antibiotic using 3MnCN sample. Experimental conditions: [SMX]0 = 15 mg L–1, [catalyst]0 = 20 
mg, pH = 5, V = 100 mL, light source: 40 W white LED lamp. C and C0 (mol L1) represent the 
concentrations of SMX at the current time (t min) and the initial time (0 min), respectively. The 
standard deviation (σ) was calculated based on data from three samples

Scavenger Time (min) C/C0   Scavenger Time (min) C/C0  
-60 1  0 -60 1
0 0.979227  0.041439 0 1.0427 0.017849
60 0.901536  0.032514 60 0.63046 0.05273
120 0.908846  0.034115 120 0.337111 0.054284
180 0.871698  0.035059 180 0.262858 0.032863

K2Cr2O7

240 0.810111  0.046817

TBA

240 0.234774 0.03058
-60 1  0 -60 1
0 1.083876  0.012506 0 0.995192 0.036679
60 0.627045  0.004858 60 1.104673 0.052611
120 0.34797  0.023054 120 1.097346 0.071742
180 0.247658  0.019485 180 1.122792 0.099219

Na2C2O4

240 0.215765  0.026142

BQ

240 1.142558 0.104452



Table S7. Toxicity of SMX and its intermediates using the ECOSAR programa.

Acute toxicity (mg. L1) Chronic toxicity (mg. L1)
Compo

unds m/z
Fish (LC50)

Daphnid 
(LC50)

Green 
Algea 
(EC50)

Fish 
(ChV)

Daphni
d (ChV)

Green 
Algea 
(ChV)

Hazard 
categor

y

SMX 253 893.69 2.10 9.24 1.10 0.13 13.96 Toxic
P1 288 8446.54 2.21 20.22 4.87 0.333 26.68 Toxic

P2 190 5822.62 14.96 262.29 1473.69 5.08 229.05
Not 

Harmfu
l

P3 99 443.43 0.74 3.64 2.59 0.05 5.38 Harmfu
l

P4 156 18.21 179.06 - 10.93 69.33 0.62 Harmfu
l

P5 109 4.81 0.55 94.01 0.62 0.07 25.66 Toxic

P6 56 - - - - - - Harmfu
l

P7 42 67.23 37.06 24.41 6.34 3.33 5.98 Harmfu
l

P8 74 255.91 2252.58 1591.09 147.85 172.85 272.59
Not 

Harmfu
l

aThe predicted toxicity values are classified according to the system established by the Globally 
Harmonized System of Classification and Labelling of Chemicals (GHS) (United Nations, 2011). Not 
harmful: LC50/EC50/ChV greater than 100 mg. L1; harmful: 10 mg. L1< LC50/EC50/ChV <100 mg. L1; 
toxic: 1 mg. L1 <LC50/EC50/ChV < 10 mg. L1; very toxic:  LC50/EC50/ChV< 1 1mg. L1. The lowest 
acute toxicity values between and within the different trophic levels (fish, daphnid, and green algae) were 
used to define the appropriate hazard category of the compounds.



Table S8. Summary of the photocatalytic properties of other MnOx/g-C3N4 nanostructures towards 

degradation of pollutants.

Sample Amount Pollutants Concentratio
n and Usage Power source Time Efficienc

y Ref.

MnOx/g-
C3N4

20 mg Sulfametho
xazole

15 mg L1, 
100 mL

White light 
LED lamp, 
40W

240 
min 85%

This 
wor
k

2D-2D 
g-
C3N4/Mn
O2

50 mg Rhodamine 
(RhB)

10 mg L1, 50 
mL

Xenon lamp, 
300 W

60 
min 91.3% 1

Mn-
adsorbed 
g-C3N4

200 mg Rhodamine 
(RhB)

4 mg L1, 100 
mL

Xe-lamp, 300 
W

160 
min 99% 2

g-C3N4-
Mn-H 50 mg Rhodamine 

(RhB)
10 mg L1, 
100 mL

Xe arc lamp, 
300W

60 
min 88.9% 3

Mn-
doped g-
C3N4 
nanoribb
on

50 mg Methylene 
Blue (MB)

10 mg L1, 
200 mL

Xe-lamp, 300 
W

180 
min 96% 4

Mn/O 
co-doped 
g-C3N4

20 mg Malachite 
green (MG)

20 mg L1, 50 
mL

Xenon lamp, 
350 W

30 
min 91.7% 5

g-
C3N4/dia
tomite/M
nO2

30 mg Rhodamine 
(RhB)

10 mg L1, 
100 mL

Xe lamp, 300 
W

50 
min 94% 6

MnOx/g-
C3N4

20 mg
Methyl 
orange 
(MO)

20 mg L1, 50 
mL

Xenon lamp, 
300 W

20 
min 94% 7

MnO2/g-
C3N4

50 mg Rhodamine 
(RhB)

20 mg L1, 50 
mL

Xenon lamp, 
300 W

100 
min 99% 8

MnO2/g-
C3N4

50 mg Methylene 
Blue (MB)

20 mg L1, 
100 mL

Xe lamp, 500 
W

150 
min 94% 9
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