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Fig. S1. Spectral distribution of the 250 W high-pressure mercury lamp, fitted with UV cutoff 
filter (λ < 420 nm), as provided by the manufacturer (Lelesil Innovative Systems, India). 
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Fig. S2. Removal of (a) OFC and (b) SMZ by F-GCN without visible light illumination 
(experimental conditions: C0 = 10 mg L−1; photocatalyst dose = 1 g L−1; temperature = 25 ± 2 
°C)



Fig. S3. TOC removal (%) during the photocatalytic degradation of OFC and SMZ over F-
GCN. 
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Fig. S4.  EPR spectra showing radical adducts formed in F-GCN dispersions under visible-
light irradiation, detected using spin-trapping agents: (a) DMPO-●O2⁻ in methanol, (b) 
TEMPO–hole in aqueous solution (experimental conditions: F-GCN = 4 mg mL⁻¹, 
DMPO/TEMPO = 100 mM).
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Fig. S5. LCMS spectra of OFC degradation products.
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Fig. S6. LCMS spectra of SMZ degradation products.



Table S1: Elemental composition of various non-metal-doped GCN samples, as determined by 
XPS.

Sample C (at.%) N (at.%) O (at.%) F (at.%) B (at.%) S (at.%) P (at.%)

B-GCN 51.15 36.19 9.85 – 2.81 – – 

S-GCN 50.53 40.55 7.10 – – 1.82 – 

P-GCN 51.6 38.07 7.8 – – – 2.53

F-GCN 47.74 41.53 8.32 2.41 – – – 



Table S2: Textural properties of pristine GCN and its non-metal-doped variants.

Sample Specific surface area 
(m2 g-1)

Pore volume 
(cm3 g-1)

Average pore 
diameter (nm)

GCN 6.0 0.052 29.07
B-GCN 5.3 0.058 48.69
S-GCN 6.7 0.059 40.50
P-GCN 7.4 0.066 41.92
F-GCN 13 0.102 35.31



Table S3. Comparison of the antibiotic degradation performance of F-GCN with previously reported semiconductor-based photocatalytic 
systems. 

 Photocatalyst Antibiotic Conc.                  
(mg L–1)

Reaction time 
(min)

Degradation 
(%)

Degradation rate 
constant (min−1)

TOC removal 
(%)

Reference

MnWO4/g-C3N4 OFC 10 70 90.4 3.3 × 10–2 – 1
30%Gd2Ti2O7/SiO2 OFC 10 90 79.1 1.7 × 10–2 – 2
BiOCl/TiO2 OFC 200 10 70 2.6 × 10–1 80 in 2 h 3

MnFeCoNiCu NPs OFC 5 120 94 21 × 10–3
74 4

CdS/TiO2 OFC 10 180 86 8.9 × 10–3 48.5 in 270 min 5
2S–Bi2O3/MnO2 SMZ 5 240 86.1 7.3 × 10–3 59.5 6
ZnO/ZnIn2S4 SMZ 2.5 390 74.9 3.6 × 10–3 41.49 in 6.5 h 7
BCN/GA SMZ 5 120 93.7 1.7 × 10–2 – 8
2%P-g-C3N4 SMZ 10 180 70 – – 9
g-C3N4@PDA/BiOBr SMZ 2.5 60 71 – 60 in 180 min 10
F-GCN OFC, SMZ 10 90 98.9 5.8 × 10–2 82.3 This study
F-GCN SMZ 10 90 96.6 3.6× 10–2 78.5 This study

Text S1: 

It is evident from Table S2 that the degradation rate constants of F-GCN (5.8 × 10–2 min–1 for OFC and 3.6 × 10–2 min–1 for SMZ) are 

notably higher than those of most reported photocatalysts. Consequently, F-GCN achieves high efficiency within 90 min, whereas many 

other systems require longer times and achieve lower degradation. Beyond kinetics, F-GCN also excels in overall photocatalytic 

performance. Its mineralization efficiency reaches nearly 80%, surpassing most systems that primarily achieve only partial degradation 

(Table S2). In addition, F-GCN retains over 90% of its activity after three consecutive cycles, demonstrating excellent durability. Another 

important advantage is its stable performance across a wide pH range (pH 3–9), whereas several reported photocatalysts show sharp 

decreases in activity outside neutral conditions. Collectively, these features, including high degradation and mineralization efficiencies, 

reusability, and broad pH tolerance, underscore the practical applicability of F-GCN beyond simple numerical rate comparisons.



Table S4: Water quality parameters of the various real water matrices analysed according to 
APHA 23rd Ed.

Parameters Unit TW RW MWW HWW

pH _ 7.03 6.6 5.8 6.2

Turbidity NTU <1 <1 2.8 12.5

Total dissolved solid (TDS) mg L–1 186 173.8 386.2 434.6

Total suspended solid (TSS) mg L–1 < 5 3.2 9.8 44.8

Chemical oxygen demand (COD) mg L–1 < 4 20 80 30

Biological oxygen demand (BOD) mg L–1 < 2 6.6 22.6 13.7

Phosphate (PO4
3–) mg L–1 0.65 <0.05 1.9 7.6

Sulfate (SO4
2–) mg L–1 3.5 11.52 26.6 12.1

Nitrate (NO3
–) mg L–1 2.9 0.19 17.4 8.7

Chloride (Cl–) mg L–1 21.9 25.7 71.6 69.5

Carbonate (CO3
2-) as CaCO3 mg L–1 71.4 90.3 140.6 197.9



Table S5: Viable colony-forming units (CFU) per mL for OFC and SMZ before and after 
photocatalytic treatment with F-GCN, with deionized water as the control.

Pollutant CFU mL-1 (mean ± SD)

Control (83.7 ± 6) × 107

Untreated (6 ± 3.6) × 107

OFC

Treated (91.3 ± 5) × 107

Control (84 ± 7) × 107

Untreated (3.7 ± 2.1) × 107

SMZ

Treated (74.7 ± 7) × 107



Table S6: Germination percentage, root length, and shoot length of Vigna radiata seedlings 
treated with different water samples.

Sample Germination (%) Average shoot 
length (cm)

Average root 
length (cm)

Deionized water 74 ± 3.1 3.72 ± 0.21 2.54 ± 0.13

Untreated 27 ± 2.3 2.17 ± 0.09 0.87 ± 0.08

OFC

Treated 67 ± 2.8 4.18 ± 0.18 1.78 ± 0.1

Deionized water 80 ± 3.4 4.84 ± 0.15 1.87 ± 0.16

Untreated 34 ± 1.9 1.8 ± 0.10 0.43 ± 0.1

SMZ

Treated 74 ± 2.5 3.64 ± 0.20 1.44 ± 0.12
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