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Characterization techniques 

The crystal structures of the obtained samples were analyzed using X-ray diffraction (XRD, 

Xpert Pro equipped with Cu Kα radiation). The morphological structures were examined using 

Field emission scanning microscopy (FESEM) (FE-SEM HITACHI S-4800 and transmission 

electron microscopy (HRTEM) (Titan G2 ChemiSTEM Cs probe). The chemical bonding 

information was studied using by X-ray Photoelectron Spectroscopy (XPS Thermo scientific K-α 

surface analysis). The optical properties of the as-prepared samples were measured by UV-vis 

Spectrometer (VARIAN 5000). The photoluminescence spectra were measured using (PL, 

LabRAM HR Evolution) and carrier life-time studies were investigated using time-resolved 

photoluminescence spectra (TRPL, using a fluorescence spectrometer (FL3, Horiba)). The 

reactive oxygen species were examined using an electron spin resonance spectrometer (ESR, 

Bruker, EMX plus-9.5/2.7). The photodegradation reaction pathways are explored by (LC-MS, 

High-resolution Liquid Chromatography Mass Spectroscopy, Thermofisher (Q Exactive 

vanquish)). 

Ecotoxicological Assessment

All C. elegans strains employed for this study were obtained from the Caenorhabditis 

Genetics Center (CGC, University of Minnesota, MN). Worms were preserved on nematode 

growth media (NGM) agar plates and age synchronized based standardized procedures [1, 2] [3]. 

Further, the in vivo toxicity assay was executed as previously described [4] [5]. In detail, age-

synchronized young adult worms (20-30 individuals/replicate) were transferred to microtiter 

plates carrying 1 mL of test solution containing degraded Tetracycline (DT) or non-degraded 

Tetracycline (N-DT) and heat-killed of E. coli strain OP50 (6 mg/mL). After 24 h of continuous 
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exposure, the worms were recorded for various assays. For acute toxicity assessment, the control 

and treated worms were examined for inactivity under a stereo zoom microscope. The worms 

were considered dead when they lost their intact body structures and pharyngeal pumping. In 

order to measure the reproductive rate, the worms were individually transferred to fresh NGM 

plates each day during their reproductive phase, and the eggs laid by each worm were allowed to 

develop and counted at the L4 stage. The body length (development) of the worms from the 

control and treated groups was measured using Optika IS view image processing software by 

measuring the flat surface area as described. The rhythmic contraction and relaxation of the 

pharynx (pharyngeal pumping) of worms were measured to assess the effect of degraded or non-

degraded Tetracycline on the metabolic rate of C. elegans. The locomotion behavior of worms 

was measured by monitoring body bends. After appropriate treatment, the worms were 

transferred to new NGM plates and allowed to crawl freely for 5 min. Afterwards, the worms 

were individually shifted onto microscopic slides containing 1 mL of M9 buffer, and the 

reciprocating motion of bending at the mid-body of C. elegans was considered a body bend. The 

intracellular ROS levels in worms were measured using a fluorescent probe 2',7'-

dichlorodihydrofluorescein diacetate (H2DCF-DA). At indicated time points, control and treated 

worms were exposed to 50 µM of H2DCF-DA for 30 mins at 20°C in the dark. Subsequently, the 

worms were washed thrice with M9 buffer, immobilized with 25 mM sodium azide, and 

mounted on 3% agar-padded microscopic slides. Photomicrographs were captured using an 

upright fluorescence microscope (CX43, Olympus, Japan), and ROS levels were measured by 

quantifying the intensity of DCF signals with ImageJ freeware (NIH, Bethesda, MD). To 

examine the effect of degraded and non-degraded Tetracycline on the expression of stress-

responsive genes (sod-3, gst-4, and ctl-1,2,3) in C. elegans, transcriptional reporter strains viz., 
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CF1553 (sod-3::GFP), CL2166 (gst-4::GFP), and GA800 (ctl-1,2,3::GFP) were used. The 

worms (~20 worms/experiment) were exposed to degraded or non-degraded Tetracycline and 

imaged using a fluorescence microscope as described above. Finally, the GFP signal was 

quantified using ImageJ. All experiments were performed at least three times with appropriate 

replicates under similar conditions, and the obtained datas were analyzed using one-way analysis 

of variance (ANOVA) followed by Bonferroni’s post hoc test. The level of p<0.05 was 

considered significant.
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Fig. S1. XPS survey scan spectrum of gC3N4, WC, and GW3 catalysts.

Fig. S2. The Tauc plot of the different photocatalysts.
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Fig. S3. Valance band spectra of g-C3N4 photocatalyst.
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Fig. S4. Mott-Schottky plot of g-C3N4.
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Fig. S5. FESEM images of (a), GW1, (b) GW2 and (c) GW4.

Fig. S6. UV-Visible spectra of different photocatalysts.
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Fig. S7. XRD pattern of fresh and after stability GW3 catalyst.

Fig. S8. FESEM image of GW3 (after stability).
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Fig. S9. XPS survey spectra of GW3 and GW3 (after stability), High-resolution W 4f (b), C 1s, 

and (d) N 1s spectra of GW3 (after stability).
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Fig. S10. Trapping experiment using different scavengers for GW3 photocatalysts.
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Table S1. Summary of previously reported gCN based heterostructure towards photodegradation 

of antibiotics

Catalysts Pollutant Light source Degradation 

efficiency (%)

Total time 

(min)

Ref

K,P co- doped 

gCN/CoFe2O4

Tetracycline 500 W halogen 

lamp

85 60 [6]

α‑MnO2/HT‑gC

N

Ciprofloxacin 300 W Xenon 

lamp

89.2 90 [7]

BiOI/BiVO4/g-

C3N4

Levofloxacin 65 W energy 

saving lamp

89.01 120 [8]

Bi2WO6/Fe3O4/g

-C3N4

Levofloxacin 150 W LED 

light

84.5 50 [9]

La-ZnO/gCN Tetracycline 1000 W 

halogen lamp

84 80 [10]

CZ@T-GCN Amoxicillin 300 W Xenon 

lamp

84 120 [11]

ZnCr2O4/g-C3N4 Ciprofloxacin Halogen lamp 74.36 120 [12]

3D 

gCN/hydrogel

Tetracycline 250 W 

mercury lamp

86 40 [13]

Ni-doped α-

Fe2O3/g-C3N4

Ciprofloxacin Solar light 

(∼660 Wm-2)

82 120 [14]
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gCN/Ti3C2 

MXene

Cefixime 45 W 

fluorescence 

lamp

64.69 105 [15]

ZnCo2O4/g-C3N4 Ciprofloxacin Halogen lamp 80 120 [16]

50-Zn/gCN Cefazolin 300 W solar 

lamp

78 120 [17]

Bi5O7I/gCN/bioc

har

Doxycycline 500 W halogen 

lamp

90.21 90 [18]

Pr2Sn2O7/P@g-

C3N4/SnS2

Tetracycline 50 W halogen 

lamp

89.48 60 [19]

Ag/g-C3N4 Ciprofloxacin 5 W visible 

light

84 120 [20]

Ag/gC3N4/ZnO Cefalexin & 

Amoxicillin

300 W solar 

lamp

71.74 & 41.36 180 [21]

WO3/gCN/MWC

NT

Tetracycline 500 W halogen 

lamp

79.54 120 [22]

g-C3N4 @WC Tetracycline 250 W xenon 
arc lamp

92.73 120 This 

work
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