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S1.  Different aspects regarding ex situ and in situ materials synthesis methods 

As g-C3N4 powder synthesis is well studied, in case of the ex situ method, we selected 

an optimised 4 hour annealing time based on the extensive literature available on the syn-

thesis of g-C3N4 from melamine [1–4]. However, in the in situ case, given the known low 

yields of melamine conversion to g-C3N4 and small masses involved on FeOx, we did not 

observe g-C3N4 film formation in the 4h duration of annealing. Therefore, in the in situ 

method, g-C3N4 film formation was optimised for 1h and 2h duration on the bare glass 

slide, i.e., without FeOx. During the optimisation in the 1h case, we obtained a more uni-

form film. For the 2h case, very little g-C3N4 with an uneven film formation was observed. 

This is possibly due to the higher evaporation of melamine from the glass slide through-

out the longer duration of annealing, especially in the case of the in situ method where a 

small amount of melamine in suspension (approximately 20 drops of 100 mg/mL concen-

trated suspension with ethanol) was dispersed in a large area (glass slide 7.5 × 2.5 cm) in 

comparison to the ex situ case (where a bulk amount of melamine powder, i.e., 10g, was 

directly annealed in a porcelain crucible). 

S2. Light source for Photocatalysis Experiments 

The following spectra were acquired using a portable mini spectrometer, model Ha-

mamatsu C10082CA series, sensor S10420-1106N-01. 

 



Figure S1. Measured and normalized spectrum of visible light lamps (75W each) employed in this 

work (Osram HALOPAR 30, 75W, 30° aperture angle, luminous flux of 350 lumens). 

S3. Characterization of Materials—g-C3N4 bulk 

 

Figure S2. Absorption spectrum of melamine used as precursor to g-C3N4 synthesis. 

The optical absorption spectrum of melamine as a function of wavelength is reported 

in Fig. S2, while the morphology and composition of the synthesized powders were in-

vestigated using the SEM technique, and results are reported in Fig. S3. Nanoparticles of 

sizes of hundreds of nanometres with compact structures are visible, possibly generated 

by the coalescence and rearrangement of the nanostructures. The corresponding EDXS 

spectra show the presence of only C and N. 

 



Figure S3. SEM image of g-C3N4 powder synthesized at 550 °C 4h and its corresponding EDXS spec-

tra. 

Fig. S4 presents FTIR characterization. In the conversion of melamine to g-C3N4 [5], 

the peaks at 3472, 3417, and 3325 cm−1, attributed to the stretching and deformation modes 

of –NH2 groups,  gradually decreased when the temperature increases gave rise to peaks 

at 3250, 3150, and 3080 cm−1, indicating deamination. Meanwhile, the peaks at 875 and 804 

cm−1, which correspond to the stretching modes of the triazine ring, remain. Signals also 

appear in the 1200–1700 cm−1 region, which are related to the typical stretching modes of 

C=N and C–N hetero-cycles. 

 

Figure S4. FTIR spectra of the melamine and g-C3N4 synthesized at 550 °C for 4h. 

Micro-Raman analysis was used to investigate the conversion from melamine pre-

cursor to g-C3N4 at 550 °C for 4h. The results of the analysis are presented in Fig. S5. The 

Raman spectrum of melamine contains characteristic peaks at 155, 378, 581, 674, and 982 

cm-1, whereas g-C3N4 is identified by the peaks at 211, 359, 471, 588, 706, 768, 984, 1117, 

1151, 1232, and 1312 cm-1, respectively. Moreover, there are two less intense peaks at ap-

proximately 1360 cm−1 (D band) and 1580 cm−1 (G band) indicating the disordered sp2 and 

graphite-like sp2 microdomains, which confirm the formation of C–N [6,7]. Peaks assign-

ments are found in Table S1. 



 

Figure S5. Raman spectra of melamine and g-C3N4 synthesized at 550 °C 4h. 

X-rays analysis was performed to study the crystallinity of the obtained g-C3N4 pow-

der (Fig. S6). The XRD pattern obtained confirms the formation of the graphitic-like phase 

of C3N4 lattice system. Indeed, the diffraction peak at 27.5° corresponds to typical (002) 

interlayer stacking of aromatic units in the heptazine chains and interplanar separation 

(JCPDS No. 87-1526). 

 

Figure S6. GIXRD pattern of the synthesized g-C3N4 powder at 550 °C. 



The absorption spectra and Tauc plot of the synthesized g-C3N4 powder is presented 

in Fig. S7. An increase in UV absorbance is observed in the range 400–500nm, with a max-

imum at 400 nm and towards the UV region. Tauc plots show the direct bandgap, 2.92 eV, 

of the synthesized g-C3N4. 

 

Figure S7. UV–Vis absorption spectra and Tauc plot of the g-C3N4 synthesized at 550 °C for 4h. 

S4. Characterization of Materials—FeOx and Composites 

 

Figure S8. EDXS spectrum of the surface of the FeOx urchin-like structures used as a support in the 

composite with g-C3N4. 



 

 

 

 

 

Figure S9. EDXS spectra from four different regions of the (FeOx/g-C3N4)in composite thin films. 



 

 

 

Figure S10. EDXS spectra from two different regions of the (FeOx/g-C3N4)ex composite thin films. 

 

Figure S11. (FeOx/g-C3N4)in TEM image and corresponding larger area SAED pattern. 



 

 

Figure S12. XPS spectra of (a) Fe 2p (top left) and specifically Fe 2p3/2 (top right) and (b) O1s core 

levels without the curve fitting of the iron urchin and its composites with g-C3N4. 

S5. Supporting Information Regarding Photocatalytic Tests 

The g-C3N4 dispersed powder (4h) (0.5g/L) and g-C3N4 (4h) coating material with a 

mass of 5mg for use as films were first studied. In a typical experiment, each photocatalyst 

was suspended or immersed in an aqueous solution (50 mL) containing CIP (C0=10 ppm). 

Results are reported in Fig. S13. It is observed that after the period in the dark, nearly 40% 

of the CIP was adsorbed on the surface of the g-C3N4 powder. However, subsequent visi-

ble irradiation led to negligible decrease (less than 5%) in starting CIP. Concerning the 

coating, it exhibited low adsorption of CIP (around 4%) and an overall removal of 8%. 



 

Figure S13. Removal yields of the CIP disappearance upon the irradiation of g-C3N4 4h in powder 

(black) and in the film (blue) in aqueous solutions containing CIP (C0 = 10 ppm). 

The (FeOx/g-C3N4)ex thin films led to poor (only 5%) CIP disappearance after 180 min 

of irradiation.  

 

Figure S14. Removal yields of the CIP disappearance upon the irradiation of (FeOx/g-C3N4)ex thin 

films immersed in aqueous solutions containing CIP (C0 = 10 ppm). 

. 



 

Figure S15. Control experiments: aerated aqueous solution of CIP (10 ppm) maintained at 50°C in 

the dark (red) or visible irradiated (blue) in the absence of any photocatalyst. 

S6. Raman Peak Assignments 

Table S1. The modes of every peak identified in the Raman measurements. The peak identifications 

are based on the literature [8–11]. 

Melamine Description of Vibration Mode 

155  Unassigned 

378 Quadrant out-of-plane bending E’ 

581 Ring bending A1 

674 Quadrant in-plane bend, ring E’ 

982 N radial, in-phase A1’ 

Bulk g-C3N4 and 

(FeOx/g-C3N4)ex 

Description of Vibration Mode 

211  Unassigned 

359  Unassigned 

471 Ring stretching E’ 

588 Ring bending A1 

706 Heptazine ring breathing modes A1’ 

768  A1’ 

984 N radial, in-phase A1’ 

1117 C radial, in-phase A1’ 

1151 Semi-circle stretching, NH2 rocking E’ 



1232 Typical stretching vibration modes of C=N 

and C–N heterocycles. 

E’ 

1312 Semi-circle stretching E’ 

 FeOx Mode 

 226 A1g 

 245 Eg 

 292 Eg 

 410 Eg 

 500 A1g 

 613 Eg 

 822 B2O3 on 

surface 

 1313 2LO phonon–

phonon 

(FeOx/g-C3N4)in Description of Vibration Mode 

170  Unassigned 

298 Iron Eg 

521 Iron and C3N4 A1g / A1 

749 Heptazine ring breathing modes A1’ 

810 Boron and C3N4 A1’ 

999 N radial, in-phase A1’ 

1156 Semi-circle stretching, NH2 rocking E’ 

1266 Typical stretching vibration modes of C=N 

and C–N heterocycles. 

E’ 

1346 Semi-circle stretching E’ 

1386 Iron 2LO 

S7. UV–visible spectra from the photocatalysis experiments. 



 

Figure S16. UV–visible spectra from obtained from the photocatalysis and photo- 

Fenton experiments. 
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