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S1. X-ray diffraction  

 

Figure S1. XRD pattern of the (1 0 0) peak for g-C3N4 and the α-Fe2O3/g-C3N4 hybrids 

as a function of the FeCl3 precursor concentration. The broadening of the peak width 
accompanied by a lower intensity with increasing Fe concentration indicates a more 
defective structure i.e., a smaller size of the intraplanar conjugated system. 

 

Crystallographic parameters and XRD of the (1 0 0) peak 

Table S1. Summary of the crystallographic parameters (lattice parameters, crystalline 
domain size and α-Fe2O3 content) of the reference and hybrid materials. 

Sample a (Å) c (Å) 
Crystalline 

domain size 
(nm) 

α-Fe2O3 β-FeOOH 

β-FeOOH 5.034 13.77 23.7 36.1 % 63.9 % 

α-Fe2O3 5.035 13.75 115.8 100 % - 

α-Fe2O3/g-C3N4 0.05 M 5.035 13.75 39.8 100 % - 

α-Fe2O3/g-C3N4 0.1 M 5.036 13.76 55.4 100 % - 

α-Fe2O3/g-C3N4 0.25 M 5.039 13.77 66.2 98% 2% 

α-Fe2O3/g-C3N4 0.5 M 5.037 13.77 53.0 55.3 % 44.7 % 

α-Fe2O3/g-C3N4 1 M 5.035 13.75 53.4 65.7 % 34.3 % 
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S2. UV-vis absorption spectroscopy 

The UV-Vis absorption spectra of the control materials are shown in Fig. S3a. The 

spectrum of the α-Fe2O3 nanoparticles shows two shoulders at 510 nm and 410 nm that 

correspond with the indirect Fe3+ d→d and the direct O2- p→ Fe3+ d transitions, 

respectively.1,2 Regarding the spectrum of g-C3N4, two clear signals corresponding with 

to π→ π* and the n→ π* transitions, located at 360 nm and 500 nm, respectively, are 

observed.3 The former is associated with the conjugated heterocyclic ring systems while 

the latter is a transition originated by lone pairs in solitary N atoms (amino groups) on the 

edge of the heptazine rings of carbon nitride. The presence of this n→ π* transition is an 

indication of a distorted heptazine structure that reveals the presence of individual N 

atoms on the edges of the stacked sheets, which is a deviation from the perfect heptazine 

structure.4  

Assessing the UV-Vis absorption of the nanohybrids (Fig. S3b), there is a clear distinct ion 

dependent on the presence of iron oxide phase. On the hybrids with pure α-Fe2O3 phase,  

only the π→ π* transition ascribed to g-C3N4 can be seen in all nanohybrids, indicat ing 

that the defects in the structure of g-C3N4 have probably been used as anchoring sites 

upon which the α-Fe2O3 nanoparticles are grown. However, the nanohybrids that contain 

a mixed α-Fe2O3/β-FeOOH phase showed a very different behaviour, highlighted in 

particular by the appearance of the prominent n→ π* transition. The presence of this 

transition and the defective g-C3N4 correlates well with the XRD results of these 

nanohybrids (Fig. 2b), revealing the disappearance of the (1 0 0) peak of carbon nitride.  

 

 

Figure S2. UV-vis absorption spectra of a) g-C3N4 and α-Fe2O3 nanoparticles, and b) the 
α-Fe2O3/g-C3N4 nanohybrid photocatalysts, indicating the assignment of the different 

transitions. 
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S3. XPS of Fe 2p core spectra 

The Fe 2p peak of the α-Fe2O3 NPs (Fig. S5a) and the α-Fe2O3/g-C3N4 0.25 M hybrid 

(Fig. S5b) provided further information on any possible change on the iron composition. 

In both cases, the peak was deconvoluted into six components, with two of them 

corresponding to the clear satellite signals. Notably, the contribution of the satellite 

signals diminishes for the hybrid in comparison with the α-Fe2O3 nanoparticles.5 The 

observed change of the chemical environment for the α-Fe2O3 nanoparticles suggest their 

effective integration with g-C3N4, in-line with the alterations in C 1s, N 1s and O1s spectra 

discussed in the main part of the article. 

 

Figure S3. XPS spectra and components of the Fe 2p peak of (a) α-Fe2O3 NPs and (b) α-
Fe2O3/g-C3N4 0.25 M hybrid. 
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S4. Cleavage and impregnation process of the g-C3N4 sheets 

The formation mechanism of the α-Fe2O3/g-C3N4 nanohybrid is depicted in Scheme 1. 

Here, the double role of the ultrasound-assisted impregnation step is highlighted since it 

simultaneously induces both the cleavage of the g-C3N4 sheets and the formation of very 

stable Fe-N and C-O/C-N bonds. As a result, the number of catalytically available sites 

is enhanced while prompting the formation of iron oxide anchoring points on g-C3N4. 

The subsequent mild microwave treatment converts the anchored Fe-species into α-Fe2O3 

nanoparticles that are well-integrated onto the g-C3N4
 sheets, as indicated in Scheme 1 in 

the main text of the manuscript. The size and phase of these nanoparticles can be directly 

modulated by controlling the FeCl3 concentration during the impregnation as well as with 

the duration of the microwave treatment. 

 

 

Figure S4. Schematic representation of the g-C3N4 cleavage and impregnation process 

during the ultrasound treatment. 
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S5. High-resolution FESEM 

 

Figure S5. High resolution field emission scanning electron micrographs of (a) α-Fe2O3 
nanoparticles, (b) surface of a g-C3N4 sheet and α-Fe2O3/g-C3N4 nanohybrid 
photocatalysts prepared with different concentrations of FeCl3 (c) 0.05 M, (d) 0.1 M, (e) 

0.25 M, and (f) 1 M. Tuning the concentration of FeCl3 during the ultrasound probe 
impregnation clearly provides control over the size of the α-Fe2O3 nanoparticles grown 

onto the surface of g-C3N4, which is corroborated by the results detailed in Figure 3 in 
the main manuscript. 
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S6. Additional photocatalytic MB degradation results 

The MB degradation in absence of either H2O2 or UV light was studied for α-Fe2O3, g-

C3N4 and the 0.25 M nanohybrid. α-Fe2O3 nanoparticles demonstrate negligible MB 

degradation in the absence of both UV light or co-oxidant. Conversely, g-C3N4 exhibits 

inherent photocatalytic activity facilitating a significant degradation of MB (40% 

reduction after 90 minutes) without H2O2. However, the addition of H2O2 alone, without 

UV illumination yields negligible degradation over the entire 90-minute period. The α-

Fe2O3/g-C3N4 0.25 M hybrid photocatalyst exhibits an intermediate behavior. A slight 

degradation of MB is observed in the absence of co-oxidant, while H2O2 alone does not 

lead to a significant dye degradation. These findings highlight the need of having both 

components simultaneously to achieve an efficient and quick dye degradation. 

 

Figure S6. Study of the degradation of MB in absence of either UV light or H2O2 as co-

oxidant. 
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Figure S7 shows the degradation of MB while employing either UV light (in black) or 

white light (in red). As it can be observed, the degradation rate is much faster under UV 

illumination, ascribed to the enhanced photogeneration of charge carriers prompted by 

the presence of H2O2 and α-Fe2O3 via the photo-Fenton process. Under white light 

illumination, this photo-Fenton effect does not take place and, as such, the degradation 

rate is significantly reduced. Since the illumination power density for both employed 

lamps was the same, degradation based on a photolysis effect due to the power density of 

the illumination can be discarded. 

 

Figure S7. Degradation of MB with the α-Fe2O3/g-C3N4 0.25 M hybrid using different 
illumination sources, either UV or white light. 

 

 

 

 

 

 

 

 

 

 

 



S10 
 

Figure S8 shows the degradation of MB while employing decreasing amounts of the α-

Fe2O3/g-C3N4 0.25 M nanohybrid photocatalyst, from the original 0.5 mg mL-1 down to 

0.33 mg mL-1 d and 0.17 mg mL-1. As expected, the degradation rate decreased with 

decreasing concentration of the photocatalyst. Nonetheless, the degradation rate with a 

0.33 mg mL-1 concentration is still faster than any of the other photocatalysts studied. 

This highlights the outstanding performance of the α-Fe2O3/g-C3N4 0.25 M nanohybrid 

since, even after reducing its concentration by one third, it degrades the contaminant at a 

faster pace than any of the other photocatalysts studied. 

 

 

Figure S8. Degradation of MB with the α-Fe2O3/g-C3N4 0.25 M hybrid using different 
concentrations of the photocatalyst. 
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Figure S9 shows the degradation of methylene blue, rhodamine B (RhB) and methyl red 

(MR) employing the α-Fe2O3/g-C3N4 0.25 M nanohybrid photocatalyst. Asit can be 

observed, the two other dyes, RhB and MR, are degraded significantly. The former is 

completely eliminated, reaching a value very similar to that of MB (close to 100% 

removal), while MR shows a slower degradation, leaving 35% of the initial concentration. 

This result highlights the applicability of the as-prepared nanohybrid photocatalyst in the 

elimination of a variety of organic pollutants. 

 

 

Figure S9. Degradation of MB, RhB and MR with the α-Fe2O3/g-C3N4 0.25 M 
nanohybrid photocatalyst. 
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The XRD pattern of the α-Fe2O3/g-C3N4 0.25 M photocatalyst before and after the 

recycling experiment shows minimal differences (Fig. S10). The predominance of g-C3N4 

is maintained and the hematite signals still represent the majority of the other components. 

In addition, the small peaks that point towards the presence of residual akageneite can 

still be seen. All in all, the nanohybrid photocatalyst is completely stable not only from 

the catalytic point of view, but also from a structural point of view. 

 

Figure S10. XRD analysis of the α-Fe2O3/g-C3N4 0.25 M nanohybrid before and after the 

recycling experiment shown in Fig. 4c. 



S13 
 

Example of a typical MB degradation experiment followed by UV-vis spectroscopy. 

 

Figure S11. UV-vis spectroscopy curves showing the degradation over time of MB. In 

this figure, ti indicates intervals of 15 minutes. 
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S7. Comparative table 

Table S2 shows a comparison of a variety of material systems and heterojunctions (mostly g-C3N4-Fe2O3
 or related materials) and their applicability 

in the photodegradation of organic pollutants (dyes in most of the examples here included). The preparation method of each photocatalyst is 

presented, whereby it can be seen that a majority of the works require the use of high-temperature conventional thermal treatments to obtain a 

successful photocatalytic system. In comparison with the works prsented here, our α-Fe2O3/g-C3N4 nanohybrid photocatalyst yields an extremely 

fast and complete photodegradation of the dye using low photocatalyst concentration and a mild power density of the illumination, especially in 

comparison with the systems that use white light (λ > 400 nm).  

Table S2. Comparison of the photocatalytic activity and degradation time employing different material systems, prepartion pathways and 
experimental conditions (pollutnat/photocatalyst concentration, illumination). 

Photocatalyst Preparation 
Pollutant 

(concentration) 
Catalyst (g L-1) Light source 

Time 

(min) 

Removal 

(%) 
Reference 

Fe2O3-xSx/S@g-

C3N4 

Mixture and 
thermal treatment 

of precursors 

MB (8 mg L-1) 0.7 
300 W halogen 
lamp (λ > 400 

nm) 

150 82 6 

α-Fe2O3/CdS/g-
C3N4 

Ultrasonic mixing 
of as-prepared 

materials 

MB (10 mg L-1) 1 
1000 W xenon 

lamp 

(λ > 300 nm) 

120 100 7 

α-Fe2O3-g-C3N4 
(FOCN) 

Mixture g-C3N4 
and α-Fe2O3 

powders 

Direct red 81 (50 
mg L-1) 

1 
100 W tungsten 
- halogen lamp 

(λ > 400 nm) 

120 75 8 

Fe(0.5%)–CN 

Thermal treatment 
of Fe(NO3)3·9H2O 

impregnated 

melamine 

RhB (10 mg L-1) 0.25 

250 W high-
pressure 

sodium lamp (λ 

> 400 nm) 

120 100 9 

5 wt% FCG (α-
Fe2O3-CdS-g-

C3N4) 

Solid state mixing 
and high 

temperature 
thermal treatment 

MB/RhB (10 mg 

L-1) 
1 

500 W tungsten 
- halogen lamp 

(λ > 400 nm) 

50/25  100 10 
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Fe2O3/g-C3N4 
(1.0%) 

Microwave 
assisted integration 

of α-Fe2O3 and g-
C3N4 dispersed 

powders  

MB (30 mg L-1) 1 

50 W LED 

lamp (λ > 400 
nm) 

90 70 11 

Fe2O3/EuVO4/g-
C3N4 

Sonochemical 
assisted 

RhB (5 mg L-1) 0.5 
400 W mercury 
lamp (λ > 400 

nm) 

120 77 12 

α-Fe2O3-g-C3N4 

Mixture g-C3N4 
and α-Fe2O3 
powders and 

thermal treatment 

Diazinon (100 mg 
L-1) 

0.4 
UV Lamp (λ > 

300 nm) 
60 100 13 

Bi@CNT-α-
Fe2O3 

Sonication mixture 
and laser 

irradiation 

MB (20 mg L-1) 0.2 
8 W UV lamp  
(λ = 365 nm) 

20 100 14 

Fe3O4/GO 
Sonication and 
hydrothermal 

synthesis 

MB (40 mg L-1) 2.5 
100 W mercury 
lamp (λ = 365 

nm) 

80 100 15 

Fe3O4–GO-C3N4 

Microwave 
assisted synthesis 

followed by liquid-

phase decoration 

MB (10 mg L-1) 1 
Six 15 W UV 

lamps (λ = 365 

nm) 

30 100 16 

α-Fe2O3-g-C3N4 
Hydrothermal 
reaction and 

calcination 

Phenol (50 mg L-

1) 
0.1 

350 W Xenon 
lamp 

70 90 17 

α-Fe2O3/g-C3N4 

nanohybrid 

Ultrasound 

impregnation and 

short microwave 

treatment 

 MB/RhB (15 mg 

L-1) 
0.5 

8 W UV lamp  

(λ = 365 nm) 
60 100% 

This 

work 
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