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Currently, there is a convention on performing photocatalytic reactions with graphitic
carbon nitride (g-C3N4) with visible light only, despite the efforts required to obtain acceptable
results on its applications. For example, for the sake of obtaining considerable H>O» photo-
production rates (ca. 2 mM h™!), sophisticated synthesis (e.g., applying several calcination steps
—with temperatures ca. 600°C— and adding dopants) and favourable operational conditions
(e.g., employing high concentrations of hole scavengers, use of intense Xe lamps, and O2
saturated atmospheres) are required. Although carbon nitrides with low polymerization degrees,
such as melam or melem oligomers, are reported to have higher photocatalytic activities than
g-C3Ny (Lau et al., 2015; Minella et al., 2021), the focus in literature is still placed in the latter.
The same applies to the irradiation source: despite the advantages of ultraviolet (UV) lamps
over visible ones (or sunlight, not always present), there is a lack of works applying them to
perform photocatalytic reactions with carbon nitride-based materials. These issues together
could be particularly relevant either for green H>O> production or emerging contaminants
degradation from water (Sciscenko et al., 2024). For these reasons, in this work, we have
compared the photocatalytic performance, under UVA and visible light irradiation, of carbon
nitrides prepared from melamine calcination at different temperatures, 350 — 650 °C, by means
of H>O» photo-production (with methanol 3 M as hole scavenger) and of photocatalytic phenol
oxidation 100 pM, respectively. The photocatalysts were characterised by electron
paramagnetic resonance (EPR), cyclic voltammetry, X-ray diffraction (XRD), elemental
analysis (C, N and H content), and spectroscopic methods (diffuse reflectance, fluorescence,
infrared and Raman). In order to correlate the huge amount of generated data (300 elements
total), Principal Component Analysis (PCA) was carried out, allowing us to gain further insights
into the obtained results and to elaborate rapid conclusions. Results demonstrated that the
compound obtained from melamine calcination at 425 °C (oligomeric melem) under UVA
irradiation led to an outstanding 2 mM h™! H,O» production rate in presence of 3 M of methanol,
as well as the fastest phenol 100 uM oxidation rates (keps = 4 x 102 min™'); higher
polymerisation temperatures (i.e., lower band gap energies, C:N = 3:4) resulted in lower
photocatalytic behaviours under UVA irradiation (see Figure 1). As shown in Figure 2, the PCA
indicated that the presence of melem oligomers in any material was detrimental to observe high
photocatalytic activities, being negligible in those with scarce polymerisation degree (melam
oligomer) or high one (melon / g-C3N4). Furthermore, photocatalytic activities under UVA light
were correlated with characteristic diffraction peak intensity of melem (e.g., 20 = 12.5°) and
anti-correlated with the analogous from melam (e.g., 26 = 14.2°) obtained from the XRD
analysis; analogous correlations were observed with Density of States (obtained from cyclic
voltammetry analysis) results. On the contrary, the photocatalytic activities obtained with
visible light were in line with optical properties (i.e., band gap energy), C:N ratio, and FT-IR
and Raman features. This allowed the conclusion that reducing the band gap energy (i.e.,
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increasing the polymerisation degree) is not useful towards developing materials for
photocatalytic applications employing UVA light, and that a trade-off can be reached by
preparing carbon nitride materials at lower temperatures (ca. 400 °C) and simply applying
irradiations in the 330 — 400 nm range, reducing costs. Therefore, taking advantage of UV lamps
and low-molecular weight carbon nitride materials, we believe that a change on the literature
focus should be done due to the here reported advantages of UVA/oligomeric melem system
over the visible light/g-C3N4 one.
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Figure 1. H,O> photo-production kinetics under UVA irradiation in the presence of CH30H 3 M (hole scavenger)
for oligomeric melam (350°C), oligomeric melem (425°C), melem-melon adduct (500°C), melon (575°C) and g-

C3N, (650°C).
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PC1: polymerisation degree
Cluster1 <> = Photocat. activity UVA, XRD, cyclic voltammetry.

Cluster2 <> Cluster 3 = Photocat. activity Vis., DRS, fluorescence, C:N:H, FTIR, Raman, EPR.

Figure 2. PC1 vs. PC2: a) score plot, and b) loadings plot. The 30 variables (indicated as P;, i = 1 — 30, including
results from photocatalytic performances and characterisation experiments of the synthesised materials) were
englobed within four clusters with the colouring code indicated in the figure.

Acknowledgements: Authors want to acknowledge projects AquaEnAgri (Reference: PID2021-1264000B-C31),
CH4.0 (CUP: D13C2200352001) and HERO4PFAS (MSCA, project 101146398).

References

Lau, V.W.H., Mesch, M.B., Duppel, V., Blum, V., Senker, J., Lotsch, B. V., J. Am. Chem. Soc., 137 (2015) 1064.

Minella, M., Sordello, F., Minero, C., 2021. Materials Science in Photocatalysis. Elsevier Inc. (2021) 449.

Sciscenko, 1., Actis, A., Salvadori, E., Arques, A., Minero, C., Sordello, F., Minella, M., J. Environ. Chem. Eng.
12 (2024) 114093.

v ORAL
o POSTER



