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In the recent decades, carbon nitrides have shown great promise as semiconductor materials in a variety of 

applications, from solar fuels production, bio-imaging, sensing, light-emitting diodes to solar cells. Their 

structural, electronic, and optical properties, along with their low price, environment-friendly nature, and high 

chemical serve as great advantages. [1] Recently, phenyl-modified carbon nitride (PhCN) has evolved as an 

advanced carbon nitride material analog, with a higher visible-light absorption and warm LED applications.[2], 

[3] This modified carbon nitride exhibits remarkable optical properties arising from extended  conjugation due 

to the presence of phenyl groups. Its easy synthesis, with only one precursor- 2,4-diamino-6-phenyl-1,3,5-

triazine (DPT) through thermal polymerization process at around 400 °C, poses additional advantage for 

scalability.[4], [5] The low polymerization temperature results in low defect density and high 

photoluminescence and a quantum yield (PLQY) (above 40%). PhCN has been widely used for lighting and 

bioimaging applications, and photocatalysis under visible-light irradiation.[6] It has been reported that the 

conjugation degree of the PhCN polymer influences its main optical properties. A study of the intermediates 

formed while preparing PhCN showed the correlation between the structure and optical properties.[7] 

 

Doping is a well-established method in semiconductor science to modify and enhance material properties. In 

the case of carbon nitrides, elemental doping is widely explored to overcome limitations such as low visible- 

light absorption and rapid electron-hole recombination.[8] Non-metal doping introduces defect sites and 

modifies the band structure, which can lead to improved visible-light absorption and more efficient charge 

carrier separation without significantly affecting the stability of the carbon nitride framework. [9]This metal-

free approach is particularly attractive for sustainability goals as they do not possess reactive sites like metal 

atoms, would not lead to eutrophication and have higher stability when compared to metal-doped counterparts. 

Many reports have arose stating the benefit of Boron incorporation in g-C3N4 matrix utilizing it for all sorts of 

g-C3N4 applications like- CO2 reduction, organic pollutant degradation, water splitting, photoluminescence, 

electroluminescence, H2O2 synthesis, pharmaceutical degradation and more.[8], [9], [10], [11], [12] 

 

Herein, we dope Boron atoms into the phenyl-triazine matrix of the PhCN precursor– 2,4-diamino-6-phenyl-

1,3,5-triazine (DPT)  through thermal copolymerization with boric acid (BA) to obtain a boron-doped phenyl-

modified carbon nitride (BPhCN) structure. A detailed synthetic study was conducted by investigating the 

intermediates formed at different temperatures and treatment times. This thermal and kinetic evolution of the 

polymerization mechanism of BPhCN was studied through X-ray diffraction (XRD), Fourier transform infrared 

(FTIR) spectroscopy, X-ray photoelectron (XPS) spectroscopy and Photoluminescence (PL) mapping and 

compared to that of PhCN. Figure 1depicts the difference in the thermal evolution of the two different polymers- 

BPhCN and PhCN under same conditions.  

 

The detailed investigation shows that the introduction of B atoms in high amounts slows down the process of 

formation of heptazine rings at a lower temperature, increases the crystallinity of the material and introduces 

multiple defect-states. The same ratio of B:CN showed a tuneable optical emission dependent on the treatment 

duration, where a sharp blue emission was observed by the highly crystalline dimer phase and a broad red-edge 

effect was observed for the semi-crystalline graphitic phase. The results show a promising future for BPhCN 

materials in LED, bio-imaging and sensor applications. 
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Figure 1 – Thermal evolution of the polymer a) BPhCN compared to b)PhCN. 

 

REFERENCES 

[1] Ghourichay S.A. and Ricci P.C., (2026) “Advances in carbon based nanomaterials for photocatalytic environmental 

remediation and solar fuel production”. Discov. Mater. 10.1007/s43939-026-00707-2 

[2] Dettori R, Ghourichay S.A, Porcu S., Melis C., Colombo L., Ricci P.C., (2025) “Sustainable Photocatalysis with 

Phenyl-Modified g-C3N4/TiO2 Polymer Hybrids: A Combined Computational and Experimental Investigation”. 

Polymers (Basel)., vol. 17, no. 10, p. 133. doi: 10.3390/polym17101331 

[3] Bagchi S. et al., (2026) “Phenyl-modified carbon nitride nanosheets: Enhanced photocatalytic activity via 

sonication-assisted exfoliation”. Journal of Physics and Chemistry of Solids, vol. 210, p. 113361. 

10.1016/j.jpcs.2025.113361 

[4] Porcu S. et al., (2023) “Visible Light-Mediated Inactivation of H1N1 Virus UsingPolymer-Based Heterojunction 

Photocatalyst”. Polymers (Basel)., vol. 15, no. 11, p. 2536. 10.3390/polym15112536 

[5] Hazra M. et al., (2025) “2D-2D PhCN/WS2 exfoliated nanosheets for visible-light hydrogen production: A 

platinum-free Co-catalyst approach”. Carbon N. Y., vol. 244, p. 120678. 10.1016/j.carbon.2025.120678 

[6] Hazra M. et al., (2025) “Elucidation of a Core–Shell Structure in Phenyl-Grafted Carbon Nitride/TiO 2 

Nanohybrids for Visible-Light-Mediated H 2 Production with Simultaneous Rhodamine B Degradation”. ACS 

Appl. Nano Mater., vol. 8, no. 4, pp. 1683–1699. 10.1021/acsanm.4c05592 

[7] Porcu S. et al., (2020) “Come to light: Detailed analysis of thermally treated Phenyl modified Carbon Nitride 

Polymorphs for bright phosphors in lighting applications”. Appl. Surf. Sci., vol. 504, p. 144330. 

10.1016/j.apsusc.2019.144330 

[8] Wang X., Liu B., Xiao X., Wang S., Huang W., (2021) “Boron dopant simultaneously achieving nanostructure 

control and electronic structure tuning of graphitic carbon nitride with enhanced photocatalytic activity”. J. Mater. 

Chem. C Mater., vol. 9, no. 41, pp. 14876–14884. 10.1039/D1TC04142H 

[9] Chu Y., Zheng X., Fan J., (2022) “Preparation of sodium and boron co-doped graphitic carbon nitride for the 

enhanced production of H2O2 via two-electron oxygen reduction and the degradation of 2,4-DCP via 

photocatalytic oxidation coupled with Fenton oxidation”. Chemical Engineering Journal, vol. 431, p. 134020. 

10.1016/j.cej.2021.134020 

[10] Mishra B.P., Babu P., Parida K., (2021) “Phosphorous, boron and sulfur doped g-C3N4 nanosheet: Synthesis, 

characterization, and comparative study towards photocatalytic hydrogen generation”. Mater. Today Proc., vol. 

35, pp. 258–262. 10.1016/j.matpr.2020.05.567 

[11] Warshagha M. Z. A., Muneer M., (2021) “Visible light active Boron doped phenyl-g-C3N4 nanocomposites for 

decomposition of Dyes”. Surfaces and Interfaces, vol. 26, p. 101394. 10.1016/j.surfin.2021.101394 

[12] Arumugam M., Tahir M., Praserthdam P., (2022) “Effect of nonmetals (B, O, P, and S) doped with porous g-C3N4 

for improved electron transfer towards photocatalytic CO2 reduction with water into CH4”. Chemosphere, vol. 

286, p. 131765. 10.1016/j.chemosphere.2021.131765 

  

10.1007/s43939-026-00707-2
10.3390/polym17101331
10.1016/j.jpcs.2025.113361
10.3390/polym15112536
10.1016/j.carbon.2025.120678
10.1021/acsanm.4c05592
10.1016/j.apsusc.2019.144330
10.1039/D1TC04142H
10.1016/j.cej.2021.134020
10.1016/j.matpr.2020.05.567
10.1016/j.surfin.2021.101394
10.1016/j.chemosphere.2021.131765

