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reactions. However, its practical gCN_ID modified g-C;N, systems,
photocatalytic performance is hindered Chemical structure of g-CN and substituent organic rings. _ECH:E-? particularly gCN-BT and gCN-

——gCN_BTz ID, correlating with narrowed

by low surface area high charge | .
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recombination rates, and limited visible light utilization. To address these issues, structural _ _ .
modifications—particularly the introduction of intramolecular donor-acceptor (D-A) N ﬁgﬁ{]s W:SSO?SQ::CM t:}':g&;
structures via elemental doping—have shown promise. Precursors such as BF, BFz, ID, 175 T oos | o75  3on 350 450 550  eso | 750 | reinforcing their faotential s
IDz, and BTz serve as electron donors, enabling electron transfer to the g-CN framework Wavelength (nm) Wavelength (nm) @cient photocatalysts. /
upon excitation and facilitating D-A structure formation. These modifications are
anticipated to improve charge separation and transport, thereby enhancing photocatalytic
efficiency. This study investigates the potential of D—-A modified g-CN using a theoretical
framework to optimize its photocatalytic performance.
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Electronic structure and excited-state properties were computed using density functional L& /‘,ffé,»
theory (DFT) and time-dependent DFT (TD-DFT). The hybrid B3LYP functional with J X ’jf Mv.&»
the 6-31g(d) basis set was employed to balance accuracy and computational efficiency AR ZJ;:'V ;J‘Q '?
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for geometry optimization, energy calculation, and spectral analyses. Ground-state
calculations (DFT) probed thermodynamic stability, HOMO-LUMO gaps, and dipole
moments, while TD-DFT modeled UV-vis absorption spectra. Gaussian 16 executed all
gquantum calculations, and Multiwfn analyzed wavefunctions for density of states (DOS).
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a0 I I l I 2000 L2 a . I I I In pristine graphitic carbon nitride (gCN), the symmetric heptazine framework exhibits
' 0, BT BTs S j & P @-‘\ 0 negligible charge polarization. However, upon functionalization with substituents such as BF,

7 d BF BF ID ID BT BT : . : :
e & ¢ C"“’ ‘ ‘ ‘ BFz, ID, IDz, BT, and BTz, a pronounced redistribution of electron density occurs. In these
> % @
- 8 _ 600 ©)] = 3.75 m systems, the ground state electron density becomes predominantly localized on the grafted
- - . ; ; 0n o
%‘7_ 55?5 = 150 (donor) sites, whereas upon excitation, electrons are transferred to the carbon nitride
S & é'-;n _ framework, which serves as an electron acceptor. This obvious charge separation
E 6 2 o = 3.25 - establishes an intrinsic electric field directed from the donor grafts to the acceptor carbon
: . ' E 2 nitride matrix, thereby potentially augmenting photocatalytic performance.
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The figures (a-h) reveal that grafting agents (BF, BFz, ID, 1Dz, BT, BTz) induce substantial 20 15 -10 5 0 5 20 15 10 -5 0 5 Energy (eV)
modifications in g-Cs;N, thermodynamics and electronic properties. Changes in free Energy (eV) energy (eV)
energy across the grafted derivatives indicate enhanced binding affinity compared to = —T0T g N\

Grafting significantly modulated the DOS of gCN-x,
iIntroducing shifts in the electronic states near the band
edges that narrow the band gap. This adjustment
facilitates enhanced photocatalysis by promoting improved

pristine g-CsN4, with modified materials exhibiting more favorable thermodynamic profiles.
Frontier molecular orbital analyses demonstrate reduced HOMO-LUMO gaps upon
functionalization, which suggests improved charge separation and reactivity. Increased
dipole moments in grafted samples reinforce improved charge transfer properties, which
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These findings underscore the value of incorporating donor-acceptor structures into
graphitic carbon nitride, demonstrating the potential of molecular design in advancing
_ efficient photocatalyst development.
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