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Fig. S1. XPS survey scan spectra of BCN and CNTA samples.
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Fig. S2. High-resolution XPS spectra of BCN sample (a) C-1s displayed peaks around 284.85,
286.40 and 288.00 eV attributed to graphitic carbon in C—C or C=C sites, C-NHx (x=1 or 2),
N-C=N in the aromatic rings of the g-C3;N, heterocycles respectively; and (b) N-1s exhibited
the peaks at 398.50, 399.85, 400.95 and 404.25 eV corresponds to sp>-hybridized nitrogen in
triazine rings, N—(C)s, sp® primary nitrogen atom (N—H/NH,) and charge localization effect

respectively.



Table S1. Relative atomic percentage details of C-1s, N-1s and O-1s elements in BCN and
CNTA samples

Sample C-1s (at %) N-1s (at %) O-1s (at %) N/C C/N

BCN 40.65 59.35 - 1.460 0.685
CNTA-10 42.50 54.25 3.25 1.276  0.783
CNTA-25 42.60 54.37 3.03 1.276  0.783
CNTA-50 42.47 54.55 2.99 1.284 0.778
CNTA-100 42.22 54.81 2.97 1.298 0.770
CNTA-200 41.97 55.27 2.77 1.317 0.759

Table S2. The ratio of peak areas for BCN and CNTA-100 based on XPS N-1s results.

Sample N-1s (at %)
C=N-C N—(C); C—NHx
BCN 63.8% 27.4% 8.8%

CNTA-100 48.5% 35.7% 15.8%
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Fig. S3. DPPH calibrated electron paramagnetic resonance (EPR) spectra of BCN and CNTA
samples.

Fig. S4. High magnification TEM images of BCN and CNTA-100 photocatalyst samples to
highlight the formation of pores on the surface of g-C;Nj,.
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Fig. S5. N, adsorption-desorption isotherms (a) and pore-size distribution curves (b) of BCN
and CNTA samples.

Table S3. BET surface area and pore-size distribution parameters for BCN and CNTA samples

Sample BET surface area mean pore diameter pore volume
(m?/g) (nm) (cm?/g)
BCN 10.41 4.92 0.012
CNTA-10 10.51 4.93 0.013
CNTA-25 17.63 15.50 0.068
CNTA-50 19.98 15.10 0.075
CNTA-100 23.80 15.17 0.075

CNTA-200 17.86 4.96 0.022




Table S4. Comparison of photocatalytic H, evolution activity of the CNTA-100 sample with

the recent non-metal doped and defects engineered g-C;N, photocatalysts.

Catalyst Light H, evolution rate  Apparent Ref.
Quantum

source (umol.g.h™) Yield (AQY %)

C, O- doped g-C3Ny 300 W Xe lamp 563.87 -—- [1]
200-2500 nm

S-doped g-C3Ny4 300 W Xe lamp 133.12 - [2]
(A >420 nm)

g-C3N, with Ny 300 W Xe lamp 2664.47 9.8% [3]
(A =420 nm)

C and O- co-doped g-C3Ny4 300 W Xe lamp 2595.4 16.6% 4]
(A >420 nm)

N-defected g-C3Ny4 300 W Xe lamp 316.0 5.12% [5]
(A >400 nm)

g-C3N,4 with N3¢ vacancies 300 W Xe lamp 545.0 4.4% [6]
(A >420 nm)

P-doped g-C3Ny4 300 W Xe lamp 916.2 6.52% [7]
(A >420 nm)

hollow tubular g-CsN4 with N, 300 W Xe lamp 2664.4 9.8% [8]
(A >420 nm)

S-doped N-deficient g-C5N, 300 W Xe lamp 1613.5 14.3% [9]
(A >420 nm)

S-doped C-vacancy g-C;Ny 300 W Xe lamp 2378 5.70% [10]
(A =>420 nm)

Dual defect-rich g-C;Ny4 300 W Xe lamp 1959 0.21% [11]
(A >420 nm)

N-deficient g-C5N4 300 W Xe lamp 1962 - [12]
(A =>420 nm)

S-doped g-C;Ny4 300 W Xe lamp 1148 --- [13]

(A >420 nm)



Carbon defective g-CsNy

B-doped g-C5Ny

C- and N-vacancies in g-C3Ny

Nitrogen-deficient g-C;Ny4

F-doped g-CsNy

S, P, O-doped gCsNy

C-doped gCsNy

C, O-doped g-C3N4 with N,

300 W Xe lamp
(A =>420 nm)
300 W Xe lamp
(A>420 nm)
300 W Xe lamp
(A =>420 nm)
300 W Xe lamp
(A >420 nm)
300 W Xe lamp
(A =>420 nm)
300 W Xe lamp
(A >420 nm)
300 W Xe lamp
(A =420 nm)
150 W Xe lamp
(A =>420 nm)

1534

1639.3

400

1664

83.89

2480

5643

1850

2.87%

7.6%

1.25%

0.016%

1.41%

7.1%

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Present

work

*The H, evolution rates are listed for reference but are not directly comparable due to variations in experimental conditions, particularly light source intensity.

Apparent Quantum Efficiency (AQE) is the recommended metric for comparison in the present study.
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Figure S6. (a) FE-SEM and (b) TEM images of g-C;N, (CN-U) derived from urea precursor
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Figure S7. Powder XRD patterns of g-C;N4 (CN-U) derived from urea precursor
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Figure S8. High resolution XPS spectra of (a) C-1s and (b) N-1s in CN-U sample
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Figure S9. Photocatalytic H, evolution activity of BCN, CN-U, CCN and CNTA samples.
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Fig. S10. Powder X-ray diffraction patterns and TEM image of the CNTA-100 photocatalyst

sample after cycling experiments of photocatalytic TC degradation reaction.



Table S5. Parameters derived from the fitting of decay profile of BCN and CNTA-100

photocatalyst samples using a bi-exponential fitting decay equation.

sample T1(ns) A1(%) T,(ns) Az (%) Tavg
BCN 3.9 4 94 0.0516 18
CNTA-100 3.6 4.2 91 0.0463 16
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Fig. S11 Optimized atomic configurations of defective (N1 and N2) and oxygen-stabilized g-
CsNa (N14 and N2) derived from DFT computations. representative nitrogen vacancy sites
(shown by red dashed circles), demonstrating various local coordination settings within the
heptazine framework. Erindicates the formation energy of the N vacancy and O-doping.
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Fig. S12 Planar-averaged electrostatic potential profiles utilized to determine the work function
of g-CsNa and nitrogen-vacancy-containing structures. (a) Pristine g-CsNa4 has a work function
of 4.69 eV, derived from the energy disparity between the vacuum level and the Fermi level.
(b) Work-function estimates for g-CsNa with nitrogen vacancies N1, N2, and N3,
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demonstrating vacancy-induced alterations in the surface electronic potential.
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Fig. S13 Total density of states (TDOS) of pristine g-CsNa calculated using density functional
theory. The Fermi level is set to 0 eV in order to distinguish the conductance band minimum
(CBM) and valence band maximum (VBM). Pristine g-CsN4 exhibits a clear semiconducting
behavior with an electronic bandgap of 2.73 eV, consistent with its intrinsic electronic structure

and limited visible-light absorption.
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