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Abstract

Pharmaceutical contamination, particularly by antibiotics, represents one of the most critical
environmental challenges in aquatic systems due to their high chemical stability and persistence.
Ciprofloxacin, as a widely used antibiotic, is resistant to removal by conventional wastewater
treatment methods. In this study, porous graphitic carbon nitride (g-C3N4) with a high specific
surface area was synthesized via a thermal method under a nitrogen atmosphere using three
different gas flow rates of 10, 40, and 80 mL/min, denoted as G-10, G-40, and G-80, respectively.
The synthesized samples were systematically characterized using XRD, FTIR, BET, PL, and FE-
SEM analyses, confirming the formation of an improved structure with enhanced optical
properties. BET analysis revealed that the G-10 sample exhibited the highest specific surface area
(46.6 m?/g), which significantly enhanced light absorption and improved photocatalytic efficiency.
The photocatalytic performance of the samples was evaluated for ciprofloxacin degradation at an
initial concentration of 10 mg L~ * under visible LED irradiation and optimized conditions
(catalyst dosage: 1.0 g/L, pH = 5). The results demonstrated that G-10 achieved a degradation
efficiency of 96.4% within 90 min, whereas lower efficiencies were observed for G-40 and G-80
due to their reduced surface areas. Kinetic analysis indicated that the degradation process followed
a pseudo-first-order model with a high correlation coefficient (R?> = 0.9967). Furthermore,
recyclability tests confirmed the excellent stability of the photocatalyst, as the degradation
efficiency remained above 92.6% after several consecutive cycles. Overall, the results suggest that
g-CsNj4 synthesized under a nitrogen flow rate of 10 mL/min, owing to its optimized structural and
optical characteristics, can serve as an efficient and stable photocatalyst for the removal of
pharmaceutical contaminants from aqueous environments.

Keyword: Graphitic Carbon nitride (g-CsN4), Atmospheric gas flow rate, Ciprofloxacin
degradation, Water purification
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Figure 1. Molecular structure of the antibiotic ciprofloxacin.
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Figure 1. (a) XRD patterns of g-C3sN4 samples; (b) N, adsorption—desorption isotherms (BET); (c)
FTIR spectra of the synthesized g-CsN4 samples; (d) UV-visible absorption spectra of the synthesized



g-CsNasamples; (e) band gap energy of the synthesized g-CsN4 samples; (f) photoluminescence (PL)
spectra recorded at an excitation wavelength of 360 nm.
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Table 1. BET analysis results of the synthesized g-CsN. samples

Samples Specific surface  Total pore Average pore BJH model
area, (m?/g) volume, (cm®/g) diameter pore diameter
G-10 46.6 0.0875 7.6 1.66
G-40 12.2 0.0228 8.4 1.88
G-80 4.83 0.0129 10.6 1.88
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Figure 3. FE-SEM images of the synthesized g-CsN. samples
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Table 2. Effect of nitrogen gas flow rate during synthesis on the structure, optical properties, and
samples in the degradation of ciprofloxacin under visible photocatalytic performance of g-C3N,

light
N2 flow Specific Absorption Bandgap PL intensity Ciproﬂox.acin
Samples rate surface area, energy . degradation,
(mL/min) (m?/g) edge (nm) V) (relative) %
G-10 10 46.6 464 2.95 Minimum 71.2
G-40 40 12.2 490 2.72 Average 34.8
G-80 80 4.83 498 2.70 Maximum 18.6
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Figure 4. (a) Photocatalytic performance of the synthesized samples at different nitrogen gas flow
rates (10-80 mL/min) for the degradation of the antibiotic ciprofloxacin; (b) Effect of initial pH of
ciprofloxacin solution (catalyst loading = 0.5 g/L, ciprofloxacin concentration = 10 mg/L, solution
volume =50 mL); (c) Effect of initial catalyst amount (pH =5, ciprofloxacin concentration = 10 mg/L,

solution volume = 50 mL); (d) Effect of initial ciprofloxacin concentration (pH = 5, catalyst loading
=1 g/L, solution volume =50 mL)
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Figure 5. Kinetic analysis of the photocatalytic degradation of the antibiotic ciprofloxacin by the G-
10 sample using (a) pseudo-first-order and (b) pseudo-second-order models
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Table 3. Kinetic parameters of pseudo-first-order and pseudo-second-order models for the
photocatalytic degradation of ciprofloxacin

Ciprofloxacin, Pseudo-first-order Pseudo-second-order
concentration, (mg/L) K1 R? K2 R?

5 -0.0039 0.9766 0.0216 0.9489

10 -0.0078 0.9967 0.0071 0.9660

20 -0.0366 0.9610 0.0006 0.9857

30 -0.0767 0.9787 0.0001 0.9540
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Figure 6. (a) Reusability of the G-10 photocatalyst. (b) Effect of radical scavengers on the
photocatalytic degradation of the antibiotic ciprofloxacin using the G-10 photocatalyst

(s Al o 53 | s BBV S 53 olgiien S 55k b llas o laS gy o 2GS 5 8 o 55 0T 3
crl s gn e il g4 bl a0 S0 g ek Sy BT 6551 g G s S SIS 53
Wyl S = ST la (ST ST 5o gulS 285 a8 35 8 o o im0 xS glacinr LS5 4 aeie JUis]
Sy 5 0313 21y Jsloes S oS 0m 058 1L St ity ELs S5 55 5 g 30 4511 (sla0y 5 2S00 S s
5 AL g S0, 65 pl S aas g Ol oS lga L0537 gl S o 5 15 (027 ) Jlad ST 5
S e Jes alol ol 53 0 diS U ST ol Jule Ol gieas 55,05 w8 oy e o 3 0T 5 s (gloiS s
o313 STy A S g 5kn S0 g b ST (slad 5350 L il 5 oo b b 15 )3 0ile Sl e (slao i Ol jon 5 sbe
53 LOT 25 Lol cdits oYU (S8 ST &8 glyls a5 S148 aule sbw | 1y (COH) oS 5 0 a5l
b be®02 7 onse odd a5 S5m ST U a6 S 558 o gl 4t L ST s SIS b s
S 7 ) o e S e e LS g e ST g0 sl 533 e el (gleos 55 bt Slaisy
40 YT ol 53 5 odd anSs 8050 ST Leg,T (gla i 5 (sl slajlotle (T3 pl aalsl 55 digd oo ST
el ol [P 35,8 o Jods (H20) OT 5 (CO2) 1 S uSTlies bsi o b 5 Il e Y 5 aes
Lol cdas o 5y (U185 ailolw 53 JIsl) dlad 68 iz Olojon Al iz 2 oS 08wt Ol 5 oo
cize 53 LS o Wl e LS g e o 35 Mol s 53 1y I 285 (002 T ) ST aST s s JISSI,

Jole Olgee #02 7 LISl (v 5 a5 5 0L s ol T (GGl 5 S50 e o (2130



Degradation

Step 3: Reduction

< {03
H202 CIP
Step 2: Charge migration o 0
G H202 |
_10 M N N Degradation
Y v
5+ CO, + HO
Step 2: Charge migration /ﬂ SOk it
—_—

A 4
+ h} h+ h+ h+ hl (
q EDTA-2Na
g w hole scavenger

Step 3: Oxidation

. AgNO3
> H20/OH electron scavenger
‘ Ascorbic acid
- 02" scavenger
Mineralization IPA

+ . S
CO2 + H20 Other products . OH scavenger

GL0 a5 53 b (ol 3105 s S5 98 (ST GBS 9 g 55 el Y S

Figure 7. Photocatalytic degradation mechanism of the antibiotic ciprofloxacin using the G-10
photocatalyst
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Table 4. Comparison of the photocatalytic performance of the G-10 sample in ciprofloxacin
degradation with previous studies

Antibiotic Photocatalyst Time, Degradation

Photocatalysts Antibiotics  concentration dosage . o Light source Ref
min rate, %
(mg/L) (g/L)
g-C3N4/BiOBr Ciprofloxacin 10 0.2 360 85 Visible light  [34]
Ppy@Ag/g-C3N4 Ciprofloxacin 10 1 60 90 Xe lamp [35]
g-C3Ns@Bi/BiOBr Ciprofloxacin 10 0.5 90 95 Visible light  [36]
TiO2/Sn02/g-C3N4 Ciprofloxacin 10 1 300 89 UV lamp [37]
g-C3N4/Ce0O2/Fe304 Ciprofloxacin 10 1 180 975 Xe lamp [38]
Zn0/g-C3Ny Ciprofloxacin 10 1 120 93.8 Visible light  [39]
BiVO4/S-g-C3N4 Ciprofloxacin 10 1.2 105 935 Visible light  [40]
H-g-C3N4/Bi2S3 Ciprofloxacin 10 0.5 60 92 Visible light  [41]
CQDs-Modified
Layered g-CsN4/Flower- Ciprofloxacin 10 1 120 91 Xe lamp [42]
like ZnO
) . .. . This
G-10 Ciprofloxacin 10 1 90 96.4 Visible light
study
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