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Abstract 

Photocatalytic technology offers novel solutions for wastewater treatment using visible 

light. Graphitic carbon nitride, as a polymeric semiconductor, has attracted significant 
attention in this field. However, overcoming the limitations of this material remains a 
major challenge for researchers. In this study, a graphitic carbon nitride photocatalyst was 
synthesized using a thermal polymerization method with melamine as a precursor in a new 
gaseous atmosphere of CO2. For comparison, similar samples were synthesized in 
common atmospheres such as N2 and air. The structure, morphology, and properties of the 
samples were characterized using various analyses. Additionally, considering the 
importance of E.Coli bacteria, their antibacterial activity against this bacterium was 
evaluated under both light and dark conditions. The sample synthesized in the CO2 
atmosphere had a surface area approximately 3 and 2 times higher than those synthesized 
in air and nitrogen atmospheres, respectively. Also, the luminescence intensity of this 
sample was significantly lower, indicating an improvement in photocatalytic performance. 
The results of microbiological tests showed that the CN-CO2 sample completely 
inactivated E.Coli bacteria with an initial concentration of 107 CFU/mL when exposed to 
an effective dose of 0.2 g/L within 180 minutes under visible light irradiation. In contrast, 
the CN-air and CN-N2 samples inhibited 62.7% and 29.5% of the bacteria, respectively. 
The results also indicated that CN-CO2 had a high ability to inhibit bacterial growth in the 
dark. The results of the disk diffusion assay and bacterial viability tests in solid media also 
confirmed these findings. Given the significant advantages of this nanomaterial (CN-CO2), 
including high photocatalytic activity, strong antibacterial properties, and a simple and 
one-step synthesis method, it can be used as an efficient photocatalyst for water and 
wastewater treatment industries.
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1. Introduction 
Photocatalytic technology, by intelligently 
harnessing the visible spectrum of light, has 
revolutionized the process of microbial water and 
wastewater treatment. This innovative 
technology is recognized as a promising solution 
to address environmental challenges. Although 
traditional methods such as chemical oxidation 
have been effective in water treatment, their 
numerous drawbacks have imposed significant 
limitations on their widespread use. Given the 
inefficiency of traditional methods in completely 
removing contaminants and pathogens, the need 
to develop novel approaches to improve 
wastewater treatment has become increasingly 
urgent. 

In recent years, advanced oxidation 
processes, especially those utilizing 
photocatalysts, have emerged as a viable option 
to replace traditional water disinfection methods 
due to their numerous advantages. By generating 
reactive oxygen species, these processes enable 
the efficient degradation and removal of 
contaminants present in wastewater. Graphitic 
carbon nitride (g-C₃N₄), due to its unique 
properties, has emerged as a promising 
polymeric semiconductor in the field of 
photocatalysis. However, its inherent limitations 
reduce its efficiency. Modification methods such 
as doping and morphology alteration can 
overcome these limitations, however, the 
complexity and high cost of these methods limit 
their widespread application. The aim of this 
research is to investigate the effect of using 
different atmospheres on the synthesis and 
antibacterial properties of graphitic carbon 
nitride against E.Coli bacteria. 
 

2. Methodology 
To assess the antibacterial properties of graphitic 
carbon nitride photocatalysts, samples were 
synthesized under different atmospheric 
conditions using melamine. The synthesized 
materials were characterized using techniques 
such as XRD, FTIR, FESEM, BET, PL, and DRS 
to understand their structural and morphological 
properties. 

E.Coli, a significant opportunistic pathogen, 
was used as a model bacterium to evaluate the 
antibacterial efficacy of the photocatalysts under 
both light and dark conditions. Various tests, 
including MIC

1
, MBC

2
, bacterial viability assays, 

and disk diffusion, were conducted to determine 
the antimicrobial performance of the synthesized 
materials. 

3. Results 

                                                 
1
 Minimum Inhibitory Concentration (MIC) 

2
 Minimum Bactericidal  Concentration (MBC) 

3.1. Structure and morphology of 

photocatalysts 

The analysis results indicated the successful 
synthesis of graphitic carbon nitride with 
effective structural modifications. The sample 
synthesized in a carbon dioxide atmosphere (CN-
CO2) exhibited a significantly larger surface area, 
approximately 3 and 2 times greater than the 
samples synthesized in air (CN-air) and nitrogen 
(CN-N2) atmospheres, suggesting an increased 
number of active sites on its surface (Table 1). 
Additionally, the luminescence intensity of CN-
CO2 was significantly lower, indicating a reduced 
rate of electron-hole pair recombination and an 
increased lifetime of charge carriers. 
 

Table 1. BET analysis results for the synthesized 
samples 

Photocatalyst 

Specific 
surface 

area 
(m

2
/g) 

Total 
pore 

volume 
(cm

3
/g) 

Average 
pore 

diameter 
(nm) 

CN-CO2 27.368 6.28 8.37 
CN-N2 12.22 0.843 16.50 
CN-air 9.23 2.03 8.81 

 

3.2. Antibacterial and disinfectant 

properties of synthesized photocatalysts  
3.2.1. Results of determining the MIC and 
MBC  
In antibacterial tests against E.Coli bacteria, CN-
CO2 demonstrated the highest antibacterial 
activity under visible light irradiation, completely 
inactivating the bacteria within 180 minutes. To 
completely inhibit E.Coli bacteria with an initial 
concentration of 10

7
 CFU/mL, a concentration of 

0.2 g/L of the material was required, while a 
concentration of 0.1 g/L was sufficient to prevent 
the growth of these bacteria. In contrast, CN-air 
and CN-N2 samples inhibited only 62.7% and 
29.5% of the bacteria, respectively. These results 
clearly indicate the superior antibacterial 
performance of CN-CO2 compared to the other 
samples under the tested conditions. The 
enhanced antibacterial activity of CN-CO2 can be 
attributed to its unique structural and 
morphological properties, which facilitate 
efficient light absorption and generate reactive 
oxyfen species

3
. The presence of CO2 during the 

synthesis process likely played a crucial role in 
optimizing the material's properties for 
antibacterial applications. Results in dark 
conditions demonstrated CN-CO2's potent ability 
to inhibit bacterial growth, even without the 
presence of light. This suggests that CN-CO2 
possesses inherent antimicrobial properties, 

                                                 
3
 Reactive Oxygen Species (ROS)



Zahra Ahmadi Panah, et al.        dx.doi.org/10.22093/wwj.2024.474438.3431 
 

 

                                   Water and Wastewater 

                                      Vol. 35, No. 3, 2024 

possibly due to its unique surface chemistry or the 
release of antibacterial agents. 
 
3.2.2. Survival of E.Coli bacteria against 
synthesized photocatalysts 
To investigate the bacterial survival rate, agar 
plates were exposed to light. The bactericidal 
effect was directly reflected in the total number of 
colonies on the agar plates. After 180 minutes of 
visible light irradiation, almost no bacterial 
colonies were found on plates containing CN-CO2 
at a concentration of 0.2 g/L, as well as on plates 
corresponding to the gentamicin control. Based 
on the results obtained, it was determined that the 
use of a carbon dioxide atmosphere in the 
synthesis of graphitic carbon nitride can be an 
effective method to enhance the photocatalytic 
antibacterial capacity of nanomaterials. On the 
other hand, a significant difference was observed 
between the bacterial colonies of the CN-CO2 
group and the plates containing CN-air and 
CN-N2, indicating a poor antibacterial 
performance of these nanomaterials. Considering 
the porous structure of the CN-CO2 nanomaterial, 
a higher proportion of bacteria are trapped in this 
structure compared to other nanomaterials, which 
results in better antibacterial performance 
compared to other nanomaterials (Fig. 1). 
 

 

Fig. 1. Investigation of E.Coli survival against 

synthesized photocatalysts and gentamicin 

antibiotic 

 

3.2.3. Results of the antibacterial activity of 
nanoparticles using the disk diffusion method 
The zone of inhibition produced by the 
photocatalytic nanomaterials on Muller Hinton 
agar plates was measured after 24 hours to 
evaluate their antimicrobial properties. As shown 
in Fig. 2, the zone of inhibition produced by the 
CN-CO2 nanomaterial had a radius of 13 mm, 
while that of CN-air was 8 mm. No zone of 
inhibition was observed around the blank disk for 

the CN-N2 sample, indicating limited antibacterial 
properties of this nanomaterial. The gentamicin 
control exhibited a zone of inhibition with a 
radius of 11 mm. The disk diffusion assay clearly 
demonstrated that the CN-CO2 nanomaterial, 
despite its simple synthesis method and lack of 
complex metals or compounds in its structure, 
exhibited the highest antibacterial activity among 
the synthesized samples. This outstanding 
performance can be attributed to the unique 
chemical composition and structure of this 
nanomaterial, which enables more effective 
interaction with the bacterial cell wall and, 
consequently, cell destruction. 
 

 

Fig. 2. Zone of inhibition produced by 
synthesized nanomaterials and the antibiotic 

gentamicin against E.Coli bacteria 
 

4. Conclusion 
 This study investigated the photocatalytic 
performance of g-C3N4 synthesized in different 
atmospheres for effective bacterial removal and 
wastewater purification. Among the synthesized 
samples, CN-CO2 demonstrated superior 
photocatalytic activity compared to CN-N2 and 
CN-air. Factorial analysis confirmed that using 
CO2 in the synthesis process significantly 
enhanced the photodegradation of E.Coli. After 
180 minutes of exposure to CN-CO2, no bacterial 
colonies were observed on the treated plates, 
while other photocatalysts allowed for significant 
E.Coli growth. Microbiological tests revealed that 
CN-CO2 completely inactivated E.Coli bacteria 
with an initial concentration of 10

7
 CFU/mL at an 

effective dose of 0.2 g/L within 180 minutes 
under visible light irradiation. In contrast, CN-N2 
and CN-air exhibited lower antibacterial activity 
compared to CN-CO2. Given the remarkable 
advantages of this nanomaterial (CN-CO₂), 
including its high photocatalytic activity, strong 
antibacterial properties, and simple one-step 
synthesis method, it can be utilized as an efficient 
photocatalyst in wastewater treatment industries. 
This novel nanomaterial holds great potential to 
replace traditional treatment methods and 
improve drinking water quality. Additionally, the 
application of this technology not only 
contributes to reducing environmental pollution 
but can also lead to decreased water treatment 
costs and increased efficiency in this industry. 
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aXRDbFTIR

Fig. 1. (a) XRD and (b) FTIR spectra of synthesized materials
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Fig  2. FESEM images of the synthesized samples: (a) CN-CO2, 
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BET

Table 1. BET analysis results for the synthesized samples

Photocatalyst
Specific surface area 

(m
2
/g)

Total pore volume 
(cm

3
/g)

Average pore 
diameter(nm) 

CN-CO2 27.3686.288.37 

CN-N2 12.22 0.843 16.43 

CN-air 9.232.038.81 
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Fig  3. (a) BET isotherm and (b) photoluminescence spectra of the synthesized samples
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Fig. 5. Plots showing the changes in optical density (OD) over time for samples of (a) CN-CO2, (b) CN-air, 
and (c) CN-N2 when exposed to visible light. Additionally, plots (d), (e) and (f) show the same

samples under dark conditions for a period of 3 hours

cf

Khan et al., 2024 
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a CN-CO2 bGentamicincCN-airdCN-N2e E.Coli 

Fig  6. Evaluation of bacterial viability against (a) CN-CO2, (b) the antibiotic Gentamicin, (c) CN-air and 

CN-N2 (d), as well as (e) E.Coli bacteria, when exposed to visible light 
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