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2-dimensional graphitic carbon nitride (g-C3N4) has specific properties that makes it a desirable 

candidate for extensive applications. This work provides a systematic study for choosing precursors 

to prepare g-C3N4 with tailored characteristics. g-C3N4 samples have been prepared by thermal 

decomposition of different precursors (i.e., melamine, urea, and thiourea). Various characterization 

techniques such as SEM, EDS, XRD, DRS, BET, and FTIR have been used to determine the physical 

properties of the prepared samples. SEM analysis showed nanoflake and nanosheet structures with 

no elemental impurity in EDS analysis. Furthermore, FTIR analysis confirmed the formation of 

graphitic carbon nitride structure. BET results showed a significant enhancement of specific surface 

area by a factor of 2.8 for the sample prepared with urea precursor. The photocatalytic activity for 

rhodamine B (RhB) degradation is also presented. The results revealed that urea-based g-C3N4 could 

be a promising candidate for photocatalytic applications due to its appropriate physical properties 

and highest dye removal.  
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1. Introduction 

As the global energy crisis and environmental pollution 
are two of the most pressing challenges for human society, 
the need to develop alternative means of generating energy 
and eliminating pollutants has steadily increased [1]. In 
recent years, extensive efforts have been made to develop 
high-efficiency photocatalysts: their capability of exploiting 
solar light to promote useful chemical reaction has been 
indeed proved important in several environmental 
applications [2, 3]. Photocatalysts can indeed be used for 
hydrogen production, CO2 reduction, ammonia synthesis 
and degradation of pollutants. 

Since the Wang Group first discovered metal-free 
graphite carbon nitride (g-C3N4) compound in 2009[4], g-
C3N4 has become a promising candidate for photocatalytic 
applications. g-C3N4 is a non-metallic, polymeric semiconductor 
material composed of carbon and nitrogen, which possesses 
a stacked two dimensional (2D) layered structure. The 
electronic properties and morphology can be tuned to 
improve the photocatalytic activity of g-C3N4 for different 
applications, including water splitting and H2 generation, 

removal of dyes from water, CO2 conversion and N2 fixation 
[1, 5-7]. 

Different methods, such as thermal polycondensation, 
physical and chemical vapor deposition, solvothermal 
synthesis and microwave heating [3, 5], have been used for 
the preparation of g-C3N4. In addition, other synthesis 
strategies [8], including the ionothermal synthesis (molten 
salt strategy) [9], molecular self-assembly [10], microwave 
irradiation [11], and ionic liquid strategy [12] have been 
successfully applied. The most common method for 
preparation of g- C3N4 is the thermal decomposition of 
different nitrogen-rich precursors or monomers such as 
urea [13, 14], dicyandiamide [15-17], melamine [18-20], 
cyanamide [21, 22], and thiourea [23, 24]. Zhu et al.[25]  
studied the isoelectric point of g-C3N4 prepared from three 
different precursors (i.e., melamine, thiourea, and urea) at 
550°C. Zeta potential tests showed that the sample 
prepared from urea possessed the highest isoelectric point 
and exhibited the best methylene blue adsorption activity. 
In another study, Fang et al.[26] investigated the 
photocatalytic degradation of Rhodamine B (RhB) by g-
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C3N4, under both visible and UV light irradiation. It was 
found that the oxygen superoxide radical (O2) is the 
predominant reactive oxygen species (ROS) in degrading 
RhB. 
      In the present work, g-C3N4 two-dimensional nanosheets 
were prepared by direct heating (polymerization) method 
using different precursors, namely urea; thiourea and 
melamine whose effect on the chemical, physical, and 
functional properties of g-C3N4 were investigated. 

2. Experimental  

      Urea, thiourea, and melamine were used as precursors 
for synthesis of g-C3N4. All reagents were purchased from 
Merck and used directly without any further purification. 
In each experiment 3 gr of precursor were put into an 
alumina crucible and then heated at 500°C in a muffle 
furnace for 2h at a heating rate of 3˚⁄min. Eventually, the 
material was cooled to room temperature at a cooling rate 
of 5˚/min, and the yellow colored substance g-C3N4 was 
labeled as U500, T500, M500 for urea, thiourea, and 
melamine precursors, respectively. 

To investigate the morphology of the samples, field 
emission scanning electron microscopy (FESEM) analysis 
was carried out on a MIRA3 TESCAN instrument. The 
samples were coated with Au to promote conduction. The 
elemental composition of the samples was determined 
using energy dispersive X-ray spectroscopy (EDS) in the 
FESEM. The crystalline phase structure was detected by X-
ray diffraction (XRD) analysis (Advance Bruker D-8) with 
CuKα radiation with λ=1.54 Å from 10°-80° and the 
resolution of 0.065 degree. The Fourier transform infrared 
(FTIR) spectra of the samples (embedded in KBr pellets) 
were obtained using 8400S-SHIMAZU spectrometer. The 
nitrogen (N2) adsorption-desorption isotherms of the 
samples were recorded using a BELSORP-mini instrument, 
to find out the specific surface area and the pore size 
distribution of as-prepared samples by Brunauer–Emmet–
Teller (BET) and Barrett-Jonyer-Halenda (BJH) methods, 
respectively. UV-Vis-NIR diffuse reflectance spectra (DRS) 
of the samples were measured by an Avantes AvaSpec 3648 
spectrophotometer. 

Photocatalytic activity of the g-C3N4 samples was 
evaluated by studying the degradation of Rhodamine B 
(RhB). The absorption spectra were recorded using a 
PerkinElmer, Lambda 25 spectrophotometer to evaluate 
the degradation of RhB. In each experiment 5 mg of the 
catalyst was added into 50 mL of RhB (10 ppm) aqueous 
solution. Before irradiation, the reaction mixture remained 
under dark for 30 min to reach the adsorption/desorption 

equilibrium. The photocatalytic experiments were performed 
under a mercury-lamp (50 W) irradiation. At certain time 
intervals, 3 ml of the solution were taken out and 
centrifuged. The absorption spectrum of the solution was 
then monitored. 

 

3. Results and discussion 

      The microstructure and morphology of the samples are 
presented in Figure 1. All the samples, irrespective of the 
precursor used, show the presence of nanoparticles 
smaller than 20 nm clustered together to form a seemingly 
porous over-structure. Moreover, all samples display a 
laminar structure and nanosheets are formed. However, for 
M500 (Fig. 1(a)) the sheets are closely packed indicating 
the presence of fewer pores in the structure. For U500 
sample (Fig. 1(c)) the over-structures are clearly separated 
and the nanosheets are clearly recognizable, which could 
affect other physical properties specially the active surface 
area of this sample. 
      EDS spectra of g-C3N4 samples are shown in Figure 2. 
The presence of Au characteristic peak is due to the Au 
coating for FESEM analysis. C/N ratio was similar for the 
samples M500 and T500 (0.59), which is lower than the 
ideal ratio for g-C3N4 (0.75). This low value could be related 
to the abundance of amino groups or carbon vacancy[18]. 
On the contrary, sample U500 showed a C/N ratio as high 
as 0.92, indicating a higher amount of carbon and a 
decrease of nitrogen in the structure. 

The XRD patterns of g-C3N4 samples are shown in Figure 
3. The peak located at around 2θ=27.5˚, indexed as the 
(002) peak, is attributed to the repeat structure of in-plate 
and the interlayer stacking of stratified (layered) 
structure[27]. A stronger (002) peak for M500 is shown to 
be related to the inter-planar spacing between the g-C3N4 
layers, indicating that the material contains a heptazine 
ring on the g-C3N4 lattice structure[28]. A very small shift 
to higher degrees, from 27.24° to 27.53° is observed for 
M500 sample. This shift indicates a decrease in inter-planar 
spacing from 0.327 nm for U500 and 0.325 for T500 to 
0.324 nm for M500. Hence, M500 has  more densely packed 
g-C3N4 layers, which has been reported to improve the 
charge transfer among the layers[18]. In addition, the 
crystallite size of the samples has been calculated by 
Debye–Scherrer equation[29-31]. The calculated crystallite 
sizes are 8.8, 7.1, and 3.0 nm for M500, T500, and U500, 
respectively. 
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Fig. 1. FESEM images of g-C3N4 samples: (a) M500, (b) T500, (c) U500. 
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Fig. 2. EDS analysis of g-C3N4 samples prepared from different precursors. 
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Fig. 3. XRD patterns of g-C3N4 nanosheets from different precursors. 
 

 
Table 1. Comparison between the ratio of main vibrations for heptazine and vibrations of non-condensed amino groups in the analyzed samples. 

 M500 T500 U500 

Ratio breathing mode heptazine/N-H stretching 3.0 5.6 4.0 
 

 

The chemical bonding and functional groups of 

produced g-C3N4 were investigated by FTIR spectroscopy 
(Fig. 4). All the samples displayed the characteristic 

vibrations associated to the presence of heptazine rings, 
confirming its formation during the synthesis. Specifically, 
a strong absorption peak, located at 810 cm-1, was found in 
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all the samples, which corresponds to the tri-s-triazine ring 
breathing mode [24, 32].  

In addition, the broad band located in the interval 1658-
1200 cm-1 relates to the stretching modes of C-N 
heterocycles[33]. This band arises from the overlapping of 
unresolved peaks, rather well visible in the samples T500 
and U500. In particular, peaks at 1660, 1565, and 1416 cm-

1 are the characteristics of the stretching vibrational modes of 
heptazine-derived repeating units. In addition, peaks at 
1320 and 1244 cm−1 are related to the out-of-plane bending 
vibrations of heptazine rings[8, 34]. However, these 
absorption modes are not possible to discriminate in M500 
sample, suggesting a lower intensity for these vibration in 
this sample, probably due to the closer packing identified 
in the XRD analysis. 

The condensation of amino groups resulted incomplete 
in all the samples, as testified by the broad bands around 

3200 cm-1 (N-H stretching mode of primary amines) [24, 
33]. 

Further proof of a partial condensation of amine groups 
is a weak absorption band located around 880 cm-1, visible 
in all the samples under investigation, which is also 
attributed to vibrational modes of N-H bonds [8], indicating 
an incomplete condensation of amino groups.  

The comparison of the area of this vibration with that of 
the peak attributed to the breathing mode of tri-s-triazine 
rings (810 cm-1) resulted in different ratios for different 
samples (see Table 1).  

This analysis highlighted that thiourea-derived g-C3N4 
featured the lowest amount of un-condensed amino 
groups, while the sample prepared from melamine showed 
the best result in this respect, with the best condensation 
rate of the batch.

 
Fig. 4. FTIR spectra of different g-C3N4 nanopowders. 

       The sorption–desorption isotherms and pore size 
distribution curves of the samples are shown in Figure 5. All 
the samples clearly showed hysteresis loop characteristic 
of type IV isotherm, with H3 hysteresis loop[35, 36], 
indicating the mesoporous structure, along with slit-like 
pores due to the presence of plate-like aggregates[33, 37], 
consistent with FESEM results.  The pore size distributions 
of all three samples were found spread over a wide range of 
2-50 nm, confirming the mesoporous nature of the 
materials. These pores could contribute in providing 
efficient and appropriate active sites for dye absorption and 
photocatalytic reactions. 

      The surface area, total pore volume, and average pore 
size of the samples were calculated from BET and BJH 
methods and are listed in Table 2.  The results revealed 

significant differences in the sample batch. Indeed, the 
specific surface area of U500 was found to be almost 10 
times higher than the specific surface area of T500 and 4.8 
times higher than that of M500. Furthermore, the average 
pore size of U500 and M500 was approximately the same, 
while it was larger for the sample prepared from thiourea. 
However, the total pore volume of U500 was 4.23 times and 
5.79 times larger than that of M500 and T500, respectively. 
The results indicated that U500 had the largest surface area 
and the highest total pore volume, potentially making it the 
most suitable material among the ones herein investigated 
to perform as photocatalyst. Indeed, these features should 
promote an enhanced dye adsorption, which is critical asset 
in catalysis. 
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Fig. 5. Adsorption-desorption isotherms and the corresponding pore size distribution curves (inset) of the nanosheet g-C3N4 powders. 

 
Table 2. Specific surface area, total pore volume, and average pore size as determined from BET analysis. 

Sample Specific surface area (m2/g) Total pore volume (cm3/g) Average pore size (nm) 

M500 7.0021 0.0776 44.33 

T500 3.8499 0.056737 58.95 

U500 32.361 0.3287 40.63 

 

      Another relevant feature in photocatalysis is how the 
catalytic material responds to irradiation. We then carried 
out diffuse reflectance spectroscopy (the spectra are 
reported in Fig. 6(a)) to investigate how the g-C3N4 samples 
obtained from different precursors interact with light and 
to uncover possible differences among them. DRS analysis 
showed a similar behavior in terms of light reflectance for 
all the analyzed samples in the range 800-600 nm. From 
600 nm to 400 nm, the sample M500 displayed the best 
light absorption of the batch, while from 400 nm to 200 nm 
the sample prepared from urea featured      a more 
significant absorption (about 90%) compared to the other 

materials. Some investigations reported indirect band gap 
[24, 25, 38-40] for g-C3N4, others reported direct band gap 
[41, 42], and some reported both direct and indirect band 
gaps [43]. In this work both direct and indirect band gaps 
of g-C3N4 samples have been calculated from DRS analysis 
by using the Kubelka-Munk method as follows [40, 44]: 
 

F(R)= 
(1−𝑅)2

2𝑅
  (1) 

      
      Where F(R) is the Kubelka-Munk function, which is 
proportional to the absorption coefficient (𝛼) of samples 
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and R is the reflectance of sample. Then by using Tauc’s 
equation (Eq. 2) and then extrapolating the linear part of 
curve to the x axis (energy, hυ), the band gap energy (Eg) 
would be determined[38, 45]. 
 

𝛼 × ℎ𝜐 = 𝐵(ℎ𝜐 − 𝐸𝑔)𝑛     (2) 
 
      Where B is a constant. The exponent “n” is 1/2 for the 
direct and 2 for the indirect allowed transitions. Tauc plot 

calculations for direct and indirect band gaps are presented 
in Figures 6 (b) and (c), respectively.  
      The direct band gap of samples was found to be in the 
range of 2.84 to 2.92 eV. In addition, indirect band gap of 
samples was calculated between 2.33 to 2.78 eV. The 
results showed the highest band gap belongs to the sample 
prepared from melamine reagent, and the lowest band gap 
belongs to the sample prepared from thiourea.  
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Fig. 6. DRS analysis (a) reflectance spectra of samples, (b) direct band gap Tauc plot calculation, (c) indirect band gap Tauc plot calculation.  

      Photocatalytic activity of the prepared g-C3N4 nanosheets 
was studied by analyzing the decomposition of RhB dye. 
Prior to light irradiation, the reaction mixture was left 
under dark for 30 min, aimed at reaching the adsorption-
desorption equilibrium. No relevant adsorption of RhB 
molecules was observed, even at higher duration times 
(data not shown). 
      Fig. 7 (a, b, and c) shows the optical adsorption spectra 
of the RhB solutions subjected to degradation upon light 
irradiation using the samples M500, T500, and U500. The 
degradation percentage was calculated by using the 
following equation[46, 47]: 
 

𝐷𝐸(%) =
𝐶0 − 𝐶

𝐶0

×  100  (3) 

 

      Where C0 and C are the dye concentrations at t=0 and 
after different irradiation time, respectively. Quite similar 
performance, in terms of degradation capability, was 
observed for the three materials under investigation (Fig. 7 
c): after 3 hours under irradiation samples M500 and T500 
degraded about 40% of the initial RhB amount, while a 
slightly better catalytic ability was shown by the sample 
U500, prepared from urea (50% of RhB was removed after 
3 hours). It should be noted that no hypsochromic shift of 
the absorption peak centered at 554 nm was observed. This 
shift was often reported in literature and attributed to the 
N-deethylation of rhodamine B to rhodamine during the 
catalytic reactions [48]. The absence of this shift strongly 
suggests that another degradation path is active in the 
present case. On the other hand, the analysis of reaction 
kinetics (presented in Fig. 8) did not reveal a pseudo-first 
order kinetics, as often reported in literature for the same 
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reaction catalyzed by semiconductors. Indeed, the reaction 
course is well fitted by an exponential function (𝑦 =

𝑦0 + 𝐴1𝑒
(

𝑥

𝑡1
)
) for samples M500 and U500, indicating a 

reaction order higher than one. As for sample T500, the 
reaction course is better fitted by a sigmoid function (𝑦 =

𝐴2 +
(𝐴1−𝐴2)

(1+(
𝑥

𝑥0
)

𝑝
)
): this trend is associated to an autocatalytic 

reaction [49], indicating that a different mechanism is at 
work. 
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Fig. 7. Absorption spectra of RhB solution with (a) M500, (b) T500, and (c) U500 as photocatalyst. (d) RhB photocatalytic degradation results of three 
catalysts.  

 

 
Fig. 8. analysis of the reaction courses for the RhB degradation supported by the materials under investigation. Markers are experimental points; lines 

are fitting functions. 
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Table 3. Fitting parameters for RhB catalytic degradation and apparent kinetic constants for the degradation of rhodamine B catalyzed by the g-C3N4 
materials under investigation. 

Sample Fitting equation Fitting parameters Apparent kinetic constant 
(min-1 x 103) 

M500 Exponential growth y0 = -0.13993 
A1 = 0.1323 
t1 = 125.51071 
R2 = 0.99653 

7.97 

T500 Logistic A1 = 0.0016 
A2 = 0.85783 
x0 = 163.70768 
p = 2.49845 
R2 = 0.99078 

17.7 

U500 Exponential growth y0 = -0.22114 
A1 = 0.21813 
t1 = 142.68663 
R2 = 0.99766 

7.01 

 

      Generally, the photocatalytic mechanism for dye 
degradation starts with the absorption of incident photons 
and excitation of electrons from valance band to conduction 
band. The generation of electron-hole pairs in semiconductor 
catalyst and the subsequent photodegradation of dye are 
depicted as follow [46, 50]: 
 

g-C3N4 + hν → e- + h+ (4) 

O2 + e-→ O2*- (5) 

H2O → OH- + H+ (6) 

OH- + h+→ *OH (7) 

O2*- + H+→ HO2* (8) 

HO2* + e- → HO2- (9) 

HO2- + H+ → H2O2 (10) 

H2O2 + e- → *OH + OH- (11) 

Pollutant + *OH → degradation product (12) 

Pollutant + h+ → oxidation product (13) 

Pollutant + e-→ reduction product (14) 

 
Recently, Ashiq et al.[51] revealed by radical trapping 
experiment that in photocatalytic dye degradation 
mechanism of RhB using g-C3N4/Ag@CoWO4 Z-scheme 
composite the OH• radicals are the dominant reactive 

species for dye degradation. Superoxide radicals O2-• and 
the holes may indirectly help the dye degradation by 
reacting with H2O/OH- to generate extra OH• radicals. 
      We eventually analyzed the degradation percentage and 
apparent kinetic constants as a function of the physical and 
chemical features of the samples under investigation (the 
results are shown in Fig. 9). 
      The capability of degrading RhB was found to depend on 
some physical characteristics of the materials: the 
crystallite sizes (the smaller the size the better the 
degradation), the surface area (the higher the area the 
better the performance), the total pore volume (the higher 
the volume the better the degradation). These results are 
somehow expected and the design of a good catalyst should 
take them all into account. The chemical composition, in 
terms of carbon content, also plays a role: a higher carbon 
content seems promoting a higher RhB degradation (Fig. 9 
(d)). This might be due to a better ability of carbon atoms 
to bind the RhB molecules by using their oxygens, for which 
the nitrogen has less affinity. On the other hand, the degree 
of un-condensed amino group was found to be neutral in 
photocatalyst. 
      The apparent kinetic constant was harder to analyze: we 
could identify only a dependence on the average pore size 
(Fig. 9 (e)), while all the other physical and chemical 
features appeared not to influence it. The higher the pore 
size, the faster the reaction: it was also unexpected to find 
an excellent exponential trend (R2=0.99997) linking the 
reaction rate with the average pore size. At this point we 
can only speculate about the reason behind this finding: the 
higher the average pore size, the easier the flow of RhB 
molecules through them (in and out). 
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Fig. 9. Dependece of degradation percentage (a-d) and apparent kinetc constant (e) on relevant physical and chemical features of the catalysts. 

 

4. Conclusion 

      To sum up, 2D g-C3N4 nanosheets have been 

synthesized by thermal condensation (polymerization) of 

three different precursors. FESEM and XRD results 

confirms the formation of 2D layered structure of samples. 

The band gap of obtained nanosheets is suitable for 

photocatalytic purposes, such as dye removal from water. 

It was shown that the physical and chemical properties of 

g-C3N4 are affected by the precursors and were explored 

here. The photocatalytic skills of the prepared materials 

were evaluated for the degradation of RhB: while the 

observed performance was not excellent in terms of 

degradation percentage, we could find some interesting 

correlation between the catalytic outcomes and the 

chemical and physical features of the investigated 

materials, which are worth further investigation. 
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