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The adsorption behavior of hydrogen for synthesized graphitic carbon 
nitride (g-C3N4) and graphene oxide nanosheets was compared. The 
structure of the prepared g-C3N4 and graphene oxide samples were 
studied using TEM, FT-IR spectroscopy and surface area analysis. Textural 
results of the prepared nanosheets show that the surface area, total pore 
volume, and average internal diameter of g-C3N4 and graphene oxide 
samples are similar. The hydrogen adsorption isotherms at 298 K, up to 
22 bar pressures were as Type III and the maximum hydrogen storage 
capacities at 22 bar and 296 K were 1.06 and 1.27 mmol/g for graphite 
oxide and g-C3N4 samples, respectively. The adsorption results were 
fitted by Freundlich model, which was related to reversible multilayer 
adsorption on non-uniform surface active sites with different affinities of 
both g-C3N4 and graphene oxide adsorbents. Isosteric heat of adsorption 
of hydrogen on the graphene oxide varies from 8.6 kJ.mol-1 (at low 
hydrogen uptake) to 4.3 kJ.mol-1. These results are the range of 10.1 to 
4.8 kJ.mol-1 for the prepared g-C3N4 sample at same hydrogen uptake. 
The results show that the interaction between hydrogen molecules and 
tri-s-triazine units in g-C3N4 structure are stronger than carbon atoms in 
graphene oxide structure.

INTRODUCTION
The environment change followed by 

“greenhouse effect” as a result of over usage 
non-renewable fossil fuels away and energy 
challenging, encourage researchers to introduce 
new energy sources such as solar, wind, hydrogen 
and other renewable energies [1-5]. Hydrogen 
energy is one of the new sources, which is known 
as the best alternate for fossil fuels due to high 
internal potential, hygiene and abundance in 
nature, and it has been considered as a candidate 
for automobile industries [6]. However, hydrogen 
energy application has some restrictions such as 
volatility, safety, hard compressibility that causes 
any demanding in industries [7]. In the last 
decade, researchers took steps to overcome these 
problems, and they have worked for new methods 

for holding hydrogen in ambient temperature 
by adsorbents [8-12]. Currently, researchers 
introduced some compounds such as activated 
carbon [13-16], metal organic frameworks (MOFs) 
[17-21], graphene [22-24], carbon nanotubes [16, 
25, 26], zeolites [27], metal oxide [28, 29] and 
other proper materials modified by doping to 
promote the hydrogen storage [30-32]. 

Hydrogen adsorption by the carbon materials 
such as carbon nanotubes, activated carbons, 
graphene and graphite were investigated in the 
previous works [33-35]. Now, researchers have 
attempted to familiarize all aspects of hydrogen 
storage in organic materials, especially carbon 
compounds because of lightweight and the 
affinity of hydrogen sorption by carbon atoms. 
It was confirmed that the replacement of some 
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surface carbon atoms by B, N, S, P or Si atoms, 
changes the hydrogen storage ability of these 
compounds [36, 37]. Recently, carbon materials, 
including other atoms such as carbon nitride 
compounds have been developed. Graphitic 
carbon nitride (g-C3N4) is a family of the mixed 
carbon compounds with structures based on 
heptazine units, exhibited different properties 
[38, 39]. A heptazine, or tri-s-triazine includes 
of the three combined triazine rings, by three 
substituents at the corners of the triangle. The 
general form is 1,3,4,6,7,9,9b-heptaazaphenalene 
[40]. Zhu et al. reported that the graphitic carbon 
nitride (g-C3N4) could be made  up by three urea, 
thiourea and melamine precursors [41]. It seems 
that the presence of other atoms in the carbon 
structure affects the absorption properties of 
these compounds. 

Shadman, et al. were studied the role of silicon 
in the single-walled carbon nanotube structures 
on the hydrogen adsorption by Monte-Carlo 
simulations [16]. Wang et al. were studied the 
role of Ca, Li, Na and K atoms on the hydrogen 
adsorption [37, 42]

In our previous work, the structural effects of 
MOFs on the hydrogen adsorption were evaluated 
[21].  In this work, the presence of N atom’s 
effect, as tri-s-triazine ring in carbon materials, on 
the hydrogen adsorption was studied. Thus, we 
are going to compare the hydrogen adsorption 
capacity of g-C3N4 with graphene oxide nanosheet 
with the same textural structures. For this purpose, 
we investigated all aspects of hydrogen storage, 
including thermodynamic variables, adsorption 
isotherms and industrial kinetics such as recycle 
life and desorption. 

MATERIALS AND METHODS
Preparation of g-C3N4 and graphene oxide 
adsorbents

The g-C3N4 nanosheet was prepared by directly 
heating of urea (≥  99.5 %, Merck) as a nitrogen-
rich precursor. In detail, 100 g of urea was placed 
in a covered alumina container and heated to 823 
K in a muffle furnace with heating rate of 5 K.min-1, 
and then kept at this temperature for 2 h. After 
calcination, the yellow solid was milled, took ballet 
and sieved for adsorption study.

The graphene oxide nanosheet was prepared 
as follows.  In detail, 0.5g graphite powder (purity 
99%, mesh 325, Merck), and 0.5 g sodium nitrate 
(NaNO3, Merck) were added into 23 mL sulfuric 

acid (H2SO4, Merck). The mixture was stirred at 
278 K and then, 3.0 g of potassium permanganate 
(KMnO4, Merck) was added to the mixture, slowly. 
About 40mL de-ionized water was added to the 
prepared suspension and was sonicated with an 
ultrasonic homogenizer for1 h. Finally, 100 mL 
de-ionized water and 3 mL hydrogen peroxide 
(H2O2, 30%, Merck) were added to the prepared 
suspension. The mixture filtered and washed with 
250 mL HCl aqueous solution for removal of metal 
ions. The prepared solid was washed and dried 
under vacuum at 353 K for 24h, then took ballet 
and sieved for adsorption study.

Characterization
The structures of the prepared samples were 

characterized by powder X-Ray diffraction (PXRD), 
Fourier Transformed Infrared Spectroscopy (FT-
IR), Brunauer-Emmett-Teller (BET) surface area 
analysis and Barrett-Joyner-Halenda (BJH) pore 
size and volume analysis. X-ray powder diffraction 
patterns were recorded on a GNR instrument using 
CuKα radiation (40kV, 30 mA, λ=1.54 Å) and a 
detector type of Detris (Fast Strip). PXRD patterns 
were recorded from 5 to 70° (2θ). Peak detection 
was performed using the JCPDS database. The 
distance between graphene layers was calculated 
using Bragg’s law [43]: 

θdnλ (hkl) sin2  
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where θ is the scattering angle, λ is the X-ray 
wavelength, n is the order diffraction of a given 
reflecting plane, d is the inter planar distance of 
the lattices, and (h k l) are Miller indices. The mean 
crystallite size of the samples can be determined 
via Scherrer equation [44, 45]:

θβ
λ

cos
KDhkl =                 			        (2)

where  Dhkl is the mean size of the crystalline 
vertical to the (h k l) plane; β is  the line broadening 
at half the maximum intensity (FWHM); K is a 
dimensionless shape factor. Nevertheless, the 
number of graphene layers (N) can be calculated 
using the Eq (3) [46, 47]:

hkl

hkl

d
DN =              			         (3)

FT-IR spectra were obtained using an Avatar 370 
FT-IR (Thermo Nicolet Corporation). Thin pellet for 
FT-IR spectra was prepared by grinding of g-G3N4 

https://en.wikipedia.org/wiki/Triazine
https://en.wikipedia.org/wiki/Substituent
https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Intensity_%28physics%29
https://en.wikipedia.org/wiki/Full_width_at_half_maximum
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with potassium bromide (KBr) powder and then 
pressed into a disk. The results were represented 
in Table 1.

Brunauer-Emmett-Teller (BET) surface area and 
Barrett-Joyner-Halenda (BJH) pore size and volume 
results of the fresh prepared g-C3N4 sample were 
evaluated by N2 adsorption using a Micromeritics 
ASAP 2010 automated system. Prior to analysis, 
0.5 g of sample was degassed at 373 K for 1h, and 
was heated to 573 K for 2 h, and analyzed by using 
N2 physisorption at 77 K (Table 1). The morphology 
of the prepared samples was observed with a 
transmission electron microscope (TEM, LEO 912 
AB, Germany). 

Adsorption measurements
Hydrogen adsorption measurements were 

performed using a static volumetric apparatus, 
which described in the previous work [21]. About 
0.5 g of each sample was loaded into the sample 
holder and evacuated at 473 K for 120 minutes. 

Then, the sample is cooled slowly to the room 
temperature, and the adsorption isotherm was 
evaluated at 298 K by using the high-purity 
hydrogen gas (99.999 %). The amount of adsorbed 
hydrogen was calculated using the ideal gas 
law. The compressibility factor of hydrogen in 
the ambient temperature and pressure was 
considered. To calculate the isosteric heat, the 
adsorption of samples was evaluated at 296, 318 
and 338 K. 

RESULTS AND DISCUSSION
Characterization of the prepared g-C3N4 and 
graphene oxide 

PXRD patterns of the fresh prepared samples are 
shown in Fig. 1 (a and b). The inter planar distance 
of the lattice (d) is calculated by Eq. (1) (Bargg’s 
law), crystallite size calculated by Eq. (2) and the 
number of graphene layers are calculated using 
Eq. (3). The calculated results are represented in 
Table 1. 

Sample BET surface area 
(m2 g-1) 

Total pore volume 
(cm3 g-1) 

Average pore diameter 
 (Ǻ) 2θ(o) dhkl 

(nm) 
Dhkl 
(nm) Na 

Graphene oxide 33.2 0.17 35.4 11.7 0.78 6.38 8.4 

g-C3N4 27.4 0.15 31.1 27.4 0.33 2.75 8.5 
13.1 0.68 ---- ---- 

a: Number of layers 
 
 
  
 
  

Table 1. XRD results and textural properties of the prepared samples.

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. XRD pattern of the prepared graphene oxide (a), and g-C3N4 (b)
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As shown in Fig. 1.a, in the XRD pattern of 
the prepared graphene oxide, a strong peak is 
observed at 2θ = 11.7◦, which is related to (002) 
plane with an interlayer distance (d spacing) of 
7.8 Å and the number of layers are about 8 layers 
(Table 1) [47, 48]. The d spacing of the graphene 
oxide is in the range of 5 to 9 Å, which is depended 
on the amount of intercalated water molecules 
[47]. The oxidation of graphite is accompanied by 
an increase in d spacing, due to the existence of 
the intercalated water molecules and addition of a 
range of oxide groups between the layers [47, 48]. 
As shown in Fig. 1(a), there are two peaks in the 
XRD pattern of g-C3N4. The strong peak at 2θ=27.4o 
indexed to the (002) crystal plane [40]. This is a 
characteristic peak of aromatic systems with an 
d spacing of 3.3 Å (Table 1) [38, 41]. According to  
Table 1, the mean crystallite size and the number 
of layers are calculated based on (002) crystal 
plane position for g-C3N4 sample. The weak peak 
at 2θ=13.1o related to the (100) crystal plane. This 
peak was recognized to the in plane structure of 
tri-s-triazine units with an d spacing of 6.8 Å [38, 
39, 41].

In FT-IR spectrum of graphene oxide prepared 
sample (Fig. 2, a), the peaks at 3400 and 3425 cm-1 
are related to stretching vibrations of hydroxyl 
groups of the water in/or between the graphene 
interlayer. As shown in Fig. 2 (b), the peaks at 1716 
and 1048 cm-1 belong to stretching vibrations of 
the C=O and C-O functional groups, respectively 

[47, 49]. Moreover, the peak located at 1225 cm-1 
is related to the vibration of epoxy group and the 
peak at 1580 cm-1 can be attributed to sp² character 
of the carbon atoms (C=C bonds) and the skeletal 
vibration of the graphene sheets, which confirm 
the successful oxidation of graphite [48-50].

In Fig.2, b, the FT-IR spectrum of the prepared 
g-C3N4 is shown. In this Fig., the broad peak between 
3000- 3500 cm-1 is related to the N-H stretching 
vibration modes, which shows the structures 
having the uncondensed amino functional groups. 
Furthermore, the region of 1200-1650 cm-1 
corresponds to the typical stretching modes of 
the CN hetero cycles [40, 41]. The peaks in 1638, 
1572, 1460 and 1412 cm-1  were attributed to the 
stretching vibration of heptazin-derived repeating 
units, and peaks at 1320 and 1243 cm-1 indicate 
the out of plane bending vibration characteristic of 
the heptazine rings [38-41]. The band at 894 cm-1 
was related to deformation mode of N-H, which 
shows the partial condensation of amine groups 
[40, 41]. Finally, peak at 811 cm-1 is due to the 
characteristic breathing mode of the tri-s-triazine 
unit [38, 39, 41]. 

Textural results of the samples are reported in 
the Table 1. As shown in Table 1, the BET surface 
area, total pore volume, and average internal 
diameter of g-C3N4 and graphene oxide samples 
are equal to each other. As shown in Table1, the 
BET specific surface area of graphene sheets is 
about 33.2 m2 g−1. However, it is lower than the 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. FTIR spectra of the prepared graphene oxide (a), and g-C3N4 (b)
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theoretical surface area for completely isolated 
graphene sheets, because of the agglomeration, 
overlapping and fusing the graphene sheets in the 
prepared sample. The specific surface area of the 
prepared graphene sheets is a result of the number 
of graphene oxide layers and high layers, confirm 
a lower specific surface area [51]. In addition, the 
BET specific surface area of the prepared g-C3N4 
is about 27.4 m2 g−1. These specific surface areas 
are in good accordance with some reported data 
[40]. Given this comparable textural structure, 
it is expected to show like hydrogen adsorption 
behavior.

The N2 adsorption-desorption isotherms of 

the samples are revealed in Fig. 3 (a,b). As shown 
in this Fig., the prepared g-C3N4 and graphene 
oxide samples obviously show type IV of IUPAC 
classification isotherms with H3 hysteresis loops. 
This form indicates the presence of mesopores and 
arrangement of slit-shaped pores from aggregates 
off the lake-like particles [52].

The pore size distribution (PSD) of the prepared 
g-C3N4 and graphene oxide samples, obtained 
from the adsorption division of the BJH isotherm, 
is revealed in Fig. 4 (a,b). The PSD of the samples 
shows major peaks in the micropores, mesopores 
and macropores regions. The main pore size in 
the BJH curve of the graphene oxide belongs to 
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Fig. 3. Nitrogen adsorption–desorption isotherms of the graphene oxide (●) and g-C3N4 (■) samples obtained at 77 K
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Fig. 4. The pore size distribution (PSD) of the graphene oxide (■) and g-C3N4 (●) samples
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mesoporous (2–50 nm), which are a key grouping 
of the nanoporous materials [52]. A broad peak 
centered at about 50 nm can be shown  in the BJH 
curve of the g-C3N4. The presence of macropores 
and mesopores is originated from the H2S and H2O 
released during the heating of urea. 

The morphologies of the prepared graphene 
oxide and g-C3N4 nanosheets were evaluated by 
TEM observation. Fig. 5 (a, b) shows the TEM 
images of the graphene oxide and g-C3N4 samples. 
As shown in Fig. 5, the prepared graphene oxide 
and g-C3N4 sheets are not completely flat and 
prove intrinsic microscopic irregularity. Moreover, 
the semitransparent and lined sheets exhibit few 
layer planar sheets in both samples.

Hydrogen adsorption
The prepared graphene oxide and g-C3N4 samples 

were degassed at 473 K for 120 minutes before 
hydrogen adsorption. The hydrogen adsorption 
isotherms obtained using the volumetric analysis 
at 298 K and up to 22 bar pressure, are shown 
in Fig. 6. As shown in Fig. 6, these hydrogen 
adsorption isotherms are obviously of type III of 
Brunauer’s classification, which are consistent 
with different pore regions in the prepared 
samples [52]. There is no flattish part in the curve, 
which prove that monolayer formation is absent 
and this isotherm, which explains the formation 
of multilayer adsorption. Therefore, this type of 
isotherm shows large deviation from the Langmuir 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. TEM images of the g-C3N4 (a) and graphene oxide (b) 
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Fig. 6. Hydrogen adsorption isotherms of the graphene oxide (■) and g-C3N4 (●) samples at 298 K and pressures up to 22 bar
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model [52, 53]. The isotherms (in Fig. 6) show 
that the upper limit hydrogen storage capacities 
are 1.06 and 1.27 mmol/g for graphene oxide and 
g-C3N4 samples at 22 bar and 296 K, respectively. 
These results showed that the adsorption ability 
of the g-C3N4 sample was higher than graphene 
oxide adsorbent. These results for graphene oxide 
at 296 K are comparable with the earlier reports 
[54-56]. In addition, these results showed that the 
presence of N atoms in the g-C3N4 structure (in the 
tri-s-triazine units) increases the hydrogen storage 
more than similar carbon materials [11, 57]. 

Fig. 7 shows the temperature effect on the 
hydrogen adsorption on the graphene oxide 
and prepared g-C3N4 sample. As shown in this 
figure, the amount of hydrogen adsorptions on 
both samples decrease rapidly from 296 to 338 
K. The experiments were carried out in three 
temperatures of 296, 318 and 338 K to determine 
the effect of temperature on the hydrogen 
adsorption.

To describe the adsorption processes of 
hydrogen on the g-C3N4 and graphene oxide 
adsorbents, the Freundlich and the Temkin 
isotherm models were used. The Freundlich model 
is regularly used for heterogeneous adsorption 
and is known by Eq. (4) [58]:  

n
fm PkQ

1

=               		                       (4)
   
Where, kf is the Freundlich adsorption 

coefficient for adsorption capacity, n  is the 
adsorption constant that characterizes the 
adsorption strength and energy division of the 
adsorption sites, Qm is the amount of adsorption 
and P is the pressure of adsorption. The Temkin 
isotherm model describes the adsorption behavior 
on the heterogeneous surfaces and is given by Eq. 
(5)  [58]:
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Sample Temperature (K) Freundlich isotherm   Temkin isotherm 
kf n R2 b C R2 

g-C3N4 
296 3.9×10-3 0.502 0.987  4.6×103 0.292 0.750 
318 1.1×10-3 0.411 0.961  5.4×103 0.252 0.728 
338 1.8×10-4 0.333 0.972  6.4×103 0.203 0.665 

Graphene oxide 
296 7.1×10-3 0.600 0.989  4.5×103 0.240 0.748 
318 4.1×10-3 0.560 0.977  5.3×103 0.207 0.720 
338 1.5×10-4 0.333 0.972  6.5×103 0.169 0.665 

 
 
 

Fig. 7. Hydrogen adsorption isotherms of the graphene oxide (a) and g-C3N4 (b) prepared samples at 298 K (●), 318 K (♦) 338 K (■) 
and pressures up to 16.3 bar

Table 2. Adsorption parameters of the prepared samples 296, 318 and 338 K.
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where, b is the Temkin constant that is 
associated with the heat of adsorption; C is the 
adsorption constant; R is the gas constant (8.314 
J.mol-1 K-1), T are temperature (K) and P is the 
pressure of adsorption.  The basis of the Temkin 
isotherm is based on the linear decrease in the 
absorption energy by increasing the surface 
coverage due to adsorbent-adsorbate interactions. 
Moreover, the Freundlich isotherm model is 
derived from the assumption that the adsorption 
energy exponentially decreases with the surface 
occupation because of non-uniform distribution 
affinities over the heterogeneous surface. The 
fitting results of the experimental data and 
calculated parameters of Temkin and Freundlich 
isotherms are given in Table 2. The R-squared 
value is used for comparison of the models in 
Table 2. As shown in Table 2, data were improved 
fitted to Freundlich model in comparison to the 
Temkin model due to a higher R-squared value for 
both g-C3N4 and graphene oxide adsorbents. This 
condition indicates that the adsorption mechanism 
is correlated to reversible multilayer adsorption 
with non-identical distribution of the adsorption 
affinities over the heterogeneous surface of both 
g-C3N4 and graphene oxide adsorbents. As shown 
in Table 2, the Freundlich adsorption constant 
(n) of the g-C3N4 adsorbent is lower than that 
of graphene oxide adsorbent, while the Temkin 
constant (b) of the g-C3N4 adsorbent is higher 
than that of graphene oxide adsorbent. These 
results show that the strength of the adsorption 
sites of       g-C3N4 is higher than that of graphene 
oxide. However, at a higher temperatures, these 

adsorbents exhibit the same absorption behavior.
Carbon materials store hydrogen in different 

mechanisms. In mechanism I, hydrogen is 
adsorbed at the surface of the material which 
demonstrates the interaction between hydrogen 
and carbon surfaces [59]. In mechanism II, the 
hydrogen molecules permeate into the space 
between carbon layers. The results show that the 
hydrogen absorbed through the mechanisms of I 
and II on the surfaces of both g-C3N4 and Graphene 
oxide.

 
Isosteric heat of adsorption

Isosteric heat of hydrogen adsorption on the 
adsorbents represents the connections between 
the hydrogen molecules and the adsorbents. 
The previous works show that the isosteric heat 
of hydrogen molecules on the graphene oxide 
nanosheets is in the range of 4 to 6 kJ.mol-1 [12, 
60-62].

The isosteric heat of adsorption (Qa) of hydrogen 
molecules is considered from the temperature 
reliance of hydrogen adsorption isotherms, by 
means of the Clausius– Clapeyron equation (Eq.6). 
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where, P is the saturation pressure of 
adsorption; R is the specific gas constant, T is the 
absolute temperature of adsorption; Qa is the 
isosteric heat of adsorption and θ is the surface 
coverage. It should be noted that the adsorption 
enthalpy must be calculated at a constant surface  
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coverage. The variation of the isosteric heat of 
adsorption (Qa) with the amount of hydrogen 
adsorption capacity (mmol/g) is shown in Fig. 8. 
Generally, isosteric heat of adsorption decreases 
with surface coverage increasing. 

As revealed in Fig. 8, isosteric heat of hydrogen 
adsorption on the graphene oxide is in the range 
of 8.6 kJ.mol-1 (at low hydrogen uptake) to 4.3 
kJ.mol-1 (at fair uptake). In addition, the related 
results for g-C3N4 are in the range of 10.1 to 4.8 
kJ.mol-1 (at same hydrogen uptake). These results 
are comparable with the results of the hydrogen 
physisorption on the carbon adsorbents [24, 54, 
55, 63]. These results show that the method used 
to evaluate the adsorption of hydrogen at C3N4  and 
graphene oxide surfaces is of prime importance. 
Based on these results, the interaction of 
hydrogen molecules and tri-s-triazine units in the 
g-C3N4 structure are stronger than carbon atoms in 
graphene oxide structure [57, 64]. 

Desorption process and recycle life
The reversibility and recycling process are two 

important kinetically factors in evaluating the 
performance of an absorbent. Good hydrogen 
adsorbent in industrial application, not only must 
adsorb high amount of hydrogen molecules in the 
adsorption step, but also, it must almost release 
all of hydrogen molecules in the desorption step. 
Fig. 9 shows the reversibility (%) of the g-C3N4 and 
graphene oxide samples. As shown in this figure, 
the reversibility of g-C3N4 and graphene oxide 
samples at the first cycle were about 30 and 28%. 
Moreover, the reversibility of the studied samples, 
after 4 cycles, reduces to 22% and 19% for 
graphene oxide and g-C3N4, respectively. According 
to United States Department of Energy (USDOE) 

the recycle life of the adsorbent used in the on-
board  light vehicle must be 1500 cycles with at 
least 60% hydrogen desorption [65]. On the base 
of the obtained data, it can be concluded that the 
stability of pure g-C3N4 for hydrogen sorption is 
less than graphene oxide.

CONCLUSIONS
In this study, the effects of N atoms of the tri-s-

triazine rings in carbon materials on the hydrogen 
adsorption were studied. For this purpose, the 
hydrogen adsorption behaviors of the g-C3N4 
with graphene oxide nanosheets were compared. 
The results show that the structural and textural 
properties of the s g-C3N4 with graphene oxide 
nanosheets, XRD results, surface area, total pore 
volume, and typical internal distance of g-C3N4 
and graphene oxide samples are nearly equal. The 
BET specific surface area of the prepared g-C3N4 
and graphene oxide samples are about 27.4 and 
33.2 m2 g−1, respectively. The nitrogen adsorption-
desorption isotherms show type IV of the IUPAC 
classification isotherms with H3 hysteresis loops. 
This type indicates the existence of mesopores 
and arrangement of opening shaped pores from 
aggregates of the lake-like particles. The TEM 
images of the graphene oxide and g-C3N4 samples 
show that these samples are not completely 
flat and prove basic microscopic roughness. In 
addition, semitransparent and creased sheets 
exhibit few layer planar sheets in both samples.

The hydrogen adsorption isotherms for both 
samples are clearly of Type III of Brunauer’s 
classification, which are consistent with different 
pore regions in the prepared samples. There is 
no flat part in the curve, which proves that the 
monolayer configuration is not present, and this 
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isotherm explains the formation of multilayer 
adsorption. The isotherms show that the highest 
hydrogen capacities are 1.06 and 1.27 mmol/g 
for graphene oxide and g-C3N4 samples at 22 bar 
and 296 K, respectively. The hydrogen adsorption 
data were superior fitted by Freundlich model, 
representing that the adsorption mechanism is 
related to reversible multilayer adsorption with 
non-identical distribution of the adsorption 
affinities over the heterogeneous surface of 
both g-C3N4 and graphene oxide adsorbents. The 
Freundlich adsorption constant (n) of the g-C3N4 
adsorbent is lower than that of graphene oxide 
adsorbent, while the Temkin constant (b) of the 
g-C3N4 adsorbent is more than that of graphene 
oxide adsorbent. These results show that the 
adsorption strengths of the adsorption sites 
of the g-C3N4 are more than that of graphene 
oxide. However, at higher temperatures, these 
adsorbents exhibit similar absorption behavior. 
Isosteric heat of adsorption of hydrogen on the 
graphene oxide and g-C3N4 is in the range of 
8.6 kJ.mol-1 - 4.3 kJ.mol-1 and 10.1 - 4.8 kJ.mol-1, 
respectively. These consequences show that the 
communication between of the H2 molecules 
and tri-s-triazine units of the g-C3N4 structure are 
stronger than carbon atoms in graphene oxide 
structure. 
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