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ABSTRACT 
The selective hydrogen production from methanol on the graphitic-like gallium nitride (GaN) and carbon doped 

gallium nitride (C–GaN) nanosheets has been challenged using the density functional theory (DFT) method. In this work, 
we report that GaN and C-doped GaN can catalyze the direct producing hydrogen (H2) of methanol (CH3OH) through 
Langmuir adsorption. The changes of charge density have shown a more important charge transfer for C-doped GaN 
compared to GaN which act both as the electron acceptor while CH3OH molecules in water act as the stronger electron 
donors through adsorption on the GaN and C-doped GaN surfaces. The adsorption of CH3OH molecules on the GaN and C-
doped GaN surfaces represented spin polarization in the GaN and C-doped GaN which can be employed as thee magnetic 
sensors for running the reaction of H2 producing. The partial electron density states based on “PDOS” graphs have 
explained that the CH3OH states in both of GaN and C-doped GaN nanosheets, respectively, have more conduction bands 
between −5 eV to −10 eV. The simulated distribution functions of CH3O@GaN and CH3O@C–GaN complexes exhibits 
that the bond lengths of O–Ga in CH3O–GaN complex is 1.99 Å and O–C in CH3O–C–GaN complex is 1.43 Å. Besides, 
the plot for electric potential versus atomic charge has been shown around carbon doping of the GaN which presents the 
electron accepting characteristics of this element via the electron donor of oxygen atom of hydroxyl group in CH3OH 
with linear relation coefficient of R2 = 0.9948. GaN and C–GaN nanosheets seem to have enough efficiency for adsorption 
CH3OH molecules through charge transfer from oxygen to the gallium and carbon elements due to intra-atomic and 
interatomic interactions. 
Keywords: CH3O@GaN; CH3O@C–GaN; H2; DFT; Langmuir adsorption 

1. Introduction 
Gallium nitride (GaN) structure is one of the most discovered 

group III-nitride semiconductors which have been applied in different 
applications like electronic, optoelectronic devices, and sensor 
instruments[1–4]. Considering the prominent electronic properties of 
gallium nitride (GaN), it can be an appropriate case for gas sensing[5–11]. 
For instance, some studies have exhibited that Ga12N12 nanoclusters 
are capable for gas sensing of CO, NO, NO2, and HCN molecules[12,13]. 
Moreover, GaN nanostructures suggest firm action under different 
radiation and in space conditions at room-temperature with wide 
varieties of temperature and humidity as compared to metal-oxides[14]. 
In addition, it has been investigated that considering the interaction 
between gas molecule and surface in the active compound, the PL-GaN 
sheet could be applied as a largely selective magnetic gas detector for 
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nitric oxide (NO) and nitrogen dioxide (NO2) sensing[15,16]. Density functional theory (DFT) computations 
have accomplished and indicated that GaN wurtzoids as an agent of GaN nanocrystals are appropriate for 
hydrogen detecting nanostructures. One-dimensional semiconductor nanowires often consist of polytypic 
structures, due to the coexistence of various crystal GaAs as the semiconductors by using the chemical vapor 
transport approach[17]. Concerning damaging impact of NO2 on human health and environment makes NO2 
gas sensors and their state-of-the-art characteristics have been studied[18–20]. Ammonia “NH3” which is an 
important ingredient of reactive nitrogen, participates in prevalent harmful impacts on health. Nitrogen atom 
in NH3 helps to form the atmospheric aerosols which remain in the atmosphere for some days[21–23]. 

Recently, the ability of gallium nitride surface for the hydrogenation of carbon monoxide and carbon 
dioxide to dimethyl ether and their products have been evaluated using experimental and theoretical studies 
which introduce a different potent catalyst for direct hydrogenation of carbon dioxide to dimethyl ether[24–26]. 

Therefore, this research wants to investigate the adsorption of CH3OH and H2O molecules on the 
monolayer graphitic GaN and C-doped GaN nanosheets with an atomically flat planar honeycomb hexagonal 
structure as “PL-GaN” employing density functional theory (DFT) towards the formation of H2 and CO2 
products[27–29]. 

2. Theoretical insights, applied material and method 
In this research, the simulated calculations have been directed in the GaussView 6.06.16[30] and calculated 

by Gaussian 16, Revision C.01[31] using the DFT method. The [Perdew–Burke–Ernzerhof] “PBE” functional 
with high-precision generalized gradient approximation “GGA” has been employed to achieve more authentic 
results[32]. Every simulated group contains a graphitic-like of length 25 Å with bond length of 1.95 Å for Ga–
N in gallium nitride surface and bond length of 1.94 Å for C–N in carbon doped gallium nitride surface with 
a single CH3OH and H2O molecules adsorbed onto it (Figure1). 

 
Figure 1. “Langmuir” adsorption of CH3OH and H2O molecules onto GaN and C–GaN nanosheets. 

The charge transfer between adsorbates of CH3OH and H2O molecules and adsorbents of GaN and C-doped 
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GaN nanosheets is calculated due to the Bader charge analysis[33].This method can measure charge 
accumulation from the charge of each atom in the complex model. Finally, the total adsorption charge transfer 
can be obtained as formula: ∆Qt = Q2  ̶ Q1, where Q2 and Q1 remark the charge of GaN and C-doped GaN 
nanosheets after and before adoption of CH3OH and H2O molecules. As a matter of fact, negative ∆Qt 
indicates that electrons are transferred from adsorbates to the adsorbents of GaN and C-doped GaN nanosheets 
which act the electron acceptors[34,35]. 

The adsorbing of CH3OH and H2O molecules on the surfaces of GaN and C-doped GaN nanosheets was 
defined by the theory “Langmuir” isotherm[36–39], which indicates the chemisorption between liquids molecules 
and solid surfaces. The adsorbates of CH3OH and H2O molecules are maintained on surfaces of GaN and C-
doped GaN with “Langmuir” chemisorption (Figure1). 

The changes of charge density analysis in the adsorption process has illustrated that GaN nanosheet shows 
the Bader charge of −1.382 eV, before adsorption of CH3OH and H2O, and −0.595 eV after adsorption of 
CH3OH and H2O, respectively. In addition, C-doped GaN nanosheet shows the Bader charge of −0.656 eV, 
before adsorption of CH3OH and H2O, and −0.360 eV after adsorption of CH3OH and H2O, respectively. 

Therefore, the changes of charge density for “Langmuir” adsorption of NO, NO2 and NH3 on GaN surface 
alternatively are ∆QCH3O@GaN = +0.787 ˃ ∆QCH3O@C-GaN = +0.296. The values of changes of charge density 
have shown a more important charge transfer for C-doped GaN nanosheet compared to GaN surface. 

To determine the most sensitive structure of GaN and C-doped GaN nanosheets as the selective sensor 
for detecting CH3OH(l), the binding energy of each system has been calculated. Therefore, we have found that 
the priority for selecting the surface binding of O-atom of CH3OH(l) in adsorption site can be impacted by the 
existence of close atoms in the GaN and C-doped GaN surfaces. The simulated distribution functions of 
CH3O@GaN and CH3O@C–GaN complexes have illustrated that the created clusters lead to the bond lengths 
of O–Ga in CH3O–GaN complex is 1.99 Å and O–C in CH3O–C–GaN complex is 1.43 Å (Figure1). 

3. Results and discussion 
In this verdict, gallium nitride (GaN) and carbon doped gallium nitride (C–GaN) nanosheets have been 

investigated as the efficient surface because of their structural selectivity for adsorption of CH3OH towards 
H2 production (Figure1). These experiments have been accomplished using spectroscopy analysis through 
some physical and chemical properties. 

3.1. The properties of electronic specification 
The electronic structures of CH3OH in water medium adsorbed on the GaN and C-doped GaN nanosheets 

have been analyzed to simplify subsequent discussion for interfacial electronic properties using CAM-
B3LYP/LANL2DZ, 6-311+G (d,p) basis sets. The graph of partial DOS (PDOS) has illustrated that the p states 
of the adsorption of (O–) on the GaN (Figure 2a) and C-doped GaN (Figure 2b) nanosheets are dominant 
through the conduction band. A distinct metallic feature can be observed in GaN and C-doped GaN nanosheets 
because of the strong interaction between the p states of C, N, O and the d states of Ga near the Fermi energy. 
Moreover, the existence of covalent features for these complexes has exhibited the identical energy amount 
and figure of the PDOS for the p orbitals of C, N, O and d orbitals of Ga (Figure 2a,b). 
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Figure 2. PDOS adsorption of (a) CH3O@GaN; (b) CH3O@C–GaN nanosheets with Fermi level =0. 

Figure 2a,b shows that the CH3OH states in both GaN and C-doped GaN have more contribution at the 
middle of the conduction band between −5 eV to −10 eV. However, gallium and nitrogen in PDOS of 
CH3O@GaN are expanded and close together, but hydrogen, carbon, and oxygen states have minor 
contributions (Figure 2a). Further, not only gallium and nitrogen in PDOS of CH3O@C–GaN are expanded 
and close together, but also hydrogen, carbon, and oxygen states exhibit the similar behavior (Figure 2b). 

The results have been approved by the partial electron density (PDOS) which have showed a certain 
charge association between GaN & C-doped GaN nanosheets and CH3OH in water. 

In other words, the Ga states in GaN nanosheet have large contributions in the valence band, while C 
states in C–GaN nanosheet have less contribution. Thus, the above results exhibit that the cluster dominant of 
non-metallic and metallic features and a certain degree of covalent features can illustrate the increasing of the 
semiconducting direct band gap of CH3OH molecules adsorbing on the GaN and C-doped GaN nanosheets. 
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3.2. Electrostatic properties & “NQR” 
In this research, the calculated “nuclear quadrupole resonance” or “NQR” specifications extract form 

electrostatic properties have been calculated for pyridine and alkylpyridines which is accord to the results of 
the “nuclear quadrupole moment”, a trait of the nucleus, and the “electric field gradient” or “EFG” in the 
neighborhood of the nucleus[40,41]. 

As the “EFG” at the citation of the nucleus in CH3OH is allocated by the valence electrons twisted in the 
particular attachment with close nuclei of GaN and C-doped GaN nanosheets, the “NQR” frequency at which 
transitions occur is particular for CH3O@GaN and CH3O@C–GaN complexes (Table1). In “NQR”, nuclei 
with spin ≥1, there is an electric quadrupole moment which is accompanied with “non-spherical” nuclear 
charge diffusions. So, the nuclear charge diffusion extracts from that of a sphere as the oblate or prolate form 
of the nucleus[40,41]. 

In this research work, the “electric potential” as the quantity of work energy through carrying over the 
electric charge from one position to another position in the essence of electric field has been evaluated for 
CH3O@GaN and CH3O@C–GaN complexes using “CAM-B3LYP/EPR-III,LANL2DZ, 6-31+G(d,p)” level 
of theory (Table1). 

Table1. The electric potential (Ep/a.u.) and Bader charge (Q/e) for elements involving in the adsorption mechanism of CH3OH on 
the GaN and C–GaN nanosheets using CAM-B3LYP/EPR-III, 6-311+G (d,p) calculation extracted of “NQR” method. 

CH3O@GaN CH3O@C–GaN 

Atom Q Ep Atom Q Ep 

C1 –0.138883 –14.492177 C1 –0.14605 –14.512467 

O2 –0.24257 –22.027273 O2 –0.17376 –22.045969 

Ga3 0.322949 –146.588123 Ga3 0.324268 –146.767356 

N4 –0.46868 –18.147423 N4 –0.35983 –18.155333 

Ga5 0.306262 –146.612401 Ga5 0.336588 –146.812044 

Ga6 0.309491 –146.610467 Ga6 0.333853 –146.812337 

N7 –0.35841 –18.152134 N7 –0.35534 –18.166987 

Ga8 0.307619 –146.585654 Ga8 0.330507 –146.760619 

N9 –0.33082 –18.188336 N9 –0.35918 –18.207219 

N10 –0.45791 –18.14294 N10 –0.34344 –18.151422 

Ga11 0.304534 –146.62799 C11 0.149105 –14.558703 

Ga12 0.322382 –146.594445 Ga12 0.341117 –146.766486 

N13 –0.46026 –18.142017 N13 –0.35558 –18.154238 

Ga14 0.317285 –146.555721 Ga14 0.345001 –146.760011 

N15 –0.32395 –18.181239 N15 –0.35379 –18.202835 

H16 0.087583 –1.117471 H16 0.082743 –1.130149 

H17 0.059464 –1.102232 H17 0.067091 –1.117932 

H18 0.077249 –1.118892 H18 0.07037 –1.14026 

H19 0.076651 –1.070412 H19 0.066315 –1.094491 

As the electric potential for a system of point charges is similar to the amount of the point charges’ 
individual potentials, the computations are carried out easily on the basis of the total of potential fields which 
are scalar in lieu of total of the electric fields which are vector and much more tough than the potential field 
parameter[42–45]. 
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Furthermore, in Figure 3a,b, it has been sketched the “electric potential” of nuclear quadrupole resonance 
for some atoms of hydrogen, carbon, nitrogen, oxygen, and gallium in the adsorption process of CH3OH on 
the GaN (Figure 3a), and C–GaN nanosheets (Figure 3b) which have been calculated by “CAM-B3LYP/EPR-
III, 6-311+G (d,p), LANL2DZ”. 

 

 
Figure 3. The electric potential versus Bader charge through NQR calculation for adsorption clusters of (a) CH3O@GaN; (b) 
CH3O@C–GaN using CAM-B3.LYP/EPR-III, LANL2.DZ, 6-31+G(d,p). 

In Figure 3a, it has been described the plot of electric potential for Bader charge of different atoms while 
CH3OH adsorbs on the GaN surface, while Figure 3b shows the influence of the replacement of gallium metal 
element in “GaN” surface with “C”. It’s vivid that the curve of “GaN” is waved by the carbon element (Figure 
3b). The plot for electric potential versus atomic charge has been shown around carbon doping of the GaN 
which presents the electron accepting characteristics of this element via the electron donor of oxygen atom in 
CH3OH with R2 = 0.9948 (Figure 3b). 

The amounts of changes of charge density have exhibited a more important charge transfer from O atom 
of CH3O− anion of CH3OH as the electron donor adsorbed onto GaN and C-doped GaN nanosheets which 
play a role as the electron acceptors due to the production of the covalent bond of “O–Ga” and “O–C–GaN”. 

In fact, Ga and C sites in GaN and C-doped gallium nitride, respectively, have more interaction energy 
from “Van der Waals’ forces” with CH3OH molecules that can cause more stability towards coating 
specifications on the surface. It has been estimated that the precedence for picking out the crystal binding of 
“O-atom” in CH3O− anion in adsorption position can be impressed by the essence of neighboring elements of 
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gallium and nitrogen in the GaN and C-doped GaN (Figure 3a,b). 

3.3. Magnetism and atomic charge analysis 
Nuclear magnetic resonance spectrums of CH3O@GaN and CH3O@C–GaN complexes approve potent 

sensor of gallium nitride and carbon doping of gallium nitride for adsorbing the methanol in water and running 
the production of hydrogen. GaN and C–GaN surfaces can unravel the formation of the covalent binding 
between CH3OH (adsorbate) and surface (adsorbent). 

From the “DFT” calculations, it has been attained the “chemical shielding” «CS» tensors in the principal 
axes system to estimate the “isotropic chemical-shielding” «CSI» and “anisotropic chemical-shielding” 
«CSA»[46–50]: 

 𝜎𝜎𝑖𝑖𝑖𝑖𝑖𝑖 = (𝜎𝜎11 + 𝜎𝜎22 + 𝜎𝜎33)/3 (1) 
 𝜎𝜎𝑎𝑎𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 = 𝜎𝜎33 − (𝜎𝜎22 + 𝜎𝜎11)/2 (2) 

The chemical shielding extracts from “Nuclear magnetic resonance” or “NMR” can be applied for 
allocating the structural and geometrical specifications of materials. As a matter of fact, “Gauge Invariant 
Atomic Orbital” or “GIAO” methodology has been recommended as a valid methodology for “NMR” 
parameter computations[51–58]. 

The “NMR” data of isotropic “σiso” and anisotropic shielding tensor “σaniso” of atoms including H, C, N, 
O and Ga through interaction of CH3OH with GaN/C–GaN surfaces towards formation of CH3O@GaN, 
CH3O@C–GaN complexes and hydrogen gas have been computed by “Gaussian 16 revision C.01” program 
package[31] and been shown in Table 2. 

Table 2. NMR properties of chemical shielding tensors (σ iso & σaniso/ppm) of H, C, N, O and Ga in the attachment of CH3OH with 
GaN/C–GaN surfaces through formation of CH3O@GaN, CH3O@C–GaN complexes. 

CH3O@GaN CH3O@C–GaN 

Atom σ iso σaniso Atom σ iso σaniso 

C1 179.2159 36.9065 C1 154.6499 27.4129 

O2 150.9691 2974.7309 O2 354.8987 1124.8774 

Ga3 18,758.6499 30,577.9370 Ga3 19,183.9008 94,666.3864 

N4 216.2120 669.9269 N4 1596.0584 2360.8485 

Ga5 18,455.2566 31,327.7419 Ga5 31,627.2684 168,594.4964 

Ga6 18,149.2904 32,713.7441 Ga6 33,369.2782 171,759.8387 

N7 90.9294 464.4114 N7 1549.1214 3515.8318 

Ga8 18,485.2174 30,431.4337 Ga8 16,340.7312 92,617.2317 

N9 218.9173 642.6002 N9 3425.9587 8314.4536 

N10 284.5798 874.2235 N10 3839.2101 5176.1081 

Ga11 2914.3282 61,977.2718 C11 657.4748 456.9113 

Ga12 18,698.0002 31,192.1416 Ga12 28,908.1246 103,351.9912 

N13 211.0279 717.2403 N13 1525.2165 2431.6412 

Ga14 9260.9374 74,714.9298 Ga14 16,656.4595 64,475.8664 

N15 501.4350 774.0516 N15 2737.5337 7019.4326 

H16 29.5211 7.4972 H16 16.5222 8.7048 

H17 27.8756 35.8204 H17 6.7072 56.5045 

H18 32.4537 18.8661 H18 2.9067 21.0737 

H19 38.4521 31.7367 H19 15.5484 121.4571 
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In Table 2, “NMR” data has reported the notable amounts for C atom which has been doped on the GaN 
surface through CH3OH adsorption surrounded with H2O molecules and H2 & CO2 productions. In fact, the 
adsorption of CH3OH introduces spin polarization on the C-doped GaN nanosheet surface which indicates that 
this surface might be applied as magnetic methanol detector (Figure 4). 

 

  
Figure 4. Chemical shielding tensors of σiso and σiso extracts from “NMR” spectroscopy for CH3OH adsorption on the (a) GaN; (b) 
C-doped GaN nanosheets towards production of hydrogen gas. 

It is revealed that the “isotropic” and “anisotropy” shielding tensors augment with the negative Bader 
charge (Table 1) in methanol penetrated by “O-atom” in the CH3O–GN complex. It has been exhibited that 
the shielding tensor graph of “O-atom” has the same tendency, however a considerable deviation from gallium 
element (Figure 4a,b). 

In Figure 4a,b, the maximum fluctuation of “isotropic” and “anisotropy” shielding tensors for Ga11, 
Ga12, Ga14 in CH3O@GaN cluster has been observed (Figure 4a), while the maximum fluctuation of 
“isotropic” and “anisotropy” shielding tensors for Ga3, Ga5, Ga6 in CH3O@C–GaN cluster has been seen 
(Figure 4b). 

3.4. “IR” insight & thermodynamic analysis 
The “IR” spectrums for adsorption of CH3OH(l) on the surfaces of GaN and C–GaN towards the formation 

of CH3O@GaN and CH3O@C–GaN complexes, respectively, have been reported in Figure 5a,b. 
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Figure 5. The Frequency (cm−1) changes through the “IR” spectrums for (a) CH3O@GaN; (b) CH3O@C–GaN complexes. 

The graphs of Figure 5a,b has been observed in the frequency range between 50 cm−1–3500 cm−1 for the 
complexes of CH3O@GaN and CH3O@C–GaN, respectively, with a sharp peak around 1500 cm−1 for both 
CH3O@GaN and CH3O@C–GaN complexes (Figure 5a,b). 

In this part, the stability of complexes including methanol adsorption on graphitic gallium nitride (GaN) 
and carbon doping of gallium nitride (C–GaN) has been investigated through thermodynamic properties which 
define the reaction of methanol in water towards production of hydrogen and carbon dioxide in the gas phase 
that are trapped in the gallium and carbon coordination sphere (Table 3). 

Table 3. The thermodynamic properties of CH3OH(l )  and H2O(l )  adsorbed on the surfaces of GaN and C–GaN towards the 
formation of CH3O@GaN & CH3O@C–GaN complexes and the products of H2(g )  & CO2(g ) . 

Compound ∆Eo×10−4 (kcal/mol) ∆Ho×10−4 (kcal/mol) ∆Go×10−4 (kcal/mol) So (Cal/K.mol) Dipole moment (Debye) 

CH3OH(l) −7.1568 −7.1568 −7.1584 55.576 1.3748 

H2O(l) −4.7211 −4.7211 −4.7224 44.777 1.5981 

H2(g) −0.0714 −0.0714 −0.0723 30.851 0.0000 

CO2(g) −11.6656 −11.6655 −1.6671 52.674 0.0000 

GaN −21.4958 −21.4957 −21.4998 137.460 0.6307 

C–GaN −744.0161 −744.0160 −744.0199 130.698 1.9560 

CH3O@GaN −863.0549 −863.0549 −863.0593 150.485 0.6776 

CH3O@C–GaN −746.0152 −746.0151 −746.0192 134.809 0.2953 
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Concerning adsorption process, the thermodynamic properties were evaluated for initial compounds of 
CH3OH(l) and H2O(l) adsorbed on the surfaces of GaN and C–GaN towards the formation of CH3O@GaN & 
CH3O@C–GaN complexes and finally the products of H2(g) and CO2(g) (Table 3). 

In addition, the high amounts of the “Langmuir” adsorption isotherm graphs based on gibbs free energy 
(∆Go

ads) has been evaluated for interactions between CH3OH(l) molecules on the surfaces of GaN and C–GaN 
nanosheets with R² = 0.9999 (Figure 6). The order of ∆Go

ads for CH3OH(l) molecules adsorption on GaN 
nanosheet has indicated more stability compared to Gibbs free energy of CH3OH(l) molecules adsorption on 
C–GaN nanosheet (Figure 6). 

 
Figure 6. The alterations of Gibbs free energy (∆Goads) for CH3OH(l)  and H2O(l)  adsorbed on the surfaces of GaN and C–GaN 
towards the formation of CH3O@GaN & CH3O@C–GaN complexes and the products of H2(g) & CO2(g) . 

The adsorptive capacity of CH3OH(l ) and H2O(l ) adsorbed on the surfaces of GaN and C–GaN is 
approved by the relative energy (∆Eo

ads) amounts as formula: 
∆Eo

ads = ∆Eo
CH3O@GaN − (∆Eo

CH3OH(l) + ∆Eo
GaN) (3) 

∆Eo
ads = ∆Eo

CH3O@C–GaN − (∆Eo
CH3OH(l) + ∆Eo

C–GaN) (4) 

Table 3 has shown that the adsorbing of CH3OH(l) on the surfaces of GaN and C–GaN nanosheets must 
have both “physical” and “chemical” nature. All the measured relative adsorption energies (∆Eo

ads) are almost 
identical, and exhibit the accord of the estimated data by all methods and the accuracy of the calculations 
(Figure 6). In fact, Ga sites in GaN and C sites in C–GaN nanosheets have higher interaction energy from Van 
der Waals’ forces with gas molecules including CH3OH(l) molecules that can make them highly stable. 

Furthermore, the results of Table 3 has indicated that CH3O@GaN & CH3O@C–GaN nanosheets have 
the largest gap of Gibbs free energy adsorption which defines the changes between Gibbs free energy of initial 
compounds (∆Go

CH3OH(l), ∆Go
H2O) and product compounds (∆Go

H2(g), ∆Go
CO2(g)) through polarizability on the 

GaN and C–GaN nanosheets (Figure 6). However, GaN and C–GaN nanosheets seem to possess enough 
efficiency for adsorption CH3OH(l) molecules through charge transfer from oxygen to the gallium and carbon 
elements due to intra-atomic and interatomic interactions. 

In a recent work, WANG and co-workers have provided a systematic explanation of the adsorption 
between the hydroxyl groups and the GaN surface. DFT calculations and X-ray photoelectron spectroscopy 
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(XPS) were carried out to investigate the hydroxyl groups on a GaN surface[59]. It was indicated that adsorption 
of hydroxyl groups is more favorable near the center location than near gallium atoms. In fact, surface 
treatments of GaN with piranha and HCl-based solutions were studied via XPS, and peak shifts in the “Ga” 2p 
and “O” 1s XPS spectra were caused by the signal change resulting from surface hydroxyl groups[59]. Moreover, 
the thermodynamic results showed that the high hydroxyl group coverage is more likely to be present on the 
GaN surface which has a good accord with our results. 

Some studies have indicated that the exposed m-plane of GaN exhibited particularly high activity toward 
methane C–H bond activation and the quantum efficiency increased linearly as a function of light intensity. 
The incorporation of a Si-donor or Mg-acceptor dopants into GaN also has a large influence on the 
photocatalytic performance[60]. 

By comparing the activation barrier of the rate-limiting step on both surfaces, the results showed that the 
C–H bond cleavage of the CH3 species have the highest activation barrier for both catalysts[61]. 

4. Conclusion 
The current research wanted to remark the illustration of CH3OH in water adsorbed on GaN and C-doped 

GaN nanosheets which catalyze the H2 producing. Particularly, the structural, energetic, and infrared 
adsorption properties of linearly “atop” for CH3OH(l) molecules adsorbing on GaN and C-doped GaN surfaces 
have been explored by using DFT calculations. 

The values of changes of charge density have shown a more important charge transfer for C-doped GaN 
compared to GaN which act both as the electron acceptor through the reaction of methanol and water as initial 
compounds. 

In fact, Ga sites in GaN and C sites in C-doped GaN nanosheets have high interaction energy from Van 
der Waals’ forces with CH3OH and H2O that can make them highly stable. Finally, our molecular simulation 
consequences have exhibited the existence of the gibbs free energy of CH3OH(l) and H2O(l) adsorbed on the 
surfaces of GaN and C–GaN that approves the recovery of adsorption susceptibility of GaN and C-doped GaN 
surfaces. These findings may open up a various catalytic path for the directly efficient usage of CH3OH. 
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