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ABSTRACT 

Alkali metal oxides such as CaO, MgO and SrO interacted with graphene. CaO was interacted with graphene through O then through Ca 

atoms. Graphene is supposed to interact with 1 CaO; 2 CaO; 3 CaO and 4 CaO molecules attached to its corner atoms. Additionally, CaO 

interacted with graphene through the middle atom of graphene through O of CaO. Each structure is supposed to interact with H2S, then 

two important physical quantities were calculated, namely total dipole moment and HOMO/LUMO band gap energy at B3LYP/3-21g* 

level of theory. Results indicated that the total dipole moment of modified graphene is increased while its HOMO/LUMO band gap 

energy is decreased. This enhances the ability for modified graphene to interact with H2S. The lowest bandgap energy (0.1703 eV) was 

corresponding to 2 MgO/graphene, while the highest total dipole moment (68.6390 Debye) was corresponding to 2 SrO/graphene-H2S. 

Results indicated the suitability of modified graphene to act as a sensor for H2S. 

Keywords: MO; MO/Graphene; Gas sensor; H2S; B3LYP/3-21g*. 

1. INTRODUCTION 

 The industrial activities that had grown rapidly have 

several releases especially for gases which need some kind of 

control. Therefore, technologies in the field of material science 

must follow up the increasing demand for modern gas sensors. 

Different forms of carbon nanomaterials are widely applied as 

electrochemical sensors [1-4]. Such compounds are efficiently 

used as sensors for many gases as well as volatile organic 

compounds [5-6]. Besides electrochemical sensing of reduced 

graphene oxide, they show also bio-sensing activity [7]. There are 

many methods widely used for modeling and simulating graphene 

structures, including density functional theory (DFT) and 

molecular dynamics (MD) simulations [8-9]. Such theoretical 

approaches could indicate both structural as well as electronic 

properties which could explain the application of graphene and 

develop it as well. Although graphene sheet shows sensitivity as a 

sensor for some common gaseous molecules, it shows higher 

sensitivity and reactivity after functionalization of graphene with 

doping and/or using metal oxides [10]. Although graphene is a 

member of carbon nanomaterials, it is now the parent of a new 

family of graphene-based materials [11]. Such a new family is not 

only for gas sorption but also for energy storage [12]. Increasing 

the applications of modified graphene comes from the fact that 

graphene properties are not only a function of its number of layers 

but also a function of the structural defects [13]. As indicated 

earlier, such defects could be achieved with doping or decoration, 

which enhances the ability of graphene to carry out its task. 

Moreover, it becomes highly sensitive and selective to act as gas 

sensor. Continuous work on graphene-based materials indicated its 

suitability to act as electrochemical biosensors for different 

materials including ascorbic acid; dopamine; uric acid; amino acid 

tryptophan as well as detecting nitrite in human serum [14]. 

Molecular modeling with different levels of theory including both 

Hartree-Fock and DFT showed potential applications for gas-

sensing materials [15-19]. It is utilized to follow up the effect of 

physical and chemical modifications of PVC to enhance its surface 

properties and promote it to act as gas sensor [15]. Also, it is 

utilized to follow up the surface of modified fullerene to detect 

halides [16] and to study the ability of metal oxide-decorated 

graphene to act as a sensor for H2S [17]. It is also applied to 

follow up the different electronic properties of edge carboxylated 

graphene in the form of quantum dots [18-19]. 

 It is indicated earlier that graphene-based metal and metal 

oxide nanocomposites show a wide range of applications in 

various fields including electronics, electrochemical and electrical 

fields [20]. This, in turn, led to a continuous research in the 

synthesis, characteristics and applications of such class of 

graphene-based materials. In this work, graphene is modified with 

three alkali metal oxides CaO, MgO and SrO through graphene 

corner and middle atoms. The interaction with modified graphene 

and H2S is tried with DFT method at B3LYP/3-21g* level of 

theory. 
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2. EXPERIMENTAL SECTION 

 All the studied structures are subjected to calculations with 

GAUSSIAN09 softcode [21] at Spectroscopy Department, 

National Research Centre, Egypt. Graphene was optimized at 

DFT:B3LYP [22-24] with 3-21g* basis set. The total dipole 

moment (TDM) and HOMO/LUMO band gap energy are 

calculated at the same level of theory. 

 

3. RESULTS SECTION 

 Before discussing the results, it is important to indicate 

how model molecules are built. Graphene is indicated in figure 1-

a, then graphene is modified as indicated in figures 1 to 5 to form 

NCaO/graphene; NOCa/graphene (N=1,2,3,4) before and after 

interaction with H2S. Another modification for graphene is tried as 

indicated in figure 6, in which graphene is modified with three 

metal oxides to build graphene/2MO.H2S (MO = CaO, MgO and 

SrO). Accordingly, there are 17 model molecules that could be 

described as in figures 1 through 6. Figure 1-a, b and c show 

graphene, graphene modified with CaO and graphene modified 

with CaO interacted with H2S respectively. Figure 2-a, b and c 

present models for graphene modified with 2CaO interacted with 

H2S, graphene modified with 3CaO interacted with H2S and 

graphene modified with 4CaO interacted with H2S respectively. 

Figure 3-a, b and c show models for graphene modified with OCa, 

graphene modified with OCa interacted with H2S and graphene 

modified with 2OCa interacted with H2S respectively. Figure 4-a, 

b and c present models for graphene modified with 3OCa 

interacted with H2S, graphene modified with 4OCa interacted with 

H2S and graphene modified with OCa from the middle carbon 

atom respectively. Figure 5-a and b show models for graphene 

modified with OCa from the middle carbon atom interacted with 

H2S and graphene modified with OCa from the middle carbon 

atom and 4OCa from edges interacted with H2S respectively. 

Finally, figure 6 shows the model for graphene/2MO.H2S where 

the MO is substituted with CaO, MgO and SrO respectively.  

 

Figure 1. B3LYP/3-21g* model molecules for a-graphene; b-graphene 

modified with CaO; c-graphene modified with CaO interacted with H2S. 

 

Figure 2. B3LYP/3-21g* model molecules for a- graphene modified with 

2CaO interacted with H2S; b- graphene modified with 3CaO interacted 

with H2S; c- graphene modified with 4CaO interacted with H2S. 

 

Figure 3. B3LYP/3-21g* model molecules for a- graphene modified with 

OCa; b- graphene modified with OCa interacted with H2S; c- graphene 

modified with 2OCa interacted with H2S.  

 

Figure 4. B3LYP/3-21g* model molecules for a- graphene modified with 

3OCa interacted with H2S; b- graphene modified with 4OCa interacted 

with H2S; c- graphene modified with OCa from the middle carbon atom. 

 

Figure 5. B3LYP/3-21g* model molecules for a- graphene modified with 

OCa from the middle carbon atom interacted with H2S and b- graphene 

modified with OCa from the middle carbon atom and 4OCa from edges 

interacted with H2S. 

 
Figure 6. B3LYP/3-21g* model molecules for 2MO/graphene.H2S (MO= 

CaO, MgO and SrO). 
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 It is stated earlier in our work that TDM and 

HOMO/LUMO band gap energy are two important physical 

quantities related to the reactivity of a given chemical structure 

[25-26]. 

 The interaction between modified graphene and H2S is 

described with TDM and HOMO/LUMO band gap energy 

calculated with B3LYP/3-21g*. Firstly, table 1 presents the TDM 

for graphene of 0.000 Debye and HOMO/LUMO band gap energy 

of 0.4740 eV. Then graphene-CaO shows TDM of 28.7180 Debye 

and band gap energy decreased to 0.1059 eV. After that, 

CaO/graphene.H2S shows the calculated values as 17.7790 Debye 

and 0.7048 eV. While for 2CaO/graphene.H2S, the TDM 

decreased to be 4.5077 Debye and band gap energy decreased to 

be 0.1937 eV. As for 3CaO/graphene.H2S, the TDM increased to 

16.4948 Debye while the band gap energy sharply decreased to be 

0.0084 eV. 4CaO/graphene.H2S shows also the considerable value 

of TDM of 8.3325 Debye and the band gap energy of 0.1597 eV. 

Another interaction between graphene and CaO is tried through O 

instead of Ca. Table 1 shows also an increase in the TDM to 

23.4423 Debye, and band gap energy of 0.4585 eV for 

OCa/graphene. OCa/graphene.H2S shows TDM of 42.7758 Debye 

and band gap energy of 0.3450 eV. Regarding 

2OCa/graphene.H2S, the TDM is 43.0800 Debye and band gap 

energy is 0.5410 eV. The TDM then decreased to be 11.7778 

Debye and band gap energy decreased to be 0.4626 eV for 

graphene/3OCa.H2S. 4OCa/graphene. H2S shows TDM of 

21.7707 Debye and band gap energy of 0.5410 eV. As far as OCa 

interacted with graphene from the middle (OCa/graphene-middle), 

the TDM is 14.6786 Debye and band gap energy is 0.2414 eV. 

OCa/graphene-middle.H2S shows calculated values for TDM of 

10.3720 Debye and band gap energy of 0.2993 eV. For the last 

structure 4OCa/graphene-middle.H2S, the TDM is 15.3268 Debye 

and band gap energy is 0.5157 eV. Table 2 presents B3LYP/3-

21g* calculated TDM and HOMO/LUMO band gap energy for 

graphene and 2CaO; 2MgO; 2SrO modified graphene before and 

after interaction with H2S. For 2CaO/graphene.H2S, the TDM 

increased to 4.5077 Debye while the band gap energy is decreased 

to 0.1937 eV. For graphene/2MgO.H2S, the TDM is 4.3909 Debye 

and band gap energy is 0.1703 eV. Finally, the values of TDM and 

band gap energy corresponding to graphene-2SrO.H2S became 

68.6390 Debye and 0.3554 eV respectively. 

Table 1. B3LYP/3-21g* calculated TDM as Debye and HOMO/LUMO 

band gap energy as eV for graphene and CaO modified graphene before 

and after interaction with H2S. 

Structure TDM ΔE 

Graphene 0.0000 0.4740 

CaO/Graphene 28.7180 0.1059 

CaO/Graphene.H2S 17.7790 0.7048 

2CaO/Graphene.H2S 4.5077 0.1937 

3CaO/Graphene.H2S 16.4948 0.0084 

4CaO/Graphene.H2S 8.3325 0.1597 

OCa/Graphene 23.4423 0.4585 

OCa/Graphene.H2S 42.7758 0.3450 

2OCa/Graphene.H2S 43.0800 0.5410 

3OCa/Graphene.H2S 11.7778 0.4626 

4OCa/Graphene.H2S 21.7707 0.5410 

OCa/Graphene-Middle 14.6786 0.2414 

OCa/Graphene-Middle.H2S 10.3720 0.2993 

4OCa/Graphene-Middle.H2S 15.3268 0.5157 

 

Table 2. B3LYP/3-21g* calculated TDM as Debye and HOMO/LUMO 

band gap energy as eV for graphene and 2CaO; 2MgO; 2SrO modified 

graphene before and after interaction with H2S. 

Structure  TDM ΔE 

Graphene 0.0000 0.4740 

2CaO/Graphene.H2S 4.5077 0.1937 

2MgO/Graphene.H2S 4.3909 0.1703 

2SrO/Graphene.H2S 68.6390 0.3554 

 

4. CONCLUSIONS 

 Graphene has unique surface properties dedicating it for 

sensing many gases. This computational work indicates that the 

interaction of graphene with alkali metal oxides enhances its 

ability for interaction with gases. This kind of metal 

oxide/graphene composite could act as sensor without further 

activation of the surface and this enhancement is indicated 

regardless whether the interaction of metal oxide took place 

through the corner and/or the middle atoms of graphene. Alkali 

metal oxides increase the TDM and decrease the HOMO/LUMO 

band gap energy. 

 In terms of TDM, it is indicated that 2SrO/graphene 

composite is selective for H2S, while from HOMO/LUMO band 

gap energy perspective; 2MgO/graphene composite is suitable for 

that task. 
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