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Abstract: Graphene oxide (GO) has attracted enormous attention in the fabrication of electrochemical 

sensing systems as they have superior characteristics that enable them to be a perfect choice for the 

preparation of electrochemical devices. The usage of GO in preparation of polymer nanocomposites 

makes them a very promising material in electrical applications. Molecular modeling based on density 

functional theory (DFT) at B3LYP/6-31g(d, p) was utilized to study the interaction between the 

polyaniline (PANi) and Teflon composite with GO. The polymer blend model interacted with GO 

throughout the hydroxyl group (OH) located at the terminal and the oxygen atom in the middle of GO. 

Total dipole moment (TDM), HOMO-LUMO bandgap energy, and molecular electrostatic potential 

(MESP) are calculated for the studied structures. TDM found to be increased from 2.584 and 3.083 

Debye for Go and PANi/ Teflon to 5.361, 4.208 and 5.839 for GO-Term (PANi/Teflon), GO- Mid 

(PANi/Teflon) and GO-Term (Teflon/PANi) respectively also band gap energy decreases to 0.347, 

0.270 and 0.268 eV respectively. MESP shows that the reactivity is increased for the interaction of the 

polymer with GO through the oxygen atom in the middle. Obtained results confirmed that the proposed 

structure of GO/PANi/Teflon could be used in the fabrication of electrochemical devices.  
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1. Introduction 

Polyaniline belongs to a  family of polymers classified as conducting polymers [1]; it 

is characterized by high electrochemical activity; this dedicates it as successive electrode 

material for supercapacitor applications [2-4]. It is considered among the most promising 

materials working as energy storage material [5-6]. These applications are coming from the 

fact that the structure is controllable; also, it has some advantages such as low cost and 

environmental stability. Some researchers were reporting that the capacitive behavior in 

polyaniline could be attributed to the reversible electrochemical doping-dedoping process. This 

advantage is responsible for the phenomena of storing and further release of charge [7, 8]. For 

polyaniline in the electrolyte as a result of the process of oxidation/reduction leads to the 

process of ion transfer from solution to the polymer backbone and vice versa [9, 10]. It is 

reported that as far as carbon nanomaterials such as carbon nanotubes (CNTs ) interacted with 
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polyaniline, high electrochemical stability is achieved [11, 12]. Carbon nanomaterials, 

including CNTs, activated carbon, and graphene, are now promising materials according to 

their conductivity, physicochemical stability, good and long-life cycle [13-15]. As compared 

to CNTs, graphene is easily handled and easily produced. Graphene is made of single layers of 

carbon atoms. It could be easily produced by exfoliation and separation of the individual 

graphite flakes [16].  Graphene is the only allotrope of carbon in which every carbon atom is 

tightly bonded to its neighbors by a unique electronic cloud that raises several exceptional 

questions to quantum physics [17-18]. It also has flexible, transparent, strong with high surface 

area and electrical conductivity, all of these leads to electrochemical stability. These wonderful 

properties, besides high specific capacitance, are dedicating graphene for supercapacitor 

applications [19]. The last property meets those of polyaniline and enhances their possible 

blending for supercapacitors as well as energy storage purposes [20-21].  Graphene oxide (GO) 

is a single layer of graphite oxide that is usually produced by the chemical treatment of graphite 

through the oxidation process [22]. It is reported that nanocomposite, depending on GO could 

be applied in supercapacitors [23]. Further enhancement in the electronic properties could be 

achieved with blending iron-doped protonated polyaniline with graphene oxide [24].  

Molecular modeling with different levels and theories is now effectively used to 

investigate the physical, chemical, and electronic properties of many systems especially those 

depend on nanomaterials [25-26]. Polymers, either synthetic and/or natural, could be studied 

with molecular modeling; some important parameters could be achieved, such as TDM, 

HOMO-LUMO bandgap energy, and MESP [27-29].  It is reported that these physical 

properties are reflecting the reactivity of the studied structure [30-33].  

The goal of this research is to study the interactions between the polyaniline 

(PANi)/Teflon composite and GO. The polymer model interacted with GO throughout the 

hydroxyl group (OH) located at the terminal and the oxygen atom in the middle. One type of 

GO is studied here, which takes the shape of triangular terminated with zigzag edges (ZTRI).  

DFT at B3LYP/6-31g(d, p) was carried out to study the TDM, HOMO-LUMO band gap 

energy, and MESP for the studied structures. 

2. Materials and Methods 

 The electronic properties of GO, together with its stability, are studied theoretically via 

quantum mechanics rules using DFT. The DFT is used as implemented in Gaussian 09 [34] 

that utilizes a basis set of Gaussian type orbital functions. The Becke-three parameters-Lee-

Yang-Parr hybrid functional (B3LYP) [35-37] with basis set 6-31g(d, p) is employed in the 

calculations at Spectroscopy Department, National Research Centre. One type of GO is studied 

here, which takes the shape of triangular terminated with zigzag edges (ZTRI). One polymer 

system is studied, which is based on a blend of PANi/Teflon. The effect of GO presence on the 

physical properties of the composite system is presented in terms of TDM, bandgap energy 

(ΔE), and MESP. 

3. Results and Discussion 

3.1. Building model molecules. 

Before the attachment of the studied polymer blend onto the GO surface, the polymer 

blend model based on PANi/ Teflon is first explored. For the model molecule representing 
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PANi/Teflon, one unit of Teflon is proposed to interact with four units of PANi. The model 

molecules representing PANi/Teflon and GO presented in figure 1. 

 
(a) 

    
(b)                                                                                              (c) 

Figure 1. Model molecules were representing (a) fully optimized PANi/Teflon model, (b) top view of 

optimizing GO model, and (c) side view of optimized GO, respectively. 

The interaction of the individual polymers PANi and Teflon occurred throughout the 

amine group of PANi. Additionally, the interaction of PANi with Teflon is supposed to be 

strong interaction, i.e., complex state. On the other hand, the polymer blend model could 

interact with GO from PANi side or Teflon side throughout the hydroxyl group (OH) located 

at the terminal and the oxygen atom (O) in the middle of GO structure based on the previous 

finding [38]. Figure 2 shows the optimized structures describing GO interacted with 

PANi/Teflon throughout the terminal of GO and that throughout the middle O atom of GO. 

3.2. Electronic properties.   

In order to follow the changes that occurred in the electronic properties of PANi/ Teflon 

model molecule and any other materials as a result of the chemical modifications in its 

structures, both TDM and band gap energy ΔE are calculated. 

Table 1. The bandgap energy (ΔE) as eV and the total dipole moment (TDM) as Debye of GO, PANi/Teflo, and 

GO interacted with PANi/teflon model through the middle O atom of GO calculated at   B3LYP/6-31g(d,p). 
Structure TDM ΔE 

GO 2.584 0.345 

PANi/Teflon 3.083 1.738 

GO-Term (PANi/Teflon) 5.361 0.347 

GO- Mid  (PANi/Teflon) 4.208 0.270 

GO-Term (Teflon/PANi) 5.839 0.268 

GO- Mid  (Teflon/PANi) 1.436 0.301 
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(d) 

Figure 2. Model molecules representing (a) the top view of GO interacted with PANi / Teflon throughout the 

terminal and side view of GO interacted with PANi/Teflon throughout the terminal (b) the top view of GO 

interacted with PANi/Teflon throughout the middle and side view of GO interacted with PANi/Teflon throughout 

the middle (c) the top view of GO interacted with Teflon/PANi throughout the terminal and side view of GO 

interacted with Teflon/PANi throughout the terminal (d) the top view of GO interacted with Teflon/PANi 

throughout the middle and side view of GO interacted with Teflon/PANi throughout the middle.  

 

Table 1 presents that the GO model molecule has a TDM of 2.584 Debye and bandgap 

energy of 0.345 eV. Meanwhile, the model molecule presenting PANi blended with Teflon has 

a TDM of 3.083 Debye and bandgap energy of 1.738 eV. Figure 3-a and c show the calculated 

bandgap energy of PANi/Teflon and GO, respectively.  

            
(a)                                                                                      (b) 

 
(c)                                                                                                   (d) 

Figure 3. (a) The distribution of HOMO-LUMO bandgap energy of PANi/Teflon; (b) MESP as a contour of 

PANi/Teflon; (c) The distribution of HOMO-LUMO bandgap energy of GO and (d) MESP as a contour of GO 
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(a)                                                                  (b) 

 
(c)                                                  (d) 

Figure 4. (a) The distribution of HOMO-LUMO band gap energy (b) MESP of GO interacted with PANi/Teflon 

throughout the terminal, (c) The distribution of HOMO-LUMO band gap energy (d) MESP of GO interacted 

with Teflon/PANi throughout the terminal. 

                              
(a)                                                                    (b) 
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(c)                                                                      (d) 

Figure 5. (a) The distribution of HOMO-LUMO band gap energy (b) MESP of GO interacted with PANi/Teflon 

throughout the middle, (c) The distribution of HOMO-LUMO band gap energy (b) MESP of GO interacted with 

Teflon/PANi throughout the middle. 

Figures 4-a and c and figure 5-a and c  presents the HOMO-LUMO bandgap energy of 

GO interacted with PANi/Teflon from PANi once and from Teflon once throughout the 

terminal and middle of GO respectively. The effect of interaction is observed clearly from the 

changes that occurred in the TDM and bandgap energy values (see table 1). From the table, 

TDM of GO-Term (PANi/Teflon) and GO-Mid (PANi/Teflon) becomes 5.361 and 4.208 

Debye while; their bandgap energy becomes 0.347 and 0.270 eV respectively. Also, TDM of 

GO-Term (Teflon/ PANi) and GO-Mid (Teflon/PANi) changed to 5.839and 1.436 Debye while 

their bandgap energy changed to 0.268 and 0.301 eV respectively. From the obtained results, 

it is clear that the TDM and bandgap energy value of GO depends strongly on the interaction 

position with the studied polymers and also on the modification occurs in the GO chemical 

structure. Where the energy gap becomes minor due to interaction throughout the middle O 

atom by PANI and when GO interacted with composite through Teflon from the terminal as 

0.270 and 0.268 eV. The reason for this decrease of the bandgap energy of GO/PANi/Teflon 

model molecule is the presence of lone pairs of electrons provided by this group of atoms. Also, 

the results obtained confirmed that the interaction of GO with the blended PANi/Teflon occurs 

mainly via the middle O atom or the terminal when GO interacted with polymer through Teflon 

[39-40].  

3.3. Molecular electrostatic potential (MESP). 

The stability of the surface of GO, PANi/Teflon, and GO/PANi/Teflon structures are 

described by studying their MESP. The MESP describes the molecular reactivity by mapping 

the active sites in the studied structures (electrophilic and nucleophilic attack). These maps 

describe the distribution of electronic charges within the studied GO, PANi/Teflon, and 

GO/PANi/Teflon structures throughout colors. The different colors refer to differently charged 

regions. If these regions are very reached with electrons, i.e., highly electro-negative regions, 

the regions appeared red. Meanwhile, the regions which are neutral appear yellow, and those 
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with high positivity appear blue. This color mapping ongoing from negative to positive regions 

follows the sequence: red< orange < yellow < green < blue as described before [32-33].  

Figure 3-b and figure 3-d show the calculated MESP as a contour for both PANi/Teflon 

and GO, respectively. The figures showed that the reactivity of GO is so small, and there are 

electronic charges only around some sites of the structure. At the same time, the calculated 

MESP of PANi/Teflon confirms the calculated results of TDM and bandgap energy where the 

structure is nearly neutral. Figure 4-b and figure 5-b show the calculated MESP as a contour 

for GO interacted with PANi/Teflon throughout the terminal and the middle, respectively. As 

shown in figures, the intensity of the red color increased due to the interaction of GO with the 

supposed structure of PANi/Teflon. Due to this interaction, the electronegativity of GO and the 

blended PANi/Teflon increased, and the reactivity enhanced greatly. These changes in the 

distribution of charges within the PANi/Teflon structure upon interaction with GO confirmed 

the suitability of GO/PANi/Teflon model for many applications such as energy storage 

materials, sensors, and drug delivery systems. 

 

4. Conclusions 

 The electronic properties and structure stability of GO, PANi/Teflon, and 

GO/PANi/Teflon are studied using DFT. All the studied structures are optimized at B3LYB 

method using a 6-31g(d,p) basis set. In this study, GO is connected to the polymer via the O 

atom in the middle of GO structure. TDM for the studied structures are calculated and found 

to be increased as GO interacted with PANi/Teflon and reached to 5.361 and 4.208 Debye for 

GO-Term (PANi/Teflon) and GO- Mid (PANi/Teflon) respectively. Also, the bandgap energy 

for studied structures are calculated and found to be decreased to 0.347 and 0.270 eV for GO-

Term (PANi/Teflon) and GO- Mid (PANi/Teflon), respectively. Also, TDM increased, and the 

bandgap energy decreased by changing the interaction position. Based on the obtained results, 

it is concluded that both TDM and bandgap energy depends on (a) attached group of polymer 

blend and (b) the position of interaction. MESP was studied as well for all the studied 

structures. All calculations confirmed that the reactivity of the studied structures increased due 

to the interaction of the polymer blend with GO. Additionally, the results confirmed that the 

most probable interaction between GO and the blended PANi/Teflon is that it proceeds through 

the O atom. The obtained results of TDM, bandgap energy, and MESP confirmed that the 

proposed structure of GO/PANi/Teflon could be used in the fabrication of electrochemical 

devices. 
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