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ABSTRACT 

Graphene Nanoflakes (GNF) has used widely in the nanoelectronic and materials science field due to due to their 

mechanical and physical properties. The combination of the Density Functional Theory (DFT) computational method 

with the B3LYP functional and the 6-31G basis set, executed via the Gaussian 09 program, was used in this study to 

investigate the nanosensor's role in detecting the explosive organic molecule (RDX). This was achieved by determining 

the change in the band gap energy of the sensor, which influences its conductivity. The graphene sensor was modified 

by the addition of a substitutional palladium (Pd) atom. The results demonstrate an enhancement in device performance, 

evidenced by the change in the energy gap for all molecules studied. The better addition for the RDX sensor was found 

Pd atom due to improved electronic properties such as optimized structure, dipole moment, a decrease in the HOMO-

LUMO energy gap, total energy, and density of states. 
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1. Introduction 

Graphene is a universal material have honeycomb lattice 

structure with sp2-hybridized carbon atoms and two-dimensional 

monolayer (Figure 1)[1-4]. Graphene Nanoflakes (GNFs) are 

polycyclic aromatic hydrocarbon (PAH) molecules and represent the 

smallest fragment of graphene, with the chemical formula C24H12, 

comprising seven perifused benzene rings[5-8]. Therefore, GNFs are 

considered a model system for graphite. The structural characteristics 

of Polycyclic Aromatic Hydrocarbons (PAHs) are simply that they 

are carbon-hydrogen molecules made of multiple benzene rings fused 

together, with hydrogen atoms attached to their outer edges of these 

rings[9]. It is well known that Nanoflakes are a basic component of 

electronic materials[10]. 

 
                                                                              Figure 1. Graphene Nanoflakes (GNF) structure[11]. 
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A sensor characterized by one of the following properties is labeled as a nanosensor: the sensor's size is 

in the nanoscale, or the sensor's sensitivity is in the nanoscale[12]. Since 2004, the technology has developed 

rapidly due to the realization that nanosensors are instrumental for monitoring physical and chemical 

phenomena[13-15]. The utilization of graphene in nanosensor systems was first reported in 2011[16]. Although 

these carbon materials still face crucial challenges in fabrication and optimization, continued progress in this 

field may lead to sensors with superior sensitivity[15,17]. 

Aromatic explosive molecules can be potentially detected using Graphene materials, which is important 

for safety applications[18,19]. Our studies focused upon the more common nitro-based explosive, such as 

hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX). RDX is a synthetic product that does not occur naturally but 

is produced synthetically. It is a white, crystalline, explosive substance. It is often mixed with other 

explosives for military and civilian applications such as fireworks, demolition blocks, and rodenticide. RDX 

is commonly found at grenade and missile ranges, and munitions testing sites[20,21]. The adsorption of small 

organic molecules onto graphene is weak, but it can be enhanced by decorating or doping with different 

heteroatoms[3,22]. Improved electronic properties, conductivity, mobility, and chemical reactivity of the 

graphene surface are achieved by doping its surface with heteroatoms or transition metals[4]. 

This study involves an investigation of the  detection of Explosive Organic Molecule (RDX), optimized 

structure, dipole moment, the HOMO-LUMO energy gap (highest- lowest unoccupied molecular orbital), 

total energy, and density of states.  These analyses are conducted using first-principles Density Functional 

Theory (DFT) calculations. 

2. Computational methodology 

The Gaussian 09 program package was used for the first-principles calculations of electronic properties 

and structural optimization, which were carried out using DFT[23-25]. All calculations in this study were 

performed using the B3LYP functional (Becke's three-parameter functional and Lee-Yang-Parr functional) 

with the 6-31G basis set[26]. All electronic properties such as HOMO-LUMO orbital distribution, the energy 

gap ( 𝐸𝑔𝑎𝑝 =  𝐸𝐿𝑈𝑀𝑂 − 𝐸𝐻𝑂𝑀𝑂), the total energy (𝐸𝑡𝑜𝑡𝑎𝑙),the density of states (DOSs), and dipole moment 

(μ) of structures studied have been calculated to find the change in their electronic properties upon 

adsorption of organic molecules. Relation between conductivity and 𝐸𝑔𝑎𝑝could be presented by[27,28]: 

𝜎𝛼exp ( −
𝐸𝑔𝑎𝑝

𝐾𝑇
 ) 

Where k is the Boltzmann’s constant (1.380649×10−23 J/k) and 𝜎 is the electrical conductivity. To 

obtain a higher electrical conductivity, energy gap (𝐸𝑔𝑎𝑝) at a given temperature must be smaller. Thus, the 

energy gap of the sensor [𝐸𝑔𝑎𝑝(GNF)], and the energy gap of a molecule RDX adsorbed on the sensor 

[𝐸𝑔𝑎𝑝(Molecule/GNF)] are studied. Moreover, the total energy (𝐸𝑡𝑜𝑡𝑎𝑙) is an actual parameter for estimating 

the stability of materials structures. So, an increase in (𝐸𝑡𝑜𝑡𝑎𝑙)indicates a more stable and less reactive 

system. 

3. Results and discussion 

In this discussion, we focus on the important properties of organic molecule sensors. Graphene 

nanoflakes (GNFs) are not effective sensors for many organic molecules, such as RDX. Therefore, we study 

the interaction of organic molecules on the surface of doped GNFs. By substituting a carbon atom with a 

palladium (Pd) atom, we aim to improve various properties of GNF sensors. The calculated total energy 

values of the GNF-doped sensor are significantly higher compared to those of pristine GNF. An increase in 

total energy is an important parameter for estimating the stability of the structures. Figure 2 shows the 
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geometry optimizations of the sensors and the organic molecule (RDX), completed using DFT with the 

B3LYP functional and the 6-31G basis set. 

 

Figure 2. Optimized geometry of sensors and organic molecules (RDX) front view and side view, respectively, at B3LYP functional / 

6-31G basis set. 

The DFT calculations of the nanosensors show different energy gap values (Egap). The energy gap 

decreases in the GNF-doped sensor compared to the pristine GNF, indicating an increase in the sensor's 

sensitivity. When the doped sensor interacts with the organic molecule (RDX), the energy gap further 

decreases compared to the interaction between the pristine sensor and the molecule. 

Generally, the energy gap (ΔE) follows the sequence: GNF with Pd + RDX < GNF with Pd< GNF + 

RDX < GNF. These results indicate that the GNF-doped sensor is effective for detecting RDX, and DFT is a 

suitable approximation method for evaluating sensing performance. 

Figure 3 represents the optimized geometries of the explosive molecule interacting with the sensor 

devices (obtained using DFT with the B3LYP functional and the 6-31G basis set). The HOMO and LUMO 

localized on RDX molecule and on the sensors for all structures under study is shown in Figure 4 and results 

are listed in Table 1. 
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Figure 3. Optimized geometry of sensors with organic molecules (RDX) at B3LYP functional / 6-31G basis set. 

 

Figure 4. The localization of HOMO (left) and LUMO (right) for all structures under study. 
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Table 1. The structure name, the energy gap ( 𝐸𝑔𝑎𝑝 =  𝐸𝐿𝑈𝑀𝑂 − 𝐸𝐻𝑂𝑀𝑂), the dipole moment (μ), the total energy (𝐸𝑡𝑜𝑡𝑎𝑙),and 

HOMO, LUMO energies of investigated sensors. 

Structure 
𝑬𝒈𝒂𝒑 

(eV) 

𝝁 

(Debye) 

𝑬𝒕𝒐𝒕𝒂𝒍 

(eV) 

𝑬𝑯𝑶𝑴𝑶 

(eV) 

𝑬𝑳𝑼𝑴𝑶 

(eV) 

RDX … 6.760 - 24323.6 … … 

GNF 4.132 0 - 24946.3 - 5.614 - 1.481 

GNF+ RDX 1.684 6.885 - 49251.8 - 4.001 - 2.316 

GNF with Pd 1.578 1.274 - 157709.0 - 4.510 - 2.931 

GNF with Pd + RDX 1.266 7.175 - 182010.4 - 3.569 - 2.303 

Figure 5 shows the DOS the distance between green and red lines gives the 𝐸𝑔𝑎𝑝. The height of the 

density of states in both HOMO and LUMO are the same approximately and so this refers to the possibility 

of the electronic transition between them so one expect that the electronic transition may occurs between 

many states in HOMO and LUMO but with different probability. 

Sensor + RDX 

(a) GNF  

(b) GNF with Pd  
Figure 5. Calculated density of states (DOS) for all structures under study. 

4. Conclusion 

This study utilized density functional theory (DFT) calculations to examine how the adsorption of the 

organic molecule RDX impacts the electronic properties of both pristine and modified GNF structures. The 

results demonstrate that apparent sensitivity toward the organic molecule (RDX). Depending on the (𝐸𝑔𝑎𝑝) 

value, the ranking of the sensors is (GNF with Pd + RDX), (GNF + RDX) for RDX molecule. The Pd 

enhanced the sensing for RDX detecting. The total energy (𝐸𝑡𝑜𝑡𝑎𝑙) values calculated of GNF-doped are 

higher compared to those of pristine GNF, this refers to high stable. The possibility of electron transfer 

across the energy gap is shown in the density of states (DOS). This study expect that its results will prompt 

further experimental research into the synthesis and modification of graphene Nanoflakes, aiming to achieve 

many diverse applications. 
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