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Abstract  

 

Arsenic contamination in water remains a significant environmental and public health 

challenge, necessitating efficient removal strategies. This study employs advanced quantum 

mechanical calculations to quantitatively evaluate arsenic’s interactions with graphene and 

water under vacuum and aqueous conditions. Key molecular descriptors, including electron 

affinity (EA) and global electrophilicity index (GEI), reveal that water (EA = -1.85 eV, GEI = 

0.94 eV) and graphene (EA = 1.34 eV, GEI = 2.81 eV) exhibit a higher electron-donating 

capacity, while arsenic demonstrates strong electron-accepting (EA = 4.87 eV) and 

electrophilic behavior (GEI = 39.19 eV). These findings suggest that arsenic, being highly 

electrophilic, preferentially adsorbs onto electron-rich materials like graphene, which has 

significantly lower GEI and EA values. Additionally, interaction energy gap calculations 

indicate that arsenic interacts more strongly with graphene (IEGAE = 0.61 eV) than with water 

(IEGAE = 3.05 eV), reinforcing graphene’s superior adsorption efficiency. A similar trend is 

observed in the aqueous environment, with a slight reduction in interaction strength due to 

increased water molecule presence. Molecular orbital analyses, including electrostatic 

potential mapping and interaction energy band gaps, further confirm graphene’s superior 

affinity for arsenic removal. These insights highlight graphene’s potential as an advanced 

adsorbent, offering a sustainable solution for arsenic mitigation in water treatment 

applications. 

 

Keywords: heavy metal, modeling, simulation, adsorption, 2D materials, graphene, arsenic, 

environment. 

 

 

Introduction 

 

Arsenic contamination in water and the atmosphere has emerged as a pressing environmental 

and public health issue due to its toxic effects on both human populations and aquatic ecosystems 

[1,2]. Arsenic, particularly in its inorganic forms, has been classified as a Group 1 carcinogen by 

the International Agency for Research on Cancer (IARC), with long-term exposure linked to 

various forms of cancer, cardiovascular diseases, and developmental disorders [3–5]. This 

pollutant primarily originates from industrial activities such as mining, smelting, and the use of 

arsenic-laden pesticides, where wastewater containing arsenic is often released into the 

environment without adequate treatment [6–8]. As a result, there is an increasing global demand 

for effective and sustainable methods to mitigate arsenic contamination, particularly in water, 

where it poses the most significant risk. 

Traditional methods of arsenic removal, such as chemical precipitation, ion exchange, and 

adsorption using activated carbon, have shown limited efficiency, high costs, or operational 

challenges, particularly in developing regions [6,8–12]. Kanel et al. [8] reiterated that various 
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studies in the literature have employed different approaches for arsenic removal, with adsorption 

being one of the most common methods. The literature further indicates that adsorbents such as 

activated alumina [8], modified biochar [8,9], iron oxides [8], and modified clay [8,10,12] have 

been widely used, particularly for treating wastewater from geochemical processes. The use of 

polymeric aluminum and iron species for modifying montmorillonite clay, as reported in the 

literature [10], was confirmed to enhance its arsenic adsorption capacity. Additionally, Sarkar et 

al. [11] suggested that future research should focus on developing more efficient and cost-

effective arsenic removal technologies while integrating geochemical insights to enhance 

performance and sustainability.  

As a result, research has shifted toward the development of advanced materials capable of 

selectively and efficiently removing arsenic from water. Among these materials, graphene has 

gained significant attention due to its unique physicochemical properties, including high surface 

area, chemical stability, and exceptional electronic properties.  

Recent studies [13–17] have demonstrated that graphene-based materials can adsorb various 

pollutants from wastewater and flue gas emissions, highlighting their potential for arsenic 

remediation. Aliyu et al. [13] confirmed the significant role of functionalized graphene in DNA 

sequencing applications. Oyegoke et al. [14] and Szczęśniak et al. [16] extended the study of 

graphene-based materials, reaffirming their suitability for the removal of hydrogen sulfide and 

other gases from gas stream. Rout et al. [15] and Lazar et al. [17] demonstrated graphene’s 

effectiveness in adsorbing organic molecules such as acetone, acetonitrile, dichloromethane, 

ethanol, ethyl acetate, hexane, and toluene. Notably, Lazar et al. [17] reported that adsorption 

enthalpies were primarily influenced by interaction energy, with toluene exhibiting the strongest 

adsorption strength and dichloromethane the weakest.  

However, studies on the use of graphene-based materials for arsenic removal from wastewater, 

particularly from effluents released by geochemical exploration industries, remain limited. 

Among the few works that explored graphene-based material for arsenic removal includes, 

Galstenkova et al. [18] designed an improved graphene-based material by formulating a 

nanocomposite of iron oxide and reduced graphene oxide for arsenic removal. Their study further 

reiterated the significance of incorporating iron oxide into graphene oxide, demonstrating a 

sorption capacity of 8.90 mg/g. Hossain et al. [19] further revealed that enhancing the magnetic 

properties of graphene oxide significantly improves its sorption capacity, reaching 50.20 mg/g at 

room temperature. Similarly, studies such as Baskan & Hadimlioglu [20] and others [21–23] have 

also emphasized that the presence of iron oxide in the adsorbent material greatly enhances its 

sorption capacity. Rodríguez-Caicedo et al. [24]) conducted a study in Mexico and Colombia, 

demonstrating an arsenic adsorption capacity of 99.13 mg/g at 308 K under competitive 

conditions with other ions. Utilizing NaNO₃- and KMnO₄-oxidized graphene as an adsorbent, 

their findings exceeded the sorption capacity recorded in the study by Galstenkova et al. [18].  

Despite the growing interest in graphene for arsenic removal, existing studies primarily focus 

on either computational predictions or experimental approaches without integrating a cost-

effective and reliable quantum mechanical framework to elucidate the fundamental interactions 

at the molecular level. Furthermore, while some works have explored bonding interactions, there 

is limited research utilizing hybrid quantum mechanical methods, such as PM3/B3LYP-D3, to 

assess adsorption behavior using Fukui function-based descriptors. This gap in understanding the 

electronic properties, interaction energies, and adsorption potential of arsenic on graphene in both 

vacuum and aqueous environments hinders the precise tailoring of graphene-based materials for 

optimized pollutant removal. By addressing this, the present study provides a deeper theoretical 

insight into arsenic adsorption mechanisms, laying the groundwork for more efficient and 

sustainable water purification technologies. 

However, understanding the fundamental interactions between arsenic and graphene is crucial 

to optimizing its performance for water purification. A hybrid quantum mechanical method, 

combining the use of density functional theory (B3LYP-D3) [25] with the semi-empirical method 
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(PM3) [26], provides a powerful tool for studying these interactions at the molecular level at an 

affordable cost [20]. These techniques offer critical insights into the electronic properties of both 

arsenic and graphene, including molecular orbital energies, electron affinities, ionization 

potentials, and interaction energies—factors essential for designing materials for targeted 

pollutant removal. Hence, this study explores the interaction potential between arsenic and 

graphene using a hybrid quantum mechanical (PM3/B3LYP-D3) approach, incorporating Fukui 

function-based molecular descriptors. Without directly modeling bonding formation, this 

preliminary study examines arsenic adsorption processes through interaction energy and band 

gap computations (based on ionization potential and electron affinity) in both vacuum and 

aqueous environments [27–30]. The findings provide valuable insights into the potential of 

graphene as an efficient material for arsenic removal, contributing to the advancement of 

sustainable environmental remediation strategies. Furthermore, the study reassesses its 

predictions against recent related studies [31] that have explored bonding interactions in the 

literature. 

 

Computational Methodology  

 

Using Spartan (a molecular modeling and computational chemistry-based simulation package), 

the chosen package developed by Wavefunction Inc. USA, we built various molecular structures 

needed for this study and carried out geometry and energy calculations for all of them. Based on 

the computed energies and molecular properties, this study looks at how graphene interacts with 

other substances in different environments, including both water and vacuum. This analysis helps 

us understand how these molecular interactions can lead to the adsorption of arsenic from 

wastewater.  

Table 1 in this section provides relevant information employed in the study like the 

mathematical models and computational tools used in calculating the various molecular 

properties for the respective species considered in the study. Whereas, the later section of this 

report provides detailed information used in the structural geometry and energy calculations ran 

with the aid of the Spartan package. 

 

Energy and Geometry Optimization  

The molecules investigated in this study were constructed using Spartan Student v9.0.3 (Oct 27, 

2022) on a Lenovo T495 laptop. The initial geometries were optimized using the PM3 method [26], 

with a convergence criterion of 1E-9 a.u. Subsequently, single-point energy calculations were 

performed using the B3LYP-D3 [25,33] method with a 6-31G* basis set on Spartan v24, applied in 

both vacuum and aqueous environments. This approach includes the Grimme D3 [34] dispersion 

correction to enhance the accuracy of density functional theory (DFT) calculations [25,32]. These later 

calculations were executed on a Dell Precision Mobile Workstation 3250, maintaining the same 

convergence criterion of 1E-5 a.u. under both vacuum and aqueous conditions. 

 

Molecular Properties Calculations  

In this section, we detail the molecular properties examined in this research, along with the relevant 

mathematical expressions, the calculation codes used in Spartan's spreadsheet, and their respective 

notations. To ensure accuracy and minimize human error, all calculations were conducted using 

Spartan’s built-in spreadsheet feature. The spreadsheet codes are derived from Spartan's output and 

are used for calculating electronic properties post-optimization. All molecular properties listed in Table 

1 were calculated using the built-in spreadsheet feature of Spartan, ensuring accuracy and minimizing 

human error. 

  



Olusola Ibraheem AYENI et al. 

 

 

EUR J MATER SCI ENG 10, 3, 2025: 181-194 184 

Table 1. Molecular Properties with their expression. 

 

Molecular Properties’ Description / 

Definition 

Mathematical 

Expressions 

Spartan Spreadsheet Calculation Code [32] 

Highest Occupied Molecular Orbital 

Energy (EHOMO): Energy level of 

the highest occupied orbital in a 

molecule, indicating the molecule’s 

ability to donate electrons. 

EHOMO = EHOMO EHOMO (eV) = @HOMO*@hart2ev 

Lowest Unoccupied Molecular 

Orbital Energy (ELUMO): Energy 

level of the lowest unoccupied orbital, 

representing the molecule’s ability to 

accept electrons. 

ELUMO = ELUMO ELUMO(eV)= @LUMO*@hart2ev 

Ionization Potential (IP): Energy 

required to remove an electron from 

the HOMO. 

IP = - EHOMO IP (eV) = -@HOMO* @hart2ev 

Electron Affinity (EA): Energy 

released when an electron is added to 

the LUMO. 

EA = - ELUMO EA (eV) = -@LUMO* @hart2ev 

Electronegativity (EN): Tendency of 

an atom/molecule to attract electrons. 

EN = (IP+EA)/2 EN (eV) = (-(@LUMO+ 

@HOMO)/2)*@hart2ev 

Chemical Hardness (CH): Measure of 

resistance to change in electron 

distribution. 

CH = (IP-EA)/2 CH (eV) = ((@LUMO-

@HOMO)/2)*@hart2ev 

Electronic Band Gap (Egap): Energy 

difference between the HOMO and 

LUMO, indicative of a molecule’s 

reactivity. 

Egap = IP – EA Egap (eV) = (@LUMO-@HOMO) *@hart2ev 

Global Electrophilicity Index (GEI): 

Index showing the molecule’s ability 

to accept electrons. 

GEI = (-IP - EA)/2)2/ (IP 

– EA) 

GEI (eV) = (((@LUMO +@HOMO)/2)^2)/ 

(2*(( @LUMO-@HOMO)/2)) *@hart2ev 

Interaction Energy Gap using AS as 

IP (IEGAI): Measures the interaction 

between the adsorbate’s IP and the 

system’s EA; useful in evaluating 

donor-acceptor properties. 

IEGAI = IP(AS)-EA 

 

IEGAI (eV) = (-

(@ref( @row("AS"),@HOMO))+ 

(@LUMO))*@hart2ev 

Interaction Energy Gap using AS as 

EA (IEGAE): Measures the 

interaction between the system’s IP 

and the adsorbate’s EA. 

IEGAE = IP-EA(AS) 

 

IEGAE = (-(@HOMO) 

+(@ref(@row("AS"),@LUMO))) *@hart2ev 

Interaction Energy Gap using Water 

as IP (IEGWI): Compares water's 

ionization potential with the EA of the 

system. Useful in aqueous interaction 

studies. 

IEGWI = IP(H20)-EA 

 

IEGWI(eV)=(-(@ref( @row("H2O"), 

@HOMO))+(@LUMO))*@hart2ev 

Interaction Energy Gap using Water 

as EA (IEGWE): Compares the 

system’s IP with the electron affinity 

of water. 

IEGWE = IP- EA (H2O) IEGWE = (-(@HOMO) +(@ref(@row 

("H2O"), @LUMO)))*@hart2ev 

Interaction Energy Gap using 

Graphene as IP (IEGGI): Interaction 

energy difference between graphene’s 

IP and the system’s EA. Relevant in 

surface interaction studies. 

IEGGI = IP(GRA)-EA 

 

IEGGI (eV) = (-(@ref( @row("coronene"), 

@HOMO))+(@LUMO))* @hart2ev 

Interaction Energy Gap using 

Graphene as EA (IEGGE): Interaction 

gap between the system’s IP and 

graphene’s EA. 

IEGWE = IP-EA(GRA) IEGGE = (-(@HOMO) 

+(@ref(@row("coronene"),@LUMO)))*@hart

2ev 
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Results and discussions 

 

Analysis of the Species’ Molecular Properties  

To enhance our understanding of the interaction between arsenic (the pollutant) and the 

graphene surface, this study evaluates various molecular properties in both vacuum and aqueous 

environments. The assessed properties, presented in Tables 2 and 3, include ionization potential 

(IP), highest occupied molecular orbital energy (EHOMO, accounts for the capability to donate 

electron), lowest unoccupied molecular orbital energy (ELUMO, defines the electrons acceptance 

capability), electron affinity (EA), energy gap (Egap), and interaction energy band gaps (IEGAI, 

IEGAE, IEGWI, IEGWE, IEGGI, and IEGGE as described in Table 1). Analysis of the data in 

Tables 2 and 3 indicates that while specific values vary between the vacuum and aqueous 

environments, the overall trends in molecular properties remain consistent across both conditions.  

The Ionization Potential (IP) evaluated as the negative of the HOMO energy, reflects a species' 

ability to ionize and release electrons to interacting species [35–37]. Water exhibited the strongest 

ionization potential, hence, has the most negative HOMO energy in Table 2 when compared to 

other interacting species in both environments. 

 
Table 2. Molecular properties of the interacting species across different environment 

 

Medium Species 
E HOMO 

(eV) 

E LUMO 

(eV) 

IP 

(eV) 

EA 

(eV) 

EN 

(eV) 

CH 

(eV) 

GEI 

(eV) 

Egap 

(eV) 

Vacuum 

GRA -5.49 -1.34 5.49 1.34 3.41 2.07 2.81 4.15 

AS -5.57 -4.87 5.57 4.87 5.22 0.35 39.19 0.70 

H20 -7.92 1.85 7.92 -1.85 3.04 4.89 0.94 9.77 

Water 

GRA -5.58 -1.43 5.58 1.43 3.51 2.08 2.96 4.15 

AS -5.62 -4.51 5.62 4.51 5.07 0.55 23.12 1.11 

H2O -7.95 2.43 7.95 -2.43 2.76 5.19 0.74 10.38 

 

The Electron Affinity (EA) evaluated as the negative of the LUMO energy, reflects the ease 

with which a species accepts electrons [36–38]. The data in Table 2 reveals that As has a higher 

electron-accepting capability in both environments, this condition is observable in the analysis of 

their LUMO energy and GEI. In Table 2, As exceptional GEI value – a property which describes 

the ability of a molecule or atom to accept electron from nucleophiles, reveals that As has a better 

electrophilic character [37] and suggest that arsenic will preferably react with the graphene 

surface. This assertion is proven by further analysis into the interaction between the graphene 

surface and water. 

The Energy Gap (Egap) represents the energy difference between the highest occupied 

molecular orbital (HOMO) and the lowest unoccupied molecular orbital (LUMO) in a molecule. 

A larger energy gap suggests greater stability, whereas a smaller gap indicates higher reactivity 

[37]. The data in Table 2 suggest that arsenic (As) interacts more readily with the reactive 

graphene in both environments (vacuum and water) compared to the more stable H₂O. Thus, 

implies that water would be less reactive compared to other species considered in the study, due 

to its high energy stability. This relationship between the energy gap and stability, as well as its 

inverse relationship with reactivity, is supported by Hamid et al. [39], Oyegoke [28], Lin et al. 

[40], Oyegoke & Adnan [41], and Huang et al. [42]. 

Additionally, analysis into the chemical hardness (CH) of the interacting species – a property 

that describes the reactivity of a material or resistance of a material to any changes in its electron 

density [43], or resistance of a material to charge transfer and change in electrons [44], which 

could result to either difficulty or ease in electron release [28]. The results in Table 2 reveals that 

water would be less reactive compared others species. Hence, graphene would potentially interact 

better with arsenic than water due to the lower value (0.35 eV) reported for arsenic. Table 2 shows 

that the hardness of a molecule is related to its Egap, the larger the energy band gap the harder 

the molecule and vice versa. [37,44]. 
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Table 3. Interaction energy band gap for As, water, and graphene across different medium/environment 

 

Medium/Environs Species IEGAI (eV) IEGAE (eV) IEGWI (eV) IEGWE (eV) 
IEGGI 

(eV) 

IEGGE 

(eV) 

Vacuum 

GRA 4.23 0.61 6.58 7.34 4.15 4.15 

AS 0.70 0.70 3.05 7.42 0.61 4.23 

H2O 7.42 3.05 9.77 9.77 7.34 6.58 

Water 

GRA 4.19 1.07 6.52 8.01 4.15 4.15 

AS 1.11 1.11 3.44 8.04 1.07 4.19 

H2O 8.04 3.44 10.38 10.38 8.01 6.52 

 

Further examination of the interaction energy band gap, using arsenic (As) as the ionization 

potential (IEGAI) and arsenic as the electron affinity (IEGAE), revealed that As prefers to accept 

electrons from the graphene surface rather than from water in both environments (Table 3), which 

agrees the literature [31] that seeks to modeling the chemical interaction or bonding of the species that 

confirms As to have shown preferential adsorption potential for the graphene surface over water, both 

in vacuum and aqueous system. Similarly, evaluating the interaction energy band gap of the graphene 

surface (IEGGI/IEGGE) indicates that graphene tends to donate electrons to As more readily than to 

water. The analysis of results (IEHAI through IEGGE) in Table 3 predicts a favorable interaction 

potential of As with the graphene surface. 

 

Analysis of Interactive Sites  

In this section, analyses into the HOMO, LUMO, and Electrostatic Map are presented (Table 4-

9). The HOMO and LUMO maps provide insights into the molecular orbitals involved in electron 

donation and acceptance, respectively, indicating the reactivity sites on the individual specie surface 

[37]. The electrostatic map illustrates the charge distribution across the molecule, revealing potential 

interaction points and the overall polarity of the system [36]. DFT enables the determination of 

molecular quantities characterizing reactivity, shape and binding properties of molecules [37]. 

 

Analysis of Interactive Sites in Vacuum System 

In this section, we analyze the molecular orbitals and electrostatic potential of the system. This 

includes examining the Highest Occupied Molecular Orbital (HOMO), Lowest Unoccupied 

Molecular Orbital (LUMO), and the electrostatic potential map, offering insights into the electronic 

structure and reactivity of the molecules in a vacuum environment. The HOMO surface represents the 

region of the molecule where the electron density is highest in the highest occupied molecular orbital, 

hence, this orbital tends to give its electron[37]. The HOMO surface in our analysis predicts that the 

electron density is predominantly localized at the edge (C-C site) of the graphene molecule, evenly 

distributed on the arsenic atom and at the oxygen site of the H2O molecule (as shown in Table 4). 

Electron density increases in the order red < orange < yellow < green < blue. 

The LUMO surface depicts the region where the molecule can accept electrons, representing the 

lowest unoccupied molecular orbital, hence, can be thought as the innermost orbital containing free 

places to accept electrons [37]. As observed in our vacuum system analysis (Table 5), this region is 

visible around the edge on the C-C site on the graphene, distributed at the lateral ends of the arsenic 

atom, and on the hydrogen site of the water molecule. Understanding these regions helps in predicting 

the molecule's behavior as an electrophile and its interaction with nucleophiles. As depicted on the 

legend, electron density increases down the colors. 
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Table 4. HOMO Map of the interacting species in vacuum system 
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Table 5. LUMO Map of the interacting species in vacuum system. 
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In our vacuum system analysis (Table 6), the electrostatic potential map reveals areas of the 

molecule that are electron-rich (negative potential) and electron-deficient (positive potential). 

Areas with negative potential suggests the likelihood of interacting with positively charged 

species and vice versa [45,46]. The graphene surface is distributed with mostly positive potential 

which supports its reactivity with arsenic, and the water molecule as reported on Table 2 and 3. 

These regions are indicative of the molecule's overall polarity and help in identifying sites for 

potential chemical interactions. 



Olusola Ibraheem AYENI et al. 

 

 

EUR J MATER SCI ENG 10, 3, 2025: 181-194 188 

 

 

Table 6. Electrostatic Map of the interacting species in vacuum system. 
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Analysis of Interactive Sites in Aqueous (Water) System 

In this section, we present an analysis of the molecular orbitals and electrostatic potential of 

the system. These analyses, which include the Highest Occupied Molecular Orbital (HOMO), 

Lowest Unoccupied Molecular Orbital (LUMO), and the electrostatic potential map in Table 7 to 

9, offer valuable insights into the electronic structure and reactivity of the molecules in an aqueous 

environment.  

Moreover, the highest intensity sites on the HOMO map were identified as the arsenic (As) 

atom, the oxygen (O) site on water, and the carbon sites on the graphene sheet. These sites 

exhibited the most active HOMO regions, as indicated by their higher coloration in the HOMO 

map legend (Table 7). The analysis of the LUMO maps in Table 8 further reveals that arsenic 

(As) and the oxygen (O) site on the water molecule exhibit higher LUMO energy levels, as 

reflected by the intense blue coloration. In contrast, the carbon (C) site on the graphene sheet 

shows a lower LUMO energy rating. 

A simultaneous examination of the HOMO and LUMO maps (Tables 7 and 8) suggests that 

water and arsenic (As) are more likely to act as electron acceptors when interacting with other 

species, such as graphene, due to their higher LUMO intensity. Conversely, graphene is expected 

to interact with arsenic (As) primarily as an electron donor rather than an acceptor, given its lower 

LUMO energy. These findings align with the molecular properties analyzed across different 

environments in this study (Tables 2 and 3) and with literature reports [27–29], which indicate 

that species with high ELUMO, EA, and GEI (using Fukui-based descriptors) tend to be 

electrophilic, while those with lower values act as electron donors. 
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Table 7. HOMO Map of the interacting species in aqueous system. 
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Table 8. LUMO Map of the interacting species in aqueous system.  
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Table 9. Electrostatic Map of the interacting species in aqueous system. 
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The slight differences observed in the surfaces reported for the HOMO, LUMO, and electrostatic 

potential maps are attributed to solvation effects. However, the interpretation of these surfaces remains 

consistent with the analyses conducted in the vacuum environment (Tables 5 to 7). This suggests that 

the results obtained in the vacuum case can reasonably predict the effects of solvation. 

 

Conclusions 

 

This study investigates the molecular properties of arsenic (As) and its interactions with 

graphene and water in both vacuum and aqueous environments. The findings confirm that arsenic 

exhibits a strong electron-accepting ability, with an electron affinity (EA) of 4.87 eV in vacuum 

and 4.51 eV in water, while water possesses a higher electron-donating capacity, with higher 

ionization potential (IP = 7.92 eV in vacuum and 7.95 eV in water) and negative EA values of -

1.85 eV in vacuum and -2.43 eV in water. These trends remain consistent across different 

environmental conditions, reinforcing the fundamental electronic behavior of the studied species.  

Further analyses of interaction energy and the global electrophilicity index (GEI) reveal that 

arsenic has a stronger affinity for graphene than for water. Arsenic's GEI is significantly higher 

(39.19 eV in vacuum and 23.12 eV in water) compared to graphene (2.81 eV in vacuum and 2.96 

eV in water), indicating its high susceptibility to interaction with electron-rich surfaces. The lower 

interaction energy gap of arsenic with graphene (0.61 eV) compared to water (3.05 eV) suggests 

a more favorable adsorption process, making graphene a highly promising material for arsenic 

remediation.  

Molecular orbital analysis, including the evaluation of HOMO-LUMO interactions, supports 

these findings by demonstrating that graphene’s electronic structure facilitates stronger arsenic 

adsorption. The energy gap (Egap) of arsenic is significantly lower (0.70 eV in vacuum and 1.11 

eV in water) than that of water (9.77 eV in vacuum and 10.38 eV in water), reinforcing arsenic’s 

high reactivity. The results align with existing literature on adsorption modeling and confirm the 

reliability of molecular descriptors in predicting adsorption behavior. Additionally, the study 

highlights the significance of using quantum mechanical calculations for screening adsorbent 
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materials. The predictive power of DFT-based molecular descriptors offers a valuable 

preliminary tool for evaluating adsorption efficiency before conducting experimental studies.  

Ultimately, this research contributes to the development of sustainable arsenic removal 

strategies. By demonstrating graphene’s superior adsorption potential, the study provides insights 

that could enhance future applications in water treatment and environmental management. 

 

Future Directions and Limitations 

 

This study provides critical insights into arsenic adsorption on graphene but is limited by its 

exclusive reliance on computational methods. Further work can extend the study to other heavy metal 

contaminants, exploring the applicability of graphene-based materials for water purification 

technologies through a combined approach of experimental and computational methods. 
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