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Abstract: Hydrogen sulfide (H2S) gas adsorption at the surface of iron (Fe)-doped model of coronene 

was investigated in this work by means of performing density functional theory (DFT) calculations. 

First, pure coronene and Fe-doped models were examined regarding the electronic and structural 

features. Next, different starting positions of H2S molecule at the surface were examined during 

optimization processes yielded two conformational relaxations of H2S-A and H2S-B models. Various 

features of molecular and atomic scales were evaluated for the optimized modes to describe details of 

such adsorption processes, in which the results introduced the H2S-A model more proper for the 

complex formation of H2S and Fe-doped coronene. Interestingly, variations of molecular orbital levels 

could help diagnose opportunities for detecting the H2S adsorbed model in addition to determining each 

of the A and B models. Consequently, a Fe-doped coronene surface could be proposed for proper 

adsorption of H2S gaseous substance with removal and diagnosis purposes. 
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1. Introduction 

Innovation of nanotechnology by pioneering work of Iijima in 1991 has raised 

considerable attempts to characterize the materials related to this novel technology besides 

exploring new functions [1-5]. Nanotechnology was initiated by carbon nanotubes (CNT), but 

several other types of nanostructures such as nanocone, nanocage, nanosheet, and nanoparticles 

with varieties of atomic compositions have been introduced by performing further 

investigations [6-10]. In addition to pure nanostructures, formations of atomic-doped models 

have been achieved useful for specified applications [11]. From the early days of 

nanotechnology, their roles in health-related fields have always been expected to solve more 

problems in these issues [12]. To this aim, several applications such as drug delivery and 

therapy have been examined for nanostructures in living systems besides exploring their 

exterior health applications such as gas adsorption for pollutant removal purposes [13-15]. 

Hydrogen sulfide (H2S) is one of the most harmful gases available in the industrial 

environment, which should be removed regarding health care issues [16-18]. Besides poisoning 

function for living systems, it is a corrosive gas for destroying other materials making H2S 

removal an important issue [19]. Therefore, considerable attempts have been dedicated to this 
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time for innovating surface materials for adsorption of H2S gaseous substance removing from 

the environment [20-22]. The coronene surface was examined for adsorption of H2S gaseous 

substance within this work through performing quantum chemical calculations. Coronene is 

almost a single-standing molecular structure of graphene nanosheet to explore the advantage 

of applying such carbon-based nanosurface for substance adsorption processes [23-25]. As 

mentioned above about the importance of atomic doped nanostructures, the coronene of this 

work was doped by an iron atom to make a Fe-doped model for playing the role of nanosurface 

for adsorption of H2S molecule (Figure 1). Earlier works indicated that such gaseous adsorption 

at nanosurface has indeed important details which should be clarified to reach a known process 

for such purpose [26-28]. Hence, H2S adsorption at the Fe-doped coronene surface was 

investigated in this work using computer-based facilities to make sense of ideas as much as 

possible [29, 30]. As a clear notation, the main problem of this work was to computationally 

investigate the adsorption process of H2S at the Fe-doped coronene surface to see the advantage 

of such nanostructure for this gaseous substance removal. To this aim, geometrical 

optimizations and molecular and atomic features evaluations were performed to provide the 

required information for discussing the problem of this work using Table 1 and Figures 1-5. 
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Figure 1. Views for the optimized models.  

2. Materials and Methods 

 To prepare required nanosurface for H2S adsorption, a 3D model of pure coronene 

(C24H12) was obtained from ChemSpider structural bank with ID 8761 [31]. The obtained 

structure was fully optimized first to reach the minimized energy structure, as indicated in 

Figure 1. Next, the Fe-doped model was created by substituting one iron atom instead of one 

carbon atom of a pure model. The Fe-doped model was fully optimized again to reach the 

minimized energy structure. A Fe-doped coronene surface was prepared for participating in 

adsorption of H2S gaseous substance by doing such processes. To carefully do such an 

adsorption process, all possible starting orientations of H2S molecule versus the surface were 

examined to reach two conformational optimizations of H2S at the Fe-doped surface 

designating by H2S-A and H2S-B models (Figure 1). Obtained bond distances for all the 

geometrically optimized models were exhibited in Figure 2. All structures' stability was 

confirmed by performing frequency calculations and providing infrared (IR) spectra (Figure 

3).  
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Figure 2. Bond lengths Å for the optimized models. 
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Figure 3. IR spectra for the optimized models. 
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Mulliken charge points were also evaluated for the optimized models, and they were 

exhibited in Figure 4. Furthermore, distribution patterns for the highest occupied and the lowest 

unoccupied molecular orbitals (HOMO and LUMO) and electrostatic potential (ESP) surfaces 

were represented in Figure 5. Besides such visual results, obtained quantities of energy (E), 

adsorption energy (Eads), basis set superposition error (BSSE), energy levels of HOMO and 

LUMO, energy gap (EG), Fermi energy (FE), dipole moment (DM), volume (V), and 

quadrupole coupling constant (Qcc) of the optimized models were all summarized in Table 1. 

To perform such computer-based work, the WB97XD/6-31g* level of density functional theory 

(DFT) was employed for calculations using the Gaussian program [32]. 
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Figure 4. Mulliken charges for the optimized models. 

3. Results and Discussion 

H2S gas adsorption at the surface of Fe-doped coronene was investigated in this work 

by means of DFT calculated results at the molecular and atomic scales (Table 1 and Figures 1-

5). As exhibited in Figure 1, the Fe-doped model was somehow different from the pure model, 

especially in the variation of coronene surface from planar mode to nonplanar mode in the Fe-

doped region. Stabilization of H2S with different starting positions at the surface yielded two 

conformational models of H2S at the Fe-doped surface designated by H2S-A and H2S-B. All 
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starting positions almost reached these two models, as exhibited in Figure 1. Based on such 

structural optimization, IR spectra were evaluated (Figure 2) with no imaginary frequency to 

confirm the achieved minimized energy structures besides variations in signaling for the 

models. For the detection of H2S adsorption at the Fe-doped coronene, recording IR spectra 

could help by analyzing the obtained results and those of references. Further analyses of the 

models were done by obtained values of bond lengths as exhibited in Figure 3, in which 

changes of structural geometries due to doping and adsorption were obvious for the models. 

Based on such results, it could be expected that electronic features would detect significant 

effects of structural variations, as shown by comparing the results of models. One important 

point is that the doped atom should only slightly change the structure, in which the results of 

bond lengths indicated that the most significant changes were seen for the bonds of the Fe-

doped region without any significant effects for the bonds of other atomic regions. After H2S 

adsorption, some new variations were observed for the bonds due to adding an external 

substance to the model. For interacting substances, two lengths of Fe-S interactions were found 

as 2.354 and 2.343 Å for H2S-A and H2S-B models. Although bond length is important for 

evaluating bind energies, other structural features of both adsorbent and adsorbed substances 

determine the strength of such complex formation. Evaluated Mulliken charge points (Figure 

4) could help for a brighter description of model systems using more precise parameters. In 

this regard, such charge points could show higher/lower electron densities for the model 

systems to participate in interaction processes with other substances. Comparing pure and Fe-

doped models could indicate that variations of +/– charge points were seen more reasonable 

for the Fe-doped model by locating + and – point charges besides each other in contrast with 

all + or all – regions for the pure model. This result could show the importance of atomic-doped 

models for tuning nanostructure properties to show specified features [11]. For the investigated 

model, the positive charge point of the Fe atom was ready to interact with a negative substance 

such as the S atom of H2S. Because of such charge points, hydrogen atoms of H2S were not 

relaxed toward the surface; they were located somehow parallel to the surface with a significant 

role of the S atom. Indeed, such a hypothesis of perpendicular conformational relaxation of 

H2S at the Fe-doped surface was refused, whereas that of parallel relaxation was observed for 

the adsorbed models.  

Table 1. Evaluated quantities for the optimized models. 
Feature Pure Coronene Fe-Doped H2S-A H2S-B 

E eV -25078.082 -58420.955 -69289.506 -69289.498 

Eads eV n/a n/a -1.457 -1.449 

BSSE eV n/a n/a 0.169 0.173 

Fe-S Length Å n/a n/a 2.354 2.343 

LUMO eV 0.181 -0.708 0.167 0.171 

HOMO eV -7.184 -6.739 -6.505 -6.488 

EG eV 7.365 6.031 6.672 6.659 

FE eV -3.502 -3.724 -3.169 -3.158 

DM Debye 0 0.815 4.342 4.511 

V cm3/mol 198.662 218.267 257.455 249.933 

Qcc Fe MHz n/a 44.701 53.779 51.547 

Qcc S MHz n/a n/a 35.026 35.329 

Results of obtained values of energies for the models were summarized in Table 1, 

indicating various types of energies for structure, binding, and molecular orbitals. In this 

regard, comparing energies for H2S-A and H2S-B models could indicate slightly better stability 
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for the A model with a supportive value of more negative binding energy. Although the length 

of Fe-S was shorter for the H2S-B model, the H2S-A model has seen a better choice of complex 

formation because of better localization of H2S exactly at the Fe-doped region with centric S 

atom. The obtained values of BSSE were almost negligible, not changing the direction of 

obtained results. Further analyses of quantities for molecular orbital energies could indicate the 

impact of dopant and adsorbed substances on the electronic properties of structures. For the Fe 

atom, the existence of vacant orbitals might help the model for adsorbing electrons through the 

interaction process. In this regard, LUMO of the Fe-doped model was shifted to a lower level 

due to doping yielding a proper surface for adsorbing electron-rich S atom. Furthermore, the 

energy difference of HOMO and LUMO levels (EG) was also reduced for the Fe-doped model, 

making it a more reactive surface than pure coronene and supporting energy values of Fermi 

levels (FE). Although both H2S-A and H2S-B models were identical in several atoms, their 

conformational changes indicate that the electronic environment could lead to different 

complex models. In this case, EG's different values could help recognize each of adsorbed 

models based on the sensor function of the adsorbent nanosurface besides total sensing of the 

H2S adsorption process at the Fe-doped surface.  
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Figure 5. HOMO and LUMO distribution patterns and ESP surfaces for the optimized models. Red is in the 

negative, and Blue is in the positive direction with green in the middle.  

Based on representations of HOMO and LUMO distribution patterns and ESP surfaces 

(Figure 5), such achievements of molecular orbitals features and dipole moment (DM) could 

be analyzed better. As indicated by the zero-value of DM for pure coronene, all HOMO and 
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LUMO distribution patterns and ESP were directly neutralizing each other, whereas those of 

other modes were almost in a better surface mode for interactions with higher values of DM. 

As indicated by energies for better stability of H2S-A model than B model, lower value of DM 

was obtained for the first model indicating its stability regarding electric charge distribution 

slightly more than B model. Interestingly, the wider value of EG for the H2S-A model than the 

B model also approved such better stability of the A model compared to the B model. The size 

of the volume (V) for the A model was also expanded more than the B model showing more 

relaxation status for the H2S-A model. All such molecular-based features helped the discussion 

to distinguish structural stabilities and features for the model systems. More precise results 

were achieved by the obtained values of quadrupole coupling constants (Qcc) as useful tools 

for describing the electronic environment of materials at the atomic scale [33-35]. It was 

mentioned that the vacant orbitals of Fe were expected to work for electron hiring during the 

adsorption process from electron-rich S atom. In this regard, Qcc of Fe for the H2S-A model 

was calculated in a higher field than that of the B model showing a better possibility of Fe-S 

interaction of the A model than the B model. It was known that the H2S-A model was slightly 

more stable than the H2S-B model by the obtained structural energies, in which such results 

were supported by a higher value of Qcc for Fe atom of A model than the B model making 

possible stronger binding mode. It is worth noting that only interacting distances are not enough 

for making decisions about interaction modes. The results of this work indicated the importance 

of electronic features, and even the orientation of adsorbed substances could yield 

distinguishing results for the models. Consequently, the Fe-doped coronene model could work 

for H2S gas adsorption with precise descriptive details provided by this work at the molecular 

and atomic scales showing the benefit of employing such an adsorbent molecular system for 

the adsorption process.  

4. Conclusions 

 This work was performed to investigate details of adsorption of H2S gaseous substance 

at the Fe-doped coronene surface. To achieve this purpose, DFT calculations were performed 

to stabilize each of the pure and Fe-doped coronene models, then investigate H2S adsorption 

processes in the complex formation of adsorbed gas at the surface. The first obtained results 

indicated that the Fe-doped model could provide a better surface than the pure model for 

participating in the adsorption process. Such achievement was supported by further analyses 

of the results for adsorption processes, which approved proper adsorption of H2S gaseous 

substance at the Fe-doped surface. Examining different starting positions for H2S molecule as 

the Fe-doped coronene surface yielded two models of H2S-A and H2S-B models of adsorbed 

gas at the surface with different properties. Based on values of energies for structures and 

binding process, the H2S-A model was seen in a better mode of stability than the H2S-B model. 

Other obtained results for energy levels of molecular orbitals also indicated better stability for 

the H2S-A model than the H2S-B model. Besides all quantities, visual representations of 

models also described details of H2S adsorption at the Fe-doped surface. Atomic-scale 

properties indicated that the Fe atom of the H2S-A model could hire more electrons from the S 

atom in comparison with the H2S-B model resulting in stronger binding for the A model. 

Consequently, the Fe-doped model of coronene was seen suitable for adsorbing H2S substance 

with detailed information making possible the diagnosis of such gas adsorption in addition to 

removal purposes of environmental health care systems. 
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