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Abstract: The development of high-performance sensing materials for detecting or removing SF6 

decomposition gases is crucial for gas-insulated switchgear (GIS). In this work, the adsorption 

characteristics of the pristine porphyrin (Pr) and Fe-doped porphyrin (FePr) monolayers towards 

SF6 decomposition gases were investigated using the first-principles calculations. Additionally, the 

electronic properties and sensing-mechanism were also examined. The findings indicate that both 

Pr and FePr monolayers exhibit thermodynamic stability. The intrinsic Pr monolayer only exhibits 

a moderate affinity towards the SO2 molecule, however, its poor sensitivity of the Pr monolayer 

renders it unsuitable as the sensing-material. In contrast, the FePr monolayer exhibits favorable 

adsorption strength towards all five toxic gases (H2S, SO2, SOF2, SO2F2, HF). The FePr monolayer 

exhibits chemisorption towards SO2/SOF2 gases, Furthermore, the microscopic mechanism of 

gases-substrate interaction is elucidated through the analysis of charge density difference, charge 

transfer, and density of states. Moreover, the FePr has excellent sensitivity for H2S, SO2, SO2F2, 

SOF2 and HF molecules owing to the significant variations of the band gap, electrical conductivity 

and work function. In addition, the τ of H2S, SO2, and SOF2 is 12.6 μs, 18.5 s and 15.4 s at 298 K, 

respectively. Our calculated results can offer theoretical guidance for the practical application of 

FePr-based sensing materials to detect SF6 decompositions gases. 

Keywords: FePr monolayer; SF6 decomposition gases; First-principles calculations; Sensing 

mechanism 

1. Introduction 

Sulfur hexafluoride (SF6) is a colorless gas that is primarily non-toxic and non-flammable [1, 2]. 

Due to its high electronegativity, exceptional arc extinguishing properties, superior insulation 

strength and excellent thermal conductivity, SF6 is widely employed as a dielectric gas in gas-

insulated switchgear (GIS) [3-6]. However, the prolonged operation of gas-insulated equipment 

inevitably leads to the occurrence of partial discharges (PD), resulting in the decomposition of SF6 

into some toxic gases such as H2S, SO2, SOF2, SO2F2 and HF through reactions with oxygen and 

water vapor [7-9]. If these gases are not promptly detected or removed, they may accelerate the 

deterioration of gas equipment insulation and contribute to air pollution [10, 11]. Therefore, it is 

crucial to detect or eliminate the release of SF6 decomposition component gases from both 

environmental and health perspectives [12]. This can be accomplished by developing a gas sensing 

material that exhibits superior performance. 

The potential of two-dimensional (2D) materials as adsorbent materials for environmental 

protection is significant due to their high surface area, controlled interlayer bonding, specific 

binding capacity, chemical stability and sensitivity [13, 14]. In recent years, a variety of 2D 

materials, including 2D sulfur compounds [2, 15], ZnO [16], C3N [17], MXenes [18], graphene [19] 
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and the group III–V nitrides [20] have demonstrated high efficacy in the detecting and capturing 

harmful gases. For instance, Hu et al. [21] investigated the adsorption characteristics of NH3, CO 

and NO2 on SnS monolayers, and the results showed that there exists a significant adsorption effect 

of NO2 on the SnS monolayers. To fully exploit the potential of transition metal-doped InN 

monolayers as sensors for toxic gases, Guo et al. [22] proposed the utilization of InN monolayers 

decorated with Pd, Pt, Ag, and Au for NO2 sensing applications. However, they are always plagued 

by issues of structural instability, limited lifespan, high cost, and susceptibility to external 

interference, which ultimately restricts the research and application of gas sensors. 

Recently, it has become widely recognized that organic macromolecule porphyrins possess 

significant electron-donating properties due to their abundant p electrons and extended π-bonds. 

The intrinsic advantages have facilitated the utilization of porphyrins in advanced technological 

applications, encompassing spintronics, electrocatalysis, and gas sensors [23-27]. For instance, 

Wang et al. [28] investigated the sensing properties of 2D metal-porphyrin porous nanosheets 

towards CO, NO, NO2 gases, the results indicated that the FePP-Grid and ZnPP-Grid could be used 

for the detection of CO, NO and NO2. The redox properties of 2D iron porphyrin nanosheets were 

investigated through DFT calculations by Luo et al., revealing their electronic structure and 

potential applications in catalysis [29]. According to previous reports [30], the transition metal (TM) 

atom in 2D metalloporphyrin molecules exhibits exceptional catalytic activity due to charge transfer 

between reactant molecules and TM. Therefore, the central TM atom may function as an active site 

for capturing or detecting SF6 decomposition gases. 

In this study, we conducted a first-principles study to investigate the sensing properties of five 

major gases (H2S, SO2, SOF2, SO2F2, and HF) on the intrinsic porphyrin (Pr) and Fe-doped porphyrin 

(FePr) monolayers. Firstly, the thermal stability of FePr was verified, followed by a comprehensive 

analysis of the adsorption energies and electronic properties across various adsorption systems. 

Furthermore, the gas sensing efficacy of FePr towards five main SF6 decomposition components 

was assessed by analyzing the variation in band gap and work function. Finally, the magnetic 

properties and recovery times of a FePr monolayer were examined to assess its suitability for 

sensing applications in adsorbing or detecting SF6 decomposition gases. 

2. Computational methods 

All the spin calculations were conducted using the DMol3 package [31] within Materials Studio 

software, employing the density functional theory (DFT) method. The Perdew-Burke-Ernzerhof 

(PBE) function under the generalized gradient approximation (GGA) was selected to describe 

electron-electron interaction [32]. To ensure the precision of calculation results, we employed the 

DFT-D method proposed by Grimme [33] to correct the interactions between gases and FePr. The DNP 

basis set with a cutoff radius of 5.2 Å [34] and the DFT semi-core pseudopotential (DSSP) [35] 

method were employed in the simulation process. For structure optimization and electronic 

structure calculation, a k-point mesh with dimensions of 5×5×1 was employed [36]. The selection of 

a vacuum layer with a thickness of 20 Å in the z-direction effectively prevents interactions between 

adjacent units [37]. The energy tolerance accuracy was set to 1.0 × 10−5 Ha, while the maximum force 

and convergence displacement tolerances were set to 0.002 Ha/Å and 0.005 Å, respectively. 

To assess the adsorption strength of gas molecules on the substrate, we calculated the 

adsorption energy (Eads) using the following equation [38]: 

ads gas+substrate substrate gasE E E E= − −
 

(1) 

Where Egas+substrate represents the total energy of the gas adsorbed on the substrate, with Esubstrate 

and Egas denoting the energies of the substrate and gas, respectively. If the absolute value of 

adsorption energy is greater than 0.5 eV, the adsorption process can be classified as chemical 

adsorption, otherwise, it is considered to be physical adsorption [39]. Moreover, the charge transfer 

from the FePr monolayer to a gas molecule can be calculated based on Mulliken charges by using 

the following equation [40]: 

T adsorbed molecule isolated moleculeQ Q Q= −
 

(2) 
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where Qadsorbed molecule and Qisolated molecule denote the number of charges of before and after 

adsorption, respectively. When QT > 0, it signifies that the gas molecule donates its electrons to the 

FePr monolayer, with the gas molecule acting as an electron donor. Moreover, the CDD of various 

adsorption systems can be computed using the following equation [41]: 

FePr/gas FePr gas( )    = − +
 

(3) 

Where ρFePr/gas, ρFePr, and ρgas represent the charge density of a gas-adsorbed FePr monolayer, 

FePr monolayer and single gas molecules, respectively. 

3. Results and discussion 

3.1. Structural and electronic properties of Pr monolayer and FePr monolayer 

Fig. 1(a) displays the FePr monolayer consisting of 24 carbon (C) atoms, four nitrogen (N) 

atoms, eight hydrogen (H) atoms, and one transition metal iron (Fe) atom. When Fe atom is 

introduced into the Pr monolayer, all atoms are coplanar. The calculated lattice parameter of 10.85Å 

exhibits excellent conformity with other experimentally determined values [42]. Different 

adsorption styles of gas molecules were taken into account when the SF6 decomposition gases 

approached the surface of FePr in Fig. 1(b). For example, the adsorption of SO2 molecule on FePr 

monolayer exhibits two distinct patterns, namely S-end and O-end, with S atoms and O atoms 

oriented, respectively. The definition method was also employed for the remaining molecules 

investigated in this work. 

 

Figure 1. (a) The configuration of top views and side views of the FePr monolayer and (b) the 

adsorption configurations of the different gases on FePr monolayer. 

The binding energy of the FePr monolayer, as presented in Fig. 2(a), is observed to be lower 

than that of bulk Fe. The result indicates that the FePr monolayer exhibits exceptional 

thermodynamic stability [43]. As depicted in Fig.2 (a-b), the intrinsic Pr and FePr monolayers 

exhibit semi-metallic characteristics due to their zero band gap. It is noteworthy that the 

introduction of the Fe atom into pristine Pr results in the emergence of magnetic properties in the 

FePr monolayer. Specifically, the spin-down bands intersect with the Fermi energy level while the 

spin-up bands are situated at a considerable distance from it. 
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Figure 2. (a) Cohesive energy of Fe bulk (Ecoh) and binding energy of FePr monolayer (Ebin), and 

band structure of the (b) Pr monolayer and (c) FePr monolayer. 

The CDD analysis and the DOSs analysis for the FePr monolayer are depicted in Fig.3. As can 

be seen that all of the DOSs exhibit asymmetries, indicating that the FePr monolayer is a magnetic 

material. Fig. 3(a) displays the Fe atom loss of electrons, while all four N atoms gain electrons, 

leading to the formation of coordination bonds between the Fe atom and N atoms. Consequently, a 

strong Fe-N bonding is established, ensuring structural stability, while the unpaired bonds of C 

atoms are neutralized through passivation with H atoms. Fig.3 (b) shows the spin polarization 

states near the Fermi level are predominantly hybridized between the Fe-d and N-p orbitals. 

Moreover, The Fe-d-up displays significant hybridization with N4-p-up over the energy range of 

−3.26 eV to 2.03 eV, while the Fe-d-down orbital exhibits significant hybridization with N4-p-down 

orbitals within an energy range of −2.50 eV to 3.14 eV. In summary, the Fe-d orbital exhibits strong 

hybridization with the N4 of the Pr, resulting in a robust binding force between Fe and Pr 

monolayer. 

 

Figure 3. CDD and DOSs of (a, b) FePr monolayer, where N4 denotes the four closest neighboring N 

atoms to the Fe atom. The blue region indicates electron accumulation, while the yellow region 

indicates electron depletion, and the isosurface value of the CDD being ± 0.01 e/Å3. 
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3.2. Adsorption of gases on Pr monolayer 

The adsorption properties of SF6 decomposition gases (H2S, SO2, SOF2, SO2F2, and HF) on the 

Pr monolayer were first evaluated. One can be seen from Table 1 that all the adsorption energies are 

negative, meaning that the adsorption process is an exothermic reaction. It can be also observed 

that H2S/SO2 are preferentially adsorbed on the Pr monolayer with the S-end, while SOF2 and SO2F2 

gas molecules prefer to adsorb on the Pr monolayer with the O-end, and the HF molecules show a 

preference for adsorption on the Pr monolayer with F-end. Among the tested molecules, the lowest 

adsorption energy on the Pr monolayer belongs to the SO2 molecule, followed by SOF2, HF, SO2F2 

and H2S. The adsorption of SO2 displays favorable strength, with adsorption energies of −0.69 eV. 

These findings indicate that the intrinsic Pr monolayer exhibits a moderate affinity towards SO2. 

However, the intrinsic Pr monolayer exhibits poor sensitivity towards SO2 due to its limited 

changes in Eg and M, as indicated in Table 1. By contrast, the Pr monolayer exhibits a low affinity 

towards H2S, SOF2, SO2F2 and HF molecules, indicating its poor capture capacity for these four 

gases. Therefore, the intrinsic Pr nanosheet is not a suitable sensing material for H2S, SOF2, SO2F2 

and HF molecules. 

 

Table 1. The adsorption energy (Eads), the electron transfer (QT), adsorption height (H), band gap 

before and after adsorption (Eg’ and Eg), and magnetic moment before and after adsorption (M’ and 

M) of the optimal adsorption systems. 

 Gases 
Adsorption 

style 
Eads/eV QT/e H/Å Eg’(Eg)/eV M’(M)/μB 

 H2S S-end −0.14 0.063 2.466 0.000 (0.000) 0.000 (0.000) 

 SO2 S-end −0.69 −0.130 2.161 0.000 (0.000) 0.000 (0.000) 

Pr SOF2 O-end −0.18 0.006 2.861 0.000 (0.000) 0.000 (0.000) 

 SO2F2 O-end −0.12 −0.001 2.328 0.000 (0.000) 0.000 (0.000) 

 HF F-end −0.17 0.086 2.533 0.000 (0.000) 0.000 (0.000) 
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Figure 4. The stable adsorption configurations, CDD, and EDD of (a1-c1) H2S, (a2-c2) SO2, (a3-c3) SOF2, 

(a4-d4) SO2F2 and（a5-c5）HF adsorbed on Pr monolayer. The blue region indicates electron 

accumulation, while the yellow region indicates electron depletion, the isosurface for CDD being ± 

0.01 e/Å3 and the isosurface for EDD being 0.2 e/Å3. 

The optimal adsorption systems, CDD and EDD for the five toxic gases adsorbed by intrinsic 

Pr monolayer are presented in Fig. 4. The preferential adsorption of SO2, H2S, SOF2, SO2F2 and HF 

gas molecules is the cavity of the Pr monolayer, as presented in Fig.4 (a1−a5). According to Fig. 4 

(b1−b5), it can be observed that the SO2 and SO2F2 molecules undergo electron gain, while the other 

three molecules experience varying degrees of electron loss. Furthermore, the EDD analysis 

indicates a significant overlap in electron density distribution between SO2 molecules and Pr 

monolayer. However, H2S, SOF2, SO2F2 and HF exhibit only minimal electron sharing with the Pr 

substrate, as illustrated in Fig. 4 (c1-c5). This also indicates that the Pr monolayer exhibits a greater 

interaction strength with SO2 compared to the other four gases. To further determine the 

microscopic interactions of gas molecules and Pr monolayer, the corresponding DOSs for the Pr 

monolayer following gas adsorption are depicted in Fig. 5 (a-e). For SO2, there are more resonance 

peaks observed in the Pr monolayer compared to the other four gases within energy ranging from 

−5.0 eV ~ 5.0 eV. Thus, the adsorption strength of SO2 is greater than that the H2S, SOF2, SO2F2, and 

HF, which is consistent with the results obtained for Eads. 
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Figure 5. The DOSs of (a) H2S, (b) SO2, (c) SOF2, (d) SO2F2, and (e) HF adsorbed on Pr. 

3.3. Adsorption of gases on FePr monolayer 

The adsorption of H2S, SOF2, SO2, SO2F2, and HF gases on FePr monolayer was thoroughly 

investigated in this section, Table 2 presents the adsorption parameters and electronic performance 

of the studied gases. The calculated adsorption energies for H2S, SO2, SOF2, SO2F2, and HF 

molecules are −0.42 eV, −0.86 eV, −0.78 eV, −0.33 eV and −0.33 eV, respectively. In terms of 

adsorption energies, the FePr monolayer exhibits a moderate adsorption capacity towards H2S, SO2 

and SOF2. However, its capture ability is weaker for SO2F2 and HF molecules. In addition, the FePr 

substrate receives approximately 0.350 e, 0.066 e, and 0.087 e from H2S, SO2 and SOF2 gas molecules 

respectively. However, relatively small amounts of 0.027 e and 0.021 e were transferred to the FePr 

monolayer from SO2F2 and HF gases, respectively. This result implies that all the SF6 decomposition 

components are electron acceptors. Moreover, a moderate QT leads to an appropriate adsorption 

capacity for H2S, SOF2 and SO2, suggesting that the FePr monolayer has the potential as a gas 

capture material. Interestingly, the Eg and M of FePr appeared to change after the adsorption for 

H2S, SO2 and SOF2, indicating excellent gas sensitivity of the FePr sheet towards these three gases. 

Table 2. The adsorption energy (Eads), the electron transfer (QT), adsorption height (H), band gap 

before and after adsorption (Eg’ and Eg), and magnetic moment before and after adsorption (M’ and 

M) of the optimal adsorption systems. 

 Gases Adsorption style Eads/eV QT/e H/Å Eg’(Eg)/eV M’(M)/μB 

 H2S S-end −0.42 0.350 2.168 1.013(0.000) 0.000(1.869) 

 SO2 S-end −0.86 0.066 2.020 0.919(0.000) 0.000(1.869) 

FePr SOF2 S-end −0.78 0.087 2.006 0.916(0.000) 0.000(1.869) 

 SO2F2 O-end −0.33 0.027 2.698 0.000(0.000) 1.879(1.869) 

 HF F-end −0.33 0.021 2.655 0.000(0.000) 1.888(1.869) 
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Figure 6. The CDD and EDD were calculated for the FePr monolayer. (a1-c1) H2S, (a2-c2) SO2, (a3-c3) 

SOF2, (a4-c4) SO2F2 and (a5-c5) HF. The blue region indicates electron accumulation, while the yellow 

region indicates electron depletion, the isosurface for CDD being ± 0.01 e/Å3 and the isosurface for 

EDD being 0.2 e/Å3. 

The optimal adsorption systems, CDD and EDD for the five toxic gases adsorbed by FePr 

monolayer are illustrated in Fig. 6. As shown in Fig. 6(a1−a5), the adsorption strength is SOF2 > SO2 > 

H2S > SO2F2/HF. The high adsorption energies suggest chemisorption between the SOF2, SO2, and 

H2S molecules and FePr substrate, while SO2F2 and HF molecules exhibit weak physisorption. From 

the CDD illustrated in Fig. 6 (b1–b3), it is apparent that a significant depletion of electrons occurs 

around the H2S, SO2 and SOF2, while numerous electrons accumulate around the Fe atoms, this 

result suggests that the Fe atom received a significant amount of electrons from H2S, SO2, and SOF2. 

The EDD diagrams depicted in Fig. 6(c1-c5) reveal a notable overlap of charge density among the 

H2S@FePr, SO2@FePr, and SOF2@FePr adsorption systems, indicating a significant interaction 

between the gases and FePr monolayer. However, for the SO2F2@FePr and HF@FePr systems, no 

discernible overlap in electron density is observed. Consequently, the FePr monolayer 

demonstrates a higher affinity towards H2S, SO2 and SOF2 molecules compared to SO2F2 and HF. 

The DOSs and PDOSs for the FePr monolayer with adsorption of SF6 decomposition 

components are presented in Fig. 7 and Fig. 8. When the HF and SO2F2 are adsorbed onto FePr 

monolayer (Fig. 8(d&e)), the limited number of occupied states near the Fermi level suggests a 

weak interaction between FePr monolayer and SO2F2/HF. Furthermore, as shown in Fig.8(d), the 

overlap between O-p and FeN4-d orbitals is only confined to the energy level of −10.39 eV, resulting 

in the feeble interaction of SO2F2 and FePr sheet. From Fig. 8(e), no resonance peaks are observed 

between F-p and FeN4-d orbitals. Therefore, the electronic properties of FePr are not significantly 

affected by HF molecule. Nevertheless, the H2S, SO2, and SOF2 exert a significant influence on the 

electronic structure of the FePr monolayer. As shown in Fig.8(a), there are five distinct resonance 
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peaks at approximately −6.88 eV, −4.18 eV, −2.36 eV, −0.56 eV and 0.56 eV in the H2S@FePr system. 

For SO2 and SOF2, the number of observed resonance peaks is greater for both gases when adsorbed 

on FePr monolayer compared to H2S (Fig. 7(a-c)). This indicates that the adsorption strength of SOF2 

and SO2 is greater than that of H2S, which is consistent with the results of Eads. In addition, as 

displayed in Fig. 8(b&c), there are significant orbital hybridizations between S-p and FeN4-p/d of 

SO2/SOF2 within the energy ranging from –10.0 to 7.5 eV. The significant orbital interactions lead to 

an appropriate adsorption capacity of SOF2 and SO2 molecules with the Eads of –0.78 eV and –0.86 

eV, which is advantageous for gas capture. Moreover, the FePr monolayer experiences a transition 

from a magnetic to a nonmagnetic state upon the adsorption of H2S, SO2, and SOF2 molecules. While 

the magnetic properties of SO2F2 and HF molecules remain unchanged upon adsorption. The 

variation in the magnetic moment of the FePr monolayer is advantageous for the detection of 

diverse toxic gases. 

 

Figure 7. The DOSs of (a) H2S, (b) SO2, (c) SOF2, (d) SO2F2, and (e) HF adsorbed FePr monolayer. 
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Figure 8. The PDOSs of adsorbed FePr monolayer with (a) H2S, (b) SO2, (c) SOF2, (d)SO2F2, and 

(e)HF. 

3.4. Sensing performance evaluation of FePr monolayer 

In general, the conductivity (σ) of a material is closely related to the band gap (Eg), thus, the 

FePr nanosheet’s sensitivity towards targeted gases can be assessed by the variations of 

conductivity, which can be defined as follows [44]: 

exp( )
2 T

g

B

E

K


−


 

(4) 

where Eg is bandgap, KB is Boltzmann constant, and K is temperature. 
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Figure 9. Band structure of adsorption systems can be defined as A@B, where A represents the gas 

molecule being adsorbed and B represents the substrate on which it is adsorbed. 

The band structure of adsorption systems is illustrated in Fig. 9. Compared with the zero 

bandgaps of the FePr monolayer (Fig.2), the bandgap of FePr after H2S, SO2, and SOF2 adsorption is 

changed to 1.013 eV, 0.919 eV and 0.916 eV, respectively. This suggests that the conducting property 

of intrinsic FePr is transformed into a semiconducting characteristic after gas adsorption. In other 

words, the FePr monolayer exhibits exceptional sensitivity towards H2S, SO2, and SO2F2. However, 

the adsorption of SO2F2 and HF molecules has a negligible effect on the Eg of the FePr monolayer, 

indicating its poor sensitivity towards these gases. Apart from the Eg, the variations in magnetic 

properties resulting from gas adsorption can be also served as an indicator for evaluating the 

sensitivity of a gas sensor. Most notably, the M of the FePr monolayer disappears after H2S, SO2, 

and SOF2 adsorptions. Thus, the FePr monolayer demonstrates potential as a magnetic gas sensor 

for the detecting of H2S, SO2, and SOF2 detection. 

In addition, the sensitivity of the FePr monolayer can also be evaluated by measuring the 

change of work function (φ) before and after gas adsorption [45, 46], where φ is defined as: 

vaccum fermiE E = −
 

(5) 

The vacuum and Fermi levels of the FePr monolayer after gas adsorption is represented by 

Evaccum and Efermi, respectively. 

The calculated φ of the FePr before and after gas adsorption are depicted in Fig.10. It can be 

observed that the work function of FePr undergoes significant changes upon the adsorption of SF6 

decomposition components. Compared to the FePr monolayer with the φ of 4.65 eV, the φ of the 

FePr monolayer increases to 5.25 eV and 5.22 eV after the SO2 and SOF2 adsorption, respectively. 

The increase in φ indicates the charge transfer from the FePr monolayer to gases, resulting in the 

formation of an interface dipole in the same direction [47, 48]. In contrast, the adsorption of H2S, 

SO2F2, and HF on the intrinsic FePr monolayer leads to a reduction in the φ values to 4.57 eV, 4.40 
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eV, and 4.40 eV, respectively. Therefore, the FePr monolayer can also serve as a φ−type gas sensor 

for detecting H2S, SO2, SOF2, SO2F2, and HF molecules. 

 

Figure 10. The work function of FePr monolayer before and after gas adsorption. 

Additionally, the quantification of sensitivity (Se) can provide a more precise evaluation of gas 

sensor sensitivity [49], which is as follows: 

 FePr/gas FePrg g B

FePr/gas FePr FePr

1 1 1
=( - )/ =exp ( - )/2 -1Se E E K T
  

 
 

 

(6) 

where σFePr/gas and σFePr indicate the conductivity of the FePr monolayer before and after gas 

adsorption, respectively. 

Fig.11 shows the sensitivity of the FePr monolayer toward the SO2, H2S, and SOF2 at the range 

temperatures of 298 to 498 K. The Se of the FePr monolayer towards SO2, H2S and SOF2 at 298 K falls 

within the range of (2.07–13.7) ×107, which is significantly higher than that of SF6 (approximately 

103)[12]. In addition, the FePr monolayer displays the highest sensitivity to H2S at each temperature, 

followed by SO2 and SOF2. The sensitivity of FePr towards SOF2 was 2.07107 at 298 K and 1.59104 

at 398 K. However, the sensitivity of FePr to H2S/SO2 exceeded that of SOF2. With the increase in 

operating temperature, there was a slight decrease in the sensitivity of H2S, SOF2, and SO2F2. In 

conclusion, the FePr monolayer exhibits excellent sensing capabilities towards H2S, SO2, and SOF2. 
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Figure 11. The sensitivity of the FePr monolayer toward the gases at the range temperatures of 298 

K to 498 K. 

Finally, the recovery time (τ) is strongly correlated with adsorption energy and can be 

determined by [50, 51]: 

1

0

BK

adsE
v exp

T
 −  −
=  

   

(7) 

where υ0, KB, and T indicate the frequency factor, Boltzmann constant, and temperature, 

respectively. 

Fig. 12 displays the τ of H2S, SO2, SOF2, SO2F2, and HF molecules adsorption systems at the 

range temperatures of 298 K to 498 K. The FePr monolayer exhibits an extremely short recovery 

time for H2S, SO2, SOF2, SO2F2, and HF molecules at working temperatures, indicating that these 

gases can be easily desorbed from the FePr monolayer. Interestingly, the τ of H2S, SO2, and SOF2 is 

estimated to be 12.6 μs, 18.5 s, and 15.4 s at 298K, respectively. Therefore, the FePr is regarded as a 

promising, reusable gas sensor for detecting H2S, SOF2 and SO2 due to its appropriate adsorption 

capacity and short desorption time. 
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Figure 12. The recovery time of the different gases on FePr monolayer at the range temperatures of 

298 K to 498 K. 

4. Conclusions 

In this paper, we investigated the adsorption characteristics of five primary SF6 decomposition 

gases (H2S, SO2, SOF2, SO2F2, HF) on the Pr and FePr monolayers using DFT computations. We also 

analyzed the electronic properties and sensing mechanisms of different adsorption systems. The 

main conclusions are succinctly outlined as follows: 

(1) The thermodynamic stability of the FePr monolayer is attributed to the significant orbital 

hybridization between the Fe atom and the Pr monolayer surface. 

(2) The FePr monolayer possesses a moderate capture capacity of H2S/SO2/SOF2, while it 

exhibits weak adsorption ability of SO2F2 and HF gases due to the physical adsorption. 

(3) The FePr monolayer has a higher affinity with H2S, SO2 and SOF2 due to the robust orbital 

hybridizations between these gases and the FePr monolayer within an energy range of −10.0 to 7.5 

eV. 

(4) Due to its appropriate adsorption strength, exquisite sensitivity, and short recovery time, 

the FePr monolayer shows great potential as a recyclable gas sensor for detecting H2S, SOF2 and SO2 

detection. 
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