
http://www.nanobe.org

Nano Biomed EngResearch Article

136 Nano Biomed. Eng., 2022, Vol. 14, Iss. 2

DFT-Quantum Chemical and Experimental Studies 
of a New 2-(Substituted Thio) Furan as a Corrosion 
Inhibitor in Acidic Media

Israa M. H. Al-mousawi , Noor Ali Khudhair, Lama S. Ahmed  
Department of Chemistry, College of Science, University of Baghdad.

 Corresponding authors. E-mail: israamousawi@gmail.com  

Received: Nov. 5, 2021;  Accepted: Sep. 19, 2022; Published: Oct. 20, 2022

Citation: Israa M. H. Al-Mousawi, Noor Ali Khudhair, and Lama S. Ahmed,DFT-Quantum Chemical and Experimental Studies of a New 
2-(Substituted Thio) Furan as a Corrosion Inhibitor in Acidic Media. Nano Biomed. Eng., 2022, 14(2): 136-148.
DOI: 10.5101/nbe.v14i2.p136-148.

Abstract
                         

The corrosion inhibiting properties of the new furan derivative 5-(furan-2-ylmethylsulfonyl-4-
phenyl-2,4-dihydro [1,2,4] triazole-3-thione in acidic solution (1.0 M HCl) were explored utilizing 
electrochemical, surface morphology (AFM), and quantum chemical calculations approaches. The 
novel furan derivative 5-(furan-2-ylmethylsulfonyl-4-phenyl-2,4-dihydro [1,2,4] triazole-3-thione 
shows with an inhibitory efficiency value of 99.4 percent at 150 ppm, carbon steel corrosion in acidic 
medium is effectively inhibited, according to the results. The influence of temperature on corrosion 
prevention was studied using adsorption parameters and activation thermodynamics. The novel furan 
derivative creates a protective layer over the metallic surface that separates the metal from harsh acid 
solution and thereby protects it from destructive disintegration, according to the AFM study. The 
experimental findings are supported by the theoretical method of density functional theory (DFT) at 
the B3LYP/6-311 ++G basis set for inhibitor.

Keywords: DFT, Corrosion inhibitors, Tafel polarization, Furan

Introduction 

Corrosion is a chemical or electrochemical 
interaction that occurs between materials, usually 
a metal, and their environment, resulting in the 
materials’ and their qualities deteriorating. Corrosion 
inhibitors are commonly used to decrease the amount 
of unwanted base metal dissolving caused by these 
processes. To preserve metallic components from 
corrosion, the hunt for new and effective corrosion 
inhibitors, particularly in hydrochloric acid solutions, 
has become a necessity [1-3]. Adsorption of organic 
inhibitor molecules (physically or chemically) is 
widespread across the metal surface, and the resulting 

adsorption layer serves as a corrosion barrier. This 
shows that the most important characteristics in 
selecting an inhibitor molecule are hydrophobicity, 
molecular structure, and electron density at donor-
atoms, solubility, and dispersibility [4-6]. The majority 
of organic inhibitor compounds contain heteroatoms 
such as N, O, S and numerous Pi bonds in their 
molecules facilitate adsorption on the steel surface [7-
8].

Thiocarbanilide was prevented electrochemical 
corrosion of high carbon steel in 1 M sulfuric acid 
and hydrochloric acid solutions, the thiocarbanilide 
efficiently inhibited carbon steel at all concentrations, 
with an average inhibition efficiency of roughly 70% 
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in sulfuric acid and 80% in hydrochloric acid [9]. In 
addition, phenyltetrazole compounds were shown to 
be effective inhibitors of mild steel corrosion in a 5.0 
M HCl solution, acting as cathodic type inhibitors 
[10]. While Tetrahydropyridine derivatives are 
excellent mild steel inhibitors in 1 M hydrochloric acid 
[11]. 

As well as the experimental studies, quantum 
chemical calculations are used to examine the 
correlation between electronic structure and corrosion 
inhibition capability [12]. Further, a theoretical 
study grants the pre-selection of compounds with 
the fundamental structural essence to act as organic 
corrosion inhibitors. 

The purpose of this research is to look at the 
corrosion inhibitory properties of the new furan 
derivative 5-(furan-2-ylmethylsulfonyl-4-phenyl-2,4-
dihydro [1,2,4] triazole-3-thione (FMSPhDHT) for 
carbon steel corrosion prevention in acidic solution 
(1 M HCl). Luma S. A. synthesized and characterized 
the FMSPhDHT (C14H13N3OS2) as shown in Fig. 1 
[13]. To establish the molecule’s electronic structure, 
we used the electrochemical (anodic and cathodic 
Tafel polarization) method and quantum chemical 
calculations utilizing the density function theory (DFT).

Experimental
Chemicals 

The chemical materials were used in this work are 
shown in Table 1.

Preparation of carbon steel samples
Table 2 shows the metallic components in carbon 

steel reinforcing bar (CSRB) as a proportion of the 
overall composition. 

In order to learn more about the impacts of corrosion 

carbon steel was studied using samples in a circle 
with a diameter of 1.5 cm carbon steel samples were 
cleaned using one of the most well-known tools for 
preparation: immersion in hydrochloric acid to remove 
any oxide layer or impurities present on the metal’s 
surface, followed by washing with distilled water. The 
samples were smoothed with silicon carbide smoothing 
papers ranging (80-2000). After that, the samples were 
washed thoroughly with distilled water until they were 
as glossy as a mirror and stored in a separate container.

Preparation of acid solution 

In a volumetric flask with a volume of 1000 mL, 
the acid solution was made at a concentration of one 
molar, and the volume was completed to the mark with 
distilled water.

Corrosion Inhibitor FMSPHDHT Solution

FMSPHDHT powder was dissolved in dimethyl 
sulfoxide (DMSO) solvent and poured into a 10 mL 
volumetric flask to make three different concentrations 
(50, 100, and 150 ppm).

Corrosion Potential Measurements

The effect of the prepared compound FMSPHDHT 
in an acidic environment with one molar concentration 
was investigated using the electrical method (static 
stress polarization method) with circular carbon steel 
samples and a device (Advanced potentiostant winking 
MLab-200 (2007) [Bank Elektronik-Intelligent control 
GmbH]) as shown in Fig. 2, with three electrodes of 
corrosion cell and accompanying accessories were 
used. The corrosion cell is shown in Fig. 3, and the 
three electrodes were the first electrodes used as a 
reference, which was AgCl, Ag, and KCl (Ag/AgCl, 3.0 
M KCl) ) based on their potential. The second electrode 
is an auxiliary electrode made up of a platinum with 
a high purity rod, and the third is a working electrode 
(CS) with a 1.5 cm diameter that was installed on the 

Table 1 The chemical materials used in this study

No. Materials Molecular 
formula Suppliers

1 Hydrochloric acid HCl BDH

2 dimethyl sulfoxide 
(DMSO) (CH3)2SO BDH

3 FMSPhDHT C14H13N3OS2 locally created

Table 2 Chemical composition of carbon steel reinforcing bar (CSRB) which are used in this study

Element C% S% Si% N% Cu% Mn% Ni% Cr% p% 

percentage 0.26 0.031 0.28 0.010 0.28 0.73 0.13 0.12 0.018 

Fig. 1 Structure of 5-(furan-2-ylmethylsulfonyl-4-phenyl-2,4-
dihydro [1,2,4] triazole-3-thione.
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working electrode load and the acidic solution was 
exposed via the hole. The steps of measurement are:

- The corrosion cell was filled with just blank 

solution (1000 mL). 

- The working electrode was carbon steel, the 
reference electrode was in front of it, and the auxiliary 
electrode was beside it. 

- After around 15 minutes, the response starts for the 
first time. The initial run was accompanied with a Tafel 
plot. The temperature was then increased to 50 degrees 
Celsius. 

- The inhibitor was then added to the blank solution 
at 25 degrees Celsius to get the first run, Tafel plot, and 
corrosion rate, as well as the data reported in Table 3. 

- The temperature is raised to 30, 40, and 50 degrees 
Celsius, respectively, and the process is repeated for all 
inhibitor doses.

Results and Discussion
Potentiodynamic polarization measurement 

Polarization curves were extracted for the corrosion 
of carbon steel in the acidic solution of the new 
prepared inhibitor FMSPHDHT at concentrations (50, 
100, 150) parts per million (ppm) and at four different 
temperatures (298-323) Kelvin in the absence and 
presence of the inhibitor FMSPHDHT as shown in the 
Fig. 4. 

Table 3 shows the electrochemical characteristics for 
carbon steel acid corrosion in the presence of different 

Fig. 2 Electrochemical system.
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Fig. 3 Corrosion cell.
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Table 3 Polarization parameters for carbon steel in the absence and presence of various concentrations of FMSPHDHT in acidic 
solution

Comp.
ppm Temp.  Ecorr

(mV)
Icorr

(µA/cm2)
Bc

(mV/Dec)
Ba

(mV/Dec)
PL

(mm/y) IE%

blank

293 -239.7 157.54 -141.2 109.3 1.83 -

303 -245.1 168.95 -160.8 135.0 1.96 -

313 -276.9 176.10 -151.9 205.2 2.04 -

323 -261.9 186.65 -131.2 219.9 2.17 -

50

293 -415.0 5.64 -321.0 442.5 0.0654 96.5

303 -448.2 7.16 -397.5 605.3 0.0831 95.8

313 -441.4 8.09 -483.5 511.1 0.0939 95.5

323 -434.3 9.48 -423.6 470.2 0.110 95.0

100

293 -428.4 3.04 -228.4 216.0 0.0353 98.1

303 -434.3 3.60 -249.6 242.1 0.0418 97.9

313 -440.7 5.49 -393.5 446.7 0.0637 96.9

323 -435.8 6.55 -413.1 422.4 0.0760 96.5

150

293 -440.6 0.98 -146.7 227.5 0.0114 99.4

303 -441.8 1.10 -103.7 105.6 0.0128 99.4

313 -440.2 1.99 -145.1 135.6 0.0231 98.9

323 -429.0 3.82 -275.4 271.7 0.0443 98.0
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concentrations of FMSPHDHT, such as corrosion 
potential (Ecorr), corrosion current density (Icorr), Tafel 
slopes (bc and ba), and inhibition efficiencies (IE).

These findings reveal that the FMSPHDHT reduces 
the Icorr value at all concentrations, implying that this 
molecule is a good corrosion inhibitor. Furthermore, 
FMSPHDHT results in a minor change of Ecorr to 
negative values and by raising inhibitor concentration, 
inhibition efficiency (percentage) improves. As a 
result, at a concentration of 150 ppm, FMSPHDHT had 
the highest inhibitory efficiency (99.4%) at 298 k, due 
to the presence of a high electronic density represented 
by the phenyl ring, as well as sulfur, three nitrogen 
atoms and Pi bonds, contribute to the formation of 
coordination bonds with the metal surface, resulting in 
the formation of a preservative layer for the metal in 
the acidic solution, which inhibits carbon steel [14-15]. 
The corrosion inhibition efficiency (IE) was estimated 
using the following formula from the corrosion current 

density.

IE% = 
[Icorr (uncoated) − Icorr (coated)]/Icorr (uncoated) × 100
where Icorr (uncoated) and Icorr (coated) are the corrosion 
current density values without and with inhibitor, 
respectively. The decreasing inhibition performance 
as the temperature of the solution rises might be 
explained to an increase in the mobility of the inhibitor 
molecules, resulting in a reduction in the contact 
between the inhibitor molecules and the carbon steel 
surface [16-17].

Kinetic and Thermodynamic of Corrosion
The influence of temperature on the efficacy of 

corrosion inhibition using the inhibitor FMSPHDHT 
at temperatures ranging from 293-323 K with and 
without the inhibitor is part of the thermodynamic 
investigation. The values of thermodynamic functions 
are shown in Table 4. After adding the inhibitor to 

Fig. 4 Potentioatatic Polarization curves for carbon steel with absence and present of FMSPHDHT compound in 1 M HCl at different 
concentration.

298
303
313
323

200

0

−200

−400

−600

Po
te

nt
ia

l (
m

V
)

1E−9 1E−8 1E−7
Current density (µA/cm)

1E−6 1E−5

Blank

1E−4

298
303
313
323

−200

−300

−400

−500

−600

−700

−200

−300

−400

−500

−600

−700

Po
te

nt
ia

l (
m

V
)

1E−91E−10 1E−8 1E−7
Current density (µA/cm)

50 ppm

298
303
313
323

Po
te

nt
ia

l (
m

V
)

1E−91E−101E−11 1E−8 1E−7
Current density (µA/cm)

100 ppm

298
303
313
323

−150

−300

−450

−600

−750

Po
te

nt
ia

l (
m

V
)

1E−91E−10 1E−8 1E−7
Current density (µA/cm)

150 ppm



140 Nano Biomed. Eng., 2022, Vol. 14, Iss. 2

http://www.nanobe.org

the medium, the data reveal a noticeable difference. 
The addition of the inhibitor caused the reaction to 
be directed to locations with high activation energy 
values, slowing the corrosion rate. Arrhenius equation 
was used to compute the energy of the activation 
process [18]:

Log (icorr) = Log A − Ea/2.303RT.

where A is the pre-exponential factor of Arrhenius, 
T is the absolute temperature, R is the gas constant 
and Ea the apparent activation energy of the corrosion 
reaction. The slope of the linear plot of log (icorr) versus 
1/T as shown in Fig. 5, as well as the activation energy 
values obtained mentioned in Table 4, were used to 
calculate Ea.

The activation parameters, activation enthalpy (ΔH*), 
and activation entropy (ΔS*), were computed using the 
Eyring transition state equation [19]:

Log (CR/T) = 
Log (R/Nh) + ΔS*/2.303R −  ΔH*/2.303RT

CR stands for corrosion rate, h for Planck’s constant, 
and N for Avogadro’s number. Figure 6 transition stage 
was a plot of log(CR/T) vs 1/T produced a straight line 
with an intercept of [log(R/Nh) + (ΔS*/2.303R)] and 
a slope of (ΔH*/2.303R). ΔH* and ΔS* were calculated 
from this data and are listed in Table 4. The following 
thermodynamic relationship can be used to compute 
the change in activation free energy ΔG* for the 
corrosion process at each temperature.

ΔG* = ΔH* − T ΔS*

Table 3 demonstrates that the value of H* for carbon 

steel corrosion in acidic solution (1.776) in the absence 
of the inhibitor rose in the presence of the inhibitor, 
with the greatest value of the enthalpy of inhibition (150 
ppm) indicating improved protection efficiency and an 
endothermic nature of the carbon steel dissolution [20]. 
The negative inhibitory entropy ΔS* suggests a high 
degree of adsorption regularity during the activation 
phase, indicating the creation of the activated complex 
and a reduction in degrees of freedom [21-23]. The 
obtained values of ΔG* are listed in Table 2. ΔG* values 
were positive and increased slightly as temperature 
increased, indicating that the inhibitor lowered the 
thermodynamic feasibility of corrosion [24].

Surface study

Atomic force microscopy (AFM) was used to 
analyze the surface of a carbon steel sample in acid 
solution (1 M HCl) in the absence and presence of 
the inhibitor FMSPHDHT. Figure 5 shows that in the 
presence of the acidic solution, the surface topography 
of the steel sample has been damaged, and the surface 
roughness (40.7 nm) is clearly visible as shown in Fig. 
7(a), but after adding the inhibitor FMSPHDHT, the 
surface roughness (7.78 nm) of the carbon steel has 
been reduced as clearly shown in Fig. 7(b) [25-26].

According to the results, the adsorption of these 
molecules at the metal-solution interface may explain 
the inhibitory effect of the novel furan derivative 
on carbon steel corrosion in 1 M HCl solution. The 
inhibitory effect of FMSPHDHT is related to the 
interaction of p-electrons phenyl and furan ring, as well 
as the presence of electron donor groups (N, O, and S) 
via which it forms bonds with carbon steel [27]

Table 4 Activation parameters of carbon steel corrosion in the absence and presence of inhibitor FMSPHDHT in 1 M HCl
Sample T(K) Ea (kJ/mole) ΔH* (kJ/mol) ΔS* (kJ/mol.K) ΔG* (kJ/mol)

Blank

293

4.333 1.776 -0.197

0.060
303 0.062
313 0.064
323 0.066

50 ppm

293

13.255 10.698 -0.194

0.068
303 0.07
313 0.072
323 0.074

100 ppm

293

21.424 18.867 -0.171

0.069
303 0.071
313 0.073
323 0.075

150 ppm

293

36.485 33.929 -0.131

0.073
303 0.074
313 0.075
323 0.077
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Computational study
Theoretical details 

The structural and electronic properties of the 
new furan derivative 5-(furan-2-ylmethylsulfonyl-
4-phenyl-2,4-dihydro [1,2,4] triazole-3-thione 
molecule were investigated using density functional 
theory (DFT) and frequency calculations at the Lee, 
Yang, and Parr (B3LYP/6-311++ G(d, p)) basis set 
[28]. All calculations were done with the Gaussian 
09W program [29]. The structure of the molecule 
FMSPhDHT (Fig. 8) was drawn using the ChemDraw 
of Mopac tool (ver. 10), the bond lengths and dihedral 
angles are listed in Tables 5 and 6.

Molecular reactivity  

The following relationships [30-31] are used to 
calculate quantum chemical parameters such as dipole 

moment (μ), electro negativity (χ), hardness (η), 
softness (S), ionization potential (IP), electron affinity 
(EA), the fractions of electrons transferred (∆N), the 
electrophilicity index (ω), energy of highest occupied 
molecular orbital (EHOMO), energy of lowest unoccupied 
molecular orbital (ELUMO), energy gap (Egap) and 
Mulliken charge distribution in vacuum and DMSO 
solvent. Table 7 summarizes the results. 

IP = ‒ HOMO
EA = ‒ LUMO
χ = (IP + EA)/2
η = (IP ‒ EA)/2
S = 1/η
ω = χ2/2η

The energy value of FMSPhDHT’s for highest 
occupied molecular orbital (HOMO) and lowest 
unoccupied molecular orbital (LUMO) in DMSO 

Fig. 5 Arrhenius plots for CS in 1 M HCl solution without and with varied quantities of additives inhibitor FMSPHDHT at different 
temperatures.
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solvent and vacuum are shown in Table 7. One 
interesting finding is energy value of HOMO for 
DMSO solvent is great than value in the vacuum. The 
energy value of HOMO indicates a molecule’s ability 
to donate electrons to an acceptor molecule; in general, 
the higher the EHOMO value, the greater the molecule’s 
tendency to donate electrons to an acceptor molecule, 
and the lower the ELUMO value (the molecule’s ability 
to accept electrons), the greater the tendency to accept 
electrons, As a result of the FMSPhDHT compound’s 
ability to take electrons from metal iron, it has a 
greater inhibitory efficiency, which is consistent with 
experimental results [32].

Another important electrical characteristic that 
emerges from the non-uniform distribution of charges 
on the various atoms in a molecule is the dipole 
moment. Stronger intermolecular attraction is caused 
by higher dipole moments [33]. In the DMSO solvent, 
the dipole moment of FMSPhDHT is greater than in 
the vacuum. Adsorption between a chemical substance 
and a metal surface is likely to be enhanced by a 

Fig. 6 Transition state plots for carbon steel corrosion in the absence and presence of FMSPHDHT inhibitor.
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Table 5 The length of the bond for FMSPhDHT compound 
using ChemDraw of Mopac tool

Atoms Bond length (Å) Atoms Bond length (Å)

C20-H33 1.095 C17- C18 1.398

C1-H32 1.1026 C16-C17 1.3908

C18-H31 1.1017 C15-C16 1.4201

C17-H30 1.1026 N9-C15 1.4455

 C16-H29 1.0981 C13-S14 1.5766

N12-H28 1.0074 C13-N9 1.3386

C8-H27 1.115 N12-C13 1.3695

C8-H26 1.1147 N11-N12 1.3483

C6-H25 1.115 C10-N11 1.2804

C6-H24 1.1147 N9-C10 1.4636

C5-H23 1.0961 S7-C8 1.8233

C4-H22 1.096 C6-S7 1.8178

C1-H21 1.0942 C3-C6 1.5048

C8-C10 1.5105 C5-C1) 1.3605

C20-C15 1.4168 C4-C5 1.4307

C19-C20 1.3919 C3-C4 1.3669

C18-C19 1.3973 O2 -C3 1.3685

C1-O2 1.3625
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Fig. 7 Micrograph (AFM) of the surface of carbon steel in acidic solution (a) in the absence of an inhibitor (b) in the presence of an 
inhibitor.

Table 6 Angles of dihedral for FMSPhDHT compound using ChemDraw of Mopac tool
Atoms Angle of dihedral (deg.) Atoms Angle of dihedral  (deg.)

S7-C8-C10-N9 -168.802 H25-C6 -S7-C8 -60.3329
S7-C8-C10-N11 14.1491 O2-C3-C6-S7 166.7385
H26-C8-C10-N9 68.7814 O2-C3-C6-H24 -70.6522
H26-C8-C10-N11 -108.268 O2-C3-C6-H25 44.9162
H27-C8-C10-N9 -49.8947 C4-C3-C6-S7 -14.2536
H27-C8-C10-N11 133.0564 C4-C3-C6-H24 108.3558
C19-C20-C15-N9 -179.915 C4-C3-C6-H25 -136.076
C19-C20-C15-C16 -3.5831 C4-C5-C1-O2 -0.1084
H33-C20-C15-N9 0.5644 C4-C5-C1-H21 179.707
H33-C20-C15-C16 176.8964 H23-C5-C1-O2 -179.861
C18-C19 - C20-C15 1.0929 H23-C5-C1-H21 -0.0453
C18-C19-C20-H33 -179.36 C3-C4-C5-C1 0.1886
H32-C19-C20-C15 -179.382 C3-C4-C5-H23 179.9414
H32-C19-C20-H33 0.1653 H22-C4-C5-C1 -179.466
C17-C18-C19-C20 1.3599 H22-C4-C5-H23 0.2872
C17-C18-C19-H32 -178.169 O2-C3-C4-C5 -0.2032
H31-C18-C19-C20 179.4038 O2-C3-C4-H22 179.4397
H31-C18-C19-H32 -0.1247 C6-C3-C4-C5 -179.311
C16-C17-C18-C19 -1.0843 C6-C3-C4-H22 0.3319
C16-C17-C18-H31 -179.13 C1-O2-C3-C4 0.1383
H30-C17-C18-C19 177.1191 C1-O2-C3-C6 179.3113
H30-C17-C18-H31 -0.9266 C5-C1-O2-C3 -0.0136
C15-C16-C17-C18 -1.6563 H21-C1-O2-C3 -179.858
C15-C16-C17-H30 -179.85  
H29-C16-C17-C18 175.7057  
H29-C16-C17-H30 -2.4876  
N9-C15-C16-C17 -179.774  
N9-C15-C16-H29 3.0241  

H24-C6-S7-C8 58.2905  
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strong dipole moment [34]. The inhibitor FMSPhDHT 
has 8.4513 Debye, this indicates a higher increase in 
reactivity than the medium without a solvent.

In DMSO solvent and vacuum, the inhibitor’s 
FMSPhDHT electron density distributions, frontier 
molecular orbital molecular optimization, maximum 
occupied molecular orbital energy, and lowest 
unoccupied molecular orbital energy are shown in Fig. 
9.

The electronic density of the HOMO molecular 
orbitals is completely concentrated on the heteroatoms 

Table 7 Chemical parameters at the quantum level for FMSPhDHT compound calculated using DFT/B3LYP/6-311++G (d, p) in 
DMSO solvent and vacuum 

Parameters DMSO Vacuum

Total Energy -1577.4184 a.u. -1577.3967 a.u.

HOMO (eV) -0.2295 -0.21309

LUMO (eV) -0.04044 -0.04499

Egap (eV) 0.189 0.168

m ( Debye) 8.4513 5.7725 

IP (eV) 0.2295 0.21309

EA (eV) 0.0404 0.0450

χ (eV) 0.2699  0.2581

h (eV)  0.189  0.1681

S (eV)-1 5.291 5.948

w (eV) 0.192 0.198

Fig. 8 Optimized geometry of 5-(furan-2-ylmethylsulfonyl-4-
phenyl-2,4-dihydro [1,2,4] triazole-3-thione.

Fig. 9 (I) HOMO and (II) LUMO in DMSO solvent and vacuum of the inhibitor FMSPhDHT using DFT/B3LYP/6-311 ++G (d, p).

HOMO LUMO

DMSO

(I)

(II)
Vacuum
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three nitrogen atoms and sulfur, but the LUMO 
molecular orbitals exhibit an important electronic 
density scattered throughout the majority of the phenyl 
ring and a small density over 3 nitrogen atoms (triazole 
ring). This finding is consistent with the Mulliken 
charge distribution and the direction of the dipole 
moment seen in Fig. 10 and stated in Table 8.
Active sites of the inhibitor

Mulliken charges distribution (MCD) are an 
important characteristic to consider when investigating 

the adsorption center of inhibitor compounds. 
FMSPhDHT molecule has greater nucleophilic and 
electrophilic electrical charge values in DMSO than in 
vacuum [35]. Mulliken’s charge population study for 
the FMSPhDHT molecule in two mediums (DMSO 
and vacuum) and the direction of dipole moment are 
shown in Fig. 10 and Table 7. 

In order to investigate the effects of charge 
distribution on the adsorption process. Table 8 
shows the order of the nucleophilic reactive sites of 

Fig. 10 Atomic charge distributions for the FMSPhDHT compound.

DMSO Vacuum

Table 8 Mulliken charge values of the FMSPhDHT compound

Symbol  of Atom C1 O2 C3 C4 C5

MCD 0.083*
0.083**

0.017
-0.018

-0.136
-0.025

0.238
0.238

-0.454
-0.5092

Symbol  of Atom C6 S7 C8 N9 C10

MCD -0.848
-0.954

0.024
-0.063

-0.211
-0.268

0.558
0.647

0.253
0.353

Symbol  of Atom N11 N12 C13 S14 C15

MCD 0.095
-0.147

-0.005
0.017

0.379
0.413

-0.726
-0.843

-1.948
-1.930

symbol of Atom C16 C17 C18 C19 C20

MCD 0.438
0.389

-0.083
-0.113

-0.449
-0.455

-0.008
-0.146

0.421
0.410

Symbol  of Atom H21 H22 H23 H24 H25

MCD 0.18
0.218

0.181
0.210

0.162
0.187

0.203
0.248

0.221
0.221

Symbol  of Atom H26 H27 H28 H29 H30

MCD 0.175
0.169

0.158
0.224

0.381
0.417

0.178
0.193

0.194
0.224

Symbol of Atom H31 H32 H33

MCD 0.153
0.183

0.198
0.223

0.163
0.200

* vacuum, ** DMSO
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FMSPhDHT inhibitor is as follows: C15 > C6 > S14 

> C5 > C18 > C8 > N11 > C19, while the order of the 
electrophilic reactive sites is as follows N9 > C13 > S20 > 
C16 > C10. The most interesting aspect of this results, is 
that FMSPhDHT molecule is an effective inhibitor that 
matches experimental results [36-37].

As well as to charge distribution study, the 
electrostatic potential (ESP) map is a common tool for 
detecting where a molecule’s electron density is high 
or low. Electrostatic potential may be used to forecast 
the reaction center of molecules when they come into 
contact with other materials. Figure 11 shows the 
electrostatic potential (ESP) map derived using the 
B3LYP/6-31++G(d,p) approach. The locations with 
the highest positive, negative, and zero electrostatic 
potential, respectively, are represented by the blue, red, 
and green regions in Fig. 11. According to Fig. 11, the 
largest negative electron density zone is found near S14, 
N9, C13, C15, S7, N11, C6 whereas the positive electron 
density region is mostly found in hydrogen and certain 
carbon atoms as well as phenyl ring. 

The electrostatic potential results were in accord 
with the charge distribution results when it came to 
the influence of hetero atoms on the adsorption of the 
FMSPhDHT compound on the surface of carbon steel 
and its resistance to corrosion in an acidic medium [38].

Conclusion 
The following are some of the study’s findings:

- The experimental results revealed that the novel 
furan derivative 5-(furan-2-ylmethylsulfonyl-4-phenyl-
2,4-dihydro [1,2,4] triazole-3-thione (FMSPhDHT) 
is an efficient corrosion inhibitor for carbon steel in 
acidic solutions. 

- The investigated inhibitor’s corrosion inhibition 

efficacy was 99.4 percent. 

- The inhibitor reduced the thermodynamic 
feasibility of corrosion by increasing ΔG* values, which 
were positive and rose marginally as temperature 
climbed. While the system›s entropy decreases as a 
result of the thermodynamic analysis.

- The creation of a protective barrier on the carbon 
steel surface is suggested by the potentiodynamic 
polarization curve and AFM investigation.

- DFT (B3LYP/6-311 ++G(d,p) based quantum 
chemistry calculations of parameters related to the 
electronic structures of FMSPhDHT back up the 
experimental findings.

- The charge distribution research revealed the 
impacts of FMSPhDHT on the adsorption process 
by revealing nucleophilic and electrophilic inhibitor 
reactive sites.

   The findings show that the FMSPhDHT compound 
is a potential inhibitor that may be utilized to reduce 
the corrosion of oil tanker pipes as well as prevent 
corrosion of metal mechanisms in industrial facilities.
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