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Abstract. A theoretical study on the corrosion inhibition performance of methenamine derivatives has been carried out 
using density functional theory. Experimental studies have been carried out previously using gravimetry and 
electrochemical impedance spectroscopy on the corrosion inhibition efficiency of methenamine against carbon steel. 
However, the study of the effect of heteroatom changes (nitrogen, phosphorus, and boron) on the efficiency of corrosion 
inhibition of methenamine derivatives has not been studied in more detail. Corrosion inhibition efficiency is based on the 
value of quantum parameters, namely high occupied molecular orbital, low unoccupied molecular orbital, energy gap, 
ionization potential, electronegativity, and the number of electron transfers. The addition of two boron atoms shows that 
it has the highest corrosion inhibition efficiency. It is described in detail using the values of the quantum parameters. 
Fukui function and second-order interaction energy determine the active site and corrosion inhibition strength. This 
theoretical study is expected to assist in designing efficient and environmentally friendly corrosion inhibitors. 

INTRODUCTION 

Corrosion is a process that destroys the metal structure due to its interaction with a corrosive environment. 
Corrosion will cause large economic losses if the corrosion process is allowed without prevention [1,2]. Therefore, 
research to find anti-corrosion materials that are easy to use, economical, and high efficiency is still being 
intensively carried out. One corrosion inhibitor that is continuously being researched is a corrosion inhibitor based 
on organic compounds. The selection of organic molecules as corrosion inhibitors is environmentally friendly, non-
toxic, and does not cause harmful pollutants [3-5]. Various types of organic compounds have been used as anti-
corrosion compounds. The efficiency of corrosion inhibition of organic molecules is determined by the heteroatom 
groups (O, N, S, and P) and bond contributions from the double or triple bonds. The presence of suitable functional 
groups will help the formation of complexes between organic compounds and metal surfaces by coordinating 
covalent bonds (chemical adsorption) or electrostatically (physical adsorption) [5-7]. Organic molecules will 
regularly adhere to the metal surface to form a uniform layer that can prevent the metal surface from coming into 
contact with corrosive media [8-10]. 

Many studies on corrosion inhibition of organic molecules have been carried out experimentally and 
theoretically [11-16]. Several synthetic organic molecules' adsorption and corrosion inhibitory performance against 
mild steel experimentally and theoretically. Experimental studies can prove that corrosion protection occurs on the 
surface of mild steel by forming an organic film. Density functional theory and molecular dynamics were used to 
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study the mechanism of inhibition on mild steel surfaces. Organic molecules adhere parallel to the mild steel 
surface, which indicates that the corrosion inhibition process runs optimally [17]. In addition to synthetic molecules, 
natural products have also been widely used as corrosion inhibitors [17-22]. The inhibition of corrosion by thevetia 
peruviana flower extracts experimentally and theoretically has been studied. Experimental studies showed good 
corrosion inhibition efficiency by following the Temkin Adsorption isotherm. Molecular modeling was carried out 
to strengthen experimental studies. It shows an interaction between electron donor and acceptor of organic and metal 
molecules. The orientation of organic molecules can also be described clearly, forming a flat on the metal surface 
[23]. 

Methenamine compound is one of the potential organic inhibitor compounds. It has four tertiary nitrogen atoms 
and has a tricyclo geometric structure. The four N atoms have the potential to interact with metal surfaces to protect 
metals from corrosion processes [24-25]. Studies on the inhibitory power of methenamine have been previously 
reported using the potentiodynamic polarization (Tafel) and electrochemical impedance spectroscopy (EIS) 
measurement methods [26]. Potentiodynamic and EIS measurements, the maximum inhibition efficiency value 
obtained was 71.55% using the Tafel method, while the EIS method was obtained at 70.21% for a 100 ppm 
methenamine concentration. In general, the value of inhibition efficiency increased with the increasing concentration 
of inhibitors added to the test medium. So far, however, studies on the effect of heteroatoms on methenamine as a 
corrosion inhibitor have not been published. This research focuses on testing the effect of heteroatom changes 
(nitrogen, phosphorus, and boron) on the efficiency of the corrosion inhibitors derived from methenamine. 

RESEARCH METHODOLOGY 

Density functional theory was applied with the B3LYP hybrid function. The base sets used for the methenamine 
molecule are 6311++G(d,p) and LANL2DZ ECP for metals. The optimization of the molecular geometry of the 
inhibitor was carried out using gaussian 09 [27]. Energy calculations were carried out to determine the efficiency of 
the inhibitor in the gas phase and the solution phase. Then calculate the interaction energy, Mulliken atomic charge 
(Fukui), and Natural Bond Orbital (NBO). The determination of quantum parameters such as high occupied 
molecular orbital EHOMO, low unoccupied molecular orbital ELUMO, ionization potential (I), electronegativity 
(χ), and the number of electron transfers (ΔN) [28-34] is generated from the following equation. 

I = 	−	E HOMO        (1) 
A = - ELUMO         (2) 

χ	 = 	
�	�	�

�
         (3) 

η = 
���

�
         (4) 

      ∆N	 =
��������

�(���	�	����)���
      (5) 

 
The correlation of the quantum chemical parameters with the corrosion inhibitor performance has been determined 
using equation 6-8 [35,36]: 

 

����%	 =
�����������

����
	�	100	%       (6) 

 
�����.% = 	 ����.% − �����.%       (7) 

 
�������.% =	 �����.% +	�����.%       (8) 

 
Iadd.% is the percentage ionization potential, IEadd.% is the inhibition efficiency %, and IEtheor.% is the 
theoretically calculated percentage inhibition efficiency.  

The magnitude of the interaction energy value (ΔE) is closely related to the stability of the complex formed. The 
stable complex has a low interaction energy (ΔE). So the more negative E, the more stable the complex formed. The 
interaction energy (ΔE) is obtained from the difference between the energy of the complex (ΔEComplex) with the 
energy of the ligand (ΔELigand) and the energy of iron (ΔEFe) in equation 9. 
 

ΔE = ΔEComplex – (ΔELigand + ΔEFe)   (9) 
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Natural Bond Orbital used the second population analysis, namely E2. E2 represents the intensity of each 
electron donor between Lewis Donors (i) and non-Lewis NBO Acceptors (j). E2 with respect to i → j delocalization 
is estimated as follows: 

�2 = ��
�(�,�)

���	��
     (10) 

Here, qi is the occupancy of the donor orbital. whereas i, j are diagonal elements (orbital energy), and F(i, j) are off-
diagonal elements [37,38]. 

 
Fukui analysis is defined: 

� = (
��(�⃗)

��
)�(�⃗)     (11) 

 
Fukui can be measured for nucleophilic attack as follows [39]: 

  f + = q (N + 1) - QN     (12) 
while the electrophilic attack: 

f- = QN - q (N-1)     (13) 
q is the total charge of the inhibitor atom, q (N + 1) is the charge of the cation, QN is the charge of the neutral 
molecule, and q (N-1) is the charge of the anionic form. 

RESULT AND DISCUSSION 

The optimization of the methenamine molecule with the selected theoretical level can be seen in Figure 1. The 
optimized structure will provide information about the molecular geometry in bond distances and bond angles. Bond 
angle affects the distribution of electrons in a molecule and the molecule's flexibility. The bond angle is the angle 
formed by the central atom at the top with two atoms around it. The larger the angle formed by the atoms, the less 
flexible the formed molecule. Methenamine has a low degree of flexibility which allows methenamine to be used as 
a corrosion inhibitor. Table 1 shows the comparison results between the tie distance and the tie angle with the 
average difference, namely the tie distance of 0.022, while the tie angle is 0.995°. Table 1 shows the suitability of 
the structural parameters from theoretical to experimental [40] so that the selected theoretical level has high 
accuracy. It also shows that the theoretical level used can be applied to the studied system. 

  

 

 

a b 
 

FIGURE 1. The 2D and 3D of methenamine structures. 
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TABLE 1. Comparison of bond length (Å) and bond angle from theoretical calculations at the level of DFT/B3LYP/6-
311++G(d,p) 

 

Bond 
Length 

Exp* 
(Å) 

Theory 
(Å) 

Bond Angle Exp* 
(º)  

Theory 
 (º) 

C1-N12 1.47597 1.47627 C1-N12-C19 108.850 107.765 

N12-C19 1.47601 1.47647 N12-C19-N20 111.887 112.773 

C19-N20 1.52864 1.47645 C19-N20-C16 106.801 107.756 

N20-C16 1.52876 1.47641 N20-C16-N10 111.897 107.781 

C16-N10 1.45374 1.47633 C16-N10-C2 108.833 112.770 

N10-C2 1.47596 1.47635 N10-C2-N11 112.088 107.766 

C2-N11 1.47626 1.47620 C2-N11-C1 108.239 112.795 

N11-C1 1.47621 1.47642 N11-C1-N12 112.068 107.765 

N11-C13 1.45381 1.47631 N11-C13-N20 111.894 112.764 

C13-N20 1.52870 1.47639 N12-C3-N10 112.088 112.779 
 

Quantum parameters function as a determination of structural properties so that they can be used to predict 
which compounds are more efficient as corrosion inhibitors. The HOMO energy indicates the nature of the molecule 
to donate its electrons. The smaller the energy difference between HOMO-LUMO, the compound's electrons are 
more easily excited to a higher energy level so that the compound is more reactive [41-45]. HOMO energy is one 
factor that affects the reactivity of a molecule. If the HOMO energy is high, then the ionization energy is smaller, 
making it easier to transfer electrons for chemical bonds to occur. Table 2 shows the increase in the EHOMO value 
of methenamine and its heteroatomic groups in the following order MB4 > MN4 > MNB3 > MN3P > MP4 > MN3B 
> MN2P2 > MNP3 > MN2B2 in the solution phase. Based on these data, it can be predicted that the addition of 2 
boron atoms to methenamine has a higher corrosion inhibition efficiency than other compounds. The LUMO energy 
(ELUMO) indicates the nature of the molecule to accept electrons. The larger the EHOMO or the smaller the 
ELUMO, the stronger an organic molecule to attach to metal cations so that the organic molecule will have high 
anti-corrosion efficiency [46,47]. Table 2 shows the ELUMO values from the largest to the smallest, namely MB4 > 
MNB3 > MN2B2 > MN3B > MP4 > MNP3 > MN2P2 > MN3P > MN4 in the solution phase. It shows that MB4 
has the lowest inhibition efficiency. 

The energy gap can determine the reactivity of a compound. The reactivity of the compound is related to the 
value of the efficiency of inhibition. The more reactive a compound is, the easier it can bind to metals and increase 
inhibition efficiency. The small energy gap indicates the energy of electron transfer from HOMO to LUMO is small, 
thus enabling electron transfer or electron excitation easily [48,49]. Table 2 shows that the Egap energy gaps are 
MN4 > MN3P > MP4 > MN2P2 > MNP3 > MN3B > MNB3 > MB4 > MN2B2. Molecules with low energy gaps 
are generally associated with high chemical reactivity and low molecular stability. Methenamine has a large energy 
gap value of -5.896 eV in the gas phase and -6.127 eV in the water phase so that it tends to be stable, so its reactivity 
is less in metals. 

The ionization potential (I) can measure the reactivity of atoms or molecules. A high ionization potential value 
indicates a molecule has high reactivity, while a low ionization potential value indicates low reactivity. A low 
ionization potential value indicates a molecule has high reactivity, while a high ionization potential value indicates 
low reactivity [29, 50, 51]. Table 2 shows that the potential energy from the addition of 2 Boron atoms is the lowest 
at 5.225 eV in the gas and solution phases, while the addition of 4 Boron atoms is the lowest from the addition of 
other atoms. The addition of 2 Boron atoms has low reactivity and has a higher anti-corrosion efficiency which is 
correlated with the value of r2 = 0.98942 (Figure 2). 
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TABLE 2. Parameters of Quantum Descriptor DFT B3LYP 6-311++G (d,p) 

 

 

R1 = N, B, P 
R2 = N, B, P 
R3 = N, B, P 
R4 = N, B, P 

  
Gas Phase 

Parameter MN4 MN3B MN2B2 MNB3 MB4 MN3P MN2P2 MNP3 MP4 
EHOMO (eV) -6.246 -5.670 -5.225 -6.041 -7.444 -5.852 -5.555 -5.405 -5.847 
ELUMO (eV) -0.350 -1.103 -1.548 -1.609 -3.328 -0.352 -0.388 -0.443 -0.496 
Egap(eV) 5.896 4.566 3.677 4.432 4.115 5.499 5.167 4.961 5.350 
I (eV) 6.246 5.670 5.225 6.041 7.444 5.852 5.555 5.405 5.847 
A (eV) 0.350 1.103 1.548 1.609 3.328 0.352 0.388 0.443 0.496 
χ (eV) 3.298 3.387 3.387 3.825 5.386 3.102 2.971 2.924 3.172 
∆N 0.627 0.791 0.982 0.716 0.391 0.708 0.779 0.821 0.715 
IEtheor% 70.21 76.69 81.68 72.52 56.74 74.64 77.98 79.66 74.70 

Aqueous Phase 
EHOMO (eV) -6.368 -5.768 -5.294 -6.008 -7.403 -5.908 -5.560 -5.377 -5.870 
ELUMO (eV) -0.240 -1.011 -1.536 -1.620 -3.280 -0.224 -0.243 -0.272 -0.340 
Egap(eV) 6.127 4.756 3.757 4.388 4.123 5.683 5.316 5.105 5.530 
I (eV) 6.368 5.768 5.294 6.008 7.403 5.908 5.560 5.377 5.870 
A (eV) 0.240 1.011 1.536 1.620 3.280 0.224 0.243 0.272 0.340 
χ (eV) 3.304 3.389 3.415 3.814 5.341 3.066 2.901 2.824 3.105 
∆N 0.603 0.759 0.953 0.725 0.402 0.692 0.770 0.817 0.704 
IEtheor% 70.21 76.83 82.05 74.17 58.80 75.28 79.12 81.13 75.69 
 

Table 2 shows that the electron affinities are MB4 > MNB3 > MN2B2 > MN3B > MP4 > MNP3 > MN2P2 
> MN3P > MN4. It shows that MB4 is predicted to have poor inhibition efficiency. It is also found in the 
electronegativity parameter. The addition of 4 Boron atoms has a high electronegativity value among other atoms, 
which is 5.386 eV. The electronegativity value for the addition of 2 Boron atoms is 3.387 eV in the gas phase, as is 
the case with the solution phase. The addition of 2 boron has good anti-corrosion properties compared to other 
atoms, while four boron atoms have poor corrosion efficiency. 

The highest electron transfer will produce the best inhibitor efficiency. The largest number of electron 
transfers is the addition of 2 Boron atoms MN2B2 in the solution phase of 0.953 eV. The smallest electron transfer 
value is obtained in compounds with the addition of 4 Boron atoms, which is 0.391 eV. It predicts that MN2B2 has 
the highest corrosion inhibition efficiency and MB4 vice versa. Figure 2 shows the positive correlation between the 
transferred electrons. Positive correlation between transferred electrons and corrosion inhibition efficiency with a 
correlation value of r2 = 0.92665. The addition of 4 Boron atoms showed a less good corrosion inhibitor than 
phosphorus atoms. MN2B2 has the highest electron transferability, while methenamine compounds show the lowest 
electron transferability. 

 
 

040006-5

D
ow

nloaded from
 http://pubs.aip.org/aip/acp/article-pdf/doi/10.1063/5.0122519/17129232/040006_1_5.0122519.pdf



 
 

  
FIGURE 2. The relationship between quantum parameters and corrosion inhibition efficiency measured by the 

DFT/6-311++G method (d,p) 
 

TABLE 3. The theoretical percentage of inhibition efficiency (IEtheor.%) 

Inhibitors ΔE. kcal.mol-1 IETheor.% 

Gas Aqueous 

MN4 -36.7766 70.21 70.21 
MN3B -40.4251 76.69 76.83 

MN2B2 -40.9306 81.68 82.05 
MNB3 -41.2853 72.52 74.17 
MB4 -41.5521 56.74 58.80 

MN3P -21.2455 74.64 75.28 
MN2P2 -41.9940 77.98 79.12 
MNP3 -45.2962 79.66 81.13 
MP4 -57.7755 74.70 75.69 

 
Table 3 shows the results of theoretical calculations on corrosion inhibition efficiency. The theoretical efficiency 

value of the inhibitor (IEtheor.%) from the largest to the smallest is MN2B2 > MNP3 > MN2P2 > MN3B > MP4 > 
MN3P > MNB3 > MN4 > MB4. Based on this data, it can be predicted that compounds with the addition of 2 boron 
atoms will have higher anti-corrosion efficiency (IE%) than other compounds, such as the addition of 4 boron atoms 
and 3 boron atoms. The addition of 4 boron atoms has the lowest inhibition efficiency value. Methenamine has an 
anti-corrosion efficiency (IE%) of mild steel of 70.21%, which is the anti-corrosion efficiency of carbon steel 
experimental results using the Tafel and EIS methods. The addition of 2 boron atoms has a good effect as a 
corrosion inhibitor, while 4 boron atoms have a less good effect as an inhibitor compared to other compounds. The 
efficiency of the inhibitor is affected by the ionization potential (IP) and electron transfer (∆N). Theoretically, the 
smaller the ionization potential (IP), the greater the inhibitor efficiency value (IEtheor%). On the other hand, the 
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efficiency of the inhibitor (IEtheor%) is directly proportional to the electron transfer (∆N). Figure 3 shows a 
visualization of methenamine's HOMO-LUMO-orbital and electrostatic potentials and its derivatives. 

 
 3D HOMO LUMO ESP 

 
MN4    

 
MN3B 

   

 
MN2B2    

 
MNB3 

   

 
MB4 

  
 

 
MN3P    

MN2P2 
   

 
MNP3 

   

 
MP4 

   

FIGURE 3. Visualization of HOMO, LUMO, and electrostatic potential 
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Table 3 shows that adding 4 boron atoms that do not involve nitrogen is a stable complex because it has good 
interaction with metals. The order of stability of the complex derivatives of cinnamic compounds is MB4 > MNB3 > 
MN2B2 > MP4 > MNP3 > MN2P2 > MN3P > MN4 > MN3B. It indicates that the compound with the addition of 4 
boron atoms is a less good corrosion inhibitor (IE%) compared to other compound derivatives. Complex compounds 
are formed from the interaction of the central atom as a Lewis acid and ligands as a Lewis base or interactions based 
on the HSAB (Hard and soft acid and base) theory. Methenamine and its Fe conjugated derivatives are complex 
compounds, where bonds are formed between iron (Fe) with nitrogen (N) and other atoms such as boron (B) and 
phosphorus (P). This affects the bond length and bond angle of the compound. Meanwhile, the C atom acts as a 
ligand for the complex compound, the Nitrogen (N) atom as the base source. The HSAB theory is closely related to 
explaining covalent bonds and coordinating covalent bonds. Compared to nitrogen atoms, oxygen atoms have a 
higher tendency to form complex compounds with magnesium and iron metals. The tendency of the bond formed is 
an ionic bond and covalent coordination. The vacant orbital causes the coordination covalent bond on the Fe atom. 
The electron pair owned by the nitrogen atom will be coordinated/occupy the empty orbital to form a coordinate 
covalent bond. The complex of Fe-methenamine, boron, and phosphorus, Fe is a metal atom that uses empty s and d 
orbitals as acceptors to accept electron pairs from Nitrogen atoms. This visualization helps explain why the addition 
of 2 Boron atoms decreases while the addition of 4 Boron atoms has low reactivity. 

Figure 3 shows that the addition of N, P heteroatoms, and other B atoms shows reactivity marked by red and 
green colors on each atom. The addition of 4 B atoms does not show reactivity because there is no red color between 
the atoms. Therefore, it can be predicted that the addition of 4 B atoms has poor anti-corrosion properties. In 
contrast, the addition of N, P heteroatoms, and another B atom shows that it is efficient as a corrosion inhibitor. 
Electron density is the area/space where electrons can be found. Electrons are an essential element in explaining the 
properties of molecules. We can predict the molecular structure, bond strength, reactivity, and stability with 
electrons. Electron density is often associated with the ESP surface, namely the probability of finding electrons at 
the Cartesian coordinates (x, y, and z) in a molecule. Table 4 shows that the nucleophilic differences are centered on 
the N atom (base donor strength 7.27). The electron charge distribution is more in the addition of N, P heteroatoms, 
and other B atoms. It is indicated by the number of yellow and red colors. The addition of 4 B atoms gives a lot of 
green colors. It means that methenamine is nucleophilic, and the addition of the B atom is electrophilic. 

 

TABLE 4. Fukui using the DFT/6-311++G(d,p) method 

 
Inhibitor Atom Fukui 
  N (-1) N (0) N(+1) ƒ(-) ƒ(+) 

MN4 N10 0.39532 0.193141 0.25490 0.20218 0.06176 

 N11 0.39557 0.192874 0.34833 0.20270 0.15546 

 N12 0.39487 0.193617 0.25519 0.20125 0.06157 

 C13 0.09740 0.128419 0.00829 0.03101 0.12012 

 C16 0.09917 0.128726 0.02901 0.02954 0.09971 

 N20 0.39565 0.193159 0.25477 0.20249 0.06161 

MN2B2 N10 0.08234 0.000329 0.00485 0.08201 0.00518 

 N11 0.07271 0.009712 0.01311 0.08242 0.00340 

 B20 0.12574 0.051946 0.86920 0.07380 0.81726 

 B22 0.12568 0.051866 0.86833 0.07381 0.81646 

MB4 B10 0.35355 0.053008 0.06427 0.30054 0.01126 

 B11 0.35127 0.052969 0.06348 0.29830 0.01051 

 B12 0.35142 0.053002 0.06440 0.29842 0.01140 

 B21 0.35100 0.054784 0.06497 0.29622 0.01019 

 
The Fukui function can be used to determine the active site of a molecule in interacting with metal surfaces to 
prevent corrosion [52-54]. Table 4 shows the Fukui functions for methamine's nucleophilic and electrophilic attacks 
and its derivatives. It indicates that the C(13) and C(16) atoms act as electrophilic because they have high f+ values. 
Furthermore, N nitrogen atoms such as N(10), N(11), N(12), and N(20) act as nucleophilic attacks or donate 
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electrons to the metal surface. Adding boron and nitrogen, boron atoms act as electrophilic or accept electrons like 
B20 and B22 because they have a high f+. Therefore, the N atom acts as a nucleophile because it has a high f-. With 
the addition of 4 boron atoms (MB4) which does not involve nitrogen, carbon acts as electrophilic and boron atom 
acts as nucleophilic characterized by high f- value. The addition of a phosphorus heteroatom involving nitrogen. 
Carbon acts as electrophilic because it has a high f+ value. Nitrogen and phosphorus have high f- values, so they act 
as nucleophiles. With the addition of 4 phosphorus atoms that do not involve a nitrogen atom, carbon acts as 
electrophilic or accepts electrons characterized by a high f+ value. In contrast, phosphorus acts as nucleophilic or 
donating electrons which are indicated by a high f- value. The more negative a molecule is, the more electrons it will 
donate to other atoms. On the other hand, the more positive a molecule is, the more electrons it lacks 
 Natural Bond Orbitals show how much strength the interaction between atoms is. The NBO value involves 
the number of electron transfers expressed in energy. It affects the stability of the molecule [19,55]. Table 5 shows 
the second-order interactions clearly showing that the single electron pair (LP) of nitrogen and its derivatives and the 
single electron pair antibody (LP*) of Fe are responsible for the obtained E2 values. Donor interactions between Fe 
and MN4, MN3P, MN2P2, MNP3, MP4, MN3B, MN2B2, MNB3, and MB4 were 1.88, 1.79, 1.15, 1.14, 0.86, 1.76, 
6.01, 4.90, 3.73 kcal.mol-1, respectively. Based on these data, it can be seen that the addition of 2 Boron atoms has 
the highest E2 value of 6.01 kcal.mol-1, which means that the addition of 2 Boron atoms and involves 2 N atoms 
have a high inhibitory efficiency (IE%), so it is good as a corrosion inhibitor. In comparison, the addition of 4 Boron 
atoms has a lower E2 value than other atoms. In addition to donating electrons, the nitrogen atom also reaccepts 
electrons donated by iron, even though the E2 value is low. 

TABLE 5. Natural Bond Orbital (NBO) second interaction (E2) of methenamine compounds and their derivatives using the 
DFT/6-311++G (d,p) method 

 
Gas Solvent 

  Donor          Acceptor E2 

   (kcal.mol-1) 
 Donor          Acceptor E2 

    (kcal.mol-1) 
MN4 LP(4)Fe20-RY*(9)N21 1.88  LP(4)Fe20-RY*(9)N21 2.77 

 LP(4)Fe20-RY*(9)C13 0.55 LP(4)Fe20-RY*(9)C13 0.79 
 LP(4)Fe20-RY*(9)C16 0.57 LP(4)Fe20-RY*(9)C16 0.57 

    MN2B2 LP(3)Fe20-RY*(3)B21 6.01 LP(3)Fe20-RY*(3)B21 3.24 
 LP(1)N19-BD*(1)Fe20 0.89 LP(1)N19-BD*(1)Fe20 0.78 
 LP(3)Fe20-RY*(1)C13 1.03 LP(2)Fe20-BD*(1)C13 1.48 
 LP(3)Fe20-RY*(2)C16 2.86 LP(3)Fe20-RY*(2)C16 1.83 

MB4 LP(3)Fe19-RY*(4)B20 3.73 LP(3)Fe19-RY*(4)B20 3.64 
 LP(3)Fe19-RY*(5)C13 0.55 LP(3)Fe19-RY*(5)C13 0.68 
  LP(3)Fe19-RY*(9)C16 1.11 LP(3)Fe19-RY*(9)C16 1.34 

CONCLUSION 

Theoretical studies on the effect of heteroatoms on the efficiency of methaneamine inhibition against carbon 
steels have been carried out. The results of the theoretical study show that the data are linear with the experimental 
study. The addition of 2 Boron atoms (MN2B2) has the highest inhibition efficiency. The lowest inhibition 
efficiency value was the addition of 4 boron atoms in the solution phase of 58.80%, so the addition of 4 boron atoms 
had poor corrosion inhibition. The results of this theoretical study can be taken into consideration in synthesizing 
new environmentally-friendly corrosion inhibitors. 
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