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 24 

A computational study on 2-(2-heptadecyl-4,5-dihydro-1H-imidazol-1-yl) ethan-1-ol (HDDH) 
was carried out to determine the adsorption/corrosion inhibitive potential at the temperatures 
of 60 ºC and 80 ºC on iron surface using the Material Studio software. For this purpose, 
Molecular dynamic simulation and quantum chemical calculations were used to calculate 
different chemical parameters such as the energy of the highest occupied molecular orbital 
(EHOMO), energy of the lowest unoccupied molecular orbital (ELUMO), ionization potential (IE), 
electronegativity (χ), electron affinity (EA), global hardness (η), global softness (σ), number 
of electron transfer (∆N), electrophilicity index (ω), dipole moment (µ ), energy of 
deformation (Đ), van der Waal accessible surface (ʌ), others include interaction energy, 
binding energy, molecular energy and minimum distance between HDDH and iron surface, 
to predict the adsorption/corrosion inhibitive potential of HDDH. The results show that HDDH 
uses the ring part of the molecule to adsorb on the iron surface with the N=C-N region in the 
ring as its most active site. Both the Molecular Dynamic Simulation and Quantum Chemistry 
Calculations methods confirms HDDH to adsorb/inhibit better at 60 ºC with a higher binding 
energy of 190 Kcal/mol and a lower energy gap of 4.086 eV just to mention a few. The 
molecule is physically adsorbed on the iron surface. 

. 



1. INTRODUCTION  25 
 26 

The period in human history beginning in about 1200 B.C. is called the Iron Age. It was 27 
about this time that humans started using iron metal. On the other hand, one could refer to 28 
this present era as the New Iron Age. Iron in all probability is the most important and the 29 
most widely used metal today. Iron is currently used for many applications in a wide variety 30 
of industries. This has resulted in the research into its corrosion resistance in various 31 
aggressive environment. Amine and its derivatives are well known as corrosion inhibitors for 32 
iron and its alloys, their relatively high water solubility is an advantage for their use as 33 
inhibitors [1]. It has been discovered that most organic inhibitors act by adsorption on the 34 
metal surface [2]. Imidazoline and its derivatives are typical amine-nitrogen compounds 35 
which are heterocyclic in nature and possess some heteroatoms which aids adsorption on a 36 
metal surface thereby reducing its dissolution [3], because the lone electron pairs of electron 37 
in the hetero atoms, size, suitable functional groups, multiple bonds and the planarity of a 38 
molecule are important features that determine the adsorption of molecules on a metallic 39 
surface [4], and are assumed to be the active sites. Nevertheless, in the case of 40 
physisorption increase in temperature reduces inhibitor efficiency due to desorption of the 41 
inhibitor molecule from the metal surface [5]. Thus, finding an inhibitor with high efficiency at 42 
low and high temperatures is of substantial economic significance.  43 

Computational chemistry uses mathematical approximation and computer programs 44 
to obtain results relative to chemical problems. It uses methods of theoretical chemistry, 45 
incorporated into efficient computer programs, to calculate the structures and properties of 46 
molecules and solids. These theoretical methods include Molecular dynamic simulation 47 
which is very important for understanding structural changes, interactions and energetics of 48 
molecules, and Quantum chemical calculations which uses quantum mechanics to solve the 49 
structures, energetic and the reactivity’s of molecules. Theoretical methods have been used 50 
to determine the adsorption/corrosion inhibitive properties of different molecules such as the 51 
work reported on Triazoles and Benzimidazole derivatives [6], Vinyl Imidazole derivatives [7], 52 
Quinoxaline derivatives [8], and some Schiff bases [9] just to mention a few. 53 

In this study, the adsorption/corrosion inhibitive potential of 2-(2-heptadecyl-4,5-54 
dihydro-1H-imidazol-1-yl) ethan-1-ol (HDDH) will be studied, using the structures obtained at 55 
geometry optimization and the best equilibrium structures obtained at the temperatures of 60 56 
°C and 80 °C in a vacuum/gas phase acidic environment. More emphasis will be lay on the 57 
equilibrium structures at 60 ºC and 80 ºC to determine at what temperature it adsorb/inhibit 58 
better. A deeper understanding of the contribution of each of the main atoms and bonds 59 
present in HDDH will be known. The chemical structure of the compound studied is shown in 60 
Fig. 1. 61 
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 64 
Fig. 1. Schematic structure of 2-(2-heptadecyl-4,5-dihydro-1H-imidazol-1-yl) ethan-1-ol 65 
(HDDH) 66 
 67 
2. COMPUTATIONAL DETAILS 68 
 69 

The Forcite, Vamp and the Dmol3 modules present in the Material Studio software 70 
developed by Accelyrs Incorporation San Diego California were used. This software is a high 71 
quantum mechanical computer program. The Molecular Dynamic Simulation was done using 72 
the Forcite module (which is an advanced classical molecular mechanical tool that allows 73 
fast energy calculations and reliable geometry optimization of molecules and periodic 74 



system) in a simulation box with dimensions (length of 20.1 Å x breadth of 8.6 Å and height 75 
of 34.4 Å) and with a periodic boundary conditions to model a representative part of the 76 
interface devoid of any arbitrary effects. The box consists of an iron slab and a vacuum layer 77 
of height 28.1 Å. The Fe crystal was cleaved along the (001) plane with the topmost layer 78 
released and the internal layer fixed. The Molecular dynamic simulation was done at the 79 
temperatures of 60 °C and 80 °C respectively. The number of particles and the volume of 80 
each system in the ensemble are constant and the ensemble has a well-defined temperature 81 
(NVT Ensemble), with a time step of 0.1 fs and simulation time of 5ps to show the effect of 82 
change in temperatures on the molecule properties. The values of the interaction energy of 83 
the molecule with the Fe (001) surface was calculated using the equation provided by Xia 84 
[10] 85 
 EFe-molecule= Ecomplex – EFe - Emolecule                                                                                  (1) 86 
E in equation (1) stands for energy, therefore EFe-molecule is the interaction energy, Ecomplex is 87 
the total energy of the Fe crystal together with the adsorbed molecule, EFe is the total energy 88 
of the Fe crystal and Emolecule is the total energy of the adsorbed molecule. The binding 89 
energy is said to be the negative energy of the interaction energy as shown in equation 2 90 
 Ebinding = - EFe-molecule                                                                                                        (2) 91 
The force field CVFF (Consistent Valence Force Field) was used for the simulation 92 
operation. It is mainly used for the study of structures and binding energy, though it can also 93 
accurately predict vibrational frequencies and conformation energy. 94 

The Quantum chemical calculations were done using the Vamp module which is a 95 
semi empirical molecular orbital package for organic and inorganic system [11], and the 96 
Dmol3 module which is a program that uses the density functional theory (DFT) with a 97 
numerical radial function basis set to calculate the electronic properties of molecule cluster 98 
surface and crystalline solid material from the first principle [12]. Using the Vamp module, 99 
theoretical calculations were carried out at the restricted Hartree-fock level (RHF) using the 100 
parametric method 3 (PM3) which is based on the neglect of diatomic differential overlap 101 
(NDDO) approximation. Using the Dmol3 module calculations were performed using the DFT 102 
method in combination with the BLYP (from the name Becke for the exchange part and Lee, 103 
Yang and Parr for the correlation part) functional method via the DNP (Double numeric with 104 
polarization) basic set which is the best basic set in Dmol3 module [13]. The molecular 105 
properties that were well reproduced by DFT/BLYP includes the energy of the highest 106 
occupied molecular orbital (EHOMO), energy of the lowest unoccupied molecular orbital 107 
(ELUMO), ionization potential (IE), electronegativity (χ), electron affinity (EA), global hardness 108 
(η) and global softness (σ) etc. These quantities are often defined using Koopmans’s 109 
theorem [14]. The ionization potential (IE) and the electron affinity (EA) of a molecule are 110 
given as  111 
IE = - EHOMO                                                                                                                     (3) 112 
EA = - ELUMO                                                                                                                    (4) 113 
Hence, the values of the electronegativity (χ) and the global hardness (η) according to 114 
Pearson operational and approximation definitions can be calculated using the following 115 
relations [15] 116 
χ = IE+EA/2                                                                                                                     (5)      117 
η = IE+EA/2                                                                                                                     (6) 118 
Electron polarizability, also called global softness (σ) is the measure of the capacity of an 119 
atom or group of atoms to receive electrons [15]. It is evaluated as the reciprocal of the 120 
global hardness as shown in equation (7) 121 
σ = 1/ η                                                                                                                            (7) 122 
When two systems, Fe and a molecule are brought together, electrons will flow from lower 123 
electronegative (χ) molecule to a higher electronegative (χ) Fe, until the chemical potentials 124 
become equal. Therefore, the fraction of electrons transferred (∆N) from the molecule to the 125 
metallic atom was calculated according to Pearson electronegativity scale [16] 126 
∆N = χFe - χmole/ [2(ηFe + ηmole)]                                                                                         (8)         127 



Where χFe and χmole is the electronegativity of iron and the molecule respectively, while ηFe 128 
and ηmole is the global hardness of iron and the molecule respectively. The theoretical values 129 
of χFe = 7.0 eV and ηFe = 0 was used for this calculation. Parr et al. [17] also introduced an 130 
electrophilicity index (ω) which is given as  131 
ω = χ2/2η                                                                                                                           (9) 132 
This is the electrophilic power of a molecule. i.e. the higher the value of ω, the higher the 133 
ability of the molecule to accept electrons. This reactive index measures the stabilization in 134 
energy when a system gain an additional electronic charge ∆N from the environment. 135 

The local reactivity of the molecule was studied using the Fukui indices [18]. The 136 
Fukui indices are measures of chemical reactivity, as well as an indicative of the reactive 137 
regions for electrophilic and nucleophilic attacks on the molecule. The regions of a molecule 138 
where the Fukui indices values are high is chemically softer than the regions where the 139 
Fukui indices values are low. The change in electron density is the electrophilic f – (r) and 140 
nucleophilic f + (r) Fukui functions, which can be calculated using the finite difference 141 
approximation as follows [19] 142 
fk

+ = qN+1 - qN                                                                                                                    (10) 143 
fk

- = qN – qN-1                                                                                                                     (11) 144 
where qN, qN+1 and qN-1 are the electronic population of the atom k in neutral, anionic and 145 
cationic system. The N stands for the number of electrons in the molecule, N+1 stands for 146 
an anion with an electron added to the LUMO of the neutral molecule, while N-1 stands for 147 
the cation with an electron remove from the HOMO of the neutral molecule. 148 
 In this study, the molecule was sketched the hydrogens were adjusted and the 149 
molecule was cleaned, these were done using the sketch tool available in the material 150 
visualizer. All calculations were done on the molecular structure obtained at geometry 151 
optimization, 60 °C and 80 °C. The colour codes for the atoms in the molecule are gray for 152 
carbon, white for hydrogen, red for oxygen and blue for nitrogen. 153 
 154 
3. RESULTS AND DISCUSSION 155 
 156 
3.1 Molecular Dynamic Simulation 157 

 158 
The close contacts as well as the best adsorption configuration consisting HDDH 159 

interacting with the iron surface is shown in Fig. 2 resulting in the modes of adsorption of 160 
HDDH on the iron surface at geometry optimization, 60 °C and 80 °C. Equilibration of the 161 
system at 60 °C and 80 °C is brought about by the steady average values of energy as well 162 
as temperature [10]. From Fig. 2, it is seen that the ring part of HDDH lies plainly on the iron 163 
surface, while the alkyl hydrophobic tail deviates from the metal surface thereby creating a 164 
barrier between the iron surface and the agents of corrosion 165 

 166 
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                        (i)                                            (ii)                                           (iii) 169 
 170 
Fig. 2. Modes of adsorption of HDDH at (i) Geometry optimization (ii) 60 °C and (iii) 80 171 
°C 172 
 173 
The values of the interaction energies are shown in Table 1. The more negative the interaction 174 
energy the higher the binding energy. The higher the binding energy the stronger the bonding 175 
between HDDH and the iron surface. The stronger the bonding between HDDH and the iron 176 
surface the easier HDDH is adsorbed on the iron surface resulting in a better 177 
adsorption/corrosion inhibitive effect. HDDH shows a more negative interaction energy at 60 178 
ºC, resulting to a higher binding energy at that temperature. The geometry optimized structure 179 
and the equilibrium structures of HDDH at 60 °C and 80 °C are shown in Fig. 3. The system is 180 
said to be at the lowest energy state at geometry optimization. The entropy of the molecule at 181 
this state can be said to be equal to zero. The entropy of the structure at equilibrium (structure 182 
of the molecule at 60 °C and 80 °C) increases due to temperature. It’s the same molecule that 183 
is brought about by the equilibration of the system in Fig. 2. Table 1 shows the energy of the 184 
molecule at geometry optimization to be lower than the energy at the equilibrium structures, 185 
this is because the temperature at equilibrium increases the entropy of the atoms in the 186 
molecule which leads to an increase in the energy of the system (molecule). The geometry 187 
optimized structure is the most stable structure considering the molecular energy calculations 188 
followed by the equilibrium structure at 60 °C. Table 1 also shows the minimum distance 189 
between HDDH and the iron surface in Armstrong unit (Å). From Table 1, it is seen that the 190 
minimum distance between HDDH and the iron surface is greater than 3 Å (d > 3 Å), which 191 
suggest that HDDH is physically adsorbed on the iron surface [20, 21].  The distance at 80 ºC 192 
is higher than at 60 ºC, this may be because of the increase in temperature which aids 193 
desorption of HDDH on the iron surface. 194 
 195 
Table 1. Interaction energy, binding energy, molecular energy and distance between 196 
HDDH and iron surface at 60 °C and 80 °C. 197 
 198 
                199 

Energies and Distance Parameters       Geo Opt       60 ºC           80 ºC 
Interaction Energy (Kcal/mol)                                     -190             -186 
Binding Energy (Kcal/mol)                                           190              186 

Molecular Energy (Kcal/mol) 
Distance between HDDH and Fe (Å) 

      54              133 
                       3.056 

      140 
     3.222 



 200 
 201 

                                                   202 
 203 

(i)                                       (ii)                                              (iii) 204 
 205 
Fig. 3. Structures of HDDH at (i) Geometry optimization, Equilibrium structures at (ii) 60 206 
°C and at (iii) 80 °C. 207 
 208 
3.1.1. Bond Length Analysis and Natural Atomic Charge 209 

 210 
Fig. 4 shows the bond length in Armstrong unit (Å) for the geometry optimized and the 211 

equilibrium structures of HDDH. It is observed that the structural changes seen by HDDH at 212 
geometry optimization and at the equilibrium structures is due to the change in bond lengths 213 
observed between the atoms present in HDDH. It is observed that the N=C8 atoms have a 214 
shorter bond length compared to the others. Atoms bonded to the heteroatoms show shorter 215 
bond length compared to the C-C bond. This means that the closer the nuclei of the bonding 216 
atoms the greater the supply of energy to break the bond between them due to the large force 217 
of attraction between the atoms, hence the higher the chemical reactivity of the bond. 218 
Therefore, shorter bond length has a higher bond energy and higher reactivity. 219 

Chemical interaction could be by electrostatic or orbital interaction. Fig. 5 shows the 220 
natural atomic charges in Coulombs (C) for HDDH. It is observed that the C8 atom is positively 221 
charged. This may be due to the inductive effect between the C8 atom which is between the 222 
N4 and N7 atoms making the C-N bond strongly polarized towards the Nitrogen atoms. The 223 
Oxygen and Nitrogen heteroatoms involve are more negative than the carbon atoms. The high 224 
charge possessed the C23 atom may be due to dipole moment (uneven distribution of 225 
charges) observed between the last carbon atom and the last hydrogen atom. The charges at 226 
the equilibrium structures are observed to be higher for most of the atoms compared to the 227 
charges at geometry optimization. The hydrogen atoms present in HDDH are all positively 228 
charged. 229 
 230 



 231 
 232 
     Fig. 4. Bond length analysis for HDDH at Geometry Optimization, 60 ºC and 80 ºC 233 
 234 

 235 
 236 
    Fig. 5. Natural atomic charge for HDDH at geometry optimization and at equilibrium 237 
 238 
3.2 Quantum Chemical Calculation 239 
  240 

To have a deeper understanding of the adsorption/corrosion inhibitive potential of 241 
HDDH on iron surface the quantum chemical calculations were performed. The calculated 242 
Quantum chemical parameters such as dipole moment (µ ), energy of deformation (Đ), van der 243 
Waal accessible surface (ʌ), energy of the highest occupied molecular orbital (EHOMO), energy 244 
of the lowest unoccupied molecular orbital (ELUMO), energy gap (∆E), ionization potential (IE), 245 
electronegativity (χ), electron affinity (EA), global hardness (η) and global softness (σ), number 246 
of electron transfer (∆N) and electrophilicity index (ω) can be seen in Table 2. According to the 247 
frontier molecular orbital theory (FMO), transition of electron is brought about by the interaction 248 
between the highest occupied molecular orbital and the lowest unoccupied molecular orbital. 249 
The HOMO is the electron donating ability of a molecule, while the LUMO indicates the ability 250 
of the molecule to accept electron. Therefore, higher values of EHOMO indicates better tendency 251 
towards the donation of electron, thereby enhancing the adsorption of the molecule on iron 252 
surface resulting to better inhibition efficiency. From Table 2, HDDH has the highest HOMO 253 
energy at 60 ºC, indicating better adsorption/corrosion inhibitive efficiency at that temperature. 254 



The negative signs observed on the values of EHOMO show that the adsorption is physisorption 255 
[22]. This is in line with the assumption made concerning the minimum distance observed 256 
between HDDH and the iron surface (Table 1), that the adsorption of the molecule on the iron 257 
surface may be physisorption. The molecule is also said to accept electrons from the empty d-258 
orbital of iron. The energy difference between the HOMO and the LUMO orbital known as the 259 
energy gap (∆E) is calculated using the expression (∆E=ELUMO - EHOMO). It is a very important 260 
parameter because it provides information about the overall reactivity of a molecule. The lower 261 
the ∆E value, the greater the reactivity of a molecule [23]. The results presented in Table 2 262 
show HDDH to have the smallest energy gap at 60 ºC indicating a higher reactivity of HDDH at 263 
that temperature on the iron surface. The HOMO and LUMO orbital plots for the most stable 264 
state of the molecule (geometry optimization) is shown in Fig. 5. It can be observed that the 265 
HOMO orbital density plot is more on the ring part of the molecule than on the pendent part. 266 
The tail part of HDDH shows no HOMO or LUMO orbital plots which indicates that this part of 267 
the molecule is not responsible for adsorption. We can say that the part of the molecule with 268 
high HOMO density will be oriented toward the iron surface as seen in Fig. 2. The LUMO is 269 
shown to be also in the ring part, but also in the atoms connecting the ring and the tail part of 270 
the molecule. Note that the blue and yellow isosurface depict the electron density difference; 271 
the blue regions show electron accumulation, while the yellow regions show electron loss. 272 
 273 
Table. 2. Quantum Chemical Parameters for HDDH at Geometry Optimization, 60 ºC 274 
and 80 ºC  275 
 276 

    Quantum        
    parameter 

  Geo Opt     60 ºC     80 ºC 

     EHOMO(eV) 
    ELUMO (eV) 
    ∆E gap (eV) 
    µ (Debye) 
     Đ (eV) 
     EA (eV) 
     IE (eV) 
     ʌ (Å2) 
     χ (eV) 
     η 
     σ 
    ∆N 
    ω 

   -4.329 
    0.148 
    4.477 
    2.798 
    1533.8 
   -0.148 
    4.329 
    483.573 
    2.091 
    2.24 
    0.45 
    1.10 
    0.98 

  -4.076 
   0.010 
   4.086 
   3.664 
   1556.0 
  -0.010 
   4.076 
   484.820 
   2.033 
   2.04 
   0.49 
   1.22 
   1.01 

   -4.338 
   -0.022 
    4.316 
    4.234 
    2171.1 
    0.022 
    4.338 
    473.608 
    2.180 
    2.16 
    0.46 
    1.12 
    1.10 

 277 
The dipole moment is an important electronic parameter in terms of the reactivity of 278 

a molecule. But it is not a significant parameter in this context, due to the fact that some 279 
works have reported that higher dipole moment means higher reactivity [24], while others 280 
have reported that lower dipole moment means higher reactivity [25]. The deformation 281 
energy on the other hand is the energy required to change the orientation of a molecule. A 282 
stable molecule may not need to much energy to be distorted. From Table 2, it is seen that 283 
HDDH has the lowest deformation energy at geometry optimization, showing how stable it is 284 
at that state. Our comparison is based on the equilibrium states, and it can be seen that 285 
HDDH has the lowest energy of deformation at 60 ºC. This confirms the stability of the 286 
HDDH molecule stated earlier concerning the energy of the molecule.  The van der Waal 287 
accessible surface or solvent accessible surface area is the surface area of a biomolecule 288 
that is accessible to a solvent. Table 2 shows the van der Waal accessible surface for 289 
HDDH, and it is seen that HDDH has a larger surface area at 60 ºC. This may contribute to 290 
the adsorption/corrosion inhibitive potential of HDDH at that temperature. The 291 
electronegativity values of HDDH at the two temperatures is less than the electronegativity of 292 



iron which is 7.0 eV, this signifies that electrons will flow freely from HDDH to the iron 293 
surface. Global hardness and softness are basic chemical concept called Global reactivity 294 
and has been theoretical justified within the framework of DFT [26]. Chemical hardness 295 
signifies the resistance towards the deformation of the electron cloud of the atoms. Soft 296 
molecules are more reactive than hard molecules, because they can easily give electrons to 297 
an acceptor. A hard molecule has a large energy gap and a soft molecule has a small 298 
energy gap [27]. Table 2 shows clearly from the calculation that HDDH has the lowest 299 
hardness and highest softness values at 60 ºC compared to the values at 80 ºC. The 300 
number of electron transfer (∆N) was also calculated as seen in Table 2. These values of ∆N 301 
show that the adsorption/corrosion inhibitive potential resulting from electron donation 302 
agrees with Lukovits’s study [28] which say that if ∆N < 3.6, the adsorption/corrosion 303 
inhibitive potential increases by increase electron donating ability of the molecule to donate 304 
electrons to the iron surface. Higher fraction of electron transfer indicates better 305 
adsorption/corrosion inhibitive potential, and this was attained at 60 ºC. The electrophilic 306 
power of HDDH is higher at 80 ºC, that is the higher the ability of HDDH to accept electron 307 
from the iron surface which can aid adsorption. But due to the fact that the fraction of 308 
electron transfer (∆N < 3.6), the adsorption is said to be caused mainly by the donation of 309 
electrons by HDDH to the iron surface. So, a higher electrophilic power is not too relevant in 310 
this context. 311 
 312 
3.2.1 Local Selectivity 313 
 To ascertain the active sites of a molecule, three factors have to be considered and 314 
they are the natural atomic charge, the distribution of the frontier molecular orbital and the 315 
Fukui indices [10]. Local reactivity is analyzed by means of the condensed Fukui function. 316 
This allows us to differentiate each part of the molecule based on their distinguished 317 
chemical behavior due to the different substituent functional groups present. The 318 
electrophilic and nucleophilic attacks are controlled by the highest values of fk

- and fk
+. The 319 

calculated Fukui indices values for electrophilic and nucleophilic attacks for HDDH is shown 320 
in Table 3 (only the more concerned atoms C, N and O are quoted) and the sites for 321 
electrophilic and nucleophilic attacks are plotted on the molecules in Fig. 5.  322 

                                   323 
(i)                            (ii)                                 (iii)                                (iv) 324 

 325 
Fig. 5. (i) HOMO orbital plot (ii) LUMO orbital plot (iii) Plot for Fukui Negative sites for 326 
electrophilic attack (iv) Plot for Fukui Positive sites for Nucleophilic attack for HDDH. 327 



Table 3. Fukui negative (fk 
-
) and positive ( fk 

+
) indices values for HDDH at Geometry 328 

optimization, 60 ºC and 80 ºC 329 
 330 

 331 
From Table 3, it is observed that higher values of fk 

– is possessed by the N4 and N7 atoms 332 
at geometry optimization and at 60 ºC and 80 ºC. The N7 atom having the highest value is 333 
said to be the major atom for electrophilic attack. Higher values for fk 

+ is possessed by the 334 
N7 and C8 atoms at geometry optimization and at 60 ºC and 80 ºC. The C8 atom having the 335 
highest value is said to be the major atom for nucleophilic attack.  336 
 337 
         338 
4. CONCLUSION 339 
 340 

From the molecular dynamic simulation, HDDH is attached to the iron surface using 341 
the ring part of the molecule. HDDH shows different conformation in its structures at the two 342 
temperatures studied which is due to changes in the bond lengths of the atoms present, 343 
other factors not reviewed includes bond angle and torsional strain. From the quantum 344 
chemistry calculations and considering the natural atomic charge, the frontier molecular 345 
orbital plots, the Fukui indices values and plots and the bond length analysis, the main active 346 
site for adsorption of HDDH is the N=C-N region in the ring. Considering both the molecular 347 
dynamic simulation and the quantum chemistry calculations, HDDH is found to adsorb/inhibit 348 
better at 60 ºC. This study supports the statement made in the introductory part of this 349 
research paper about the inhibition efficiency of a molecule that is physically adsorb on a 350 
metal surface. 351 
 352 
 353 

    Fukui Negative ( fk 
-) values        Fukui Positive (fk 

+) values 
  Atom Geo Opt    60 ºC    80 ºC  Geo Opt     60 ºC     80 ºC 
    O1   0.046   0.020    0.032     0.023     0.016     0.026 
    C2  -0.011  -0.010   -0.012    -0.015    -0.007    -0.010 
    C3  -0.041  -0.051   -0.052    -0.045    -0.041    -0.038 
    N4   0.142   0.160    0.129     0.009     0.018     0.006 
    C5  -0.041  -0.040   -0.038    -0.025    -0.027    -0.028 
    C6  -0.036  -0.028   -0.031    -0.036    -0.032    -0.035 
    N7   0.172   0.165    0.185     0.136     0.142     0.137 
    C8   0.027   0.024    0.033     0.139     0.154     0.157 
    C9  -0.017  -0.018   -0.010    -0.042    -0.041    -0.022 
    C10  -0.013   0.000   -0.018    -0.053    -0.037    -0.036 
    C11  -0.009  -0.002   -0.006    -0.014    -0.008    -0.017 
    C12  -0.005  -0.005   -0.008    -0.010    -0.008    -0.011 
    C13  -0.005  -0.005   -0.011    -0.006    -0.007    -0.011 
    C14  -0.004   0.001    0.000    -0.005     0.000    -0.001 
    C15  -0.003  -0.007   -0.007    -0.003    -0.008    -0.007 
    C16  -0.002  -0.002   -0.002    -0.003    -0.002    -0.002 
    C17  -0.001  -0.002   -0.001    -0.002    -0.002    -0.001 
    C18  -0.002  -0.002   -0.002    -0.002    -0.002    -0.002 
    C19  -0.001  -0.001   -0.003    -0.001    -0.001    -0.003 
    C20  -0.001   0.001   -0.002    -0.001     0.001    -0.002 
    C21  -0.001   0.000   -0.002    -0.001     0.000    -0.002 
    C22  -0.001   0.000   -0.002    -0.001     0.000    -0.002 
    C23  -0.001  -0.001    0.000    -0.001    -0.002     0.000 
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