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A B S T R A C T 
 

In this study, the substance was theoretically examined using computational 
techniques to provide more analysis on the cytarabine inhibition on the aluminum 
surface. Through DFT and molecular dynamic simulations, the quantum chemical 
approach was used to study the parameters. Al (110) surface was chosen because 
of the atoms' close proximity and density on the surface. The local and global 
reactivity, as well as the Fukui function, were computed to determine the 
molecule's reactivity. The mechanism of cytarabine is assumed to display 
physiosorption with aluminum surface based on the predicted adsorption and 
binding energies (-52.476 and 52.476 Kcal/mol) and the negative value of the 
EHOMO which is -5.133eV. In conclusion, the molecule is described as an efficient 
aluminum inhibitor having just a mild inhibition on the studied aluminium 
surface. 
 

  

Introduction  

ith the sense of reality, 
corrosion can be only reduced 
significantly or delayed to a 
reasonable extent. Corrosion is 

an ugly phenomenon that is disturbing the 
engineering aspect of the construction work in 
the world today [1-3]. It is defined as the 
washing away of the metal surface with -some 
harsh environmental conditions like high 

temperature, pressure, and high concentration 
of acids like HCl and H2SO4 [4]. 

In oil sectors of the economy, HCl is used as a 
pickling agent for the cleaning of the oil tanks 
which in turn bring about the washing away of 
the tank involved [5-6]. The use of mechanical 
inhibitors such as coating the surface with other 
metals was approached by early scientist by 
galvanizing the surface of interested metals. 

W 
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Today, the attention has been shifted to the 
green environment providing enough 
biodegradable materials with the addition of 
small quantity of chemicals called inhibitors; 
this forms a film layer on the metal surface by 
stopping or slowing down the rate of metal 
decomposition around the metallic environment 
[7]. 

According to separate studies by Ayuba and 
Umar, the presence of unpaired electrons or 
unstable bonds (pi-bonds) between methylene 
(-CH2-) and some heteroatoms, including 
nitrogen, sulphur, and oxygen among others, has 
a convincing inhibiting effect on the metals 
surface. Quantum chemistry theories were 
utilized through computer analysis to its 
accomplishment [7-8]. 

Calculations based on quantum chemistry are 
used to determine how inhibitor compounds 
interact with metal surfaces. The application of 
theoretical parameters enables the description 
of inhibitor molecule structures and offers a 
theory for how they interact with metal surfaces 
[9-12]. 

A good approach to determine the actual 
interaction and adsorption energy between the 
inhibitor molecule and metal surfaces is 
molecular dynamic modeling [7]. 

These compounds are either in inorganic, 
organic, or condensed matter, according to 
theoretical studies utilizing computational 
methods recently done to predict their 
electronic, structural, and molecular features in 
compounds that have been demonstrated to be 
potential corrosion inhibitors [13-14]. 

It was discovered that the chemical and 
electronic characteristics of inhibitor molecules 
were substantially connected with the efficacy of 
their inhibition [15]. The use of time- and 
money-consuming conventional methods to 
reduce corrosion, such as the weight loss 
method, potentiodynamic polarization, and 
electrochemical impedance spectroscopy, is not 
advised for this drill. Instead, theoretical 
approaches that address these shortcomings are 
strongly advised [1-6]. 

In this work, theoretical (DFT) and simulation 
methods were used to examine the corrosion 
inhibition potential of the nucleotide cytarabine 
(CTB), which is 4-Amino-1-(3,4-dihydroxy-5-
hydroxymethyl-tetrahydrofuran-2-yl)-1H-

pyrimidin-2-one.  The molecule was selected 
based on the presence of glycosides with the 
idea that since glycosylated compounds served 
as a validated platform for the development of 
many current front-line drugs, they may also 
have potential in treating some of the metals we 
have purified over the years. Since the aluminum 
crystal surface was selected, it is thought to have 
more surface coverage than alternatives like Al 
(111), etc. 

Using molecular dynamic simulation, the goal is 
to ascertain the molecule mode of adsorption on 
the aluminum surface, the adsorptive capacity, 
and the active sites. 

Energy of the highest occupied molecular 
orbital (EHOMO), energy of the lowest 
unoccupied molecular orbital (ELUMO), energy 
gap (E), total energy (E), electron affinity (A), 
ionization potential (I), global hardness (ƞ), 
global softness (S), Second Fukui function, and 
Fukui functions f(r), at the geometry optimizing 
level, are some of the properties taken into 
consideration. 

To operate with a reasonable temperature that 
will not be too high or too low for the inhibition 
process on the simulated surface, the 
temperature was chosen. 

 
 

 

 

 

Figure 1 cytarabine (CTB) 

 

Computational Methods   

Sketching and Geometric Optimization of the 
Molecules 

CambridgeSoftwere Chem Draw Ultra 7.0.3 
was used to create a drawing of the substance 
under examination. Utilizing the DNP+ 
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 foundation and DMol3, the molecule was 
improved for DFT-D limited spin polarization. 
B3LYP was chosen for the water solvent's local 
density functional [1-7]. According to 
Koopman's theory, Equations (2) and (3), 
respectively, relate the energy of the border 
molecular orbital, the energy of the highest 
occupied molecular orbital (EHOMO), and the 
energy of the lowest unoccupied molecular 
orbital (ELUMO) [14-17]. 

𝐼𝑜𝑛𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 (𝐼𝐸) =  − 𝐸𝐻𝑂𝑀𝑂            (1) 

𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛 𝐴𝑓𝑖𝑛𝑖𝑡𝑦(𝐸𝐴) =  − 𝐸𝐿𝑈𝑀𝑂            (2) 

According to Pearson, the value of global 
hardness (ƞ) may be roughly approximated by 
Equation (3). Equation (4) demonstrates that 
the global softness (S) of the system is the 
opposite of the global hardness. Equations (5) 
and (6) are used to derive the global 
electrophilicity index and nucleophilicity, 
respectively [7,9]. 

 𝐺𝑙𝑜𝑏𝑎𝑙 𝐻𝑎𝑟𝑑𝑛𝑒𝑠𝑠 (Ƞ)  =
𝐼𝐸−𝐸𝐴

2
                (3) 

Global softness (S) =
1

Ƞ
                      (4) 

Global electrophilicity index (ω) = 
𝜒2

2𝜂
            (5) 

nucleophilicity Index (ε) = 
1

𝜔
              (6) 

Using the connection provided in Equation (7), 
the molecules' energy gap is computed. The 
stability of compounds on surfaces is controlled 
by this parameter called the energy gap. 

𝐸𝑛𝑒𝑟𝑔𝑦 𝐺𝑎𝑝(𝛥𝐸𝑔) =  𝐸𝐿𝑈𝑀𝑂 –  𝐸𝐻𝑂𝑀𝑂          (7) 

Equation (8) is used to compute the percentage 
of electrons that pass from the inhibitor to the 
Al-surface (N). A metric that shows the rate of 
electron transfer on the surface is the molecules' 
half electron transfer.  

While back-donation is calculated, as shown in 
Equation (9). 

 

Half Electron transfer Change (Δ𝑁) =
𝜒𝐹𝑒−𝜒𝐼𝑛ℎ.

2(ɳ𝐹𝑒+ɳ𝐼𝑛ℎ)
                                                                          (8) 

         Energy of Back donation Effect (ΔEbd) = 
 − Ƞ

4
                                                                              (9) 

Absolute electronegativity (eV) (χ) = χ = 
𝐼+𝐴

2
  = 

−1

2
(EHOM0 − ELUMO)                                 (10) 

The second order Fukui function (f2) and the 
dual descriptor f(k) were used to describe the 
donating and acceptability of the molecule and 

the metal, which has a theoretical 
electronegativity value (Al=5.6eV) and a global 
hardness of 0eV [2-5]. 

𝐹𝑢𝑘𝑢𝑖 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 (+)𝑓(𝑘)+: (for nucleophilic attack)    =  𝑞𝑘(𝑁 + 1) − 𝑞𝑘(𝑁)             (11) 

𝐹𝑢𝑘𝑢𝑖 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛 (−)𝑓(𝑘)-: (for electrophilic attack)     = 𝑞𝑘(𝑁) − 𝑞𝑘(𝑁 − 1)              (12) 

Fukui function 𝑓(r)= 𝑓(𝑘)+-𝑓(𝑘)- = 𝑓2                  (13) 

Molecular Dynamics Simulation 

A simulation box measuring 17 x 12 x 28 with a 
periodic boundary condition was used to carry 
out computations to mimic a realistic piece of 
the surface. The Al crystals along (110), and the 
Al crystals along the (1 1 1) Plane, were 
separated using the fractional depth of 3.0. The 
lower layers' form was constrained prior to iron 
surface optimization, and then the iron surface 

was expanded into a 10 × 10 supercell [1-4] to 
reduce edge effects. A trade-off was made 
between a system with too much kinetic energy, 
where the molecule desorbs from the surface, 
and a system with not enough kinetic energy, 
where the molecule is unable to move across the 
surface, by lowering the temperature to 350 K to 
quench the molecules on the surface. [1-2,21]. 

The temperature was set using the NVE 
(microcanonical) ensemble with a time step of 1 
fs and a simulation duration of 5 ps. The device 
was set up to quench every 250 steps on both 
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surfaces to collect statistical values for the 
energies on the Al surface. Forcite model and 
surface designs were used to create various 
interactions. The binding energy between the 
inhibitors and the metal surfaces was calculated 
using the connection in Equation (14) [22]. 

Binding Energy = Etotal – (Einhibitor + EFe surface)         (14) 

Where, 
Etotal = Total energy, Einhibitor = Energy of 

inhibitor, EFE surface = Energy of the metal surface 

Results and Discussion 

Quantum Chemical Calculations  

Molecular Geometry 

With a B3LYP functional and DNP+ basis set in 
the aqueous phase; density functional theory 
(DFT) was employed to fully optimize the 
geometry of the compound cytarabine (CTB) 
structurer. For the form of the molecule on the 
Al surface before and after simulation, Table 1a 
presents the bond link and Table 1b lists the 
torsion angle between the atoms. The bond 
length or bond distance of a molecule is the 
typical separation between two bonded atoms 
[18]. The Armstrong (A) bond length is 
displayed in Figures 2(a) and (b) for both the 
simulated and geometry-optimized molecule 
configurations. The bond lengths between the 
atoms in molecules with simulated forms have 
been demonstrated to vary as the structural 
orientation of the atoms is changed [7,9]. 

Any relationship must be broken with energy 
of a certain value. The closer atoms' nuclei are to 
one another, the more energy is needed to 
separate them because of the strong force of 
attraction between them [18-20]. In other 
words, it takes a lot of dissociation energy to 
break a weak link [8-9]. During geometry 
optimization and at the simulated molecule, the 
heteroatoms (nitrogen and oxygen) coupled to a 
carbon atom exhibit a shorter bond length than 
the carbon-to-carbon bond length, as seen in 
Figure 2a. The geometry also revealed that the 
hashed wedge bonds of the molecule were 
longer than solid single bonds. However, the 
stronger ties that bound the molecule's 

glycoside hinted that bonds may form and break 
easily [18-25]. 

The results here demonstrated that there is a 
great potential for electron transfer between the 
metal and surface if the glycoside of the molecule 
is employed to stop the corrosion of metals like 
aluminum. Both variants of the molecule for the 
subject molecule are completely planar, as 
shown by the optimized structure's torsional 
angles in Figure 2b and the simulated structurer 
values of the molecule. This suggests that 
molecules have a preference for flattening out 
when they adsorb on metal surfaces, increasing 
the surface coverage. Salient bond lengths in the 
optimized and simulated versions of the same 
molecule were compared [18] to show how 
adsorption influences the bond's strength.  

Fukui Function 

By choosing the location where the reaction is 
most likely to occur, whether by donating or 
withdrawing electrons, molecules' local 
reactivity increases during electron transfer 
[19]. A molecule's point of attack may be 
determined using the radical Fukui function (fo), 
electrophilic Fukui function (f-), and 
nucleophilic Fukui function (f+) [18]. Only the 
nucleophilic (f+) and electrophilic (f-) Fukui 
functions were examined in this study, and the 
results of those with the highest values are 
demonstrated in Figure 3a. The data suggest that 
interactions may occur at atoms that are 
attached to rings, but not to glycosides. This 
demonstrated that the glycoside portion of the 
molecule would be less effective than the ring 
containing nitrogenous atoms, even if it 
contributed to the adsorption strength of 
corrosion prevention. The results show that 
molecules with nitrogenous atoms are more 
effective in deterring corrosion than those with 
other atoms. 
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Figure 2a Calculated link length (Å) of the molecule CTB 

 

Figure 2b Bond angles (φ°) of the molecule CTB

As illustrated by Figure 3b, the second Fukui 
function result for the molecule revealed that its 
rates of receiving electrons from the metal 
surface and donating them were comparable in 
both negative and positive directions [26]. The 
ability of molecules to donate electrons to the 
aluminum metal's p-orbitals is supported by 
positive plot direction, whereas molecules that 
accept from the metal are supported by negative 
plot direction [27,28].  
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Figure 3a The Fukui functions of the Molecule CTB 

 

Figure 3b The Second Fukui function of the Molecule CTB 

 

Figure 4 (a) Optimized Geometry (b) Highest Occupied Molecular Orbital (c) Lowest Unoccupied Molecular 

Orbital 
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Chemical Quantum Parameters 

Figure 4 displays the HOMO and LUMO orbitals 
of the compounds under investigation as well as 
the CBT molecule that has been optimized. The 
graphic shows that the HOMO and LUMO 
orbitals are only widely dispersed in the ring 
structure that contains the nitrogen atom. The 
glycoside part of the molecule was not covered 
by the HOMO and LUMO coverage of the 
interaction. This proves that the glycoside was 
not involved in the electron transfer during the 
whole inhibitory action of the molecule. 
Quantum chemical techniques are crucial in the 
study of corrosion because they allow for a fast 
examination of the structure and behavior of 
corrosion inhibitors. Chemical quantum 
parameters include the energy gap (E), the 
electron affinity (E.A), the ionization potential 
(I.E), the global hardness (η), the global softness 
(S), the global electrophilicity index, the 
nucleophilicity, the half-electron transfer (N), 
the electron donating power (-), the electron 
accepting power (+), and the back donation 
(Ebd) [25-28]. The energy of the frontier 
molecular orbitals, which are the energy of the 
highest occupied molecular orbital (EHOMO) 
and the lowest unoccupied molecular orbital 
(ELUMO), is mentioned to be connected to the 
ionization potential (IE) and the electron affinity 
(EA) in Koopman's theory. The bulk of other 
estimated variables in this study had to do with 
the molecule's EHOMO and ELUMO, ionization 
energy or activation energy [18]. To make a new 
bond and enhance the quantity of energy 
released, a molecule with a lower ELUMO value 
finds it simpler to collect electrons from the 
orbitals of a metal surface. The value of Eg 
(ELUMO-EHOMO), which measures the 
difference in orbital energies between ELUMO 
and EHOMO, is an essential stability indicator. 
Better stability and less responsiveness from 
higher Eg levels lead to reduced inhibition 
efficiency. Low values of Eg lead to increased 
inhibition efficiency because less excitation 
energy is required to remove an electron from 
the last occupied orbital [18-20]. The energy 
gap, EHOMO, and ELUMO values discovered in 
the study are in agreement with those 

discovered in separate investigations by Nyijime 
et al. and Uwakwe et al. [9,18]. Nyijime and 
Uwakwe established the simplicity of the 
reaction between the surface and the molecules 
with such an energy gap. Good stability and 
chemical inertness are both indicated by low and 
high ionization energies, respectively [1-5]. 
Strong inhibitory effectiveness is seen at 
moderate and equal to CBT ionization energies 
of 5.133(eV) [30]. Absolute hardness and 
softness are important characteristics to 
evaluate a molecule's stability and reactivity. It 
is clear that "chemical hardness" refers to the 
capacity to tolerate polarization or deformation 
of an atom, ion, or molecule's electron cloud 
under circumstances where the chemical 
reaction is only marginally hampered [28]. Soft 
molecules have a small energy gap compared to 
rigid molecules, which have a large one [18]. 

Two other linked aspects of the molecule's 
electrical structure are its ionization potential 
(IP) and electron affinity (EA). The HOMO and 
LUMO values fall as the IP and EA values rise in 
the CBT structure. This demonstrates the strong 
electron polarizability and excellent donor 
properties [7]. In its most basic form, chemical 
hardness refers to resistance to polarization or 
distortion of the electron cloud of atoms, ions, or 
molecules in the presence of tiny chemical 
reaction disturbances. In contrast to the large 
energy gap of a hard molecule, soft molecules 
have a smaller energy gap. The energy gap of the 
molecule suggests that it is soft, according to 
CBT. In addition, the global softness value is less 
than unity in comparison to the molecule's 
hardness, which is greater than unity [16-17,28]. 
The back donation Eb-d energy parameter may 
be also used to confirm the contact between the 
inhibitor and the metal surface. If the global 
hardness is positive and the energy of back 
donation (Eb-d) value is negative, the back 
donation process is improved. The inhibitor 
molecules transmit charge to the aluminum 
metal when they come into contact with the 
surface of the iron, as shown by Table 1's 
positive global hardness values for the 
molecules. While a molecule's ability to accept 
electrons is indicated by the electrophilicity 
index (ω). The ability of a molecule to provide or 
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 receive electrons is referred to as nucleophilicity 
(ε), which is the opposite of electrophilicity 
(1/ω). According to research, compounds with 
high nucleophilicity values successfully prevent 
corrosion when compared to molecules with 
high electrophilicity indices. Table 1 presents 
that only 0.619% of the electrons was 
transferred by the inhibitor molecule to the 
surface of the aluminum [18]. This is under the 
3.6% threshold value set out by Ayuba et al., who 
claim that an electron transfer, rather than a 
molecule's size, is responsible for a molecule's 
improved N inhibition efficacy.  This suggests 

that the inhibitor's ability to provide electrons to 
the metal surface enhanced the CBT molecule's 
ability to be inhibited [7,9]. According to the 
power of electron donator and acceptor 
estimated from the molecule obtained from the 
computation was high, indicating that the 
molecule has a greater capacity for electron 
donation and acceptance, a larger electron 
accepting power (+) value translates into a 
stronger capacity to receive charge, whereas a 
lower electron donating power (-) value of a 
system makes it a better electron donor [7]. 

 
Table 1 Quantum Chemicakl parameters of the molecule 

Parameters studied CBT 
EHOMO (eV) -5.133 
ELUMO (eV) -1.239 

I.P (eV 5.133 
EA (eV) 1.239 
∆E(eV) 3.894 

electronegativity(χ) 3.186 
Global hardness (Ƞ) 1.947 
Global softness(S) 0.514 

Global electrophilicity index  2.607 
Nucleophilicity  0.384 

Half-electron transfer(∆N) Al 0.619 
(ω-) Electron donating power 4.443 
(ω+) Electron accepting power 1.257 

(ΔEbd) Back donation -0.487 
 

Dynamic Simulation of Molecules 

As depicted in Figure 5, the forcite quench was 
used to sample a wide variety of low-energy 
configurations and to pinpoint the tight contacts 
between the inhibitor molecules CBT and Al 
(110) surface for adsorption at 350 K. The 

system's equilibration was established by the 
steady average values of energy and 
temperature [18-19]. According to molecular 
dynamics modeling, Table 2 shows the 
calculated contact, binding, and adsorption 
energies between the inhibitor molecules and 
the aluminum surface. 

 

Figure 5 Showing the molecule CBT side and top view on the Al (110) crystal surface 
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 Table 2 Energies of the molecule After Simulation with the surfaces Al (110) 

Properties (kJ.mol-1) CBT Al 
Total Potential Energy -77.221±0.1 

Energy of the Molecule -24.694±0.1 

Energy of Al (110)   0.000 ±0.0 

Adsorption energy -52.476±0.1 

Binding energy 52.476±0.1 
 

Mechanism of inhibition 

The fact that the inhibitory process has a 
negative adsorption energy value illustrates 
how possible and spontaneous the interaction of 
molecules with metal surfaces is [9-12]. The 
binding energy of the molecule was 52.476 on 
the aluminum surface. This demonstrates that 
the CBT molecule's adsorption on the aluminum 
surface is a relatively small physical adsorption. 
[7]. Iorhuna et al. demonstrated that the starting 
point for chemical adsorption is 100 kCal/mol 
[2], further supporting the physical adsorption 
of the process. If the inhibitory mechanism is 
physical, EHOMO has a negative value [18]. The 
values of the adsorption energies between 
surfaces in the simulated reaction results of the 
inhibitor molecule on Al (110) surface 
investigated were -52.476 Kcal/mol. According 
to the findings of their separate studies, Belghi et 
al. and Nyijime et al. [9,21] and Nyijime et al. [4-
6], respectively, physisorption characterizes this 
type of contact between the molecule and the 
metal surface during corrosion inhibition. The 
features reveal a little inhibition on the 
aluminum surface for the physically bound CBT 
molecule. 

Conclusion 

Corrosion inhibitor CBT can be used to prevent 
corrosion on metallic surfaces since the 
interactions between a metal and the inhibitors 
modify their features, as investigated by specific 
factors. A corrosion inhibitor was researched 
using the Density Function Theorem (DFT). 
Analysis results showed that: 

(1) The CBT molecules were reactive by acting 
as a donor, which confirms the expected 
inhibition, as seen by the low ELUMO and high 
EHOMO. The corrosion-inhibiting effectiveness 
of CBT molecules is significantly influenced by 

the electronegativity atoms, and the electrons 
with a negative charge represent the potential of 
a HOMO center. 
(2)The inhibitor molecules' heteroatoms 
increase the ability to adsorb on the aluminum 
surface by giving and absorbing electrons. The 
oxygen and nitrogen atoms in the inhibitor 
molecules as well as the coordination link 
between the inhibitor molecules and the 
aluminum p-orbitals on the halogen atoms are 
what make the inhibitor effective. 
(3)The simulation's binding energy values show 
low amounts of energy, which point to slight 
inhibition with the surface and, given their low 
values, also point to physical adsorption. 
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