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a b s t r a c t

The theoretical evaluations of the corrosion inhibition efficiency of 2-(3,4,5-tri-R-benzylidene)
hydrazinecarbothioamide, (R =AH, ACH3, AOCH3 and ANH2), were done using RHF and DFT-B3LYP
methods with 6-31G(d) basis set in gas phase, aqueous and acidic solutions. The correlation between
the molecular structures of these compounds and their theoretically predicted inhibition effects was
obtained from the quantum chemical evaluations, such that the structural parameters provided insights
into the possible inhibition mechanism. 2-(3,4,5-triaminebenzylidene) hydrazinecarbothioamide showed
a larger tendency of adsorption through chemisorption and physisorption and thus was identified to be
the best potential candidate for excellent corrosion inhibition among the studied compounds.

� 2016 Elsevier B.V. All rights reserved.

1. Introduction

Corrosion is a notable challenging industrial problem in the
modern society, owing to its destructive effect on the mechanical
properties of metal based materials of different applications in var-
ious industries [1]. For instance, the industrial pickling process
allows the direct contact of acid solution with an alloy (mild steel)
and this alloy-acid interaction needs to be controlled to avert the
economic losses due to corrosion of the mild steel [2]. Industries
in the U.S.A. once estimated 170 billion dollars per year in control-
ling corrosion alone [3]. Besides designing more corrosion resistant
alloy materials, the adoption of inhibitors is a considerable option
in addressing the challenge.

Having proved to be an economical alternative in the corrosion
control practices, the synthetic design and evaluation of organic
corrosion inhibitors continually gain experimental and theoretical
research interests [4,5]. A conjugated system of heteroatoms such
as phosphorus, nitrogen, sulfur, and oxygen in organic compounds
constitutes the vast number of such cheap corrosion inhibitors as
they are capable of donating electron pairs and multiple bonds
by adsorbing on the metal surface to prevent the corrosion attack
[6,7]. Besides forming a protective film, these adsorptive inhibitors
compete with the adsorption of other ions on the electrically
charged metal surface, in preventing localized corrosion [8,9]. Sev-
eral compounds with the AC@NA (azo methine) group and p-
electron donating groups have been widely reported to show

excellent inhibition of mild steel corrosion in acid medium [10–
12]. The p or lone pair electrons present in the heteroatoms pro-
mote the nucleophilicity of the inhibitor molecule in binding to
the electrophilic surface of the metal [13].

The constituents of the metal and its alloys, concentration and
structure of the inhibitor, and the temperature of the metal envi-
ronment, amongst other experimental conditions, are notable fac-
tors that determine the extent of the adsorption which in turns
dictates the inhibition efficiency [14]. The molecular based proper-
ties of a compound, such as electron density around donor atoms
in the molecular structure and its solubility, enable the required
knowledge of inhibitionmechanism that aids the selection of effec-
tive inhibitors among organic compounds [7,15]. For instance, the
inhibition efficiency of azo dye derivatives was found to depend on
the number of adsorption oxygen sites (OH and OMe groups), their
charge density and p-electron clouds [16]. The quantum chemical
calculations avail structural parameters like the charge distribu-
tion, the frontier molecular orbital energy (EHOMO and ELUMO), elec-
trophilicity index (x), the absolute electronegativity (v) values, the
fraction of electrons (DN) transfer from inhibitors to metals, and
the back-donation (DEBack-donation) that have been well correlated
with inhibition efficiencies of some organic compounds [17–20].
The establishment of these theoretical calculations promotes the
scientific selection of inhibitors by comparing quantum chemical
properties with the experimental data in most cases.

Specifically, the inhibition effect of a compound can be well
associated to its adsorption via electronic interaction with the
metal surface. For instance, the vacant d-orbitals in the iron atom
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(Fe = [Ar] 4s2 3d6) can accept electrons from the HOMO of the inhi-
bitor molecule while the metal atom back-donate its 4s electron to
the LUMO of the inhibitor [21]. The higher EHOMO suggests the
greater tendency of electron donation by the molecule to the
vacant orbital of the metal surface, while the higher ELUMO suggests
the better susceptibility to accept electrons. The EHOMO-LUMO gap
affords crucial information about the possible stability of the
inhibitor-metal complex formation, such that a low energy gap
indicates softness and thus better reactivity. Corrosion system
remarks bulk metals as soft acids such that only inhibitors that
have better softness are more effective against the acidic corrosion
of the metals [22]. With these in mind, one can theoretically pre-
dict and compare the corrosion inhibition potential of compounds.

Environmental concerns require corrosion inhibitors to be eco-
friendly, non-toxic and acceptable. Besides their corrosion mitiga-
tion properties, the environmental implication of the hydrazide
derivatives can be assured due to their biocompatibility nature.
Hydrazide derivatives are of crucial interests in medicinal chem-
istry for their biological effects, such as analgesic and anti-

inflammatory activities, are well established [23,24]. Specifically,
isonicotinic acid hydrazide is applicable to tuberculosis treatment,

Fig. 1. Synthetic reaction scheme for the studied compounds.

Fig. 2. Optimized geometries of the studied compounds.

Table 1
Chemical reactivity indices obtained for the studied compounds using DFT method.

Compound Medium EHOMO

(eV)
ELUMO

(eV)
DEL�H

(eV)
l
(Debye)

Energy
(au)

A Gas �5.369 �1.487 3.882 7.144 �872.677
Water �5.937 �1.507 4.430 10.957 �872.699
HCl �5.935 �1.504 4.431 10.937 �872.686

B Gas �5.269 �1.328 3.941 8.227 �990.629
Water �5.908 �1.426 4.481 12.341 �990.651
HCl �5.905 �1.423 4.483 12.315 �990.636

C Gas �5.287 �1.399 3.888 8.288 �1216.230
Water �5.933 �1.524 4.409 12.081 �1216.254
HCl �5.930 �1.518 4.413 12.115 �1216.236

D Gas �5.144 �1.051 4.093 8.795 �1038.740
Water �5.212 �1.207 4.005 13.419 �1038.755
HCl �5.203 �1.245 3.958 13.549 �1038.755
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