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Abstract

In this research, two dyes of p-amino phenol were synthesized by reacting the diazonium salt of p-amino
phenol with aromatic compounds, including 1-naphthol and p-amino phenol. The new dyes (a and b) were
identified by FT-IR, 1H-NMR, and measurements of some physical properties. The inhibitory activity of
the prepared azo compounds against corrosion of carbon steel type C45 in HCI (0.1 M) medium was
investigated experimentally by electrochemical measurements. The quantum mechanical method was
used to calculate the geometrical structure and physical properties using the Gaussian 09 W program and
the density functional theory (DFT) of B3LYP at the 6-311+G (2d, 2p) level. The DFT was utilized for
the calculation of inhibition efficiency parameters for dyes that were at equilibrium geometry in vacuum
media. The resulting theoretical data revealed that the optimum corrosion inhibitor was compound a.

Keywords: Azo, Corrosion inhibitor, Density functional theory, Electro chemistry, Mullikan charges.

Introduction

Nowadays, compound dyes make up the major group
of organic dyes in use. They are highly important
materials that are used as coloring agents in the
textile, paper, food, and cosmetics industries. In
recent years, azo-dyes applications have contributed
to the development of various technologies such as
liquid crystals, organic photoconductors, and non-
linear optics®. Through providing a strongly
chromophoric label, azo-dyes served as important
analytical tools in colorimetric, spectrophotometric,
and spectrofluorimetric methods. This property is
important to determine the concentration. Also, azo-
dyes are important analytical compounds as they are
utilized as pH and complexometric indicators and
pre-concentration  reagents. In  terms  of
pharmacological, azo-dyes compounds were
demonstrated that they have several bioactivities
such as antibacterial, antifungal, pesticidal, antiviral,
and anti-inflammatory activities*®.

One of the problems that metals face is corrosion.
High costs are spent annually to maintain or protect
materials from corrosion. Discovering or emerging
approaches to inhibit corrosion is a challenging task
for scientists interested in this feild’”. Mild steel
amongst the rest of the minerals, has drawn a lot of
attention as it is utilized in different fields of the
mineral industry, especially in construction. The
reason behind that is the fascinating property of mild
steel and its relatively low-cost industry. This
important material is an iron alloy. In acidic media,
mild steel easily corrodes, which is considered the
main drawback of this important metal. Various
industrial processes including acid pickling, acid
cleaning, acid descaling, and oil-wet cleaning as well
as chemical laboratories considerably depend on the
use of acidic solutions®®. Protection or inhibiting
metal corrosion can be attained by different methods.
The main practical one is through the use of
substances called inhibitors, particularly in acidic
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medial®. Economic costs, availability, inhibition
efficiency and pollution are the conditions that
govern the choice of inhibitors. Therefore, organic
materials with N, O and/or S atoms are considered
the best inhibitors for mild steel corrosion in acidic
media !*!2, Adsorption of the inhibitor by the
metallic surface results in the formation of an
adsorbed inhibitor layer, and subsequently the
occurrence of the inhibition process. The chemical
features and the structures of this adsorbed layer
largely effect on the inhibitors' efficacy at specific
experimental circumstances 14, The present study
aims to prepare new two azo-dyes of p-amino phenol

Materials and Methods

All chemicals were acquired from Merck,
HIMIEDIA and BDH companies and they were used
without any purification. Gallenkamp, an electro-
thermal melting point apparatus was utilized to
measure the melting points of compounds aand b .
FI-IR spectra were recorded using 8400s-Fourier
transitions, Infrared-Spectrometer-Shimadzu, Japan,
the disc of KBr in the range of (4000-400) cm. *H-
NMR spectra of the compounds (a and b) were
recorded using Bruker, Ultra-shield (500 MHz)
NMR spectrometer at the University of Tehran, Iran.
A corrosion cell made of Pyrex with (250ml)
capacity Consists of two vessels University of
Baghdad, Iraq.

Preparation of azo dyes

Preparation of Diazonium Salt

p-amino phenol (0.54 g, 5 mmol) was dissolved in a
mixture of (2 mL) of concentrated HCI and (5 mL)
distilled water. The obtained solution was then
cooled sing the ice bath at 0-5 °C before a solution of
sodium nitroz ( NaNO) (0.34g, 5 mmol) in water (5
mL) was added drop by drop. The produced mixture
was stirred for (10 min) and kept temperature at 4°C.
The resulting diazonium salt has been retained from
the interaction for the next step (coupling reaction)*

General procedure for the couplingaor b
compounds with phenols

a-naphthol (5 mmol) was added to 10% NaOH
solution (6 ml) and cooled to 0-5 °C. The mixture
was added drop by drop to the solution of diazonium
chloride defined above with stirring. The produced
mixture was left stirring for extra 1 h at 0-5 °C*®.
The formed colored compound was collected,
washed with cooled water before it was dried at 70
°C. This step is repeated with compound 4-amino

and investigate their application as corrosion
inhibitors via using the corrosion cell and three
electrodes. the density functional theory (DFT) uses
theoretical Analysis to describe the structural nature
of dyes through a basis set of (B3LYP) with a 6-
311+G (p, d) The theoretical corrosion inhibition
parameters such as the energy of the highest
occupied molecular orbital and energy of the lowest

unoccupied molecular orbital, energy gap
electronegativity (y), electron affinity, global
hardness, softness, ionization energy, global

electrophilicity, were used for investigating and
clarifying the inhibition efficiency of dyes.

phenol. Table 1 displays the physical properties and
spectroscopic measurements data of compounds (a
and b).

The measurement of the corrosion

To set up the regulator voltage, a host computer and
a thermostat were used. Magnetic stirrer, (EmStat 4s,
Palm Sens, Holland) potential, and a galvanostat
were also utilized. The corrosion is measured by a
Pyrex cell consists of internal and external vessels.
Size of the cell size was 250 ml, and it consists of
three electrodes. The working electrode was the
carbon steel, which utilized to measure the potential
depending on a reference electrode.

The auxiliary electrode is made of platinum (10 cm),
whereas the reference electrode is saturated calomel
(Hg/Hg2CI2 sat. KCI). To create and establish a
steady-state open circuit potential (Eocp), the
working electrode was immersed in a test solution for
15 minutes. Then, in a potential range of +200 mV,
the electrochemical measurements were performed.
The tests of compounds (a and b) were carried out at
298K using a cooling-heating circulating water bath.
Fig. 1 shows the corrosion cell and the three
electrodes. Proper dimensions of Carbon steel
coupons were prepared and utilized for the standard
proceedings of the corrosion evaluations. 0.1 M HCI
aqueous solution was prepared as an artificial attack
medium. The implemented measurements occurred
according to the common corrosion procedures of
steel specimens after a recorded period of immersion
in an environment under the influence of dye
inhibitors at definite concentrations (25and 50 ppm).
Table 1 shows the chemical composition of carbon
steel C45.

Table 1. Chemical composition of carbon steel C45.
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metal C% Si% Mn% S% P% Cu% Ni% Cr% Fe%
Carbon 0.36-0.42 0.15-0.30 1.00-1.40 0.05 0.05 0.50 0.20 0.20 96.88
Steel 45 -97.49
! ‘Reference Ele
Figure 1. Set up the corrosion cell and three electrodes.
Results and discussion
The reaction of the organic compounds, a diazonium ~ including — a-naphthol ~ and  4-aminophenol.

salt and a binding factor produced an azo dye. A
diazonium salt (as an electrophile) was subjected to
a coupling reaction with an electron-rich compound

Diazotization and coupling procedures were
employed to synthesize azo dyes derived from 4-
aminophenol %6, Scheme 1 illustrates the synthesis
of azo derivatives a and b.

_ naphthol

o T S

OH

p-aminophenol. i N’/N
HsN

Scheme 1. Preparation route of the compoundsaand b .

The FT-IR spectra of 4-aminophenol, Fig. 2 shows
two characteristic absorption bands at 3340 cm™and
3278 cm* which are attributed to vNH, and vOH
groups respectively, 3005-3178 cm? of v C-H
aromatic and 1612 cm-! of vC=C aromatic ’. FT-IR
measurements data of azo deravatives (a and b) are
exhibited in Table .2. FT-IR data of compound [a]
are displayed in Fig. 3. It is clearly can be seen the
appearance of v OH at (3367) cm™® and v(N=N)
stretching bands at (1454) cm™ . Fig. 4 showed
FT-IR bands of compound [b]. This figure displayed
the presence of the asymmetric and symmetric

stretching bands of v(NH>) absorption at 3425 cm
asym.; 3344 cm? sym. Fig. 3 also exhibited the
existence of the v(N=N) stretching at 1454 cm™. *H-
NMR spectrum of compound (a) is shown in Fig. 5.
The spectrum exhibited the following characteristic
signals  d(ppm):  6.86-8.24(m, 7H,  Ar-
H);10.13(s,1H,0H) 'H-NMR  spectrum  of
compound (b) is displayed in Fig. 6. This spectrum
exhibited the following characteristic signals
d(ppm): 5.11(s, 2H, NH>); 6.34-8.27(m, 10H, Ar-H);
10.03(s, 1H, OH) . *H -NMR data of compounds (a
and b) are shown Table 3.

Table 2. Physical properties and FT-IR spectral data of azo compounds a and b.
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Physical properties FTIR /Major Absorption (cm™)
No. MP MWt Molecular color Yield
(g/mol) structure % o(NHz2) v(OH) ©(C-H) ©v(C=C) wv(N=
Ar Ar. N)
a 100-  264.28  CisH22N.O,  Dark Red 65 - 3367 3051 1597 1454
102
b 107-  229.22  Ci2HuNsO:  Orange 74 3425 3344 3024 1590 1454
105
Table 3. 'H-NMR spectral data of compounds a and b.
No. Compound structure 'H-NMR spectral data (3ppm)
a (E)-2-((4-hydroxyphenyl) diazenyl) naphthalen-1-ol 6.86-8.24 (m,10H,Ar-H); 10.13 (s,1H,0H,
Phenol))
b (E)-4-amino-2-((4-hydroxyphenyl) diazenyl) phenol 5.11(s,2H.NH>);6.20-8.15 (m, 7H, Ar-H)

;10.03(s,1H,0OH , Phenol)

5/21/2023 12:59:29 PM
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Figure 2. FT-IR spectrum of 4-aminophenol
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Figure 3. FT-IR spectrum of compound a.
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Figure 6. 'H-NMR spectrum for compound b.
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The Quantum chemical calculations of the
compounds a and b.

The density functional theory (DFT) was used to
describe the structural nature of dyes through basis
set of (B3LYP) with a 6-311*'G (p, d)¥*% . The
theoretical corrosion inhibition parameters such as
"energy of the highest occupied molecular orbital
(EHOMO) and energy of the lowest unoccupied
molecular orbital (ELUMO), energy gap (AE)
between EHOMO and ELUMO, dipole moment (),
electronegativity (y), electron affinity (A), global
hardness (1)), softness (o), ionization energy (IE),
global electrophilicity (o), the fraction of electrons
transferred (AN) and the total energy (Ewr)'"?* were
used for investigation and clarifying the inhibition
efficiency of compounds. The compounds (a and b)
were designed using ChemDraw.  ChemDraw
program was used to draw the structures compounds.
The program (Gaussian 09W) was employed to
compute the molecular geometry?2.  The

corresponding geometry was calculated at a vacuum
phase. Fig. 7 shows the atoms numbering

of compounds a and b. The bond angles, bond
distances, and dihedral angles were computed and
investigated as structural parameters of compounds a
and b as shown in Table 4.

Length bond was observed of compound (a) for C8-
C9 (1.39164A°). The shortest bond length was
observed for O11H27(0.97133A°). The bond angles
were locating between (107.462A°) for N20N19C14
and (120.02678A°) for N19C14C15. The dihedral
angles values (trans and cis) demonstrated that the
compound was not planar and dihedral angles are not
0.0 degrees. While, Table 4 shows the longest bond
length that was noticed, which belongs to compound
(b) for C22-C26(1.39528A°). The shortest bond
length was noticed for N28-H11 (1.0498A°). The
bond angles were locating between (107.5044A°) for
021C22C26 and (120.046A°) for 021C22C26. The
dihedral angles values (trans and cis) demonstrated
that the compound was not planar.

Table 4. The bond length, distances, and dihedral angles for compounds a and b in media of vacuum
as calculated by using DFT method.

Description Bond length Description Angle Description Dihedral
Bond length A) angle (deg) (deg) Dihedral angle
Angle ( deg) (deg)
Compound a

N20N19 1,24861 N20N19C14 107.46128 C14N20N19C27 179.94297
011C10 1.35525 011C10C9 119.61113 011C10C5C4 179.97257
018C17 1.35474 018C17C16 119.99817 018C17C12C13 -179.98368
N20C7 1.26032 N20C7C4 119.63226 N20C7C4C5 179.97646
N19C14 1.25991 N19C14C15 120.02678 C14N19N20C7 179.94297
O11H27 0.97133 H27011C10 107.98579 H27011C10C9 179.97226
018H32 0.97168 H32018C17 108.03875 H32018C17C16 -179.93969
C8C9 1.39164 C8C9C10 119.97430 C8C9C10011 -179.97312
C15H30 1.09966 H30C15C14 120.02140 H30C15C14C13 -179.96757
Compound b

N28C27 1.26659 N28C27C26 119.99593 N28C27C26C22 -179.98725
C22 021 1.35476 021C22C26 120.04644 021C22C26C27 -170.98385
N12N13 1.24796 N12N13C18 107.50440 C18N13N12C23 -179.98777
N12C23 1.26072 N12N13C23 107.51378 N12C23C24C25 179.98281
014C15 1.35450 014C15C16 120.02373 014C15C28C19 179.98921
N28H10 1.05094 C27N28H10 119.95978 H10N28C27C25 -179.94175
N28H11 1.04980 C27N28H11 120.04447 H11N28C27C26 -179.99596
C26C22 1.39528 C26C22C23 119.94271 C26C22021H3 -179.97975
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b. 9 9
Figure 7. The numbering of atoms of compounds
aandb.

Global Reactivity of Molecular

In order to predict the adsorption centers of
compounds [a and b], the frontier orbital theory was
utilized. The centers of adsorption in compounds a
and b will have a significant role in inhibition the
reaction of metal surface/ molecule (a and b) 2*
Tables 5 - 7 show the calculated quantum chemical
parameters. The calculation of parameters were
carried out using the following vital equations:

IP =—-EHOMO ... 1
EA=-ELUMO ... 2
_IE—-EA 3
- 2 ------
_IE+EA 4
- 2 ------
1
S=- .. 5
1 2 2
—-X
R 6
2n  2q

Where: IP=lonization potential; EA= Electron
affinity; H =Hardness;

X =Electro negativity, softness = S; the Global
electrophilicity index=w; the electrons transferred
=AN.

Table .5 shows the geometry structure of compounds
a and b in a vacuum. The geometry structure
consists density distributions of HOMO and LUMO.
The location of HOMO is mostly on the diazine
moiety. Accordingly, the location of the favorite
actives sites for the attack by electrophile are in the
region that surround N atoms and O atoms. While,
LUMO electronic density was distributed around the
aromatic ring and surround diazine moiety, which
implies the majority of planar region is in the
compound molecules.

Table 5. Frontier Molecular Orbital density distributions of compounds a and b.

NO HOMO D3

LOMO D3

The global chemical reactivity descriptor (u = - %)
describes a chemical potential. The chemical
potential (u) measures the escaping of an electron
and describes the molecular electronegativity. If (u)
was more negative , the molecular would lose an
electron easier. In a comparison with compound a,
compound b is less stable and more reactive.
Nevertheless, electronegativity of compound a is
bigger than that of compound b as illustrated in Table

7. Hardness (1) and softness (S) will useful concepts
in understanding the behavior of atoms. The values
of these parameters were theoretically calculated.
The calculation data revealed that the compound b
possesses the biggest hardness value (n = 1.29 eV).
This implies that the hardest molecule is b. The
molecule possesses the biggest softness = 0.82963,
which means that it is the softest molecule. The value
electrophilicity (o) gives knowledge about the
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stabilization energy become the system becomes rich
with electrons that moved from ambient. On the
other hand, the molecule b with the slightest values
of w= 5.01243, so the compound (b) is good

nucleophile. While, the molecule a is a good
electrophile as it has the highest value of (0=
6.46756).

Table 6. The some physical properties of the inhibitor molecules a and b at the equilibrium geometry
by using DFT Method.

No. Molecular formula EHOMO(eV) ELOMO(eV) AE(eV) n( Debye)
a C16H22N202 -5.1539528 -2.743242 2.41071 0.187156
b C12H11N30; -4.8883637 -2.306489 2.58187 4.245720

Table 7. Quantum chemical parameters for inhibitor molecules [ a and b] by using DFT Method.

No. IE EA n n X S P AN Nimax CP
(eV) V) (V) (V) (eV) (eV) (eV) (e)

a 515395 274324 1205 -3.94 39486 082963 6.46756 1.26577 3.27588  -3.9486

b 488836 230649 1290 -3.59 3.59743 0.77463 5.01243 1.31787 2.78668  -3.5974

Local reactivity descriptors.

Calculating Fukui functions will help researchers to
understand the active site of molecules. Chemical
reaction depends on a variation in the electrons
number, which requires a minimum one electron
being added or subtracted in the frontier orbitals.
Fukui functions f * (), f " and f° ) are calculated by
the following equations:

"fr=[q(N+1)-q (N)]. for nucleophilic attack

Where : q(N)= the charge located on the atom for
neutral molecule; g(N + 1)= anionic specie, and (N
- 1) =cationic specie??,

The values of descriptors chemical were calculated
at level of B3LYP/6-31G (d, p) by Mulliken charges
on molecules atoms. For compound a, the greatest
preferred susceptible spot for a nucleophilic attack is
placed on 180. Nonetheless, the greatest reactive
position for electrophilic attack is placed on19N. The

...... 7 most preferred reactive spot for a free radical attack
f =[g(N)-q(N-1)] for electrophilic attack ~ ison 19N. Moreover, 140 is the greatest susceptible
...... 8 spot to nucleophilic attack for compound b. Whereas,
fO=[q(N+1)-q(N—1)]2. forradical attack."  the greatest susceptible spot for both electrophilic
.9 and free radical attacks is on13N Table 8.
Table 8. Values of the Fukui function of the molecules a and b.
compound a b
Atom f+ f- f0 Atom f+ f- fO
1c -0.03179 -0.0311 -0.03145 1H 0.046628 0.046077 0.046353
2C 0.033693 0.048078 0.040886 2H 0.02935 0.023057 0.026204
3c 0.025342 0.002745 0.014044 3H 0.010092 0.00471 0.007401
4C -0.00055 0.02515 0.012303 4H 0.044667 0.041944 0.043306
5C 0.0073 -0.01149 -0.0021 5H 0.040118 0.036555 0.038337
6C 0.042677 0.040163 0.04142 6H 0.029109 0.017074 0.023092
7C 0.042619 -0.00319 0.019714 7H 0.04166 0.041516 0.041588
8C -0.00025 0.05186 0.025805 8H 0.023755 0.021577 0.022666
9C 0.016095 -0.00459 0.005752 9H 0.044667 0.042289 0.043478
10C 0.056801 0.059623 0.058212 10H 0.041525 0.036862 0.039194
110 0.071532 0.054533 0.063033 H1l 0.040056 0.033689 0.036873
12C 0.033864 0.03032 0.032092 12N 0.01719 0.073392 0.045291
13C 0.04155 0.042922 0.042236 13N 0.05246 0.115838 0.084149
14C -0.02119 -0.05335 -0.03727 140 0.069577 0.042217 0.055897
15C 0.038535 0.077687 0.058111 15C 0.051462 0.061068 0.056265
16C 0.021152 -0.00517 0.007993 16C 0.028642 -0.01169 0.008476
17C 0.051751 0.066749 0.05925 17C 0.021473 0.063209 0.042341
180 0.064727 0.042648 0.053688 18C -0.00898 -0.02794 -0.01846
19N 0.038896 0.108636 0.073766 19C 0.046861 0.053268 0.050065
20N 0.023712 0.051386 0.037549 20C 0.041643 0.045354 0.043499



https://doi.org/10.21123/bsj.2024.9948

Published Online First: November, 2024
https://doi.org/10.21123/bsj.2024.9948
P-1SSN: 2078-8665 - E-ISSN: 2411-7986

g

Baghdad Science Journal

21 H 0.038692 0.03693 0.037811 210 0.052689 0.046941 0.049815
22H 0.03627 0.034544 0.035407 22C 0.046207 0.056832 0.05152
23H 0.019388 0.011125 0.015257 23C 0.046946 -0.00419 0.021379
24 H 0.032347 0.031515 0.031931 24C 0.006671 0.07539 0.041031
25H 0.031725 0.022378 0.027052 25C 0.019067 -0.04012 -0.01053
26 H 0.042547 0.040136 0.041342 26C 0.006753 -0.0125 -0.00287
27H 0.018797 0.015929 0.017363 27C 0.059635 0.095435 0.077535
28 H 0.041627 0.039983 0.040805 28N 0.050082 0.02214 0.036111
29H 0.036923 0.035455 0.036189
30H 0.022104 0.01725 0.019677
31H 0.037277 0.038064 0.037671
32H 0.022262 0.020878 0.02157
Corrosion study physisorption inhibition occurrence. These results
Potentiodynamic  polarization curves and disclose that at 25 and 50 ppm concentrations of

corrosion kinetic

Extraction of polarization curves for carbon steel
corrosion of the synthesized inhibitors (a and b) was
achieved in HCI solution. The extraction of
polarization curves was carried out at (25, 50 ppm)
concentrations of (a and b) inhibitors and the ambient
temperature was 298 Kelvin in the existence and
absence of the inhibitors as displayed in Fig. 8. This
figure also shows polarization curves for the
molecules (a and b) and the blank (HCI solution).
The electrochemical corrosion parameters such as
corrosion potential (Ecorr), and corrosion current
density (lcorr) attained by cathodic and anodic areas
of the Tafel lines were described in Table 9.

IE% and © were calculated by the following?:

%IE = (lcorr(uninh) - |corr(inh)/ |corr (uninh)) x 100 ..... 10
o= (Icorr(uninh)_ Icorr(inh)/ lcorr (uninh)) ..... 11
Where:  leongnny = current densities of inhibited

corrosion, leorr ninny = Uninhibited current densities.

Table 9 illustrates that at a temperature of 298K, the
value (IE%) of the molecule (a) is bigger than that
of the compound (b). This demonstrates the

molecules a and b, the Icorr value is reduced, which
indicates that these compounds are good inhibitors of
corrosion. Moreover, besides increasing the
concentration of inhibitors, a minor change in Ecor to
negative values is caused by molecules a and b,
resulting in an improvement in inhibition efficiency.
Also, it was found that the highest inhibition efficacy
was up to 91%, belonging to compound a with a
concentration of 50 ppm and at a temperature of
298K. This is attributed to the existence of groups
with high electronic density including phenyl rings,
hydroxyl groups, N2 atoms, and Pi bonds, which
participate in the generation of coordination links
with the metal surface. Accordingly, a preservative
layer will be formed on the metal surface in acidic
medium, and subsequently prevents carbon steel
corrosion.

A study of the temperature effect on efficiency of
inhibition was not achieved and it will be applied in
a later study. It was suggested that the temperature
might increase the mobility of the inhibitor
molecules, resulting in a reduction in the contact
between the inhibitor molecules and the carbon steel
surface.

The inhibitor molecules motion
temperature increases.?

increases as

Table 9. Corrosion parameters for blank and compounds a and b _in (0. 1M) HCI solutions.

Comp C Ecor. |cor I corr/r Resis.  Anodic  Cathodic Corr. IE% (3]
(pp  Vvs.SCE (mAcm?) ba (MV -be (mV rate,
m) (mV) Dec™) Dec™)
Blank -0.527 1635 3.269E-4  143.2 0.126 0.094 1.605 - -
a 50 -0.630 15.36 3.073E-5 2957 0.167 0.279 0.151 91 0.91
25 -0.637 16.33 266.E-5 2109 0.127 0.213 0.160 90 0.90
b 25 -0.634  28.43 5.685E-5 1690 0.189 0.276 0.279 83 0.83
50 -0.638  23.99 5.798E-5 1880 0.175 0.255 -0.618 85 0.85
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Figure 8. Polarization curves for compound a and b (25 ppm) at 298K.

Conclusion

The values of the theoretical chemical parameters
suggest that compound (a) has a greater tendency to
interact with the metal surface in a vacuum, and it is
a good inhibitor. The results of density functional
theory (DFT) were used to describe the structural
nature of dyes through a basis set of (B3LYP) with
6-311+G (p, d) calculations on p-amino phenol
derivatives that have been presented in a vacuum.
The HOMO, LUMO, and charges on atoms predict a
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