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ABSTRACT:

A new Azo-Schiff base namly 6,6'-((1E,1'E)-(1,2- phenylenebis (azanylylidene)) bis
(methanylylidene)) bis(3-(o-tolyldiazenyl)phenol) (A;) have been synthesized and
characterized by elemental analysis, FT-IR,'H-NMR and Mass spectra. The new
compound was evaluated as corrosion inhibitor for brass alloy in 0.5 M HCI, using
weight loss . Weight loss measurements was studied at different temperatures and
concentration and results show that the inhibition efficiency increases with decreasing
temperature and increasing concentration of inhibitors and the highest inhibition
efficiency was obtained at an optimum concentration of (1x10° M) for inhibitor at
298 K . Thermodynamic parameters enthalpy of activation (AH.*) , entropy of
activation (AS*q ), and the activation energy (Ea) and for brass alloy corrosion and
inhibitor adsorption, respectively, were determined and discussed. It has been
determined that the adsorption for the studied inhibitors on brass complies with the
Langmuir adsorption isotherm at 298 K, the calculated AGggs Values were found to be
around -35 kJ mol™, which indicates that inhibitor (Azo-Schiff base) is adsorbed on the
brass surface by chemical and physical interactions. For further investigations DFT
studies were employed to study the electrostatic potential and explain the nature of
interaction between the inhibitor molecules and metal surface.

Keywords: Azo-azomethine, synthesis, corrosion inhibitors, Adsorption,
Thermodynamic parameters

INTRODUCTION:

Corrosion problems have received a considerable amount of attention because of their
economic and safety consequences .The use of inhibitors is one of most practical
methods for protection against corrosion'. Corrosion commonly occurs at metal
surfaces in the presence of oxygen and moisture , involving two electrochemical
reactions ,oxidation takes place at anodic site and reduction occurs at cathodic site , In
acidic medium hydrogen evolution reaction predominates and corrosion inhibitors
reduce or prevent these reactions®. Generally the organic compounds containing hetero
atoms like O,N,S and P are found to work as very effective corrosion inhibitors *°.The
efficiency of these compounds depends upon electron density present around the hetero
atoms ° . The number of adsorption active centers in the molecule and their charge
density ,molecular size ,mode of adsorption and formation of metallic complexes®.

Azo derivatives are organic compounds that contain —N=N- bridge in their structure,
most of these compounds are used as synthetic dyes, furthermore, many of them have
been reported as compounds with interesting applications in different fields such as
pharmaceuticals, cosmetics and corrosion inhibitors “°. The presence of the nitrogen
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atoms in the azo linkage and the flexibility in choosing the other moieties in the
structures of the azo dyes make it possible to design molecules that have the structural
requirements of the organic corrosion inhibitors which are readily and strongly adsorbed
on the metals surface. 10. The aim of the present study is to Synthesis of new azo-Schiff
bases, Studying efficiency of the Schiff bases in inhibiting brass corrosion in acidic
media (0.5 N HCI) and Studying efficiency of new azo-Schiff base in inhibiting brass
corrosion by weight loss methods .

MATERIAL AND METHODS:
Chemicals and reagents:

All analytical grade reagents were used without further purification as received from
different company. Acetic acid (glacial) (99.5%), O-toluidine (99.0%), NaOH (99.0%),
HCI (37%), NaNO,, (99%) were purchased from BDH and O-phenylenediamine
(99.5%) and Salicylaldehyde (99.0%) from sigma Aldrich.

Instrumentation:

The UV-Vis spectrophotometer model T 60, PG Instruments Ltd, (Germany). The FT-
infrared measurements were recorded by using FT-IR affinity Spectrophotometer
(Shimadzu) Japan; Mass spectra are recorded of compounds using Agilent Technology
(HP)/MS Model 5973 Network Mass Selective Detector and element analysis model
Eager 300 for EA1112 in the University of Tehran, Iran. The *H-NMR with using
DMSO as solvent in Tehran, Iran.

Preparation of new Azo-schiff base(Al):

Azo dye (2-hydroxy-4-(o-tolyldiazenyl)benzaldehyde) was prepared by dissolving
(2.143gm, 0.02 mole) of O-toluidine in mixture containing 30ml distilled water and 5ml
of concentrated hydrochloric acid and cooled to (0-5)°C. The solution was diazotized at
(0-5) °C with (1.38gm, 0.02 mole) sodium nitrate was dissolved in 20 ml distilled water
was added drop wise to amine solution and stirring continuously at (0-5)°C and left to
stand 30 min. This diazonium solution was added to salicylaldehyde (2.442gm, 2.13ml,
0.02mol) was dissolved in 25ml ethanol and 30 ml of 6% sodium hydroxide. The
mixture was stirred continuously for 2h. at (0-5)°C in ice-bath and allowed to stand in
the refrigerator overnight and acidified with dilute hydrochloric acid to pH=6. The
precipitate was filtered and washed with distilled water and ethanol solution to remove
the excess of unreacted substances and recrystallized from ethanol and dried in oven at
50°C for two hours™*2.The purity was confirmed by TLC technique. Yield 90.44%, mp
112-113°C. The Schiff base was prepared from condensation eaction by
dissolving (2.403gm,0.01mol) of (2-hydroxy-4-(o-tolyldiazenyl)benzaldehyde) in (20
ml) absolute methanol then mixed with a solution(0.541gm, 0.005mol) of (O-
phenylenediamine) dissolved in (10ml) of the same solvent with the addition of four
drops of glacial acetic acid as a catalyst followed by reflux for 5 hours. The reaction was
followed using TLC ****, Yield 84.56%, mp 243-245°C. The dark brown precipitate was
formed it was filtered, dried and recrystallized in absolute ethanol. The reaction is
shown in Fig. 1.
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Figure.l Preparation of new Azo-schiff base(Al)
Weight loss measurements

Corrosion tests were performed using coupons prepared from brass alloy. The chemical
composition  (wt %) of the brass alloy sample in Table.1

Table 1. The chemical composition (wt %) of the brass alloy sample

Metals Cu Zn Al Fe As Other
wt % 68.75 28.00 1.20 1.00 0.05 1.00

The aggressive acid solutions were made from analytical grade hydrochloric acid (HCI).
Appropriate concentration of acid (0.5 M HCI) were prepared by using deionised water
and used in absence and presence of certain inhibitor concentrations (1x10 M to 1x10°°
M) at immersion time(1-5) h and different temperatures(298,308,318) K . The corrosion
rate (CR) , the percentage inhibition efficiency (IE %) and the degree of surface

coverage (6) were calculated using thn Folloedina ("l;'wations 15,16.
WL.K
CR=71p
Where:
WL is the weight loss (g) before and after immersion in the test
solutions CR is the corrosion rate
A is the area of the specimen
(Inch?) D is the
density of the alloy in gcm™
K is a constan (543) (giving rate in mpy) and t is immersion time (hours).
The inhibition efficiency(IE%)was computed using the following
equation™*°
IE%= leoo ................. ®)
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Where:

CR uninh and CR inh are the corrosion rates in the absence and presence
of the inhibitor ,respectively 6 is the surface coverage of the metal surface covered
by the adsorbed inhibitor, was evaluated from weight Inss measiirements using the
following equationlS*ls: ................. 3)

Quantum chemical calculations:

The quantum chemical calculations were carried out with complete geometry
optimization by using density functional theory ( DFT) method at B3LYP/6 -31++ G(d,
p) level by using Gaussian 09W which connected with Gauss View 5.0 in order to
calculate the most important parameters such as Egomo, ELumo, energy gap (AE) and the
other parameters that influence the nature of interaction between the inhibitor molecule
and the alloy surface.

Results and Discussion
Element analysis

The elemental analysis was tabulated in Table 2, The calculated values were in a good
agreement with the experimental values.

Table 2. Elemental analysis data of the prepared Azo-schiff base(Al)

Liga Molecu Experimental Theoretical
nd lar
Weight
C% H N% C% H%b N%
73901 5.0 151 7391 5.072 15.217
50 93 3

FT-IR spectrum

The IR spectrum was obtained for analytical reagent prepared as KBr in Fig.2. The
spectra show absorption band in 3294 cm™ belong to OH *’. The absorption band at
1612cm™belong to stretching vibration of C=N of imine'® and a strong band in the range
at 1543 Cm™due to the stretching vibration of the (N=N) [19]. The C=C appear
stretching vibration at 1489 cm™?°. But stretching vibration for the C-H aromatic appear
weak band at 3062 cm™ *°, absorption band at 2970 cm™ due to C-H aliphatic *.
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Figure2. IR spectrum for the prepared Azo-schiff base(Al)
'H-NMR spectrum

The *H-NMR spectrum of the prepared Azo-schiff base(Al)was recorded in DMSO (&
at 2.56) as solvent inFig 3. The chemical shift 6 ppm at 6.78-7.33 (m,18H, aromatic
rings) *', & at 3.76 (s,6H, CH3) %, & at 7.64 (m,2H,20H) and 7.75 (m, 2H, 2CH=N) *".

Figure 3. *H-NMR spectrum for the prepared Azo-schiff base(Al)
Mass spectrum

The mass spectrum of the prepared Azo-schiff base(Al) was recorded and the obtained
molecular ion (m/z) peaks confirm its proposed formula and geometry. The ligand
shows a peak at M*=552 corresponding to the molecular ion peak (CasH2sNgO,) in the
figure (5). It also showed a series of peaks at m/z = 433, 313, 237, 223, ,210, 195, 119,
105, 91, 77 and 65 corresponding to [C27H21N4OQ]+,[Con13N202]+,[C14H11N30]+,
[C14H11N20]+,[C13H10N20]+, [C13H9NO]+, [C7H7N2]+, [C7H7N]+,[C7H7]+, [CGH5]+ and
[CsHs]™, respectively (Fig 4).
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Figure 4. Mass spectrum for Ligand (A;)

Weight loss measurements
Effect of inhibitor concentration on corrosion process

Weight loss data and the rate of corrosion of brass alloy in 0.5 M HCI in the absence

and presence of various concentrations of inhibitors at 298 K after 4 h immersed period

were obtained and are given in Table 3. The results show that the weight loss data and

the rate of corrosion decrease with increasing inhibitor concentration “% (Figs. 5 and
6).

Table 3.Weight loss and Corrosion rate for brass alloy in 0.5M HCI in the absence
and presence of various concentrations of inhibitor at 298 K after 4 h immersed
period

Inhibitor conc.(M) weight loss (g)  Corrosion rate (mpy)

0 0.0084 475
1x10® 0.0050 28.2
1x107° 0.0036 20.3
1x10™ 0.0032 18.1
1x10°3 0.0024 135
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Figure 5. Weight loss Vs. Concentration at 298K after 4 h immersed period
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Figure 6. Corrosion rate Vs. Concentration at 298K after 4 h immersed period
Effect of immersion Time on corrosion process

The effect of addition of inhibitor on the corrosion of brass alloy in 0.5 M HCI solution
was studied by weight loss method at 298 K after (1-5) h of immersed period in the
absence and present of ( 1x10° M) of the prepared azo-Schiff base as inhibitor
corrosion and are shown in Figs. (7 and 8) .The figures clearly show a great reduction in
weight loss and the rate of corrosion with the increase in immersion from 1h to 5 hat
different temperature of the metal coupons in the presence of the inhibitor compared to
the hydrochloric solutions alone. This is due to the formation of strong passive
protective layer on the surface of the metal when exposed to electrolyte for more time %
%8 The values of Weight loss (g) and corrosion rate (mpy) are summarized in Table 4.

Table 4.Weight loss and corrosion rate for brass alloy in 0.5 M HCI in
the absence and presence of inhibitor(Al) ( c= 1x10>M ) in the different immersion

at time 298K
The Variable Corrosion Immersion Time(hours)
Medium 1 2 3 4 5

Weight loss ( g) HCI only 0.004 0.006 0.007 0.0084 0.0086
0 5 3

Corrosion rate (mpy) HCI only 90.50 73.53 55.05 4751 38.91

Weight loss ( g) HCI+ inhibitor  0.000 0.001 0.002 0.0024 0.0031
2 4 0

Corrosion rate (mpy) HCI+ inhibitor  4.52 15.83 15.08 135 13.02
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Figure 8.Corrosion rate Vs. Immersion Time at 298K
Effect of temperature

To evaluate the adsorption of inhibitor and activation parameters of the corrosion
process of brass alloy in acidic medium, weight loss measurements were done at
(298,308,318) K, in the absence and presence of inhibitor at concentration (1x10°M)
during 4 hr. immersion time. The variation of inhibition efficiency and Surface coverage
with inhibitor with temperature is given in Figs (9 and 10) .The effect of temperature on
the inhibited acid-metal reaction is very complex. Many changes such as rapid etching
desorption of inhibitor, as well as inhibitor decomposition occur on the metal surface 2° .
The results revealed that, on increasing temperature, there is a decrease in inhibition
efficiency for compound used. Generally, the metallic corrosion in acidic media is
accompanied with evolution of hydrogen gas, and rise in the temperature usually
accelerates the corrosion reactions resulting in higher dissolution rate of the metal *°. A
decrease in inhibitor efficiency with temperature can be attributed to the increased
desorption of inhibitor molecules from the metal surface, or decreased adsorption
process strength at elevated temperature suggesting a physical adsorption mode.
Temperature investigations are also required, although they do not furnish all of the
information needed for the elucidation of adsorption character. There are cases in which
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chemical adsorption is accepted, although inhibition efficiency decrease with increasing
temperature
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Figure 9. Inhibition efficiency of inhibitor ( c= 1x10°M ) in 0.5M HCI at different

temperatures
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Figure 10. Surface coverage with inhibitor ( c= 1x10°M ) in 0.5M HCI at different
temperatures

Thermodynamics parameters and Activation energy
Activation energy (Ea)

The values of activation energy (Ea) for brass alloy corrosion reaction were obtained
from Arrhenius equation(4):

CR: Eq 1 1. 4
IogC}h =2,3()3R(T1'T2)

where CR; and CR; are corrosion rates at temperatures Ty and T, respectively and Ea is
the apparent activation energy for corrosion process which represents the energy
necessary for a molecule to possess in order to react *. The values of Ea are given in
Table 5. It is found that Ea values for inhibited systems are higher than Ea for
uninhibited systems. The increase in activation energy after the addition of the inhibitor
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to acid solutions can indicate that physical adsorption (electrostatic) occurs in the first
stage. Physical adsorption is small but important because it is preceding stage of
chemisorption of investigated organic compounds on brass alloy surface **. The increase
in the activation energy also indicates a strong adsorption of the inhibitor molecules on
brass alloy surface .

Enthalpy and Entropy of activation

The values of enthalpy and entropy of activation can be calculated from the alternative
form of Arrhenius equation(5) as follows:

AS, )] _ ( AHg

CR R
lﬂg T :[log(ﬁ)-l_( 2.303R 2.303RT ) ................. (5)

where h is Planks constant, N is Avogadro’s number, AS o* is the entropy of activation,
and AH.* is the enthalpy of activation. . A plot of log CR /T versus 1/T should give
straight lines (Fig.11 ),with a slope of (—AHq* /2.303R), and an intercept of
[log(R/INh )+(ASq* /2.303R)],from which the values of AHq* and AS.* were calculated,
respectively .The value of AH.* is reported in Table 5 and is positive. The positive sign
of the enthalpy reflects the endothermic nature. Also, the value of entropy of activation
is negative. The negative value of entropy implies that the activated complex in the rate
determining step represents an association rather than dissociation step, meaning that a
decrease in disordering takes place on going from reactant to activated complex
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Figure 11. Alternative Arrhenius plots of brass dissolution in 0.5M HCI in the
absence and presence of 10° M of inhibitor
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Table 5. Thermodynamics parameters and Activation energy for brass alloy
dissolution in acid solution in absence and presence of Inhibitor[the prepared Azo-
schiff base(Al)]

Corrosion  AHa*(kJmol®  ASax( Jmol™ K™ Ea(kJmol™)

medium

only HCI 421 -72.6 -74.8
HCI + 49.8 -55.8 -80.6

Inhibitor

Adsorption Studies

The study of adsorption isotherms gives an idea about the adsorptive behavior of the
inhibitor molecule which can provide important information about the nature of the
metal-inhibitor interaction. Two main types of interaction can describe the adsorption of
the organic compounds are physical adsorption and chemical adsorption. These are
influenced by the chemical structure of the inhibitor, the type of the electrolyte, and the
charge and nature of the metal. Several adsorption isotherms were tested to fit with the
experimental data. These include the Langmuir, Frumkin, Temkin, Freundlich , and
Flory-Huggins isotherms. The best fit was obtained from the Langmuir isotherm. The
Langmuir isotherm equation(6) 1§ of the following form:

(2]
T = Kads C ceersnnsasesesnacass (6)

where ¢ is the inhibitor concentration in mol dm, 0 the surface coverage and Kggs is the
equilibrium constant of adsorption process. The equilibrium constant for the adsorption
process(Kags) is related to the standard Gibbs free energy of adsorption(AGags)by the
following equation(7):

v (D)

AGadsz 'RT In (55.5 Kads)

where 55.5 mol dm ™ is the molar concentration of water in the solution, R is the gas
constant and T is the absolute temperature *. The negative AGads values (Table 6) are
consistent with the spontaneity of the adsorption process and the stability of the
adsorbed layer on the mild steel surface 3’ . It has been reported[38] that the values of
AGags up to —20kJmol * the adsorption was regarded as physisorption ,the inhibition acts
due to the electrostatic interaction between the charged molecules and the charged metal
and more than -40 kJ mol™ indicate chemisorption (charge sharing and/or electron
transfer between the orbitals of the inhibitor molecules and those of the metal to form
co—ordinate bonding) *. It is suggested that the adsorption of inhibitor investigated
involves chemisorption process. However, some researchers have reported “° that
adsorption of inhibitor molecules is not merely physisorption or chemisorption but
obeying a comprehensive adsorption (physical and chemical adsorption) for the same
value. However, which kind of adsorption will play a more important role in the

corrosion inhibition would be discussed further.

920
http://annalsofrscb.ro




Annals of R.S.C.B., ISSN:1583-6258, Vol. 25, Issue 4, 2021, Pages. 910 - 928
Received 05 March 2021; Accepted 01 April 2021.

Table 6. Parameters for adsorption of inhibitor in barss/inhibitor/0..5M HCI
system at 298 K

Temperature(K) Kags AGags kJ mol™ R®
(10Hm*
298 1645.5 -28.3 0.901
a3 ‘
o *
E al ‘.‘
2
‘ ] & 4 k 2
€z .‘
log

Figure 12. Langmuir’s adsorption plots for brass alloy in 0.5 M HCI with various
concentrations of compounds studied at 298K

4, Quantum chemical calculations

Quantum chemical methods are useful in determining the molecular structure as
well as elucidating the electronic structure and reactivity **. Therefore, it has become a
common practice to carry out quantum chemical calculations in the field of corrosion
inhibition studies. These lection of effective and appropriate inhibitors for the corrosion
of metals has been widely carried out based on empirical approach “* **. Computational
methods are used to understand and explain the functions of organic compounds in
molecular terms. In the present study, quantum chemical calculations were performed
for investigating the relationship between the molecular structures of and inhibition
effect on the brass surface by DFT studies. The highest occupied molecular orbitals
(HOMO) populations and lowest unoccupied molecular orbitals (LUMO) for the
prepared Azo-schiff base is shown in Figs. 14 and 15. The tendency of the molecule
to donate and accept electrons is related to the energy levels of HOMO and LUMO
respectively, the higher HOMO energy level (Enomo) is higher in donation ability and
the lower LUMO energy level (ELumo) is higher in acceptance ability, so, the lower
energy band gap (AE = E_umo — Enomo) leads to stronger interactions between the
molecule and the metal surface through the donation and acceptance of electrons, in
other words, higher inhibition efficiencies due to the formation of the protective film
through the adsorption of the inhibitor molecules onto the metal surface ** %, that an
increase in the values of Eyomo and a decrease in E;ymo- Enomo Values cause increase in
the inhibitive action of the studied Schiff bases. It is known that in the chemical
adsorption an increase in Eyomo Values causes a significant increase in the inhibition
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efficiency of organic compounds “°*’. On the other hand, the energy gap between E,umo
and Enomo can be used as a characteristic quantity for metallic complexes “¢*°. The
lower energy gap indicates the higher stability of the formed complex, thus the higher
inhibition efficiency. Eqomo and ELumo Of the inhibitor molecule are related to the
ionization potential (I) and the electron affinity (A), respectively. The ionization
potential and the electron affinity are defined as | = - Epomo and A = - E_umo,
respectively. Then absolute electronegativity () and global hardness (1) of the 1nh|b|t0r
molecule are approximated as follows

The global electrophilicity index was introduced by Parr °® and is given by:
O=P2N e (11)

Thus the fraction of electrons transferred from the inhibitor to metallic surface, AN, is
given by >

AN: jcu‘jinh/ 2(“Cu+ nmh) ......... ( 12 )

In order to calculate the fraction of electrons transferred, a theoretical value for the
electronegativity of bulk copper was used yc,= 4.48 eV/ mOI 54, and a global hardness of ,
neu = 0 eV/mol by assuming that for a metallic bulk | = A > because they are softer than
the neutral metallic atoms. A positive AN value means the ability of an inhibitor
molecule to share its electrons and vice-versa for a negative value. According to hard
and sofe acid base concept *® , a smaller value of global hardness(n) and the dipole
moment (1) , showed higher inhibition efficiency quantum chemical parameters
obtained from the calculations which are responsible for the inhibition efficiency of
inhibitors ** | such as the highest occupied molecular orbital (Eromo), energy of lowest
unoccupied molecular orbital (ELumo), HOMO-LUMO energy gap (AEy.), dipole
moment (u) and total energy (TE), electronegativity (), electron affinity (A), global
hardness (1), softness (o), ionization potential (I), The global electrophilicity (), the
fraction of electrons transferred from the inhibitor to iron surface (AN) and the total
energy (TE) for the prepared Azo-schiff base, are collected in Table 7

Table7. Selected quantum chemical parameters for the prepared Azo-schiff

base(Al)
Parameters (ev) Inhibitor
ELumo -2.25
Enomo -4.61
Energy band gap(AE =E_umo — EHOMO) 2.36
Dipole moment u (Debye) 5.22
lonization potential(l = - Eyomo) 4.61
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Electron affinity(A = -E_umo) 2.25
Chemical hardness (n= (I-A)/2) 1.18
Chemical softness 6=(1/ 1) 0.85
Electronegativity (y = (I+A)/2) 3.44
Chemical potential (n = -(1+A)/2) -3.44
Electrophilicity index(® =u2/2 n) 5.001
AN= Ley-Uinn/ 2(Meut TIinh) 0.619
The total energy (TE) -48725.25
ko %
J
9 v‘ )‘f o J’J 9
s T [ ‘A‘ ﬁ
44 9 )j
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Figure 13.0Optimized structure of the prepared Azo-schiff base(Al)
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Figure 14. The highest occupied molecular orbitals (HOMO) electron density
surfaces for the prepared Azo-schiff base(Al)
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Figure 15.The lowest unoccupied molecular orbitals (LUMO) electron density
surfaces for the prepared Azo-schiff base(Al)

Molecular Electrostatic Potential (MEP)

Molecular Electrostatic potential is very important in finding the active site in the

molecule system with a positive point charge. The species that have positive charge tend

to attack a molecule where the electrostatic potential is strongly negative (electrophilic

attack). Electrostatic potential of inhibitor was measured and plotted as 2D contour to
find the active site of molecule *’ as shown in Fig.16

Figure 16.Electrostatic Potential for the prepared Azo-schiff base(Al)
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Conclusion

A new Azo-Schiff base namly 6,6'-((1E,1'E)-(1,2- phenylenebis (azanylylidene)) bis
(methanylylidene)) bis(3-(o-tolyldiazenyl)phenol)(Al)presents good effectiveness in
0.5 N HCI and even at higher temperature . The inhibition efficiency increments with
rise of time and diminishes with temperature .The adsorption of the prepared compound
follows the Langmuirs adsorption. The adsorption of inhibitor molecules on the brass
alloy is not merely physisorption or chemisorption but obeying a comprehensive
adsorption (physical and chemical adsorption) for the same value, while the negative

value of show the spontaneity of the adsorption process.
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