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ABSTRACT

Adsorption of 1-Ethyl-4-phenyl-2,3-dihydro-1H-1,8Az0diazepin-2-on€P1) on mild steel surface in 1 M HCI
solution and its corrosion inhibition properties sibeen studied by a series of techniques, sucholasization,
electrochemical impedance spectroscopy (EIS), weighs and quantum chemical calculation methods.
Potentiodynamic polarization measurements showatlifb-benzodiazepine derivative inhibitor is mixgge. The
degree of surface coverage was determined by ws&ight loss measurements and it was found thatrptisn
process of studied inhibitor on mild steel surfabey Langmuir adsorption isotherm.

Key words: 4-phenyl-1,5-benzodiazepin-2-one, Mild steel, weidbss, inhibition, Polarization, EIS, Acid
corrosion, DFT.

INTRODUCTION

Over the years, Benzodiazepines are an importlads of nitrogen containing heterocyclic pounds acting
mainly on the central nervous system. Theyehattracted much attention in the field of medicirand
pharmaceuticals due to their broad spectrunbiofogical activities.

1, 5-Benzodiazepine derivatives have attracted tattention of researchers owing to theierigsting
pharmacological activities and their low toxiciffhey are widely used as anti-anxiety [1], analgg2i¢ anti-
inflammatory [3], DNA binding activity [4-7], rdi-cancer [8-10], anti-tumor [11-12], aden@sirbinding
activity [13], antisialogogic [14], cutaneous angjalxis [15], antimicrobial [16-17],anthelminti@ntibacterial,
antifungal, diuretic, anthelmintic, antipyretic 8fl9], anti-neuroinflammatory [20], antiparkinsor2l],

antileishmanial [22], muscle relexant [23], eytic [24] , anticonvulsant [25], anti-HIV [2@edative and
hypnotic [27].

The present study aimed to test new compound adnriethyl-4-phenyl-2,3-dihydro-1H-1,5-benzodiazefione
(P1) on the corrosion of mild steel in 1 M hydrochloaicid solution. In this work, we are interestedhia synthesis
of the title compound, by realizing the alkylatigaction with ethyl bromideScheme )L
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Scheme 1: 1-Ethyl-4-phenyl-2,3-dihydro-1H-1,5-benziiazepin-2-one (P1)

The present work is aimed to study the corrosidribition efficiencies of the newly synthesized h{dt4-phenyl-
2,3-dihydro-1H-1,5-benzodiazepin-2-orff1) on mild steel in 1M HCI using mass loss and etettemical
techniques [28-29].The experimental findings wesewssed with quantum chemical calculation methods.

MATERIALS AND METHODS

2.1. Materials and sample preparation

The composition (wt.%) of mild steel samples usadafl the experiments was as follows: C = 0.253; 8.12; P =
0.013; S = 0.024; Cr = 0.012; Mn = 0.03 and balareeCoupons cut into 1.5 x 1.5 x 0.05 cm size wesed for
gravimetric measurements whereas specimens ofvgthel cnf exposed surface areas were used as working
electrode for polarization and EIS measurementfrBestarting the experiments, the specimens weehanically
abraded with 320, 400, 600, 800, 1000 and 1200egohetmery papers. These were then degreased edthree,
washed with double distilled water and dried intafore immersing in the corrosive medium.

The corrosive solution, 1.0 M HCI was prepared bytidn of analytical grade HCI of predeterminedrmality
with triple distilled water. The concentration rangf 1-Ethyl-4-phenyl-2,3-dihydro-1H-1,5-benzodipire2-one
(P1) used was 16M to 10° M. The volume of electrolyte used in each experinveas 100 ml.

2.2. Synthesis of inhibitors
To a solution of 4-phenyl-1,5-benzodiazepin-2-ohg (4.2 mmol) in DMF (20 ml) was added ethyl brden{0.46
g, 4.2 mmol), potassium carbonate (1 g, 7.4 mmud) & catalytic quantity of tetra-n-butylammoniunofmide. The
mixture was stirred at room temperature for 24 e $olution was filtered and the solvent removedienmeduced
pressure. The residue was recrystallized from ethtn afford the compound as yellow crystals in 7§%ld
(Scheme 2)
Ph
N CchHzBr

Ph
K,CO3 / DMF
B.T.B.A
N
K O

Scheme 2: Synthesis of 1-Ethyl-4-phenyl-2, 3-dihydflH-1, 5-benzodiazepin-2-one (P1)

Iz

The analytical and spectroscopic data are confayitairthe structure of compountibrmed.

(P1).Yield = 70%;M.p.363-36%K ; RMN'H (DMSO-d6) & ppm: 1.2 (t, 3H) ; 2.95 (d, 1H) ; 3.9 (q, 2H) ; 4.05 (d
1H) ; 7.00-7.9 (m, 9H).RMN**C (DMSO-d6) & ppm: 13.11 (CH); 35.85 (CH); 42.2 (NCH); 111.47- 129.64
(CHar); 127.17 (Car); 139.12 (Car); 141.49 (Ca#3.16 (C=N); 172,93 (C=0).

2.3. Experimental techniques

2.3.1. Weight loss measurements

Coupons were cut into 1.5x 1.5 x 0.05°alimensions having composition (0.09 % P, 0.01 %0488 % Si, 0.05 %
Mn, 0.21 % C, 0.05 % S and Fe balance) used faghtddss measurements. Prior to all measuremédmgxposed
area was mechanically abraded with 180, 400, 8000,11200 grades of emery papers. The specimengeateed
thoroughly with bid stilled water degreased ancatdinvith ethanol. Gravimetric measurements are edmwit in a
double walled glass cell equipped with a thermestatooling condenser. The solution volume is 106. cthe
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immersion time for the weight loss is 6 h at (30BKL In order to get good reproducibility, experime were
carried out in duplicate. The average weight loss wbtained. The corrosion rat@ (s calculated using the
following equation:

v=W/St (1)

Where W is the average weight loss, S the total,ared t is immersion time. With the corrosion redkeulated, the
inhibition efficiency (Ew) is determined as follows

Vo-

v
— X100 (2)

Ewilg =

WhereV, andV are the values of corrosion rate without and withibitor, respectively.

2.3.2. Electrochemical tests

The electrochemical study was carried out usingotemiostat PGZ100 piloted by Voltamaster softwarkis

potentiostat is connected to a cell with threetebele thermostats with double wall. A saturatesdow! electrode
(SCE) and platinum electrode were used as referandeauxiliary electrodes, respectively. Anodic aathodic
potentiodynamic polarization curves were plotted ablarization scan rate of 0.5mV/s. Before aflerikments, the
potential was stabilized at free potential durifign3in. The polarization curves are obtained froriG-&V to —200
mV at 308 K. The solution test is there after deategl by bubbling nitrogen. Inhibition efficiendgg %) is defined
as Equation3, where icorr(0) and icorr(inh) repn¢esmsrrosion current density values without andhwithibitor,

respectively.

icor(0)—icor(inh)

Eply =

x 100 (3)

icor(d)

The electrochemical impedance spectroscopy (ElSismrements are carried out with the electrochersigstem,
which included a digital potentiostat model VoltaBGZ100 computer at Ecorr after immersion in sofutvithout
bubbling. After the determination of steady-staierent at a corrosion potential, sine wave voltéidemV) peak to
peak, at frequencies between 100 kHz and 10 MHzsaperimposed on the rest potential. Computer progr
automatically controlled the measurements perforitetest potentials after 0.5 hour of exposureQ& B. The
impedance diagrams are given in the Nyquist reptatien. Inhibition efficiency (o) is estimated using the
relation 4, where ) and Rt(inh) are the charge transfer resistaatiges in the absence and presence of inhibitor,
respectively:

__ Rlinh)—Re(0)

ER% = ——=—x100  (4)

2.4. Quantum chemical calculations

Quantum chemical calculations were performed t@stigate the effect of structural electronic partanmseon the
inhibition efficiency of inhibitor. Geometric andeetronic structure of the inhibitor was calculatedthe complete
geometrical optimization in their neutral form. émder to estimate some of the previous desos, the
Koopmans’ theorem was used [30] to relate HDMO and LUMO energies to the IP and EA, respebti

IP = -Romo 5)
EA =-Bumo (6)

Then the electronegativity and the global dnass were evaluated, based on the finiterdice
approximation, as linear combinations of the caltad IP and EA.

IP + EA (7)
2
IP - EA
N —— ®
2

299



A. L. Essaghouankt al Der Pharma Chemica, 2016, 8 (2):297-305

RESULTS AND DISCUSSION

3.1. Weight loss measurements

Corrosion of mild steel in 1 M HCI containing difémt concentrations of 1-Ethyl-4-phenyl-2,3-dihyddd-1,5-
benzodiazepin-2-onéP1) was studied by weight loss measurements, thahéssuring the mass of metal turned
into corrosion products per unit area of surfaceupdt of time.

The corrosion ratepf in mg cn h' in the absence and presence of 1-Ethyl-4-phedybydro-1H-1,5-
benzodiazepin-2-on@1) was determined using the following equation:

_aw
p—At()

WhereAW is the average weight loss of the mild steel Bpens, A is the total area of mild steel specimed &is
the immersion time. The percentage inhibition éficy (E %) was calculated using the relationship:

E (%) =%x 100 (10)

Where and Wi are the weight loss values in the radisend presence of 1-Ethyl-4-phenyl-2,3-dihydredl bt
benzodiazepin-2-on@1). At this point, it is worth mentioning that all tdapresented below in Figures and Tables
related to corrosion rate and inhibition efficienayere calculated from weight loss measurements.

Table 1.weight loss mesurements of different conceation with and without presence of 1-Ethyl-4-phelyl-2,3-dihydro-1H-1,5-
benzodiazepin-2-one (P1)

Inhibitor Concentration | Corrosion rate | Efficiences
(M) (mg/cm2.h) %
1M HCI - 0.8200 -
10° 0.45 45
- 10° 0.27 67
Inhibitor (P1) 107 0.19 77
10° 0.08 90

It is clear that with the rise in 1-Ethyl-4-pher/B-dihydro-1H-1,5-benzodiazepin-2-o1fB1) concentration,
corrosion rate decreased and then the inhibitiinierficy increased. The highest inhibiting efficigrattained 90%
at 10°M.

3.2. Adsorption Isotherm

The adsorption of inhibitor molecules from aquesoiuition is a quasi-substitution process [31-32je Burface
protection of mild steel depends upon how the iiibmolecule will be adsorbed on the metal surfi88. The

degree of surface coverag®) @s function of concentratior€) of the inhibitor was studied graphically by fitgj it

to various adsorption isotherms to find the besbggtion isotherm. Langmuir adsorption isotherm ¥eamd to be
the best description for 1-Ethyl-4-phenyl-2,3-dinggd H-1,5-benzodiazepin-2-or@1) on mild steel in 1 M HCI
medium. According to this adsorption isotherén,is related to the inhibitor concentratiofi, and adsorption
equilibrium constantk .4 through the following expression:

c - i @
6 k

The plot ofC/6 versusC gave straight lines (Figure 1) with regression elas unity confirming that the adsorption
of 1-Ethyl-4-phenyl-2,3-dihydro-1H-1,5-benzodiaze@i-one(P1) on mild steel surface in 1M HCI medium obeys
the Langmuir adsorption isotherm. The free enefg@dsorption was calculated using the followingtiens:

1 ey

ads
K= ex
5855 bt RT

WhereR is the universal gas constafitjs the absolute temperatuf€,ysis the equilibrium constant for adsorption
process, and 55.5 is the molar concentration oémiatsolution (mol [%).
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Figure 4. Langmuir isotherm plots for the adsorptian of inhibitor on mild steel

Table 2. The calculated value of Ky and AG°,¢s for mild steel in 1 M HCI containing compound 1-Ehyl-4-phenyl-2,3-dihydro-1H-1,5-
benzodiazepin-2-one (P1) at 308

Inhibitor | Slope R? K ads AG®ads
MY | (kI moP)
P1 1.10131| 0.999] 1.261d -40.33

The calculated parameters are reported in the Tabegative values of th&G°ads reflect spontaneous adsorption
and strong interaction of inhibitory molecules be surface of the mild steel. In general, valuearofind or below
AG°ads -20 kJ.mélare compatible with physisorption and those araamahore negative than -40 kJ.mol-1 involve
chemisorptions [33].

3.3. Electrochemical impedance spectroscopy

In order to confirm the results extracted from weidoss and to acquire more information about csiom
mechanisms, EIS measurements were carried outratsamn potential. The obtained results after insirin 1 M
HCI with and without 1-Ethyl-4-phenyl-2,3-dihydrd411,5-benzodiazepin-2-or{@1) is presented in Figure 1.
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Figure 1. Nyquist plots of mild steel in 1M HCI inpresence of different concentrations of inhibitorsl-Ethyl-4-phenyl-2,3-dihydro-1H-1,5-

benzodiazepin-2-one (P1)

Table 3. Impedance parameter values for the corrosh of mild steel in 1M HCI

— Concentration R c E
Inhibitor (M) (Q.cn?) | (uficm?) | (%)
1M HCI - 14.57 200 -

10° 36 115 61

N 10° 83 25 82
Inhibitor (P1) 10° 105 20 86
10° 166 19 o1
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For Nyquist plots (Figure 1) it is clear that tinepedance diagrams in most cases does not shovepsefaicircle.

This behavior can be attributed to the frequenspelision [34-36]. As a result of roughness andoimdgenates of
the electrode surface. The impedance response stethsof characteristic semicircles for solutionaraied

indicating that the dissolutions of mild steel pres occurs under charge transfer control in othedsvunder
activation control and the presence of the inhibitoes not change the mechanism of the acid digsoluThese

semicircles are of a capacitive type whose diameitecrease with increasing inhibitor concentratibhe data
indicate that increasing charge transfer resistémessociated with a decrease in the double legpacitance and
increase in the percentage inhibition efficiency.

3.4. Potentiodynamic polarization measurements
Anodic and cathodic polarization curves for mildedtin 1M HCI with and without various concentrasoof used
inhibitor 1-Ethyl-4-phenyl-2,3-dihydro-1H-1,5-berdiazepin-2-on€P1) are shown in figure 2.

The values of electrochemical parameters associatiddpolarization measurements, such as corropmential
(Ecor), cOrrosion currents densitiegqf) and cathodic Tafel slop@d) are listed in Table 3.

Log I( mA /cnf)
T

T T T T T T T T T T T T T
-800 -700 -600 -500 -400 -300 -200
E (mV/ SCE)

Figure 2. Tafel plot of mild steel with differentconcentrations of 1-Ethyl-4-phenyl-2,3-dihydro-1H-15-benzodiazepin-2-one (P1) in 1 M
HCI solution

It is clear from the Figure 2, that both anodic ahatissolution and cathodic hydrogen reduction tieas were
inhibited when the 1-Ethyl-4-phenyl-2,3-dihydro-1lkB-benzodiazepin-2-or{®1) inhibitor was added to 1M HCI.
The corrosion potential is almost unchanged. Theosmn current density as well as corrosion rdteniid steel
considerably reduced in the presence of the irdribit

Table 3. Polarization parameters and corresponding inhibition efficiency for the corrosion of the mild steel inLM HCI without and with
addition of various concentrations of 1-Ethyl-4-phayl-2,3-dihydro-1H-1,5-benzodiazepin-2-one (P1) &08k

Inhibitor Concentration -Ecorr | corr -Be E
(M) (mV/ECS) | (uA/lem?) | (mV/dec) | (%)
1M HCI - 455 1205 187 -
10° 457 451 138 63
Inhibitor (P1) 10° 459 269 148 78
107 453 205 155 83
10° 450 101 152 92

The results are indicative of the adsorption ofbithr molecules on the mild steel surface. Thelition of both
anodic and cathodic reactions is more marked with ihcreasing inhibitor concentration while the rosion
potential nearly remained the same in comparisah egrrosion potential observed in blank solution.

These results indicate that the 1-Ethyl-4-phengtdihydro-1H-1,5-benzodiazepin-2-on@1) is a mixed-type
inhibitor for the corrosion of mild steel in 1M H{37-38].
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3.5. Molecular geometries

The use of quantum chemical calculations is verpartant in establishing the correlation between enalar
structure and corrosion inhibition efficiency. Téfectiveness of an inhibitor is related to itstsdaand electronic
molecular structures [39]. The obtained molecularcture and HOMO and LUMO orbitals of the neuirddibitor

molecule by DFT/B3LYP/6-31G(d, p) [40-41] obtainedm the DFT calculations are givenfigure 3.

-Figure 3. Optimized structures of 1-Ethyl-4-phenyl2,3-dihydro-1H-1,5-benzodiazepin-2-one (P1)
After the analysis of the theoretical results aledi, we can say that the molecule have a non-pinature.

The smaller gapAE) between Fowo and Eymo is the more probable to donate and accept electidre values of
AE in Table 4, suggesting the strongest abilityhaf $ynthesized inhibitor to form coordinate bondth \@-orbitals
of metal through donating and accepting electrinis, good agreement with the experimental res@ltslitionally,
for the dipole momentu, higher value ofi will favor the enhancement of corrosion inhibitig2-43]. From Table
4, the value of. is higher, which is also in agreement with theezikpental results mentioned above.

Table 4. Calculated qguantum chemical parameters dhe compound 1-Ethyl-4-phenyl-2,3-dihydro-1H-1,5-bnzodiazepin-2-one (P1)

Quantum Parameters | Inhibitor (P1)
Total energy (eV) 22931.8

E homo (eV) -5.8607

E Lumo (eV) -1.8087
AEgap (eV) 5.089

u (debye) 2.9428

IE (eV) 5.8607

EA (eV) 1.8087

¥ (eV) 3.8347

n (eV) 2.0260

The optimized geometries of the studied compoumdshe neutral form including their HOMO and LUMO
distributions density are shown in Figure 4.

Inhibitor HOMO LUMO

1-Ethyl-4-phenyl-2,3-dihydro-1H-
1,5-benzodiazepin-2-one (P1)

Figure 4.The frontier molecular orbital density digribution of 1-Ethyl-4-phenyl-2,3-dihydro-1H-1,5-benzodiazepin-2-one (P1)
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CONCLUSION

The synthesized inhibitor 1-Ethyl-4-phenyl-2,3-ding-1H-1,5-benzodiazepin-2-ong1) characterized byH-
NMR, and mass spectral studies. It was found thateffective corrosion inhibitor. The results obé& from the
mass loss measurements were in good agreementheigle obtained from the potentiodynamic polarizatad
EIS methods. The process obeyed the Langmuir atisorigotherm. The selection of parameters is ipanant
step in theoretical study. The relationship betw#en parameter(s) and activity should be strong, therefore
efficiency predictions will be more promising. Sttural and electronic parameters from the quantherical
calculations are correlated well to the experimigntibtained inhibition efficiencies.
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