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Abstract 

The Inhibition of the corrosion of pure aluminium in 3.5% NaCl aqueous solution using 

ampicillin has been studied using potentiodynamic polarization and scanning electron microscopy 

(SEM) techniques. It was found that the ampicillin effectively reduces the aluminium corrosion in 

the saline solution. Inhibition efficiency (%IE) is increased as the inhibitor concentration increases; 

on the other hand, (%IE) is decreased when the temperature increases. The adsorption of inhibitor 

on metal surface was spontaneous and follows Langmuir adsorption isotherm. Quantum mechanical 

has been accomplished using B3LYP/6-31G basis set method to ascertain any correlation between 

the inhibitive effect and molecular structure of ampicillin. 
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Introduction 

Aluminum is an important metal in industry 

owing to its many excellent characteristics 

including its good electrical and thermal 

conductivities, low density, high ductility, and 

good corrosion resistance. It is widely used as 

a material for automobiles, aviation, household 

appliances, and containers [1]. In spite of these 

attractive properties of aluminium, in the 

presence of aggressive ions, like chloride, the 

protective layer can be locally destroyed and 

corrosive attack takes place [2]. Corrosion 

control and prevention are unavoidable major 

scientific issues that must be addressed daily 

as far as there are increasing applications of 

metallic materials in all facets of technological 

development [3]. 

The main corrosion issue with aluminium 

and its alloys is the localized breakdown of the 

passive film, which leads to the initiation and 

growth of corrosion pits in chloride medium 

[4]. Using inhibitors is an effective method to 

reduce corrosion rate [5].Chemical inhibitors 

play an important role in the protection and 

mitigation strategies for retarding corrosion 

[6]. Corrosion inhibitors generally organic 

compounds containing N, O, S heteroatoms 

ormstructures containing π electrons in their 

molecules[7]. Inhibitors decrease the corrosion 

rate by adsorbing on the metal surface and 

blocking the active sites by displacing water 

molecules and form a compact barrier film on 

the metal surface [8]. The choice of some of 

the drugs used as corrosion inhibitors is based 

on the following facts (a) the molecules have 

oxygen, nitrogen and sulphur as active centers, 

(b) they are healthy and reportedly very 

important in biological reactions (i.e. not 

hazardous and environmentally friendly) and 

(c) they can be easily produced and 

purified[9]. The present work study the 

corrosion protection action of Ampicillin on 

aluminium in 3.5% NaCl aqueous solution 

using electrochemical techniques. Ampicillin 
(6-[2-amino-2-phenylacetamide] penicillanicacid), 
Fig.(1). The molecule is big enough 

(Molecular Mass: 349.40 g mol-1) and 

sufficiently planar to block more surface area 

(due to adsorption) on aluminium. These 

factors favor the interaction of AMP with the 

metal surface. As far as we know no concrete 

report has been published for aluminium 

corrosion inhibition by AMP in saline aqueous 

solution. 

The aim of the present work is to  

study inhibiting action of ampicillin on 

aluminium metal in 3.5% of aggressive NaCl 

aqueous solution in various concentrations. 

Thermodynamic parameters such as enthalpy, 

entropy and Gibbs free energy for adsorption 

were obtained from the experimental  

data of the inhibition process at different 

temperatures, and pre-exponential factor  

at various inhibitor concentrations were 

calculated. The effect of activation energy on 

the corrosion rate of aluminium was discussed.  

The inhibition mechanism has been also 

discussed based on the electron orbital density 
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distribution of highest occupied molecular 

orbital (HOMO), lowest unoccupied molecular 

orbital (LUMO), energy gap, dipole moment, 

and total energy of ampicillin molecule.  

 

 
Fig.(1) The chemical Structure of ampicillin. 

 

Experimental 

Materials and Sample Preparation 

The aluminium sample selected for the 

study was of high purity (99.99 %). Prior to 

each electrochemical experiment, the test 

specimen was polished with emery paper in 

different grades (320, 500,1000, 2400,4000) 

with diamond product spray (DP Spray, HQ, 

High quality diamond product (struers)) that 

contain ethanol with different size of diamond 

particles (1µm,3µm,6µm,9µm), then washed 

with acetone and finally rinsed with distilled 

water. The aggressive solution of sodium 

chloride (AR grade) supplied from 

(EDUTEK), was used for this study. 

Ampicillin (99% purity), with chemical 

formula, C16H19N3O4S, (Ampicillin sodium 

salt trihydrate powder) was purchased from 

Samarra Drugs Manufacture and used without 

further purification. Distilled water was used 

for the preparation of all solutions. In each 

experiment, 3.5% NaCl solution was freshly 

prepared as required while the concentrations 

of the inhibitor (ampicillin) were (1.5×10-4, 

3×10-4, 4.5×10-4, 6×10-4 and7.5×10-4 M). 

 

Potentiodynamic Polarization Measurements 

The working electrode (WE) used in this 

study was pure aluminum, the reference 

electrode (RE) was Saturated Calomel 

Electrode (SCE), the auxiliary electrode was 

platinum type. The specimen holder (working 

electrode), together with the reference and 

auxiliary electrodes were inserted in their 

respective positions in the electrochemical cell 

used that was made of glass, The reference 

electrode was fixed about 1mm away from the 

surface of the specimen to be tested. The 

aerated and stirred electrolyte used with the 

volume of 1L. 

Constant potentials (anodic or cathodic) can 

beimpressed on the specimen, by using the 

potentiostat (WENKING MLab multichannel 

and SCI-MLab corrosion measuring system 

from Bank Electronics- Intelligent controls 

GmbH, Germany 2007). This potentiostat is 

able to induce a constant potential ranging 

from –2V to +2V, for the standard reference 

electrode used in this study. The potential 

difference between the working electrode 

(WE), the reference electrode (RE), and any 

current passing in the circuit of the working 

electrode and auxiliary electrode can be 

automatically recorded by using the MLabSci 

computer software using Window XP. The 

scan rate can be selected also. In the tests, cell 

current reading was taken during a short, slow 

sweep of the potential. The sweep was taken 

from -200mV to +200mV relative to open 

circuit potential (OCP). The scan rate defines 

the speed of potential weep in mV/sec. in this 

range.  

 

Quantum Chemical Calculations 

Quantum calculations were implemented in 

Gaussian 09W program package using the 

density functional theory (DFT) with Beck’s 

three parameter exchange functional along 

with Lee-Yang-Parr non-local correlation 

functional (B3LYP) with 6–31G basis set. The 

energy of the highest occupied molecular 

orbital (EHOMO), the lowest unoccupied 

molecular orbital (ELUMO), energy gap (ΔE), 

dipole moment (μ), and total energy (ET) of 

the inhibitor were calculated by the above 

given computer code package. 

 

Scanning Electron Microscopy (SEM) 

Analysis 

The scanning electron microscope images 

of the aluminium samples were recorded via 

FEI Inspect-S50 scanning electron 

microscope. 
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Results and Discussion 

Potentiodynamic Polarization Measurements 

Tafel Polarization 
The electrochemical results of aluminium 

sample in inhibited and uninhibited solutions 

are presented in Fig.(3) and listed in Table(1). 

The data obtained including the corrosion 

potential (Ecorr), and corrosion current 

densities (icorr), the anodic (ba) and cathodic 

(bc) Tafel slopes in 3.5% of NaCl aqueous 

solution for various concentrations of 

ampicillin at different five temperatures 

ranging (283-323 K). Results of the cathodic 

and anodic curves demonstrated a Tafel  

type behavior. The presence of ampcillin 

significantly changes both anodic (ba), and 

cathodic (bc) region compared to the absence 

of inhibitor. These results agreed with Singh et 

al. [10]. Thus, cathodic and anodic reactions 

were interfered in the presence of ampicillin. 

This implies that the ampicillin showed an 

effective inhibition on cathodic hydrogen 

reduction reaction, and anodic dissolution of 

aluminium. Also, the results indicate that 

ampicillin acts as a mixed type inhibitor. This 

can be explained on the basis of specific 

adsorption of ampicillin and on the basis of the 

competitive adsorption between the ampicillin 

and chloride ions on the aluminium surface, 

that causes retard the chloride ions destructive 

action. Apparently, the bond between the 

surface atoms of the metal and the adsorbed 

inhibitor anions is strong, which can inhibit 

oxidation [11]. The corrosion potential (𝐸corr.) 

shifted to the more negative values in the 

presence of inhibitor. From Table (1), it is 

clear that the corrosion current density (icorr.) 

decreases with increasing concentrations of 

ampcillinin3.5% of NaCl aqueous solution. On 

the other hand, (icorr.) increases with increasing 

temperatures. 

Anodic and cathodic processes of 

aluminium corrosion in saline solution are 

dissolution of aluminium and reduction of 

dissolved oxygen, respectively [12]. 

 

4Al → 4Al3++ 12e−          (anodic)  .............. (1)  
 

3O2+ 6H2O + 12e−→ 12OHˉ  (cathodic)  ..... (2) 

 

Therefore, aluminium ions (Al3+) react with 

hydroxide ions (OH−) to form aluminum 

hydroxide near the aluminium surface as 

follows: 

 

4Al + 3O2+ 6H2O → 4Al(OH)3  .................. (3) 
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Fig.(3) Polarization curves for the corrosion of pure aluminium without,  

with various concentrations of ampicillin in 3.5% of NaCl aqueous  

solution at different temperatures. 
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Table (1) 

Potentiodynamic polarization parameters for pure aluminium without and with various 

concentrations of ampicillin in 3.5% of NaCl aqueous solution at different temperatures. 
 

in
h

ib
it

o
r 

C
o
n

c.
 

[M
] T 

[K] 

-Ecorr 

[mV] 

Icorr 

[μA/cm2] 

-bc 

[mV/Dec] 

ba 

[mV/Dec] 
θ %IE 

Rp/103 

[Ω/cm2] 

3
.5

%
 

N
a
C

l 

(B
la

n
k

) 

0
 

283 642.8 13.33 146.8 41.9 - - 1.06 

293 651.0 16.42 164.2 54.6 - - 1.08 

303 655.9 36.65 165.1 96.2 - - 0.72 

313 660.1 47.88 337.5 100.1 - - 0.70 

323 686.4 54.47 385.7 104.2 - - 0.65 

A
M

P
. 

1
.5

×
1
0

-4
 

283 595.0 3.72 149.1 48.6 0.72 72.09 4.28 

293 633.0 4.78 289.2 52.3 0.71 70.91 4.03 

303 647.0 11.98 305.0 73.0 0.67 67.32 2.14 

313 658.7 17.10 358.8 99.2 0.64 64.29 1.97 

323 662.2 19.90 419.0 105.2 0.63 63.47 1.83 

3
×

1
0

-4
 

283 639.6 3.49 142.2 48.3 0.74 73.82 4.49 

293 646.2 4.46 229.6 56.2 0.73 72.81 4.39 

303 655.2 11.31 233.7 75.0 0.69 69.12 2.18 

313 679.2 15.37 316.3 90.5 0.68 67.89 1.99 

323 690.8 17.90 402.3 100.4 0.67 67.12 1.95 

4
.5

×
1
0

-4
 

283 647.3 2.36 130.2 33.7 0.82 82.30 4.93 

293 651.8 3.24 135.3 49.0 0.80 80.28 4.84 

303 664.2 8.57 138.1 69.9 0.77 76.62 2.35 

313 686.3 11.31 241.1 75.6 0.76 76.38 2.21 

323 696.1 14.48 367.0 93.7 0.73 73.41 2.24 

6
×

1
0

-4
 

283 648.1 2.12 128.4 30.3 0.84 84.10 5.02 

293 658.5 2.89 123.5 45.0 0.82 82.39 4.95 

303 676.4 7.74 126.8 66.4 0.79 78.87 2.44 

313 688.2 11.12 224.1 78.4 0.77 76.79 2.27 

323 698.0 13.22 382.6 84.6 0.76 75.73 2.28 

7
.5

×
1
0

-4
 

283 655.6 1.92 118.1 28.2 0.86 85.60 5.15 

293 667.2 2.51 102.4 45.3 0.85 84.71 5.43 

303 679.1 5.67 112.4 51.9 0.85 84.54 2.72 

313 690.4 8.85 173.4 65.8 0.82 81.51 2.34 

323 715.5 10.64 302.7 71.0 0.80 80.47 2.35 

 

Polarization Resistance 

The polarization resistance (Rp) was 

calculated using Stern‒ Geary equation [13]:  
 

Rp =
ba.bc

2.303 (ba+bc) icorr

 ..................................  (4) 

where ba, bc are the anodic and cathodic 

Tafel slopes respectively, and icorr is the 

corrosion current density. Table (1) shows 

values of the polarization resistance  

RP(Ω cm2) of aluminium in 3.5% NaCl 
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aqueous solution over the experimental 

solution concentrations of ampicillin and 

temperatures. The results indicate that the Rp 

values decreased with increasing temperature, 

and increased with increasing concentration of 

ampicillin. The increase in the Rp value 

suggests that the inhibition efficiency 

increases with increase in the inhibitor 

concentration, while the decreases of Rp value 

with increasing temperature suggests that the 

inhibition efficiency decreases with increasing 

temperature this confirm a physical adsorption 

of ampicillin on aluminium surface. 

 

Surface coverage and inhibition efficiency 

The degree of surface coverage (θ) and  

inhibition efficiency (%IE) of the aluminium 

in 3.5% NaCl in the presence of ampicillin 

with different concentrations and five 

experimental temperatures were calculated 

using equations 5 and 6 respectively and the 

results are given in Table 1. 
 

θ = 1- (i2/i1)  ...................................................... (5) 
 

% IE = 100 × [1- (i2/i1)]  .............................. (6) 

 

Where i1 and i2, are the corrosion current 

densities in the absence and presence of 

ampicillin in 3.5 % of NaCl aqueous solution 

respectively [12]. 

Generally For a physical adsorption 

mechanism, inhibition efficiency of an 

inhibitor decreases with temperature, while for 

a chemical adsorption mechanism, values of 

inhibition efficiency increase with temperature 

[9]. The inhibition efficiency values Table (1) 

showed that the Ampicillin acted as very 

effective corrosion inhibitor for aluminiumin 

3.5% NaCl aqueous solution. The capacity of 

inhibition increased with increasing 

concentration. The maximum inhibition 

efficiency reaches to (85%) at the 

concentration of 7.5×10-4mol L-1 AMP. 

However, the inhibition efficiencies of 

ampicillin decreases at increasing temperature 

indicating that ampicillin is a physical 

adsorption inhibitor for aluminium. 
 

Kinetic parameters 

Arrhenius equation was used (equation 7) 

to study the effect of temperature on the 

inhibited corrosion reaction of aluminium, [14] 

Log icorr.= log A – Ea/ R T  ........................... (7) 
 

where Ea is the energy activation of the 

corrosion reaction (kJ mol-1) and A is the  

pre-exponential factor (inmolecules cm-2 s-1), 

R is the gas constant and T is the temperature 

(Kelvin).  

Values of Ea were derived from the slopes 

of linear relationship between (log icorr) versus 

(1/T), Fig.(4), while (A) obtained from the 

intercepts. The entropy of activation (ΔS*) is 

related to the pre-exponential factor (A) as 

[15]: 
 

A = k T/ h exp(ΔS*/ R)  ............................... (8) 
 

Where k is Boltzmann constant, T the 

temperature in (Kelvin), and h is Plank’s 

constant. Table (2) shows the values of the 

activation energy (Ea), pre-exponential factor 

(A), and entropy of activation (ΔS*) of 

aluminium in the absence and presence of 

various concentrations of ampicillin. All Ea 

values are higher than the value of the blank 

(29.674 kJ/mol) indicating that the corrosion 

reaction of aluminium is retarded by 

ampicillin. It also supports the phenomenon of 

physical adsorption [16]. 

 

 
 

Fig.(4) Arrhenius plots of log icorr versus 1/T 

for aluminium in 3.5% NaCl aqueous 

solution in the absence and the presence of 

different concentrations of AMP. 
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Table (2) 

Activation energy (Ea), pre exponential factor (A), and the entropy of activation (ΔS*) for the 

corrosion of pure aluminum in 3.5% NaCl aqueous solution in the absence and presence of 

different concentration of AMP at different temperatures. 
 

inhibitor 
Conc. 

[M] 

T 

[K] 
R2 

Ea 

[kJ.mol-1] 

A 

[molecule.cm-2.s-1] 

Δs* 

[J.K-1.mol-1] 

NaCl 

blank 
0 

283 

0.934 29.674 2.414×1025 

241.485 

293 241.196 

303 240.917 

313 240.647 

323 240.386 

AMP. 

1.5×10-4 

283 

0.941 34.425 4.378×1025 

246.437 

293 246.148 

303 245.869 

313 245.599 

323 245.337 

3×10-4 

283 

0.935 

 
35.336 4.745×1025 

247.105 

293 246.816 

303 246.537 

313 246.267 

323 246.006 

4.5×10-4 

283 

0.948 35.700 7.389×1025 

250.789 

293 250.500 

303 250.221 

313 249.951 

323 249.689 

6×10-4 

283 

0.944 37.258 1.083×1026 

253.967 

293 253.679 

303 253.399 

313 253.129 

323 252.868 

7.5×10-4 

283 

0.962 38.243 1.470×1026 

256.510 

293 256.221 

303 255.942 

313 255.672 

323 255.411 

 

Adsorption Consideration and 

Thermodynamic parameters 

The primary step in the action of inhibitors 

is their adsorption on the metal surface. The 

adsorbed inhibitor then acts to retard the 

cathodic and/or anodic electrochemical 

corrosion reaction. Basic information on the 

interaction between the inhibitor and the 

aluminium surface can be provided by the 

adsorption isotherm. In this study, Langmuir 

adsorption isotherm was found best for 

describing the adsorption behavior of 

Ampicillin on the aluminium in 3.5% NaCl 

aqueous solution. Langmuir adsorption 

isotherm is described by the following 

equation [5]:  
 

[θ/(1-θ)]=Kads [Cinh]  .................................... (9)  
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where Kads is the equilibrium constant of 

the adsorption process, θ is surface coverage 

and Cinh is the inhibitor concentration. 

The dependence of the fraction Cinh/θ as a 

function of Cinh for AMP is shown Fig.(5). The 

obtained plots of the inhibitor are almost 

linear. The equilibrium constant of adsorption 

Kads is related to the standard free energy of 

adsorption ΔGads, according to the following 

equation [18]:  
 

Kads=1/55.5 exp (-ΔGads./RT)  .................... (10) 
 

Where 55.5 is the concentration of water in 

solution expressed in M, and R is the gas 

constant, T is the absolute temperature. 

Generally, the values of ΔGads. around  

-20 kJ mol-1 or less negative are consistent 

with electrostatic interaction (physisorption), 

while those -40 kJ mol-1 and more negative 

involve electron transfer to form chemical 

bond (chemisorptions) [19]. The higher value 

of the equilibrium constant which obtained 

from the Langmuir isotherm is (Kabs= 17486 L 

mol-1). The high value of Kads for (AMP.) 

indicates stronger adsorption on the aluminium 

surface in 3.5% NaCl aqueous solution. The 

calculated value of ΔGads was (-36 KJ mol-1) 

which is consistent with the spontaneity of the 

adsorption process of AMP and the stability of 

the adsorbed layer on the aluminium surface. 

The later value is negatively less than the 

threshold value of -40 KJ.mol-1, which is 

required for chemical adsorption. The value of 

ΔGads. obtained in this work indicates that the 

adsorption of AMP is not merely physisorption 

nor chemisorption. Therefore, this value of 

ΔGads confirms that the adsorption of AMP is 

not a simple physisorption but it may involve 

some other interactions [20]. Thus, the 

mechanism of corrosion inhibition of 

aluminium in saline aqueous solution by AMP 

could be explained on the basis of adsorption 

on the metal surface. Physisorption originates 

from electrostatic interactions of charged 

molecules with positively charged surface 

metal while chemisorption involves donor–

acceptor interactions between π electrons of 

aromatic molecules and free electron pairs  

of heteroatoms (N, S, and O) and vacant  

d-orbitals of metal atoms to form coordinate 

type bond [21]. Therefore, the nature of 

interactions between the metal and AMP. 

molecules are physisorption and 

chemissorption adsorption or mixed mode of 

adsorption may occur. 

 

Fig.(5) Langmuir isotherm plot for the 

adsorption of AMP. on the surface of 

Alumimium. 

 

Table (3) 

Thermodynamic parameters for adsorption of 

the inhibitors on the surface of pure 

aluminum in 3.5% NaCl aqueous solution. 
 

In
h

ib
it

o
r 

T
 

[K
] 

R
2
 

K
a
d
s 

[M
-1

] 

-Δ
G

a
d
s 

[k
J

.m
o
l-1

] 

-Δ
S

a
d
s 

[J
.K

-1
m

o
l-1

] 

-Δ
H

a
d
s 

[k
J

.m
o
l-1

] 

A
M

P
. 

283 0.998 17486 32.444 

8
7

.4
0
0
 

57.177 

293 0.998 16564 33.458 59.066 

303 0.993 12223 33.834 60.316 

313 0.996 12617 35.033 62.390 

323 0.996 12034 36.026 64.256 

 

Finally, Thermodynamic parameters were 

obtained from Gibbs-Helmholtz equation 

according to the following equation [22]:  
 

ΔGads = ΔHads - TΔSads. .............................. (11) 
 

Plots of ΔGads vs. T gave straight lines of 

slope ΔSads.as shown in Fig.(6).The negative 

value of ΔHads means that the adsorption 

process is an exothermic phenomenon. It is 

assumed that an exothermic process is 

attributed to either physical or chemical 

adsorption but endothermic process 

corresponds solely to chemisorption. In an 

exothermic process, physisorption is 

distinguished from chemisorption by 

considering the absolute value of ΔHads. 

For a physisorption process ΔHads is  

lower than 40 kJ mol−1 while the adsorption 

0

0.0001

0.0002

0.0003

0.0004

0.0005

0.0006

0.0007

0.0008

0.0009

0.001

0 0.0002 0.0004 0.0006 0.0008

[C
in

h
]/
θ

[C inh]

283K

293 K

303 K

313 K

323 K



Journal of Al-Nahrain University                 Vol.18 (3), September, 2015, pp.50-61                                          Science 

58 

heat of a chemisorption process approaches 

100 kJ mol−1. In this study; the average value 

of adsorption heat is (-60.641 kJ mol−1) this 

support mixed mode of adsorption of AMP. on 

aluminium surface [23]. 

The negative values of ΔSads indicate that 

the adsorption is a process accompanied by a 

reduction in entropy. The negative values of 

might be explained in the following way: 

before the adsorption of inhibitor onto the 

aluminium surface, inhibitor molecules might 

freely move in the bulk solution but with the 

progress in the adsorption, inhibitor molecules 

orderly adsorbed onto the aluminium surface, 

as a result, a decrease in entropy [24] . 

 

 
Fig.(6) The variation of Gibbs free energies 

(ΔGads) with temperature. 
 

Theoretical calculations  

Quantum chemical methods have already 

proven to be very useful in determining the 

molecular structure as well as explain the 

electronic structure and reactivity [25]. So, it 

has become a common practice to carry out 

quantum chemical calculations in corrosion 

inhibition studies. 

Some quantum chemical parameters, which 

influence the electronic interaction between 

atoms of surface and inhibitor are the energy 

of the highest occupied molecular orbital 

(EHOMO), the energy of the lowest unoccupied 

molecular orbital (ELUMO), the energy gap 

ELUMO- EHOMO (ΔE), dipole moment (μ) and 

total energy (TE) which are listed in Table (4). 

These quantum parameters were obtained 

often complete the optimization of molecular 

model of AMP. (See Fig.(7)). 

 

 
Fig.(7) Optimized structure of ampicillin. 

 

Table (4) 

Quantum parameters of AMP. 
 

Quantum Parameters Values 

TE (eV) -40379.9065 

EHOMO (eV) -6.0145 

ELUMO (eV) -2.8588 

ΔEgap (eV) 3.1557 

μ (Debye) 4.2155 

 

High values of EHOMO indicate a tendency 

of the molecule to donate electrons to 

appropriate acceptor molecules with low-

energy, empty molecular orbital. Increasing 

values of the EHOMO facilitate adsorption (and 

therefore inhibition) by influencing the 

transport process through the adsorbed layer. 

The energy of the ELUMO indicates the ability 

of the molecule to accept electrons. The lower 

the value of ELUMO, the more probable, it is 

that the molecule would accept electrons [26]. 

As for the values of ΔE (ELUMO-EHOMO) 

concern; lower values of the energy difference 

ΔE will cause higher inhibition efficiency 

because the energy to remove an electron from 

the last occupied orbital will be low [27]. For 

the dipole moment (μ), lower values of μ will 

favor accumulation of the inhibitor in the 

surface layer, these results agreed with Issa et 

al. [28]. 

Furthermore, the gap between the LUMO 

and HOMO energy levels of the molecule was 

another important factor that should be 

considered. It has been reported that excellent 

corrosion inhibitors are usually those organic 

compounds that are not only offer electrons to 

unoccupied orbital of the metal but also accept 

free electrons from the metal [29]. Table (4) 

indicated that AMP has the negative value for 

EHOMO. This confirms the experimental results 

that interaction between AMP and aluminium 

is electrostatic in nature (physisorption) [26]. 

y = -0.0874x - 7.6785
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Scanning electron microscopy 

Scanning electron microscopy of the 

aluminium samples after potentiostast 

examination is presented in Fig.(8). The SEM 

study shows that the inhibited alloy surface is 

found smoother than the uninhibited surface. 

Fig.(8,c) illustrates that there was much less 

damage on the aluminium surface in the 

presence of 7.5×10-4M of AMP., Accordingly, 

it concluded that the adsorption film was able 

to efficiently retard the corrosion of the 

aluminium. 
 

 
a 

 
b 

 
c 

Fig.(8) Scanning electron micrographs of  

(a) Polished Al alloy, (b) 3.5% NaCl  

(c) in presence of 7.5×10-4 M AMP. 

Conclusion 

Results obtained from potentiodynamic 

polarization technique show that ampicillin 

acted as an effective corrosion inhibitor for 

aluminum alloy in sodium chloride aqueous 

solution with percentage inhibition efficiency 

obtained 85% at 7.5×10-4 mol L-1 AMP. 

Polarization result shows that ampicillin acted 

as a mixed type corrosion inhibitor; adsorption 

on the aluminum alloy surface obeys 

Langmuir’s adsorption isotherm. The negative 

values of ΔGads show the spontaneity of the 

adsorption. Theoretical study confirms that 

ampicillin can act as inhibitor and showed 

good agreement with experimental results. 

Scanning Electron Microscopy (SEM) shows a 

smoother surface for inhibited alloy samples 

than uninhibited samples due to formation of 

protective barrier film. 
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 الخلاصة
 محلول في لمنيومالأ تاَكل تثبيط دراسة تم البحث هذا في
 تم الأمبسلين. عقار بأستخدام ٪3.5 بتركيز الصوديوم كلوريد

 المجهر الكهربائية، الطريقة وهي مختلفة تقنيات أستخدام
 مؤثرة بصوره يقلل الأمبسلين ان وجد وقد. الماسح الألكتروني

 المثبط كفاءة ان ووجد الملحي المحلول في الألمنيوم تآكل
 الحرارة. درجة بأزدياد وتقل الأمبسلين تركيز بزيادة تزداد

 الى ويخضع تلقائيا كان المعدن سطح على المثبط امتزاز
 بأستخدام حُسبت الكمية القيم بعض لانكماير. ايزوثيرم
 بين للربطB3LYP/6-311G  مستوى وعند  DFTطريقة
 لأمبيسلين.ل الجزيئي والتركيب التثبيطي التأثير
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 


