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Abstract 
The inhibition ability of two newlysynthesized isatin derivativesnamely N-benzyl-5-bromo isatin derivatives which are N-benzyl-
5-bromo-3-[(imine aceto) urea]-2-oxo indole (5IBO) and N-benzyl-5-bromo-3-[(imine aceto) thiourea]-2-oxo indole (5IBS) 
toward carbon steel corrosion in 3.5% NaCl solution was evaluated using potentiodynamic polarization and Scanning Electron 
Microscopy (SEM) measurements. Polarization curves showed that the evaluated compounds acted as mixed inhibitors. The 
adsorption of the evaluated inhibitors obeys the Langmuir adsorption isotherm. Scanning Electron Microscope (SEM) plots 
indicated that the presence of the inhibitors increases the charge transfer resistance of the corrosion process, and increasing 
the inhibition efficiency. The experimental data showed that the 5IBSisatin derivative is a better corrosion inhibitor than the 
5IBO. 

 
Keywords: Corrosion inhibitor, Isatin derivatives, 3.5% NaCl solution. 
 
1. Introduction 
Isatin is one of a new class of heterocyclic compounds with important applications [1,2] and can be prepare by many 
methods. Sandmeyer method [3,4] was the oldest and most important in the preparation of isatin but this method was 
limited by Jnaneshwara [5]. Regarding isatin derivatives, nitro-isatin derivatives can be prepared by using the sulfonitric 
mixture yields 5-nitroisatin [6]. Preparation of bromo-isatin derivatives achieved by two methods first in alcohols gives 5,7-
dibromo-3,3-dialkoxyoxindoles in an acid catalyzed ketalization of the halogenated isatin [7], and the second method to 
produce monobromoisatin at position 5, (at least on a micro scale) by the use of N-bromoacetamide in acetic acid medium 
[8]. Alkylation and arylation of isatin, in general,gives another class of derivatives, these type of isatin derivatives are 
commonly synthesized from the reaction of alkyl halides or sulphates with the sodium salt of isatin [9,10]. Isatin and isatin 
derivative have more applications like antibacterial, antifungal, anticonvulsant, anti-HIV, anti-depressant, and anti-
inflammatory, anti-cancer [9-12]. Isatin derivative is more effective compounds, and they are the most frequently used as 
corrosion inhibitors [13,14] because they contain oxygen, nitrogen, in addition to the aromatic ring, this could  increase the 
ability of adsorption and for being a good inhibitor. Corrosion of metallic surfaces [15] can be controlled or reduced by the 
addition of inhibitor compounds. The corrosion inhibitor is one of the effective and economic ways important andmost 
commonly used to protect metals when added at specific concentrations to the medium ofcorrosion lead to a decrease or 
prevent corrosion. The inhibiting efficiency of the corrosion inhibitor depends on many factors which include the number of 
adsorption actives center in themolecule and their chargedensity, theelectronic structure of inhibiting molecules, steric 
factor, aromaticity, electron density at donor molecule,size, mode of adsorption and formation of themetalliccomplex[16-
17].The aim of this work is to synthesize two new derivatives of N-benzyl-5-bromo isatin namelyN-benzyl-5-bromo-3-
[(imine aceto) urea]-2-oxo indole (5IBO) and N-benzyl -5-bromo-3-[(imine aceto) thiourea]-2-oxo indole (5IBS), and to 
studytheir inhibition efficiencies on carbon steel corrosion in 3.5% NaCl solution using potentiodynamic polarization 
curves tests and Scanning Electron Microscopy (SEM) measurement. The experimental results were corroborated by 
theoretical data done in a previous work [18], at which the two derivatives were chosen theoretically among seven new 
prepared derivatives of N-benzyl-5-bromoisatin as a better corrosion inhibitors than the others, proving the reliability of the 
theoretical calculations prior to selecting the best possibility of inhibition compounds to be prepared as a corrosion inhibitor 
without the need for weight loss measurements and thereby reduce the economic cost of conducting such research.  
 
2. Experimental details 
2.1. Synthesis 
2.1.1. N-benzyl-5-bromoisatin [19] 
(2g, 8.8mmol) of 5-Bromo-isatin (indole-2,3-dione) was dissolved in (9ml) dimethylformamide (DMF) then transferred to a 
round bottom flask (50ml), cooled to (0 0C), then add a small amount of sodium hydride cautiously with stirring (0.192g, 
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0.88mmol). Then (0.92ml, 8.8mmol) of benzylchloride was added to the solution.The resulting mixture was stirred at room 
temperature forapproximately(4hrs), then refluxed for (8hrs).The reaction mixture was cooled and poured gradually onto 
crushed ice (a little amount of concentrated sulfuric acid (three drops) was added). The solid obtained was filtered off and 
recrystallized from ethanol to give the product as deep orange crystals, with yield 93% and m.p. (127-129) 0C. 
 
2.1.2.N-benzyl-5-bromo-3-(Ethyl imino acetate)-2-oxoindole [20] 
(2g, 6.3mmol) of (N-benzyl-5-bromrisatin) was added to an aqueous solution of (10ml) dimethylformamide (DMF) 
containing ethyl glycinate (1.045g, 7.9mmol), then (4-5) drops of glacial acetic acid was added. The mixture was refluxed 
for (12hrs) at the range of heat (50-60)0C, then the precipitate was left some time until reachingroom temperature, poured 
into an ice water, (a little amount of concentrated sulfuric acid (three drops) was added), filter and recrystallized from ether 
to give the product as pale orange crystals, with yield 90% and m.p. (92-98)0C. 
 
2.1.3.N-benzyl-5-bromo-3-[(imino aceto)urea]-2-oxoindole [ ] 
In (50ml), round bottom flask (2g,6.0mmol) of (N-benzyl-5-bromo-3-[Ethyl imino acetate]-2-oxoindole) with (2g, 
6.2mmol) urea and (0.51g, 6.2mmol) of sodium acetate and (10ml) absolute ethanol, refluxed for (12hrs) then poured into 
an ice water (and a little amount of concentrated sulfuric acid (three drops)) was added). Filter and recrystallized 
fromethanol to give the product as pale brown crystals, with yield 92% and m.p. 117-119 °C Table 1. 
 
2.1.4.N-benzyl-5-bromo-3-[(imino aceto)thiourea]-2-oxoindole[ ] 
In (50ml) round bottom flask,(2g,6.0mmol) of (N-benzyl-5-bromo-3-[Ethyl imino acetate]-2-oxoindole) with (2g, 6.2mmol) 
thiourea and (0.51g, 6.2mmol) of sodium acetate in (10ml) absolute ethanol, refluxed for (12hrs) then poured into ice water 
with adding a small amount of concentrated sulfuric acid (three drops). Filter and recrystallized from ethanol to give the 
product as brown crystals, with yield 94% and m.p. 124-126°C Table 1. 
 

Table 1-Physical properties of the synthesized compounds. 
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Structure 

C18H15N4O2SBr C18H15N4O3Br Molecular formula 

431.306 415.246 M.Wt (g/mole) 

124-126 117-119 M.P. (oC) 

94% 92% Yield (%) 

Brown Pale brown Color 

Ethanol Ethanol Solvent of recrys. 

 
 
2.2. Preparation of samples 
The steel used in this study is a carbon steel (C45) with a chemical composition of metallic materials (in wt%) of (0.42-
0.50)% C, 0.40% Si, (0.50-0.80)% Mn, 0.045% S, 0.40% Cr, 0.045% P, 0.40% Ni, 0.1% (Mo& Cr) and (97.31-97.96)% is 
iron (Fe).The carbon steel samples were(0.5mm) thickness was mechanically cut into thecircular sample with dimensions of 
2.5cm in diameter and 0.5 mm thickness. Pre-treated prior to the experiments by grinding with emery paper SiC in 
different grade (80, 150, 220, 320, 400, 1000, 1200 and 2000), rinsed with tap water, distilled water and recent degreased 
in acetone, washed again with distilled water, dried at room temperature and keep in a desiccatorsbefore immersed in 
corrosivesynthesis of 3.5% NaCl solution [21,22]. 
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2.3. Preparation solution 
2.3.1. Blank solution 
Dissolve 35 gm (NaCl) in 100 ml distal water, transfer to (1000 ml) volumetric flask, adding 4ml (DMSO) then complete the 
volumeto one literwith a distal water. In this study, we choose 3.5 % NaCl in order to avoid the problems linked to the ohmic 
drop [23]. 
 
2.3.2. N-benzyl-5-bromo-3-[(imino aceto)urea]-2-oxoindole solutions 
Three concentrations preparation (10, 30 and 50mg/L) dissolving (0.01, 0.03,0.05gm) each weight in 4ml dry (DMSO) 
then each transfer to volumetric flask 1000 ml, and weight 35gm (NaCl) to each concentration and dissolving it in 100ml 
distal water then transfer to a volumetric flask that contain the inhibitor  and complete the volume with distal water. 
 
2.2.3.N-benzyl-5-bromo-3-[(imino aceto)thiourea]-2-oxoindole solutions 
Three concentrations preparation (10, 30, 50ppm) dissolving (0.01, 0.03,0.05gm) each weight in 4 ml(DMSO) with stirring 
then transfer each one to volumetric flask 1000ml, and weight 35 gm (NaCl) to each concentration and dissolving it in 100 
ml distal water then transfer to a volumetric flask that contain the inhibitor and complete the volume with distal water. 
 
2.4. Electrochemical measurements 
2.4.1. Potentiostatic polarization study 
The potentiostat set up include Host computer, thermostat, magnetic stirrer, and Matlab (Germany, 2000) 
potentiostat,galvanostat.The corrosion cell is (1L) capacity made of pyrex consist of two bowls internal and external.The 
corrosion cell is a threeelectrode electrochemical cell containing a carbon steel working electrode with a 1cm2 surface area 
used to determine the potential of working electrode according to the reference electrode, a platinum auxiliaryelectrode with 
length (10cm) and a silver-silver chloride (Ag/AgCl, 3.0M KCl) referenceelectrode. The working electrode was immersed 
in the test solution for 15 minutes to a establish steady state open circuit potential (Eocp), then electrochemical 
measurements were performed in potential range (±200)mV. All electrochemical tests have been performed in aerated 
solutions at (288-323) K. 
 
3. Results and discussion 
3.1Mechanism of the preparation 
The first step for the preparation of the two isatin derivatives (5IBO) and (5IBS), was thepreparation of (N-benzyl-5-
bromoisatin)done by dissolving 5-bromoisatin in dry DMSO at (00C) with a catalyst of NaH, then the mixture reacted with 
benzyl chloride to form the productaccording to mechanism shown in Scheme 1. 
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Scheme1-Mechanism forthe preparationof N-benzyl-5-bromoisatin[20]. 
 
The next step wasthe preparation of the intermediate(N-benzyl-5-bromo-3-(Ethyl imino acetate)-2-oxoindole)done by the 
interaction of N-benzyl-5-bromoisatin with ethyl glycinate through adding (4-5) drops of glacial acetic acid and refluxed for 
(12 hrs) at the range of heat (50-60) 0C. shown in Scheme 2The last step was preparing N-benzyl-5-bromo-3-[(imino aceto) 
urea]-2-oxoindole (5BIO) done by the interaction of N-benzyl-5-bromo-3-(Ethyl imino acetate)-2-oxoindole with urea, and 
by the interaction of N-benzyl-5-bromo-3-(Ethyl imino acetate)-2-oxoindole with thiourea for preparing the derivative 
(5BIS). The mechanism of the reactions is shown in Scheme 3. 
 
3.1.2 FTIR spectra 
The FTIR spectrum of compound 5BIO showed absorption bands at 3450, 3380cm-1for asymmetrical and symmetrical 
stretching (N-H) respectively, 3021, 2925cm-1 for aromatic and aliphatic (C-H) stretching, 2218cm-1 for (C-N) stretching, 
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1731cm-1 (CO) of amide stretching, 1608cm-1 for (CC stretching aromatic), (1371, 1180cm-1) for C-N and C-O 
stretching. For regarding compound 5BIS the FTIR spectrum showed absorption bands at 3450, 3380cm-1 for asymmetrical 
and symmetrical (N-H) stretching, 3021, 2925 cm-1 for aromatic and aliphatic (C-H) stretching, (1369,1178cm-1) for (C-N) 
and (C-O) stretching and 1180cm-1 for (CS) stretching.  
 
3.1.2. 1HNMR spectra 
The Proton Nuclear Magnetic Resonance (1HNMR) spectrum (DMSO-d6) of 5BIO exhibited signals at the chemical shifts 
of δ= 4.39, 4.97 (singlet, -CH2-Ph; singlet, =N-CH2) respectively, δ= 6.8-7.65ppm (multi, aromatic), δ= 3.33ppm (singlet, -
NH2), and δ= 8.48ppm (singlet, -N-H). For 5BIS, 1HNMR spectrum exhibited signals at δ= 4.47ppm (singlet, -CH2-Ph), at 
δ= 4.99ppm (singlet, =N-CH2-), at δ= 6.91-7.33ppm (multi, aromatic), at δ= 8.11ppm (singlet, -N-H), and at δ= 3.23ppm 
(singlet, -NH2). 
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Scheme 2- Mechanism for the preparation ofN-benzyl-5-bromo-3-(Ethyl imino acetate)-2-oxoindole[19] 
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Scheme 3- Mechanism for the preparation of 5BIO and 5BIS[24] 
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3.2. Corrosion inhibition process 
3.2.1. Inhibitor concentrations 
Three concentrations of each inhibitor were prepared (10, 30,50ppm).The inhibition efficiency was measured for each 
concentration at a laboratory temperature.The second concentration (30ppm) was found to be the optimum concentration 
for the two inhibitors, so the efficiency inhibition measured at the second concentration and atfour temperatures (15, 30, 40, 
500C).The other concentrations were measured at the four temperatures too for calculating the thermodynamic properties. 
 
3.2.1. Potentiostatic polarization measurements  
The extrapolation method for the polarizations curves was applied and cathodic, anodic Tafel slopes (bc and ba) with 
corrosion potential (Ecorr), corrosion current density (Icorr) and inhibition efficiency percentage (IE%) are listed in Table 
2. In this case, inhibition efficiency percentage 
 

Icorr(inh) 
IE% = 1-ₓ100 …………..(1) 

Icorr(un) 
 
Where Icorr(inh) is the inhibited corrosion current densities, Icorr(uninh) is the uninhibited current densities. 
Figures (1, a& b) showthe anodic and cathodic polarization curves for the corrosion of CS (C45) in 3.5% NaCl, of the two 
isatin derivativesat various concentrations and temperature (288K). Figures 2 showsthe anodic and cathodic polarization 
curves for the corrosion of CS (C45) in3.5% NaCl, at the optimum concentration condition [(30ppm) and temperature of 
(288K)] for the two inhibitors. 
It is clear that the addition of the isatin derivatives causes a decrease in the corrosion rate, i.e. shifts the cathodic and anodic 
curves to lower values of current densities,and both cathodic and anodic reactions of carbon steel electrode corrosion are 
inhibited by the inhibitor in 3.5% NaCl. This may be ascribed to adsorption of inhibitor over the corroded surface of carbon 
steel [25]. It follows from the data of Table 2 that the corrosion current, Icorrincreases, while IE% enhances with increase 
in inhibitor concentration. The lowest corrosion current density was observed for the5BIO and 5BIS isatin derivatives at 
288K and 30ppm, corresponding to a maximum efficiency of 93.00 and97.79% respectively. Further inspection of Table 2 
reveals that the presence of 5BIO and 5BISdo not remarkable shift the Ecorr to active values, therefore, the 
selectedcompound can be described as mixed-type inhibitor for carbon steel corrosion in 3.5% NaCl, and the inhibition of 
the compound on carbon steel is caused by adsorption, namely, the inhibition effect results from the reduction of the 
reaction area on the surface of the carbon steel [26].Figure 2 shows the comparison between 5BIO and 5BIS atthe optimum 
concentration (30ppm)and (288K).It is noted that the Icorr for 5BIS is lessthan the Icorrof 5BIO(high-efficiency inhibition) 
and the Ecorr of the working electrode to 5BIS shifted slightly to more active value compared with the Ecorrof 5BIO inhibitor, 
and comparing to the blank. As well as the first and third concentration of 5BIS inhibitor was found with less Icorr (high-
efficiency inhibition) than the first and third concentration for 5BIO inhibitor.Table 2 collects the values of corrosion rates 
of CS and inhibition efficiency of compounds studied at various concentrations and different temperature. According to this 
table, it is clear that for the two compounds, the iron corrosion rate Rp values decrease when the concentration increases 
and the inhibiting action is more pronounced with 30ppm concentration and the addition of 5BIO and 5BIS to blank 
solutions increased the cathodic and anodic current densities without shifting the corrosion potential. The negative values 
ofEcorr. indicated that these compound stimulated the corrosion process. Also, this result indicated 5BIO and 5BIS had a 
catalytic effect on the iron dissolution.Also,Table 2 appeared that the highest inhibition efficiency of the two isatin 
derivatives are at the concentration of (30ppm) and increase in the order: 5BIS > 5BIO and the 10ppm are better than the 
50ppm for corrosion inhibition. The Icorrheading to more noble value (The value of little current corrosion), taking into 
account the comparison was done with Icorr of the blank,  
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Figure 1-Polarization plots of carbon steel in 3.5% NaCl at various concentrations:a- forblank and 5BIO inhibitor. b- 

for blank and 5BIS inhibitor at a temperature (288K). 
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Figure 2-Polarization plots of carbon steel in 3.5% NaCl for blank,5BIS and 5BIO inhibitors (at 30ppm concentration) 
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Table 2- Electrochemical data of the carbon steel corrosion in 3.5% NaCl at various concentrations of 5BIO and 5BIS and 
different temperature. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Solun. 

T 
(K
) 

Ecorr 
(mV
) 

Icorr 
(μA.cm

-2) 

bc 
(mV.de
c-1) 

ba 
(mV.de
c-1) 

IE% Ө Rp CR 

Blank 
3.5% 
NaCl 

288 -
528.8 159.16 181.7 136.8 ….. ….. 0.021 39.63 

303 -
588.7 178.07 348.7 142.3 ….. ….. 0.237 44.34 

313 -
610.9 219.12 344.1 107.0 ….. ….. 0.146 54.56 

323 -
646.5 235.19 230.5 90.3 ….. ….. 1.194 58.56 

5BIO1 

288 -
631.9 11.66 198.7 89.0 92.70 0.927 2.295 2.90 

303 -
653.7 83.93 80.0 68.1 52.84 0.528 0.364 20.89 

313 -
739.9 86.46 53.0 44.4 60.54 0.605 0.348 21.52 

323 -
794.1 88.87 52.2 58.7 62.21 0.622 0.137 22.12 

5BIO2 

288 -
643.3 10.25 172.6 84.7 93.00 0.930 2.330 2.55 

303 -
647.2 72.23 141.7 101.1 59.42 0.594 0.260 17.98 

313 -
677.5 74.29 84.2 74.0 66.09 0.660 0.230 20.96 

323 -
707.7 77.05 76.3 83.7 67.23 0.672 0.227 19.18 

5BIO3 

288 -
643.9 12.44 196.1 82.4 92.18 0.921 2.041 3.10 

303 -
616.5 80.33 79.3 74.1 54.87 0.548 0.222 20.00 

313 -
606.0 76.70 73.6 68.5 64.99 0.649 0.200 18.32 

323 -
725.2 53.42 56.3 86.5 77.28 0.772 0.277 13.30 

5BIS1 

288 -
558.6 9.71 91.8 44.8 93.80 0.938 1.298 2.45 

303 -
633.3 57.97 110.0 99.5 67.19 0.671 0.415 14.56 

313 -
428.8 59.94 144.1 129.8 72.74 0.727 0.497 14.93 

323 -
557.0 65.33 97.1 113.1 72.23 0.722 0.346 16.27 

5BIS2 

288 -
636.8 3.52 50.1 48.2 97.79 0.977 3.021 0.88 

303 -
326.9 21.33 154.9 109.2 86.65 0.866 1.299 5.31 

313 -
171.9 23.14 115.1 106.1 89.47 0.894 1.035 5.76 

323 -
141.3 35.74 133.7 120.6 85.10 0.851 0.763 8.72 

5BIS3 

288 -
565.5 10.18 89.6 50.1 93.63 0.936 1.365 2.53 

303 -
609.9 33.73 165.2 73.4 78.90 0.789 0.651 8.40 

313 -
706.2 27.25 141.2 49.0 82.61 0.826 0.570 6.92 

323 -
719.8 26.73 100.6 53.3 83.40 0.834 0.521 6.61 
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3.2.2. Potentiodynamic polarization curves 
Electrochemical corrosion parameters such as corrosion potential (Ecorr), cathodic and anodic Tafel slopes (bc, ba) and 
corrosion current density (Icorr) obtained by extrapolation of anodic and cathodic regions of the Tafel lines, are given in 
Table 2.Figure 1 (a&b) presents potentiodynamic polarization curves for carbon steel in 3.5% NaCl containing different 
concentrations of 5BIO and 5BIS. However, Icorr, Ecorr, baand bc were evaluated from the experimental results using a user 
defined function of ‘‘Non-linear least squares curve fit’’.In all cases, the correlation factor R2 is greater than 0.99 indicating 
a reliable result. 
 Figure 1(b) shows, as for an example, the results of regressions calculations for the cathodic and anodic scan in the 
presence of different concentration of 5BIS. In this calculation, the potential domain is limited to Ecorr100 mV/sec. It can be 
seen in this figure a good agreement between the experimental and fitting data  
Table 2 summarizes the obtained corrosion kinetic parameters.Ecorrand the kinetic parameters calculated by a non-linear 
regression calculation from the anodic polarization scans near the open circuit potential are similar to those determined 
from the cathodic polarization scans, though Icorris slightly higher. It can be seen that the Icorrvalues decreased with 
concentrations of both inhibitors and the least value was obtained at (50ppm), due to the  
increase in the blocked fraction of the electrode surface by adsorption. This behavior could be attributed to strong 
interaction via adsorption between the compound and the metallic surface. This may be also due to the adsorption of 
inhibitor at carbon steel surface through nonbonding electron pairs present on nitrogen, oxygen and sulfur atoms as well as 
p-electrons [27].  
Thus, the variation of inhibition efficiency mainly depends on the substitution of C=O group by C=S. However, the high 
inhibitive performance of 5BIS suggests a higher bonding ability on the carbon steel surface, which possess a higher 
number of lone pairs onheteroatom and p-orbitals. The electron lone pair on the heteroatom will coordinate with the metal 
atoms of active sites. Brandt et al [28] reported that the sulphur atom is the active center of the aliphatic sulphides in their 
interaction with the metal surface. Therefore, 5BIS is adsorbed at the metal surface through the sulphure active center. 
Table 2 shows that IE%decreases with experimental temperature, which can be attributed to the fact that the higher 
temperatures might cause desorption of 5BIO and 5BIS from the steel surface [29].This can be due to the decrease in the 
strength of adsorption process at higher temperatures, suggesting that physical adsorption may be the type of adsorption of 
the inhibitor on the sample surfaces [30,31].Also,Table 2 shows that the corrosion rate CRof carbon steel increases with 
increasing temperature both in uninhibited and inhibited solution. However, the corrosion rate increases more rapidly with 
temperature in the absence of inhibitor. These results confirm that 5BIO and 5BIS act as an efficient inhibitor in the range 
of studied temperature. 
 
Table 3- Activation parameters for the CS dissolution in 3.5% NaCl in the absence and at the optimum concentration 

of the inhibitors 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Solutio
ns 

T 
(K) 

ΔH* 
(kJ. 

mol-1) 

ΔG* 
(kJ. mol-

1) 

ΔS* 
(kJ. mol-1. 

K-1) 

Ea 
(kJ. 

mol-1) 

A 
(Molecules

) 
(cm-2. s-1) 

Blank 
3.5% 

NaCl 

288 

6.510 

-61.686 

-0.192 9.041 
6.39435E+

32 
 

303 -64.560 
313 -66.476 
323 -68.526 

5BIO2 

288 

39.522 

-65.558 

-0.096 23.771 7.4404E+3
0 

303 -67.245 
313 -69.570 
323 -70.508 

5BIS2 

288 

46.916 

-71.340 

-0.081 49.447 
3.00882E+

30 
 

303 -72.146 
313 -72.952 
323 -73.073 
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3.2.3. Corrosion kinetic and thermodynamic activation parameters  
The study of temperature can be affected the carbon steel corrosion in the 3.5% NaCl in theabsence and presence of 
inhibitor. To determine the activation energy of the corrosion process,gravimetric measurements are taken at various 
temperatures (288-323K) in the absence andpresence of 5BIO and 5BIS at 30ppm concentration. The corresponding results 
are given inTable3. The reveals data suggests that the adsorption of two inhibitors decrease with increase thetemperature its 
mean the type of adsorption is physical. For the purpose of calculating activation parameters for the corrosion process, 
Arrhenius equations (2, 3) are used for the formation of the activation complex in the transition state using transition 
equation [32]: 

 
CR is the corrosion rate, R is the universal gas constant (8.314 J. mol-1. K-1), T is the absolute temperature (K), A is the 
Arrhenius pre-exponential factor (cm-2.s-1),Ea is the apparent activation energy (kJ. mol-1), h is the Plank’s constant (6.626 
x 10-34 J. s), N is the Avogadro’s number (6.022 x1023 mol-1), ΔS* is the entropy of activation (kJ. mol-1. K-1) and ΔH* is 
the enthalpy of activation (kJ. mol-1). 
The positive value of enthalpy ΔH* in the absence and presence of various concentration of inhibitor reflects the 
endothermic nature of carbon steel activation complex forming meaning that dissolution of carbon steel is difficult 
[33].From Table 3, it is evident that the value of (Ea)in the presence of 5BIO2 and 5BIS2 are higher than that in the 
uninhibited acid solution. According to equation (2), it is clear that the lower Aand the higher (Ea)lead to the lower 
corrosion rate (CR). For the present study, the value of Ain the presence of 5BIO2 and 5BIS2 are higher than that in 
uninhibited solution and so the decrease in steel corrosion rate is determined by theapparent activation energy (Ea). The 
relationships between the temperature dependence of IE%of an inhibitor and the (Ea) can be classified into three groups 
according to temperature effects [34]; 
 
1. IE%decreases with increase in temperature, Ea (inhibited solution) > Ea (uninhibited solution).  
2. IE%increases with increase in temperature, Ea (inhibited solution) < Ea (uninhibited solution).  
3. IE%does not change with temperature, Ea (inhibited solution) = Ea (uninhibited solution).  
 
Higher values of (Ea)in the presence of inhibitor can be correlated with increasing thickness of the double layer which 
enhances the Eaof the corrosion process [35].It is also an indication of a strong inhibitive action of 5BIO2 and 5BIS2by 
increasing energy barrier for the corrosion process, emphasizing the electrostatic character of the inhibitorʹs adsorption on 
the carbon steel surface (physisorption) [36]. 
 
Straight lines were obtained with aslope of (ΔH*/2.303R) and an intercept of [log (R/Nh) +(ΔS*/ 2.303R)] from which the 
values of ΔH* and ΔS*respectively were computed and listed also inTable 2. The positive values of ΔH* both in the absence 
and presence of SEC reflect the endothermicnature of the steel dissolution process. From Table 2, it is seen that the value of 
activation energy andenthalpy of activation varied in the same way. This result verified the known thermodynamic 
relationbetween Ea and ΔH* [37,38]. The values of enthalpy of activation ΔH* calculated from graphical and mathematical 
models using Eqs. (15) and (16) are almost the same confirming the above relation. The negative values of theentropy of 
activation both in the absence and presence of inhibitor imply that the activated complex in the rate determining step 
represents an association rather than a dissociation step, meaning that a decrease in disordering takes place in going from 
reactants to the activated complex [39,40]. 
The activation energy (Ea) at the optimum concentration (30mg/L) of 5BIO and 5BIS was determined by linear regression 
between log CR and 1/T as shown in Figure 3.  
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Figure 3-Plot of log CR versus 1/T for the corrosion of CS in 3.5%NaCl at the optimum concentration (30mg/L) of 
5BIS and 5BIO inhibitorswithin the blank. 
 
 
The enthalpy of activation ΔH* is obtained from the slope (-ΔH*/ 2.303R) obtained by plotting(log CR/T) vs. (1/T) 
with an intercept of [(log (R/Nh)+ (ΔS*/2.303R)] Figure 4. The positive value of enthalpyΔH* in the absence and 
presence of various concentration of inhibitor reflects the endothermic nature of carbon steel activation complex 
forming meaning that dissolution of carbon steel is difficult[33]. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4-Arrhenius plots calculated from corrosion rate of CS in 3.5%NaCl: a- in the absence of inhibitor. b- in the 
presence of 5BISat the optimum concentration (30mg/L). c- in the presence of 5BIOat the optimum concentration. 
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3. Adsorption isotherm behavior  
The basic principle that distinguishes the inhibitor and efficiency is the ability to adsorption on the metal surface, so, 
studying the adsorption isotherm gives basic information on the adsorption of inhibitors on the metal surface and to 
understand the mechanical inhibition. Surface coverage (Ө) expresses function of inhibitor concentration; it is 
calculated by equation (4)  

Ө=                  (4) 

 
Whereas (IE%) represent efficiency inhibition percentagemeasured by the potentiostatic method. 
The data was applied to various isotherms including (viz., Frumkin, Langmuir, Temkin and Freundlich)Langmuir 
adsorption isotherm can be represented by the following equation.[ 41] 
 

C/Ө = (1/Kads) + C   (5) 
 
Whereas (C) is the inhibitor concentration, Kads is the adsorption/desorption equilibrium constant, the plot of C/θ vs 
Cgives a straight line and the intercept represent (1/Kads) with regression coefficient R2, almost equal to 1, the 
parameters of Langmuir isotherm as shown in table(6) where calculated the free energy of adsorption (∆Gads) from 
Equations (6, 7):[ 42] 
 

Kads=  
 

∆Gads= -2.303 RT Log (55.55Kads)   (7) 
 
Whereas R is the universal gas constant (J. K-1. mol-1), T is the absolute temperature (K), and 55.5 is the molar 
concentration (mol L-1) of water in the solution. 
By plottingKads vs (1/T) the ∆G0

adswas extracted from the slope,usingequation (8,9) 
 

∆G0
ads= −RT lnKads                     (8) 

∆G0
ads = ∆H0

ads−T∆S0
ads           (9) 

 
where ∆H0

adsand ∆S0
ads are the enthalpy and entropy changes of theadsorption process, respectively. A plot of 

∆G0
adsversus T was linear with the slope equal to -∆S0

ads and intercept of ∆H0
ads. 

 
Figure 5 shows the plot of Cinh/ versus Cinh., a straight line were obtained for both 5BIO and 5BIS derivatives, 
suggesting that the adsorption of these inhibitors follows the Langmuir adsorption isotherm.Table 4 collects the 
Langmuir adsorption parameters for the inhibitors adsorption at the optimum concentration. 
It is seen from the Table 4 that the correlation coefficients are very good and Kadsvalues decrease with an increase in 
temperature. High values of Kadsmean better inhibition efficiency of the inhibitor, i.e., thestrong electrical interaction 
between the double-layer existing at the phase boundary and the adsorbing inhibitor molecules. Small values of Kads, 
however, reveal that such interactions between adsorbing inhibitor molecules and the metal surface are weaker, 
indicating that the inhibitor molecules are easily removable by the solvent molecules from the metal surface [43]. These 
results confirm the suggestion that 5BIO and 5BIS are physically adsorbed on the metal surface and that the strength of 
the adsorptiondecreases with temperature. 
Although Langmuir plots are linear as depicted by Rvalues (0.9901-9999), however, the slopes deviates slightly from 
the value of unity as expected from ideal Langmuir adsorption equation. This deviation may be explained on the basis 
of interaction among adsorbed species on the surface of the metal. It has been postulated in the deviation of Langmuir 
isotherm equation that adsorbed molecules do not interact with one another, but this is not true in the case of large 
organic molecules (such as 5BIO and 5BIS) having polar atoms or groups which can adsorbed on the cathodic and 
anodic sites of the metal surface. Such adsorbed species interact by mutual repulsion or attraction. It is also possible 
that the inhibitor studied can adsorb on the anodic and cathodic sites resulting in adeviation from unit gradient similar 
observation has been documented by Solomon et al. [35] and other authors [44,45]. 
The thermodynamic parameters derived from the Langmuir isotherms are:slope represent ∆H0

adsand the intercept 
represents∆S0

ads. The negative sign of ∆H0
ads indicates that the adsorption of the molecules is an exothermic process. 

Through∆H0
adsvalue the nature of the adsorption (chemist or physicist) can be determine.For physisorption process, the 

enthalpy of adsorption is lower than 40 kJ mol-1, as for 5BIO (-26.738kJ.mol-1) and for 5BIS (-28.824kJ.mol-1) Table 4. 
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while that for chemisorption approaches 100 kJ mol-1 [46]. The less value of ∆H0
adsfor (5BIS) the more stable 

adsorbent inhibitor. 
∆S0

ads. refer to random interaction, whenever they are less random whenever inhibitor best, so 5BIS offewer∆S0
ads. 

(0.127kJ. mol-1K-1)is a better inhibitor than 5BIO with ∆S0
ads. of (0.867kJ. mol-1K-1).The negative values of ∆G0

ads 
indicate spontaneous adsorption of the isatin derivatives onto the carbon steel surface [47] and strong interactions 
between inhibitor molecules and the metal surface [48].Generally, values of ∆G0

ads up to (-20 kJ mol-1) are consistent 
with physisorption, while those around (-40 kJ mol-1) or higher are associated with chemisorption as a result of the 
sharing or transfer of electrons from organic molecules to the metal surface to form a coordinate bond [49]. For5BIS 
∆G0

ads(-17.28 kJ. mol-1) is lower than for 5BIO (-16.37kJ.mol-1),so it is morespontaneous. However, physisorption was 
the major contributor while chemisorption only slightly contributed to the adsorption mechanism judging from the 
decrease of IE%with anincrease in temperature and the higher values of Eaobtained in the presence of inhibitor when 
compared to its absence. 
The lower values of Kads. reveal to physic-sorption process as for the two inhibitors, and the larger Kads.of 5BIS (5.998 
L mol-1) than Kads. for 5BIO (5.520L mol-1) indicates a stronger physic-sorption of 5BIS over 5BIO. In all cases, the 
correlation factor R2 is greater than 0.99 indicating a reliable result. The various adsorption parameters obtained from 
this isotherm are listed in Table 4.The two isatin derivatives might adsorb onto steel surface by vander Waals force to 
form a protective film to keep the carbon steel surface from corrosion. 

 

Figure 5-Langmuir isotherms plots for the adsorption of 5BIS on carbon steel (a) at 288K, (b) at 303K, (c) at 313K & 
(d) at 323 K. 

 

Figure 6- Plot of log Kads versus (1/T) for 5BIS inhibitor. 
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Figure 7-Langmuir isotherms plots for the adsorption of 5BIO on carbon steel (a) at 288K, (b) at 303K, (c) at 313K 
and (d) at 323K. 

 

 

Figure 8-Plot of log Kads versus 1/T for 5BIO inhibitor. 
 
 

Table 4- Langmuir adsorption parameters for the inhibitors adsorption at the optimum concentration. 
 
 
 
 
 
 
 
 
 
 
 
3.4. Scanning Electron Microscopy(SEM) 
SEM` is a technique which uses electromagnetic lenses and an electronic beam to illuminate samples under vacuum 
[50,51]. A scanning electron microscope scans a focused electron beam over a surface of a sampleto create an image. 
The electron interaction with the atoms of the surface, producing various signals that can be used to obtain information 
about the surface topography and composition. 

Inhibitor T 
(K) 

Kads 
L mol-1 

ΔGads 
(kJ. mol-1) 

ΔHads 
(kJ. mol-1) 

ΔSads 
(kJ. mol-1K-1) R2 

5BIO 
 

288 5.520 -16.37 

-26.738 0.867 

0.9999 
303 1.510 -15.83 0.9947 
313 1.040 -15.47 0.9994 
323 0.190 -15.11 0.9901 

5BIS 

288 5.998 -17.28 
-28.824 
 0.127 

0.9975 
303 1.714 -16.74 0.9936 
313 1.264 -16.38 0.9939 
323 0.564 -16.02 0.9983 
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3.4.1. Scanning electron microscopy (SEM)of carbon steel surface with 3.5%NaCl in the absence of inhibitor 
The morphology and size distribution of carbon steel surface with 3.5%NaCl in absence of inhibitorwere characterized 
using SEM.The SEM image of carbon steel surface with 3.5%NaCl inabsence of inhibitor reveals that it consists of 
spherical particles formed by aggregation,with characteristic uniform corrosion of carbon steel in 3.5%NaCl 
solution,Figure 9.The scale bar for this image is 300 µm and the energy of the acceleration beam employed was 20kV. 
 

 

Figure 9-SEM image of CS surface with 3.5%NaCl inthe absence of the inhibitor. 
 
3.4.2. Scanning electron microscopy (SEM)of carbon steel surface with 3.5%NaCl in the presence of inhibitor 
The (SEM) image of carbon steel surface with 3.5%NaCl in presence of the two inhibitors indicated that the composite 
phase between the CS surface and the inhibitor was established, and the inhibitors 5BIO and 5BISdispersedon 
thesurface of the CS base. Considering the inhomogeneous nature of metallic surfaces resulting from the existence of 
lattice defects and dislocations, a corroding metal surface is generally characterized by multiple adsorption sites having 
definite activation energies and heat of adsorption. Inhibitor molecules may thus be adsorbed more readily at surface 
sites having suitable adsorption enthalpies, so the SEM image reveals the agglomeration of the inhibitor in some 
places. It is possible that the inhibitor particle grows inside the CS pore channels [52]. The (SEM) image in Figure 10 
(a, b) shows the particles are likely spherical in nature and uniformly distributed throughout the surface and the 
distributed and coverage of 5BIS particles are more uniform than the distributed of 5BIO particles [51]. The scale bar 
for this image is 300 µm and the energy of the acceleration beam employed was 20kV.  
 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure13-SEM image of CS surfacewith 3.5%NaClin-presenceof, a- 5BIO inhibitor. b- 5BIS inhibitor 
 
5. Conclusions 
The inhibition efficiency of carbon steel corrosion in 3.5%NaClbyof 5BIO and 5BIS isatin derivatives has been 
investigated using electrochemicalmeasurement. The following conclusionswere drawn from this study: 
The two synthesized isatin derivatives 5BIO and 5BIS acted as organic corrosion inhibitors for carbonsteel in 3.5% 
NaCl.The difference between 5BIO and 5BIS can be attributed to the presence of the thiourea group in 5BIS instead of 
urea in 5BIO. These two compounds have analogous structures with only one difference, compound 5BIO has a 
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carbonyl group (C=O) in the same position as thiocarbonyl group (C=S) of compound 5BIS. The results of the 
electrochemical techniques indicate that the thiourea compound is a better corrosion inhibitor than the urea compound. 
The superiority of thiourea can be attributed to the greater polarizability of the sulfur atom, which favors the adsorption 
process. 
 The potentiodynamic polarization measurements showed that the two inhibitors can be classified as mixed 

inhibitors in 3.5% NaCl, acting in the reduction of anodic dissolution of steel and retarding the cathodic hydrogen 
evolution reactions. 

 Overall, the inhibition efficiency increased with increasing inhibitor concentration. 
 The adsorption of the compounds 5BIO and 5BIS on carbon-steel surface follow the Langmuir adsorption isotherm 

model. The lowKads values indicate a physical interaction between the inhibitors and the carbon-steel surface, and 
the (ΔG0ads.) values suggest also that this interaction may occur by physical adsorption. The negative values of the 
ΔG0ads. and ΔH0ads. indicate that the adsorption of the 5BIO and 5BIS on carbon steel surface is a spontaneous, 
exothermic and accompanied with a decrease in entropy of the system from thethermodynamic point of view  

 The inhibition efficiencies obtained usingpotentiodynamic polarization and SEM corroborated the results obtained 
by quantum mechanical calculationsobtained ina previous research [18]. 
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