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The inhibition of corrosion of pure iron in 3.5% H3PO4 by some hydrazone derivatives has been 
investigated by weight loss and galvanostatic polarization techniques. The inhibition efficiency was 
increased by increasing inhibitor concentration and decreased by rise in temperature. Polarization 
studied revealed that these compounds behave as mixed-type inhibitors. The inhibition action of 
hydrazone derivatives was performed via adsorption of these compounds on iron surface following 
Frumkin adsorption isotherm.  The corrosion behavior of iron in 3.5% H3PO4 solution in the presence of 
hydrazone-halide mixtures was studied. Some thermodynamic parameters were calculated and 
discussed. The correlation between the inhibition efficiency and quantum chemical parameters was 
investigated in order to elucidate the inhibition mechanism of the investigated compounds. 
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INTRODUCTION    
    
Acids are widely used in many industries but  phosphoric 
acid still shows strong corrosiveness on ferrous or ferrous 
alloy. Some of the important areas of applications are 
industrial acid descaling and oil well acidization (Abd El-
Maksoud and Fouda, 2005). Due to the aggressiveness 
of the acids, inhibitors are used to reduce the rate of 
dissolution of metals. In most inhibitor studies, the 
formation of donor-acceptor surface complex between 
free or π-electrons of an inhibitor and vacant d-orbital of 
the metal was proposed (Khaled, 2008; Selvi et al., 2003; 
Agawal et al., 2004). It is reported that sulphur-containing 
inhibitors such as sulphooxides (Reihard and Rammelt, 
1990; Fignani and Tassinari, 1990), sulphides (Tabanelli 
and Zucchi, 1973), and thioureas (Desai and Mehta, 
1997) are found to be efficient in H2SO4 environment, 
whilst nitrogen-containing compounds such as azole 
derivatives (Nicola et al., 1995; Khan and Quraishi, 2009; 
Chebabe et al., 1995; Quraishi et al., 1997; Khaled and 
Hackerman, 2003) imidazolin derivatives (Melissa et al., 
1992; Quraishi et al. 1997), condensation products of 
amines with aldehydes (Nemchaninova and Klyuchnikov, 
1974; Komarov and Balezin, 1961), alkyl and aryl amines  
(Bacskai  and  Shroeder,  1988;  Perboni   and   Rocchini, 
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1988),  perform better in HCl. 4-acetyl pyridine (Vosta 
and Hackerman,1990), aliphatic amines (Saeed et al, 
2003), acetylenic alcohols, heterocyclic compounds 
(Touhami et al., 2000; Lahodny-Sarc et al., 2000; 
Quraishi and Jamal, 2001; Quraishi and Ansari, 2003; 
Blin et al., 2004; Khaled, 2003; Amar et al., 2006; Nakai 
et al., 2004; D-Q Zhang et al, 2011) inhibit  the corrosion 
of steel in acid solution by donating the unshared pair of 
electrons from N atom and form a surface complex. The 
inhibitive effect of aniline and alkylamine(Luo et al., 
1998), p-substituted anilines (Abd El Fattah et al., 1991) 
is attributed to the interaction of π-electron cloud of 
aromatic ring on iron and steel surface through vacant d 
orbital of iron leading to the formation of co-ordination 
bond between Fe-N. Ortho-substitutesed anilines 
(Khaled, 2003)  and polyanilines (Sathiyanayanan et al., 
1992, 1994) were also studied.  

In this paper, the inhibiting effect of some investigated 
hyrazone derivatives on the corrosion of iron in 3.5% 
H3PO4 has been studied by different techniques. 
 
 
EXPERIMENTAL 
 
Materials  
 
The working electrodes were made of a sheet of iron, which was of 
commercial  specification  with  composition  (weight  %):  C  0.012; 
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Table 1. Names, structures and molecular weights of investigated compounds 
 

Inhibitor Name Structure Molecular weight 

1 

(E)-3-amino-N'-(1-(2-
hydroxyphenyl)ethylidene) 

benzohydrazide 

(C15H15N3O2) 
   

N

CH3

N
H

OH

O

NH2  

269.3 

 

2 

(E)-N'-(1-(2-hydroxyphenyl) 
ethylidene)-3-methylbenzo 
hydrazide 

            (C16H16N2O2) 

N

CH3

N
H

OH

O

CH3  

268.3 

 

3 

(E)-N'-(1-(2-hydroxyphenyl) 

ethylidene)-3-nitrobenzo 

hydrazide (C15H13N3O4) 

N

CH3

N
H

OH

O

NO2  

299.3 

 
 
 
P 0.005; S 0.017; Si 0.017; Mn 0.07 and Fe remainder.  
 
 
Solutions 
 
The aggressive solutions were made of 3.5% H3PO4.  Appropriate 
concentrations of H3PO4 were prepared. All chemicals used 
(H3PO4, KI, KBr and KCl were of analytical grade. All solutions were 
prepared from bi-distilled water except the solution of inhibitors in 
absolute ethanol. 
    
 
Inhibitors            
 
The  hydrazones derivatives were prepared as before (Rakha et al., 
1996) by mixing equimolar amounts of 3'-aminobenzoyl hydrazide 
(0.1 mole), 3’-toloyl hydrazide (0.1 mole) and 3’-nitrobenzoyl 
hydrazide (0.1 mole) in 50 ml absolute ethanol. The mixtures were 
maintained at reflux temperature for 3 h. The mixtures were 
concentrated to their half volumes and left to cool. The products 
were removed by filtration and recrystallized from absolute ethanol 
and finally dried in vacuum desiccators over anhydrous CaCl2. The 
structures of these hydrazones were checked by elemental 
analysis, NMR and IR spectra. These derivatives are shown in table 
1. 
         
 
Corrosion weight loss tests 
           
Weight loss measurements were carried out as described in the 
literature (Sekine et al., 1992). Rectangular iron specimens of size 
(20 × 20 × 2 mm) were used as samples for corrosion tests. After 
having been polished with emery papers (400 to 1200 grade) 
successively, then  degreased  in  acetone  in an ultrasonic bath, 
washed with bi-distilled water and  then  dried  at  30°C and 
weighted (precision ± 0.1 mg), the samples were immersed in 100 
ml  of  inhibited  and  uninhibited solutions    allow   to  stand  for 
several  intervals  at  30°C  in  water  thermostat, then removed, 
washed, dried and weighted again. The percentage inhibition 
efficiency (η %) and the degree of surface coverage (Ө) of the 
inhibitor was calculated from the following equations: 

η% = [{ ωo - ω } /ωo] ×100                                                              (1)         
Ө  =  [{ωo - ω} /ωo]                                                                          (2) 
          
Where  ωo   and   ω  are  the  weight  losses  of  iron  without  and 
with inhibitors, respectively. 
 
 
 Electrochemical measurements 

          
A traditional three-electrode cell was used for electrochemical 
measurements. The working electrode is 99.9% pure iron rods. The 
rod specimen was embedded in Teflon holder using epoxy resin 
with an exposed area of 0.7 cm

2
.  Before each experiment, the 

electrode was mechanically polished with various grades of emery 
paper and then ultrasonically cleaned in acetone for 2 min, followed 
by a rinse in bi-distilled water. A platinum sheet electrode was used 
for the auxiliary electrode, and the reference electrode was a 
saturated calomel electrode (SCE) with a Luggin capillary.

  

Galvanostatic polarization studies were carried out on iron in 3.5% 
H3PO4 solution without and with different concentrations of the 
investigated inhibitors at 30°C. All experiments were carried out at 
30 ± 0.1°C and the reproducibility factor was found to be about ± 
2%. The inhibition efficiency (η %) and the degree of surface 
coverage (Ө) is calculated from the following equations:    
 
η% = [1- (jinh./ jcorr).] ×100                                                                (3)  
 
Ө=[1-(jinh. / jcorr).]                                                                             (4) 
 
Where    jcorr     and    jinh     are   the   uninhibited   and   inhibited   
corrosion current densities, respectively. 
 
 
Methods of calculations 
 
All theoretical calculations have been carried out using semi-
empirical MNDO method from the program package MOPAC2007. 
A full optimization of all geometrical variables without any symmetry 
constraint was performed at the restricted Hartree-Fock (RHF) 
level. Molecular structures were optimized to a gradient <0.01 in the 
vacuum  phase.  The  following  quantum   chemical   indices   were  
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Figure 1. Weight loss-time curves for the dissolution of iron in absence and presence of different 
concentrations of   compound (1) at 30°C. 

 
 
 

considered: The energy of highest occupied molecular orbital 
(EHOMO), the energy of the lowest unoccupied molecular orbital 
(ELUMO), ∆E = (EHOMO) - ELUMO) and the dipole moment (µ).  

 
 
RESULTS AND DISCUSSION 
 
Weight loss measurements 
 
Iron samples were dissolved under unstirred conditions in 

3.5% H3PO4 without   and   with   various   concentrations 
(1 × 10

-6
 to 11 × 10

-6 
M) of compound (1) used at 30°C. 

Figure 1 shows the weight loss-time curves of iron 
dissolution in 3.5% H3PO4n in the presence and absence 
of different concentrations of compound 1. Similar curves 
were obtained for other derivatives (not shown). These 
curves are characterized by an initial slow rise in weight 
loss followed by a sharp rise. The curves obtained in the 
presence of additives fall below that of the acid. The 
inhibition efficiency of iron depends upon the type and the  
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Table 2. Inhibition efficiency of investigated hydrazone derivatives from weight loss method of iron dissolution in 3.5% 
H3PO4 at 90 min immersion and at 30°C. 
 

Concentration, M 
η  (%) 

11 × 10
-6 

9 × 10
-6 

7 × 10
-6 

5 × 10
-6 

3 × 10
-6 

1 × 10
-6 

Compound 1 39.8 37.7 33.2 30.7 28.1 25.6 

Compound 2 33.0 30.9 25.9 24.1 20.7 18.7 

Compound 3 25.0 22.9 18.9 17.2 14.2 12.1 
 
 
 

Table 3. Data from weight loss of iron dissolution in 3.5% H3PO4 at different concentrations of the 
hydrazone derivatives with addition of 1 ×10

-2
 M,  KI, KBr  and KCl at 30°C. 

 

Halide Concentration, M 
η (%) 

(3) (2) KI (1) 

KI 

1 × 10
-6 

41.9 48.3 54.8 

3 × 10
-6

 43.9 51.3 57.3 

5 × 10
-6

 46.3 54.2 60.0 

7 × 10
-6

 48.2 56.6 62.7 

9 × 10
-6

 50.4 58.8 65.2 

11 × 10
-6
 52.5 61.6 67.5 

     

 

 

 

KBr 

1 ×10
-6 

32.1 34.6 38.4 

3 × 10
-6

 34.7 37.4 41.0 

5 × 10
-6

 36.8 39.2 43.3 

7 × 10
-6

 38.2 41.9 45.5 

9 × 10
-6

 40.9 43.9 47.8 

11 × 10
-6
 43.4 46.4 51.1 

     

 

 

 

KCl 

 

 

1 × 10
-6 

19.6 27.0 31.8 

3 × 10
-6

 21.9 28.8 34.9 

5×10
-6

 23.7 31.1 37.1 

7 × 10
-6

 25.5 32.9 39.4 

9 × 10
-6

 27.8 35.2 41.3 

11 × 10
-6
 29.9 37.7 43.8 

 
 
 

concentration of the additives. The   inhibition efficiency 
(η %) of various inhibitors, decreases in the order (Table 
2): 1 > 2 > 3 
 
 

Synergistic effect 
 
Effect of the addition of 10

-2
 M KI, KBr and KCl to 

different concentrations of inhibitors   on   the   corrosion 
inhibition of iron in 3.5% H3PO4 using weight loss 
technique was studied. 

The addition of halide ions further increases the 
inhibition efficiency values.  Synergistic effect also 
increases with the addition of concentration of halides to 
the hydrazone derivatives in the order (Table 3):  I

-
 > Br 

-
> 

Cl
-
. Similar observations have been reported by other 

authors (Gomma, 1998; Oguzie et al., 2004; Ebenso, 
2003; Fouda et al., 2009). This  trend  seems  to  indicate  

that the radii and electronegativity (low electronegativity, 
less than 3.5) of halide ions may have an important role 
to play. The degree of surface coverage runs parallel to 
the increase of the radii of halides (rI

-
 = 1.35

o
A, rBr

-
 = 

1.14
o
A and rCl- = 0.90

o
A). 

The synergistic parameter values (SӨ) were calculated 
using Equation (5) and are tabulated in Table 4 for KI as 
an example.    
 
 SӨ = (1–Ө1+2)/(1–Ө

–
1+2)                                                  (5) 

  
Where Ө1+2 = Ө1 + Ө2 - Ө1Ө2; Ө

–
1+2: Measured surface 

coverage by the anion in combination with cation. Ө1 and 
Ө2 are the surface coverage for anions and cations, 
respectively. 
 
Accordingly, SӨ approaches 1 when no interaction 
between  inhibitors   exists,   while   SӨ > 1   point s  to   a 
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Figure 2. θ - logC curves for iron dissolution in 3.5% H3PO4 in the presence of hydrazone 
derivatives from weight loss measurements at 30°C. 

 
 
 

synergistic effect. In the case of SӨ < 1, the antagonistic 
prevails, which may be attributed to competitive 
adsorption (Felhosi et al., 1999). Since  most  of  these 
values  of  SӨ  are  more than  unity   and this suggests 
that the enhanced inhibition efficiency caused by the 
addition of halide ions to hydrazone derivatives  is only 
due to synergistic effect. The observed synergistic effect 
between investigated compounds and halide ions may be 
attributed to the interaction between physically adsorbed 
halide ions and the investigated compounds, which leads 
to greater degree of surface coverage and higher 
inhibition efficiency. 
 
 
Adsorption isotherm  
 
The experimental results obtained for these investigate 
inhibitors have been applied to many adsorption 
isotherms.  Adsorption  of  these   inhibitors   follows   the  

Frumkin adsorption isotherm (Frumkin, 1925) (θ against 
log C is an S-shaped curve) and is represented in Figure 
2, and is in good agreement with the Frumkin equation 
(6). As shown from this Figure, one can conclude that the 
degree of surface coverage increases as the 
concentration of the inhibitor increases and hence, the 
inhibition efficiency increases. Frumkin’s equation is:  
 
[Ө/1-Ө) exp (-2aӨ)=KC                                                 (6) 
          
where  (a)  is   a molecular   interaction  parameter  
depending  on  the molecular  interaction  in  the  
adsorption  layer  and  on  the degree of heterogeneity of  
the surface;  it  is  a measure  of steepness of  adsorption 
isotherm; the more positive the value of (a) the steeper 
the adsorption isotherm, Ө  is  the  degree  of  surface 
coverage, C is the  inhibitor concentration in the bulk of 
solution, K is the equilibrium constant of the adsorption 
reaction. 
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Figure 3. log k- 1/T curves for iron dissolusion in 3.5% H3PO4 in absence and presence of different 
concentrations of inhibitor (1). 

 
 
 

Kinetic-thermodynamic corrosion parameters 
 

The effect of temperature (30 to 50°C) on the corrosion 
rate of iron in 3.5% H3PO4 at different concentrations of 
inhibitors was studied using weight loss   measurements. 
Plots of log k (corrosion rate) against 1/T (Figure 3), for 
iron dissolution in 3.5% H3PO4 at different concentrations 
of inhibitor 1, give straight lines. Similar curves were 
obtained for other inhibitors (not shown). The values of 
the slopes obtained at different  temperatures permit the 
calculation  of  Arrhenius  activation  energy (E a

*
). The 

activation energy values obtained from this Figure are 

tabulated in Table 4. Activation parameters for corrosion 
of iron in 3.5%H3PO4 were calculated from Arrhenius-
type plot: 
 
k=A exp (-Ea

*
/RT)                                                          (7) 

                     
and transition state type equation: 
 
k=RT/Nh exp (∆S

*
/R) exp (-∆H

*
/RT)                              (8) 

                 
The almost similar values of ∆Ea

*
 suggested that the 

inhibitors are  similar  in  the  mechanism  action  and  the  
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Table 4. Synergism parameter (SӨ) for different concentrations of hydrazones derivatives and in the presence of 10
-2

 M 
halides.     
 

Halide Concentration, M 
Synergism parameter (SӨ) 

11×10
-6

 9×10
-6

 7×10
-6

 5×10
-6

 3×10
-6

 1×10
-6 

KI 

(1) 1.1 1.1 1.0 1.0 1.1 1.0 

(2) 1.0 1.0 1.1 1.1 1.0 1.1 

(3) 1.0 1.0 1.1 1.1 1.1 1.1 

     

KBr 

(1) 1.0 1.0 1.0 1.0 1.0 1.0 

(2) 1.0 1.0 1.0 1.0 1.0 1.1 

(3) 1.0 1.0 1.0 1.0 1.0 1.0 

     

KCl 

(1) 1.0 1.0 1.0 1.0 1.0 1.0 

(2) 1.0 1.0 1.0 1.0 1.0 1.0 

(3) 1.0 1.0 1.0 1.0 1.0 1.0 
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Figure 4. log (corrosion  rate/T) - (1/T) curves for iron dissolusion in 3.5% H3PO4 in the absence and presence 
of different concentrations of inhibitor (1). 

 
 
 

order of the efficiency may be related with the pre-
exponential factor A in Equation 7. This is further related 
to concentration, steric effects, and metal surface 
characters. The relationship between log k/T vs. 1/T 
gives straight lines (Figure 4); from their slope, ∆H

*
 can 

be calculated and from  their  intercept  ∆S
*
  can  be  also  

calculated. The presence of investigated derivatives 
increases the activation energy of iron indicating strong 
adsorption of the inhibitor molecules on the metal 
surface. The presence of these additives induce energy 
barrier for the corrosion reaction and this barrier 
increases with increasing the additive concentration.  The  
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Table  5. Effect of hydrazones derivatives concentrations on the activation energy, activation 
enthalpy and activation entropy of iron dissolution in 3.5% H3PO4. 
 

 Concentration, M 3 2 1 

Ea
*
, kJ mol

-1
 

0.0 51.8 

1×10
-6

 54.2 57.0 59.7 

3×10
-6

 54.4 57.4 60.4 

5×10
-6

 54.9 58.5 61.2 

7×10
-6

 54.9 58.8 61.5 

9×10
-6

 56.1 60.1 63.6 

11×10
-6 

56.5 60.5 64.1 

 

∆H
*
, kJ mol

-1
 

0.0 49.2 

1×10
-6

 52.3 54.4 57.1 

3×10
-6

 52.5 54.8 57.9 

5×10
-6

 52.8 55.5 58.6 

7×10
-6

 52.9 55.9 59.0 

9×10
-6

 53.6 57.5 61.0 

11×10
-6 

54.2 57.9 61.5 

 

-∆S
*
, J mol

-1
K

-1
 

0.0 111.9 

102.9 96.5 88.2 1 × 10
-6

 

102.7 95.3 86.1 3 × 10
-6

 

101.8 92.0 84.0 5 × 10
-6

 

101.4 89.8 83.1 7 ×10
-6
 

99.5 87.5 76.9 9 ×10
-6
 

97.8 86.3 75.4 11 ×10
-6 

 
 
 

values of ∆H
*
 are reported in Table 5 and are positive. 

The positive sign of the enthalpy reflects the endothermic 
nature of Fe dissolution process (Quartarone et al., 
1994). Also, the values of entropy of activation are 
negative. The negative values of entropy imply 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 
reactants to activated complex (Abdallah et al., 2006). A 
decrease in inhibition efficiency with rise in temperature, 
suggests a possible desorption of some adsorbed 
inhibitor molecules from the metal surface at higher 
temperatures. Such behavior indicates that inhibitor 
molecules were physically adsorbed on the metal surface 
(Fouda et al., 1986). 
 
 

Galvanostatic measurement 
 

The galvanostatic polarization curves (E vs. log j) of iron 
dissolution in 3.5% H3PO4, in the presence of different 
concentrations of compound 1 was shown in Figure 5. 
Similar curves were obtained for other inhibitors (not 
shown). The corrosion current density (jcorr.) decreased 
with increasing the concentration of the investigated 
hydrazone derivatives which indicates that these 
compounds act as inhibitors, and the degree of inhibition 
depends  on  the  concentration  and  type  of  inhibitors 

present (nature of substituent). 
The polarization curves are shifted in both the positive 

and the negative directions depending on the magnitude 
of concentration of the added inhibitor. This indicates that 
these compounds affect dissolution of iron and hydrogen 
evolution processes. Besides, Ecorr shifted slightly (< 40 
mV) with different inhibitor concentrations, so it can also 
be deduced that the three inhibitors showed a mixed-type 
character for iron in 3.5% H3PO4 solution (Ashassi-
Sorkhabi et al., 2004) which suppressed both anodic and 
cathodic reactions by adsorbing on the iron surface and 
blocking the active sites (Juttner,  1990). The  corrosion  
kinetic  parameters  such  as corrosion  current density 
(jcorr.), corrosion  potential  (Ecorr),  cathodic Tafel  slope  
(βc),  anodic Tafel  slope (βa), degree  of  surface  
coverage  (Ө)  and  percentage  inhibition (η %)  are 
recorded in Table 6. From the table, the corrosion 
potential in the presence and absence of inhibitors is 
nearly the same; this indicates that the inhibition effect is 
caused by geometrical blocking of the metal surface 
electrode by adsorbed inhibiting species (Cao, 1996). 
Also, the corrosion current densities decrease with 
increasing of inhibitor concentration.  
 
 

Theoretical studies 
 

The inhibition effect of inhibitor compound  is  ascribed  to 
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Table  6. The effect of concentrations of compound (1) on the electrochemical parameters, corrosion  potential  (Ecorr.), corrosion current density 
(jcorr.) , Tafel slopes (βa and βc), degree of surface coverage (θ) and  percentage inhibition  (%η) of   iron in  3.5% H3 PO4 at 30°C. 
 

Compound 
Concentration, 

M 

-Ecorr.,  

mV vs.SCE 

jcorr., 

µA cm
-2
 

βa, 

mV dec
-1

 

-βc, 

mV dec
-1

 
θ η(%) 

1 

0.0 549 724.4 30 14 - - 

1 × 10
-6

 548 543.3 47 20 0.250 25.0 

3 × 10
-6

 549 528.8 48 21 0.270 27.0 

5 × 10
-6

 545 507.1 48 20 0.274 27.4 

7 × 10
-6

 546 485.4 48 21 0.330 33.0 

9 × 10
-6

 544 456.4 47 22 0.371 37.1 

11 × 10
-6
 544 441.9 49 20 0.391 39.1 

 

2 

1 × 10
-6

 549 594.0 42 19 0.18 18.0 

3 × 10
-6

 548 579.6 43 20 0.20 20.0 

5 × 10
-6

 547 550.6 43 21 0.24 24.0 

7 × 10
-6

 546 543.3 44 22 0.25 25.0 

9 × 10
-6

 546 507.1 45 22 0.30 30.0 

11 × 10
-6
 545 492.6 46 22 0.32 32.0 

 

3 

1 × 10
-6

 545 637.5 37 17 0.121 12.1 

3 × 10
-6

 548 623.0 38 18 0.139 13.9 

5 × 10
-6

 543 601.3 38 19 0.170 17.0 

7 × 10
-6

 546 594.0 38 18 0.180 18.0 

9 × 10
-6

 542 565.1 40 19 0.220 22.0 

11 × 10
-6
 545 550.6 41 20 0.240 24.0 

 
 
 

adsorption of the molecule on metal surface. This 
adsorption may be physical or chemical depending on the 
adsorption strength. In case of physical adsorption, one 
of the reacting species acts as electron pair donor and 
the other ones acts as an electron pair acceptor, so the 
energies of the frontier molecular orbitals EHOMO and 
ELUMO should be considered, after the extensive work of 
Fukui et al. (1954). EHOMO and ELUMO could provide 
dominative contribution, because of the inverse 
dependence of stabilization energy on orbital energy 
difference (Fang et al., 2002). Moreover, the bond energy 
gap (∆E) of molecules was another important factor that 
should be considered. Figure 6 shows the distributions 
and energy levels of HOMO and LUMO orbitals. It could 
be easily found that the frontier orbital was distributed 
mainly, around the 2-hydroxyphenyl.  It was known that 
excellent inhibitors are usually those organic compounds 
who not only offer electrons to unoccupied orbital of the 
metal, but also accept free electrons from the metal 
(Gece, 2008).  High values of EHOMO have a tendency of 
the molecule to donate electrons to appropriate acceptor 
molecules with low energy, empty molecular orbitals. 
Increasing values of EHOMO will facilitate adsorption and 
therefore enhance the inhibition efficiency, by influencing 
the transport process through the adsorbed layer (Fouda 
et al., 1986). ELUMO indicates the ability of the molecule to 
accept electrons. The lower values of ELUMO, the more 
probable    the    molecule    would     accept     electrons.  

Consequently, lower values of the energy difference (∆E) 
will render good inhibition efficiency, because the energy 
to remove an electron from the last occupied orbital will 
be low.  Similar relations were found between the 
corrosion rates and ∆E = ELUMO - EHOMO (Pang et al., 
2007). Table 7, reports the quantum chemical parameters 
related to the molecular electronic structures of the 
investigated compounds. The less negative HOMO 
energy and the smaller energy gap (∆E) are often 
interpreted by a stronger adsorption bond and perhaps 
greater inhibition efficiency (Hammett, 1940), as can be 
seen in Table 7, where the energy gap is decreases in 
the order: 1 > 2 > 3. It can seen from Table 8 that the 
natural charges of O20 in compounds 1 and 2, O22 in 
compound 3 and C atoms of benzene ring (C1-C6) have 
bigger negative atomic charges. The O20 and O22 atoms 
possess a considerable excess of electrons, implying that 
it is the most favorable site for interaction with the metal 
surface. 

Moreover, the other O atoms (O12, O12, 19, 22) and 
N-atoms (N8, 9, 18) have negative charges and may be 
other sites of interactions.   
 
 
Chemical structure and corrosion inhibition of iron  
   
The inhibition efficiency of the investigated compounds 
depends on many factors, which  include  the  number  of 
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Figure 5. Galvanostatic Polarization curves for iron dissolution in 3.5% H2PO4 in presence 
of different concentrations of compound (1) at 30°C. 

 
 
 

adsorption active centers in the molecule and their 
charge density, molecular size, mode of adsorptions, 
heat of hydrogenation and formation of metallic 
complexes. The low percentage inhibition efficiency of 
these compounds may be due to the formation of 
complexes between Fe

2+
 dissolved in corrosive medium 

and the inhibitor molecules (Fouda et al., 1986), and this 
may lower the concentration of inhibitors that may be 
adsorbed on Fe surface. The order of decreasing inhi-
bition efficiency of the investigated hydrazone derivatives 
in 3.5% H3PO4 is:  1 > 2 > 3. This   order   of  decreased  
inhibition  efficiency  of  the  additives  can   be accounted  
for  in  terms  of   the  polar  effect (Hammett, 1940) of  
the  m-substituents on the benzoyl ring.  Compound  1  is  

the most efficient inhibitor because of the presence of 
highly electron releasing   m-NH2   (σ = - 0.16) which 
enhances the delocalized π- electrons on the active 
centers of the compound, where σ is the substituent 
constant (Hammett, 1940) and is a relative measure of 
the electron density at the reaction center.  Moreover, the 
nitrogen atom of -NH2 can add an additional center to the 
compound. Compound 2 m-CH3 (σ = - 0.07) comes next 
in the sequence of decreased inhibition efficiency. This is 
because m-CH3 is lower in electron donation than m-NH2. 
Compound 3 m-NO2 (σ = +0.71) occupy the lowest 
compound in inhibition efficiency because m-NO2 group 
with the highest electrophilic character imparts the lowest 
inhibition efficiency. Possible hydrogenation (Fouda et al.,  
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Figure 6. Molecular orbital plots as well as active sites for electrophilic, nucleophilic and radial attack on hydrazone 
derivatives. 

 
 
 

Table 7. The calculated quantum chemical parameters of the studied 
compounds. 
 

MNDO  liquid 
phase 

-EHOMO 

(eV) 

-ELUMO 

(eV) 

∆E 

(eV) 

µ 

Debye 

1 9.108 1.235 7.873 5.200 

2 9.110 1.208 7.902 6.753 

3 9.113 1.142 7.791 8.715 
 
 
 

1986) of the NO2 group in acid medium on the Fe surface 
would also enhance decreased efficiency of inhibitor 3 as 

the released heat of hydrogenation would aid the 
desorption of the molecule from the metal surface.  
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Table 8. The Mulliken charge density of the atoms of the studied compounds (1 to 3). 
 

Compound Atom no. Type Charge Atom no. Type Charge 

1 

1 C -0.162 2 C -0.043 

3 C -0.193 4 C 0.182 

5 C -0.129 6 C -0.033 

7 C 0.103 8 N -0.202 

9 N -0.364 10 C 0.543 

11 C -0.112 12 O -0.537 

13 C -0.080 14 C 0.036 

15 C -0.105 16 C -0.092 

17 C -0.077 18 N -0.411 

19 C -0.047 20 O -0.383 

21 H 0.120 22 H 0.121 

 

2 

1 C -0.162 2 C -0.043 

3 C -0.194 4 C -0.182 

5 C -0.130 6 C -0.033 

7 C -0.105 8 N -0.204 

9 N -0.365 10 C -0.545 

11 C -0.147 12 O -0.538 

13 C -0.024 14 C -0.136 

15 C -0.053 16 C -0.124 

17 C -0.043 18 C -0.005 

19 C -0.046 20 O -0.383 

 

3 

1 C -0.162 2 C -0.043 

3 C -0.193 4 C 0.183 

5 C -0.131 6 C -0.032 

7 C 0.107 8 N -0.206 

9 N -0.361 10 C 0.545 

11 C -0.152 12 O -0.525 

13 C 0.047 14 C -0.090 

15 C 0.022 16 C -0.117 

17 C 0.017 18 N 0.524 

19 O -0.412 20 O -0.411 

21 C -0.048 22 O -0.384 
 
 
 

Conclusion 
 
The investigated hydrazone derivatives are found to 
perform well as a corrosion inhibitors in H3PO4 solution 
and their order of inhibition is as follows: 1 > 2 > 3. The 
polarization data indicate suppression of both the partial 
corrosion processes in the presence of hydrazone 
derivatives. These inhibitors behave as mixed-type. The 
inhibition is due to the adsorption of hydrazone deriva-
tives on the iron surface and the blocking of active sites. 
The adsorption follows Frumkin’s adsorption isotherm. 
The addition of KI, KBr and KCl was found to increase 
the percentage inhibition efficiency due to  synergistic 
effect. It is found that the corrosion inhibition of 
investigated hydrazone derivatives is closely related to 
EHOMO, ELUMO and energy gap (∆E). 

REFERENCES  
 
Abd El-Maksoud SA, Fouda AS (2005). Some pyridine derivatives as 

corrosion inhibitors for carbon steel in acidic medium. Mater. Chem. 
Phys., 93: 84-90. 

Abdallah M, Helal EA, Fouda AS (2006). Aminopyrimidine derivatives 
as inhibitors for corrosion of 1018 carbon steel in nitric acid solution. 
Corros. Sci., 48: 1639-1654. 

Abdel Fattah AA, AbdelGalil RM, Megahed HE, AbdelHaleem SM 
(1991). Effect of some substituted aniline as corrosion inhibitors for 
zinc in acidic solutions, Bull. Electrochem., 7(1): 18-25. 

Agawal YK, Talati JD, Shah MD, Desai MN, Shah NK (2004). Schiff 
bases of ethylenediamine as corrosion inhibitors of zinc in sulphuric 
acid, Corros. Sci., 46: 633-651. 

Amar H, Benzakour J, Derja A, Villemin D, Moreau B, Braisaz T (2006). 
Piperidin-1-yl phosphonic acid and (4-phosphono-piperazin-1-yl) 
phosphonic acid: A new class of iron corrosion inhibitors in sodium 
chloride 3% media, Appl. Surf. Sci., 252: 6162-6172.    

Ashassi-Sorkhabi H, Majidi MR, Seyyedi K (2004).  Investigation of 
inhibition effect of some amino acids  against  steel  corrosion  in  HCl  



236         Afr. J. Pure Appl. Chem. 
 
 
 

solution. Appl. Surf. Sci., 225: 176-185. 
Bacskai R, Shroeder AH (1988). US Patent 4,778,654(Cl, 422-7, 

C23F11/00) 18 October.  
Cao C (1996). On electrochemical techniques for interface inhibitor 

research, Corros. Sci., 38: 2073-2082. 
Chebabe D, Hajjaji N, Srhiri A (1995). In: Proceeding of 8

th
 European 

Symposium on Corrosion Inhibitors, Ann. Univ., Ferrara, Sez, 
1(Suppl. 5): 207. 

Desai MH, Mehta GN (1997). Study of nicotinamide and thiourea on 
acid corrosion of mild steel by DC polarization methods, Bull. 
Electrochem. India, 13(2): 49-52. 

Zhang D-Q,.Xie B, Gao L-X, Joo HG, Lee KY (2011). Inhibition of Cu 
corrosion in acidic chloride solution by methionine combined with 
cetrimonium bromide/cetylpyridinium bromide, J. Appl. Electrochem., 
41: 491-498 

Ebenso EE (2003). Synergistic effect of halide ions on the corrosion 
inhibition of Al In sulphuric acid using acetylphenothiazine, Mater. 
Chem. Phys., 79: 58-70. 

Felhosi ZS, Keresztes I, Karman FH, Mohai M, Bertoti I, Kalman E 
(1999). Effects of bivalent cations on corrosion inhibition of steel by 1-
hydroxyethane-1,1-diphosphonic acids, J. Electrochem. Soc., 146: 
961-969. 

Fignani A, Tassinari M (1990). In: Proceeding of 7
th
 European 

Symposium on Corrosion Inhibitors, N.S. SetV, Ann. Univ. Ferrara, 
Italy, Suppl. 9: 895. 

Fouda AS, Abu-Elnader HM, Soliman MS (1986).Study on corrosion 
inhibition from aspect of quantum chemistry. Bull. Korean Chem. 
Soc., 7(2): 97. 

Fouda AS, Al-Sarawy AA, Ahmed FS, El-Abbasy HM (2009). Corrosion 
inhibition of aluminum 6063 using some pharmaceutical compounds, 
Corros. Sci., 51: 485-492. 

Fouda AS, Moussa MN, Taha FI, Elneanaa AI, (1986). The role of some 
thiosemicarbazide derivatives in the corrosion inhibition of Al in HCl. 
Corros. Sci., 26: 719-726. 

Frumkin AN (1925). Electrocapillary curve of higher aliphatic acids and 
the state equation of the surface layer. J. Phys. Chem., 116: 466-484. 

Fukui K, Ynezawa T, Nagata C, Shingu H (1954). Molecular orbital 
theory of orientation in aromatic, heteroaromatic, and other 
conjugated molecules, J. Chem. Phys., 22: 1433-1442. 

Gece G (2008). The use of quantum chemical methods in corrosion 
inhibitor studies. Corros. Sci., 50: 2981. 

Gomma GK (1998). Corrosion of low carbon steel in sulphuric acid 
solution in presence of pyrazole-halide mixture, Mater. Chem. Phys., 
55: 241-246.  

Hammett LP (1940). Physical Organic Chemistry, McGraw-Hill Book 
Co., New York.  

Juttner K (1990). Electrochemical impedance spectroscopy of corrosion 
processes on inhomogeneous surfaces, Electrochim. Acta, 35: 1501-
1508. 

Khaled KF (2008). Application of electrochemical frequency modulation 
for monitoring derivatives in molar hydrochloric acid. Mater. Chem. 
Phys., 112: 290-300. 

Khaled KF (2003).The inhibition of benzimidazole derivatives on 
corrosion of iron in 1 M HCl solutions. Electrochim. Acta, 48: 2493-
2503. 

Khaled KF, Hackerman N (2003). Investigation of the inhibitive effect of 
ortho substituted anilines on corrosion of iron in 1 M HCl solutions, 
Electrochim. Acta, 48: 2715-2723. 

Khan S, Quraishi MA (2009). Synergistic effect of KI on inhibitive 
performance of thiadiazoles during corrosion of mild steel in 20% 
sulfuric acid. Arab J. Sci. Eng., 35(1): 72-82. 

Komarov VI, Balezin SA (1961). USSR Patent 141,048, September 20, 
(Chem. Abstr. No. 175092j 86 (1977)). 

 
 
 
 
 
 
 
 
 

 
 
 
 
Lahodny-Sarc O, Kapor F, Halle K (2000). Corrosion inhibition of carbon 

steel in chloride solutions by blends of calcium gluconate and sodium 
benzoate, Werkst Korros., 51: 147-151. 

Luo H, Guan YC, Han KN (1998). Corrosion inhibition of mild steel by 
aniline and alkylamines in acidic solutions, Corrosion, 54:721-730 

Nakai K, Nishihara H, Aramaki K (2004). Role of chlorides in hot 
corrosion of a cast Fe Cr–Ni alloy. Part I: Experimental studies, 
Corros. Sci., 46(12): 2893-2907.  

Nemchaninova GL, Klyuchnikov NG (1974) Inhibiyory Korroz. Met., 56 
(Chem. Abs. 65239u 77 (1972)). 

Oguzie EE, Unaegbu C, Ogukwe CN, Okolue BN, Onuchukwu AI 
(2004). Inhibition of mild steel corrosion in sulphuric acid using indigo 
dye and synergistic halide additives, Mater. Chem. Phys., 84: 363-
370. 

Pang X, Hou B, Li W, Liu F, Yu Z (2007). 2,3,5-Triphenyl-2H-tetrazolium 
chloride and 2,4,6-tri(2-pyridyl)-s-triazine on the corrosion of mild 
steel in HCl. Chin. J. Chem. Eng., 15: 909-915. 

Perboni G, Rocchini G (1988). International Corrosion Conference 
Series, NACE (Corrosion Inhibitors), p. 201. 

Quartarone G, Moretti G, Tassan A, Zingales A (1994). Inhibition of mild 
steel corrosion in 1 M sulphuric acid through indole, Werkst 
Korrosion, 45: 641-647. 

Quraishi MA, Ansari FA (2003). Corrosion inhibition by fatty acid 
triazoles for mild steel in formic acid, J. Appl. Electrochem., 33: 233-
238. 

Quraishi MA, Jamal D (2001). Corrosion inhibition of N-80 steel and 
mild steel in 15% boiling HCl by triazole compounds, Mater. Chem. 
Phys., 68: 283-287. 

Quraishi MA, Khan MAM, Ajmal M, Muralidharan S, Iyer SVK (1997). 
Influence of molecular structure of substituted benzothiazolles on 
corrosion inhibition and hydrogen permeation through mild steel in 
sulfuric acid, Br. Corros. J., 32: 72-79. 

Rakha TH, Ibrahim KM, Abdallah AM, Hassanian MM (1996). Synthesis 
and characterization of bivalent metal complexes ofpyrrole-2-
carboxaldehyde aroylhydrazones, Synth. React. Inorg. Met.-Org. 
Chem., 26(7): 1113-1120. 

Reihard G, Rammelt U (1990). In: Proceeding of 7
th
 European 

Symposium on Corrosion Inhibitors, September 17-21, Ferrara, Italy, 
2: 873. 

Saeed MT, Ali SA, Rahman SU (2003). The cyclic hexylamines: A new 
class of corrosion inhibitors of carbon steel in acidic medium, Anti-
corros. Meth. Mater., 50(3): 201-209. 

Sathiyanarayanan S, Balakrishnan K, Dhawan SK, Trivedi DC (1994). 
Prevention of corrosion of iron in acidic media using poly(o-methoxy 
aniline), Electrochim. Acta, 39: 831-838. 

Sathiyanarayanan S, Dhawan SK, Trivedi DC, Balakrishnan K (1992). 
Soluble conducting poly ethoxyanilineas an inhibitor for iron in HCl. 
Corros. Sci., 33: 1831-1841. 

Sekine I, Sanbongi M, Hagiuda H, Oschibe T, Yuasa M (1992). 
Corrosion inhibition of mild steel by cationic and anionic polymers in 
cooling water system, J. Electrochem. Soc., 139: 3167-3173. 

Selvi ST, Raman V, Rajendran N (2003). Corrosion inhibition of mild 
steel by benzotriazole derivatives in acidic medium. J. Appl. 
Electrochem., 33: 1175-1182. 

Tabanelli G, Zucchi F (1973). Reviews on Coatings and Corrosion, Rev. 
Coat. Corros., 1(2): 97-100. 

Touhami F, Aouniti A, Elkacemi K (2000). Corrosion inhibition of armco 
iron in 1 M HCl media by new bipyrazolicderivativesCorros. Sci., 42: 
929-940. 

Vosta J, Hackerman N (1990). The dependence of capacitance on time 
in an acid inhibition corrosion process, Corros.Sci., 30(8-9): 949-950. 

 
 
 
 


