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The corrosion inhibition by a 1, 1', 5 ,5'-tetramethyl-1H, 1'H-3, 3'-bipyrazole (Bip) on C38 steel in 

hydrochloric acid (HCl) solution has been investigated by weight loss at 308-343K. The results 

obtained revealed that the inhibition efficiency decreased with increase in temperature. Inhibition 

occurred through adsorption of the Bip molecules on the metal surface. The value of activation energy 

(Ea), Arrhenius factor, enthalpy and entropy for the Bip corrosion inhibition and the thermodynamic 

parameters such as adsorption equilibrium constant (Kads), free energy of adsorption ( adsG ), 

adsorption heat ( adsH  ) and adsorption entropy ( adsS  ) values were calculated and discussed. 

Adsorption of Bip on the C38 steel surface in 1M HCl follows the Langmuir isotherm model. Quantum 

chemical calculations using DFT at the B3LYP/6-31G* level of theory was further used to calculate 

some electronic properties of the molecule in order to ascertain any correlation between the inhibitive 

effect and molecular structure of 1, 1', 5 ,5'-tetramethyl-1H, 1'H-3, 3'-bipyrazole (Bip). 

 

 

Keywords: C38 Steel; HCl; Inhibition; Bipyrazole; Weight Loss; Langmuir; DFT 

 

1. INTRODUCTION 

Corrosion is a fundamental process playing an important role in economics and safety, 

particularly for metals and alloys. Steel has found wide application in a broad spectrum of industries 

http://www.electrochemsci.org/
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and machinery; however its tendency to corrosion. The corrosion of steel is a fundamental academic 

and industrial concern that has received a considerable amount of attention. Among several methods 

used in combating corrosion problems, the use of chemical inhibitors remains the most cost effective 

and practical method.  Therefore, the development of corrosion inhibitors based on organic compounds 

containing nitrogen, sulphur and oxygen atoms are of growing interest in the field of corrosion and 

industrial chemistry as corrosion poses serious problem to the service lifetime of alloys used in 

industry [1-8].  Generally, the corrosion rate of steel in acidic solution increase with the rise of 

temperature. This is due to the decrease of hydrogen evolution overpotential [2]. Temperatures effects 

on acidic corrosion, most often in hydrochloric and sulphuric acids, have been the object of a large 

number of investigations [9–18]. The adsorption of the organic inhibitor at the metal solution interface 

is the first step in the mechanism of the inhibitory action. Organic molecules may adsorb on the metal 

surface by 

(a) Electrostatic interaction between a negatively charged surfaces, which is provided with 

specifically adsorbed anions (Cl
-
) on metal and positive charge of the inhibitor. 

(b) Interaction of unshared electron pair in the inhibitor molecule with metal. 

(c) Interaction of π electron of the inhibitor molecule with the metal and/or 

(d) A combination of all the above processes. 

Adsorption of organic compounds on the metal surface can be described by two types of 

interaction; physical adsorption and chemical adsorption. Physical adsorption requires the presence of 

both electrically charged surface in the metal and charged species on the bulk of the solution. 

Chemisorptions involve charge-transfer process. The object of the present work was to study the 

temperature effects on C38 steel corrosion in 1 M HCl solution in the absence and presence of various 

additions of 1, 1', 5 ,5'-tetramethyl-1H, 1'H-3, 3'-bipyrazole (Bip) by using gravimetric method. 

Various thermodynamic parameters for inhibitor adsorption on C38 steel surface were estimated and 

discussed. Kinetic parameters for C38 steel corrosion in absence and presence of the studied inhibitor 

were evaluated and interpreted. On the light of inhibitor constituent, the inhibition mechanism for C38 

steel in hydrochloric acid was suggested. The correlation between the inhibition efficiency and 

quantum chemical parameters was investigated in order to elucidate the inhibition mechanism of the 

investigated compound. The molecular structure of Bip is shown in Fig. 1. 
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Figure 1. The chemical structure of Bip. 
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2. EXPERIMENTAL DETAILS 

2.1. Materials and reagents 

C38 Steel strips containing 0.09 wt.% P; 0.38 wt. % Si; 0.01 wt. % Al; 0.05 wt. % Mn; 0.21 wt. 

% C; 0.05 wt. % S and the remainder iron were used for gravimetric studies. Prior to all measurements, 

are abraded with a series of emery paper from 180 to 1200 grade. The specimens are washed 

thoroughly with bidistilled water degreased and dried with acetone. The specimens are washed 

thoroughly with bidistilled water degreased and dried with acetone. The aggressive solution (1M HCl) 

was prepared by dilution of Analytical Grade 37 % HCl with double-distilled water. 

 

2.2. Weight loss measurements 

Gravimetric measurements were carried out in a double-walled glass cell equipped with a 

thermostated cooling condenser. The solution volume was 80 cm
3
. Prior to all measurements, the 

exposed area was mechanically abraded with 180, 320, 800 and 1200 grade emery papers. The 

specimens were washed thoroughly with bi-distilled water, degreased, and dried with ethanol. The C38 

steel specimens used had a rectangular form  (1.6cm × 1.6cm × 0.07cm). Three measurements were 

performed in each case and the mean value of the weight loss was reported and recorded in mg/cm
2
. 

The immersion time for the weight loss was 1 h. 

 

2.3. Quantum chemical calculations 

Complete geometrical optimizations of the investigated molecules are performed using DFT 

(density functional theory) with the Beck’s three parameter exchange functional along with the Lee–

Yang–Parr nonlocal correlation functional (B3LYP) [19–21] with 6- 31G* basis set is implemented in 

Gaussian 03 program package [22]. This approach is shown to yield favorable geometries for a wide 

variety of systems. This basis set gives good geometry optimizations. The geometry structure was 

optimized under no constraint. The following quantum chemical parameters were calculated from the 

obtained optimized structure: the energy of the highest occupied molecular orbital (EHOMO), the energy 

of the lowest unoccupied molecular orbital (ELUMO), ΔEgap = EHOMO - ELUMO, the dipole moment (μ) 

and total energy (TE). 

 

 

 

3. RESULTS AND DISCUSSION 

3.1.1. Effect of immersion time 

Three parallel rectangular C38 steel specimens of were used for the determination of corrosion 

rate. The coupons, initial weight using an analytic balance was recorded before immersion in 80 ml of 

corrodent (1M HCl) without and with different concentrations of Bip. The specimens were taken out, 
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washed, dried, and reweighed accurately. The average weight loss of the three parallel C38 steel 

specimens could be obtained. The corrosion rates of  have be C38 steel en determined for different 

immersion period at 308K from mass loss, using Eq. (1) where ∆m is the mass loss, S is the area, and t 

is the immersion period [23]. The percentage protection efficiency Ew(%) was calculated according the 

relationship Eq. (2) where W and Winh are the corrosion rates of steel without and with the inhibitor, 

respectively [24]: 

 

.

m
W

S t


                                                                    (1) 
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                                                              (2) 

 

Fig. 2 shows the effect of increasing time on the weight loss of carbon steel in uninhibited and 

inhibited acid solutions  
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Figure 2. Weight loss as a function of immersion time of steel in 1M HCl without and with  

10
-3

M of Bip at 308 K. 

 

It is obvious that the weight loss varied linearly with immersion period. The curves obtained in 

presence of the additive fall significantly below that of free acid. The linear variation of weight loss 

with time in plain acid and inhibited acid indicates the absence of insoluble surface films during 

corrosion.  

 

3.1.2. Effect of temerature 

The influence of temperature on the corrosion behaviour of steel/acid in the presence and 

absence of the Bip at various concentrations is investigated by weight-loss trend in the temperature 

rang 308-343K during 1h of immerssion. The collected curves in Fig. 3 show the evolution of 

corrosion rate (W) with Bip concentration (C) at different temperatures. Fig. 4 indicates that at a given 
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Bip concentration the corrosion rate of steel increased with temperature. The increase is more 

pronounced at low concentrations. The results also indicate that for a given temperature, the corrosion 

rate of steel decreased with increasing inhibitor concentration. The values of inhibition efficiency 

obtained from the weight loss for different inhibitor concentrations and at various temperatures in 1M 

HCl are given in Table 1 and Fig. 3.  

Is clear that inhibition efficiency increased with increase in inhibitor concentration. The 

maximum value of inhibition efficiency (Ew%) obtained for 10
-3

M Bip is 96.3% at 308 K. It shows that 

inhibition efficiency decreased at higher temperatures. This behavior indicates desorption of inhibitor 

molecule [25]. 

 

Table 1. Corrosion rates and values of Inhibition efficiency (Ew%) from weight loss measurement for 

steel corrosion in 1M HCl without and with addition of different concentrations of Bip at 

different temperatures. 

 

Temperature (K) Concentration (M) W (mg/cm2.h) Ew  (%) Θ 

 Blank 1.07 - - 

 1×10-3M 0.04 96.3 0.963 

308 5×10-4M 0.08 92.5 0.925 

 1×10-4M 0.12 88.8 0.888 

 5×10-5M 0.19 82.2 0.822 

 Blank 1.49 - - 

 1×10-3M 0.07 95.3 0.953 

313 5×10-4M 0.13 91.3 0.913 

 1×10-4M 0.22 85.2 0.852 

 5×10-5M 0.35 76.5 0.765 

 Blank 2.87 - - 

 1×10-3M 0.40 86.1 0.861 

323 5×10-4M 0.60 79.1 0.791 

 1×10-4M 0.86 70.0 0.700 

 5×10-5M 1.22 57.5 0.575 

 Blank 5.21 - - 

 1×10-3M 1.31 74.9 0.749 

333 5×10-4M 1.78 65.9 0.659 

 1×10-4M 2.81 46.1 0.461 

 5×10-5M 3.56 31.7 0.317 

 Blank 10.02 - - 

 1×10-3M 4.29 57.2 0.572 

343 5×10-4M 4.92 50.8 0.508 

 1×10-4M 6.76 32.5 0.325 

 5×10-5M 7.94 20.8 0.208 
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Figure 3. Variation of corrosion rate with the concentrations of Bip for steel in 1M HCl at different 

temperatures. 
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Figure 4. Relationship between inhibition efficiency and concentration of Bip in 1M HCl. 

 

3.1.3. Adsorption isotherm and thermodynamic parameters 

The extent of corrosion inhibition depends on the surface conditions and the mode of 

adsorption of the inhibitors [26]. Under the assumptions that the corrosion of the covered parts of the 

surface is equal to zero and that corrosion takes place only on the uncovered parts of the surface (i.e., 

inhibitor efficiency is due mainly to the blocking effect of the adsorbed species), the degree of surface 
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coverage Θ has been estimated from the chemical and electrochemical techniques employed in this 

study as follows: Θ = Ew (%)/100 (Eq. 3) (assuming a direct relationship between surface coverage and 

inhibition efficiency) [26–29]. The adsorption on the corroding surfaces never reaches the real 

equilibrium and tends to reach an adsorption steady state. However, when the corrosion rate is 

sufficiently small, the adsorption steady state has a tendency to become a quasi-equilibrium state. 

The adsorption on the corroding surfaces never reaches the real equilibrium and tends to reach 

an adsorption steady state. However, when the corrosion rate is sufficiently small, the adsorption 

steady state has a tendency to become a quasi-equilibrium state. In this case, it is reasonable to 

consider the quasi-equilibrium adsorption in thermodynamic way using the appropriate equilibrium 

adsorption isotherms [30]. 

Basic information on the interaction between the inhibitor and the C38 steel surface can be 

provided by the adsorption isotherm. In order to obtain the isotherm, the linear relation between the 

values of Θ and the inhibitor concentration (Cinh) must be found. Attempts were made to fit the Θ 

values to various isotherms including Langmuir, Hill de Boer, Parsons, Temkin, Flory–Huggins, 

Dahar– Flory–Huggins and Bockris–Swinkel. By far the best fit is obtained with Langmuir isotherm. 

According to this isotherm, Θ is related to Cinh by: 

 

.
1

ads inhK C





                                                             (4) 

 

Rearranging Eq. 4 gives: 

 

1inh
inh

ads
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                                                            (5) 

 

where Kads is the equilibrium constant of the inhibitor adsorption process, Cinh is the inhibitor 

concentration and is the surface coverage that was calculated by Eq. 3. This model for Langmuir’s 

adsorption isotherm has been used extensively in the literatures for various metal/inhibitor/acid 

solution systems [31-35]. 

A fitted straight line is obtained for the plot of Cinh/ versus Cinh with slope close to 1 as seen 

in Fig. 5. The strong correlation (R
2
 > 0.999) suggests that the adsorption of inhibitor on the C38 steel 

surface obeyed this isotherm. This isotherm assumes that the adsorbed molecules occupy only one site 

and there are no interactions with other adsorbed species [36]. 

The Kads values can be calculated from the intercept lines on the Cinh/-axis. This is related to 

the standard free energy of adsorption ( adsG ) with the following equation 6: 

 

(55.5 )ads adsG RTLn K                                           (6) 

 

where R is the gas constant and T is the absolute temperature. The constant value of 55.5 is the 

concentration of water in solution in mol/dm
3 

[37]. 
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Figure 5. The relationship between /inhC and C of Bip at various temperatures. 

 

Calculated free energies (G
°
ads) are given in Table 2; the negative values of G

°
ads  indicate 

spontaneous adsorption of Bip onto the C38 steel surface [38] and strong interactions between 

inhibitor molecules and the metal surface [39]. Generally, values of G
°
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 [40]. In the present study, the estimated G
°
ads values are lower than -40 

kJ.mol
-1

 indicate that the adsorption mechanism of the bipyrazole tested may be a chemisorption. 

Usually the adsorption free energy involved in a chemisorption process is more negative than 25 

kJ/mol [41]. 

Thermodynamically, G
°
ads  is related to the standard enthalpy and entropy of the adsorption 

process, H
°
ads and S°ads , respectively, via Eq. (7): 

 

G H T S
ads ads ads
                                                        (7) 

 

and the standard enthalpy of adsorption (H
°
ads) can be calculated according to the van‘t Hoff 

equation [42]: 

 

Ln(  
R T 

ads

H
adsK ) Constant


                                                     (8) 

 

A plot of Ln Kads versus 1000/T gives a straight line, as shown in Fig. 6. The slope of the 

straight line is H
°
ads /R. The value of H

°
ads is given in Table 2. Since the H

°
ads value is negative, the 

adsorption of inhibitor molecules onto the C38 steel surface is an exothermic process. In an exothermic 

process, chemisorption is distinguished from physisorption by considering the absolute value of H
°
ads 
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; for the chemisorption process, it approaches 100 kJ/mol, while for the physisorption process, it is less 

than 40 kJ /mol [43, 44].  
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Figure 6. The relationship between Ln(Kads) and 1/T for Bip. 

 

Table 2. The thermodynamic parameters of adsorption of Bip on the steel surface. 

 

 

T (K) 

coefficient de 

régression 

Linéaire ®  

Kads (L/mol) G°ads 

(kJ/mol) 

H°ads 

(kJ/mol) 

S°ads 

(J/mol.K) 

308 0.99984 78987.69 -39.162  -91.76 

313 0.99985 59797.88 -39.073  -90.58 

323 0.99935 27100.19 -38.196 -67.425 -90.49 

333 0.99923 9757.24 -36.551  -92.71 

343 0.99972 6221.73 -36.365  -90.55 

 

In the present study, the DH0 ads value is larger than the common physical adsorption 

enthalpy, but smaller than the common chemical adsorption heat, once again emphasizing that both 

physical and chemical adsorption take place. The same results were obtained by other authors [42, 43, 

45, 46]. adsH   = -67.425 kJ mol
−1

 found by the Van’t Hoff equation, may be also evaluated by the 

Gibbs–Helmholtz equation, which is defined as follows :  

 

( / )

2  

G T H
ads ads

T T
P

    
   
 
 

                                                 (9) 

 

Which can be arranged to give the following equation : 
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T T

  
                                                            (10) 

 

The adsorption of inhibitor molecules is accompanied by positive values of 
adsS  . 

Fig. 7 shows the variation of
adsG /T with 1/T which gives a straight line with a slope that 

equals 
adsH  . It can be seen from the figure that 

adsG /T decreases with 1/T in a linear fashion. The 

calculated  
adsH  using the Gibbs–Helmholtz equation is -67.42486 kJ mol

−1
  for Bip compound, 

confirming the exothermic behaviour of adsorption on the steel surface, therefore, the values of  

adsH  obtained by both methods are in good agreement. 
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Figure 7. Relationship between G
ads
 /T and the reverse of absolute temperature. 

 

3.1.4. Corrosion kinetic parameters 

The temperature increases the rate of all electrochemical processes and influences adsorption 

equilibria and kinetics as well. Temperature investigations allow the determination of activation 

energy, pre-exponential factor and other thermodynamic activation functions in absence and in 

presence of inhibitor. The activation kinetic parameters such as energy (Ea), enthalpy ( *

aH ) and 

entropy ( *

aS ) may be evaluated from the effect of temperature temperature using Arrhenius law (Eq. 

(11)) and the alternative formulation of Arrhenius equation (Eq. (12)) [47]: 

 

exp aE
W A

RT

 
  

 
                                                              (11) 

 
* *

a aexp exp
S HRT

W
Nh R RT

    
    

   

                                         (12) 
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Where W is the corrosion rate, R the gas constant, T the absolute temperature, A the pre-

exponential factor, h the Plank's constant and N is Avogrado's number. 

Figs. 8 and 9 show the plots of Ln (W) and Ln (W/T) against 1/T, respectively. Straight lines 

are obtained with a slope of ( *

aH  /R) and an intercept of (Ln R/Nh + *

aS /R) from which the values 

of *

aH  and *

aS  are calculated (Table 3). 

Literature [47–52] showed that compared with the activation energy in the absence of an 

inhibitor, higher values for Ea were found in the presence of an inhibitor. Other studies [53, 54] 

indicated that in the presence of an inhibitor the activation energy was lower than that in its absence. It 

was clear that (Table 3) the values of Ea in the presence of the Bip are higher than that in the 

uninhibited acid solution (55.75 kJ mol
−1

). The decrease of inhibition efficiencies with increasing 

temperature and the increase of Ea in the presence of the inhibitor indicate the physical adsorption 

mechanism [55]. 

2,9 3,0 3,1 3,2 3,3

-4

-3

-2

-1

0

1

2

3

 

 

Ln
 (W

) (
m

g/
cm

2 .h
)

1000/T (K
-1
)

 1M HCl 

 10
-3

M

 5x10
-4

M

 10
-4

M

 5x10
-5

M

 
Figure 8. Arrhenius plots of steel in acid with and without different concentrations of Bip. 
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 for different concentrations of  

Bip. 
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The values of *

aH and Ea are nearly the same and are higher in the presence of the inhibitor. 

This indicates that the energy barrier of the corrosion reaction increased in the presence of the  

inhibitor without changing the mechanism of dissolution. The positive values of *

aH  for both 

corrosion processes with and without the inhibitor reveal the endothermic nature of the steel 

dissolution process and indicate that the dissolution of steel is difficult [9,56]. 

The large negative value of *

aS  for C38 steel in 1M HCl implies that the activated complex is 

the rate-determining step, rather than the dissociation step. In the presence of the inhibitor, the value of 
*

aS  increases and is generally interpreted as an increase in disorder as the reactants are converted to 

the activated complexes [9]. The positive values of  *

aS  reflect the fact that the adsorption process is 

accompanied by an increase in entropy, which is the driving force for the adsorption of the inhibitor 

onto the steel surface. 

Fig. 10 indicates that the activation energy increases with the Bip concentration. In the same 

way, the pre-exponential factor increases with the compound concentration. The variation in pre-

exponential factor, as a whole, is just like that of the activation energy. From Eq. (10), it can be seen 

that at a given temperature, the value of the steel corrosion rate is jointly decided by the activation 

energy and pre-exponential factor. The steel corrosion rate basically decreases with an increase in 

concentration of Bip. As can be seen from Table 3, it was clear that both Ea and A increased in the 

presence of Bip [57].  

 

Table 3. The values of activation parameters for C38 steel in 1M HCl in the absence and the presence 

of different concentrations of Bip. 

 

 

Conc 

(M) 

 

A 

(mg/cm2.h) 

Linear 

regression 

coefficient 

(r) 

 aE
 

 (kJ/mol) 
 

*

aH
 

 (kJ/mol) 

*

aS
  

(J/mol.K) 

*

a aE H
 

 (kJ/mol) 

Blank 3.0066×109 0.99961 55.75 53.05 -72.49 2.70 

10-3 7.8353×1018 0.99817 119.74 117.04 107.76 2.70 

5×10-4 6.9681×1016 0.99820 105.87 103.15 68.50 2.72 

10-4 3.9765×1016 0.99861 103.25 100.55 63.83 2.70 

5×10-5 2.6893×1015 0.99841 95.11 92.41 41.44 2.70 

 

We remark that Ea and *

aH  values vary in the same way with the inhibitor concentration (Fig. 

9 and Table 3). This result permits to verify the known thermodynamic relation between Ea and *

aH  

as shown [58]: 

 
*E H RTa a                                                                          (13) 

 

The calculate values are too close to RT is 2.7 kJ/mol. This result shows the inhibitor acted 

equally on Ea and *

aH . 
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Figure 10. The relationship between Ea and *

aH with concentration of Bip. 

 

3.6. Quantum chemical calculations 

Quantum chemical calculations have been widely used to study reaction mechanisms and have 

already proven to be very useful in determining molecular structure, electronic structure and reactivity 

and also for studying corrosion inhibition mechanisms [59].  Thus, it has become a common practice to 

carry out theoretical calculations in corrosion inhibition studies. The predicted properties of reasonable 

accuracy can be obtained from density functional theory (DFT) calculations [60, 61]. Some quantum 

chemical parameters, which influence the electronic interaction between surface atoms and inhibitor, 

are the energy of highest occupied molecular orbital (EHOMO), the energy of lowest unoccupied 

molecular orbital (ELUMO), the energy gap EHOMO- ELUMO (∆E), dipole moment (µ) and total energy 

(TE). All quantum chemical properties were obtained after geometric optimization with respect to the 

all nuclear coordinates using Kohn–Sham approach at DFT level. The optimized structure of the 

studied compound is shown in Fig. 11.  

  

 
 

Figure 11. Optimized structure of the studied molecule obtained by B3LYP-6-31 G(d) method. 
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The computed quantum chemical properties such as energy of highest occupied molecular 

orbital (EHOMO), energy of lowest unoccupied molecular orbital (ELUMO), HOMO–LUMO energy gap 

(∆EH-L), dipole moment (µ) and total energy (TE) are summarized in the Table 4. 

 

Table 4. Calculated quantum chemical parameters of studied inhibitor. 

 

Compound TE   

(eV) 

EHOMO 

(eV) 

ELUMO  

(eV) 

∆Egap  

(eV) 

µ  

(Debye) 

∆N  

(eV) 

Bip -16429.029 -5.2962 -0.4612 4.8349 0.0000 0.852389 

 

As EHOMO is often associated with the electron donating ability of a molecule, high values of 

EHOMO are likely to 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. 

Therefore, the energy of the ELUMO indicates the ability of the molecule to accept electrons; hence 

these are the acceptor states. The lower the value of ELUMO, the more probable, it is that the molecule 

would accept electrons [62]. As for the values of ∆E (ELUMO - EHOMO) concern; lower values of the 

energy difference ∆E will cause higher inhibition efficiency because the energy to remove an electron 

from the last occupied orbital will be low [63].  

 

  

Figure 12. The frontier molecule orbital density distributions of Bip: HOMO (right); LUMO (left). 

 

As we know, frontier orbital theory is useful in predicting the adsorption centers of the 

inhibitors responsible for the interaction with surface metal atoms. The HOMO and the LUMO 

population of ATA were plotted and are shown in Fig. 12.  Analysis of this figure shows that the 

densities of LUMO and HOMO were distributed around the entire molecule especially in the aromatic 

rings. Moreover, 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 
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but also accept free electrons from the metal [64]. It is also well documented in literature that the 

higher the HOMO energy of the inhibitor, the greater its ability of offering electrons to unoccupied d-

orbital of the metal, and the higher the corrosion inhibition efficiency. It is evident from Table 4 that 

the studied compound has the highest EHOMO (-5.2962 eV). This confirms the experimental results that 

interaction between ATA and metal is electrostatic in nature (physisorption). In addition, the lower 

value of the LUMO energy (-0.4612 eV), the easier the acceptance of electrons from metal surface, as 

the LUMO-HOMO energy gap decreased and the efficiency of inhibitor improved. Low values of the 

energy gap (∆E = 4.83 eV) will provide good inhibition efficiencies, because the excitation energy to 

remove an electron from the last occupied orbital will be low. The total energy of is equal to -

16429.029 eV. This result indicated that Bip molecule is favourably adsorbed through the active 

centers of adsorption. Lower values of dipole moment (µ) will favour accumulation of the inhibitor in 

the surface layer and therefore higher inhibition efficiency [65]. 

 

 

 

4. CONCLUSION 

The following conclusions may be drawn from the study: 

 Inhibition efficiency increases with the increase of concentration to attain 96.3% at 10
-

3
M. 

 Bipyrazole (Bip) acts as an inhibitor for the corrosion of C38 steel in 1 M HCl. 

Inhibition efficiency values increase with the inhibitor concentration but decrease with rise in 

temperature suggesting physical adsorption mechanism. 

 The adsorption of Bip on steel surface was found to accord with Langmuir adsorption 

isotherm model. The adsorption process is spontaneous, endothermic and accompanied with a increase 

in entropy of the system from thermodynamic point of view. 

 Kinetic and adsorption parameters were evaluated and discussed. 

 Data obtained from quantum chemical calculations using DFT at the B3LYP/6-31G 

level of theory were correlated to the inhibitive effect of Bipyrazole. Both experimental and theoretical 

calculations are in excellent agreement. 
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