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Abstract: The corrosive inhibitive effect of compound on mild steel in molar solution of H2SO4 and 
HCl was investigated by weight loss, potentiodynamic polarization and electro chemical impedance 
studies. 1-Acetyl-4, 5-dihydro-5-phenyl-3-(thiophen-2yl) pyrazoles was synthesized, characterized 
and structure elucidated by FTIR, 1H NMR, 13C NMR. The corrosion inhibition rate was increased 
by increasing the concentration of inhibitor (1-acetyl-4, 5-dihydro-5-phenyl-3-(thiophen-2yl) 
pyrazoles) and decreases with increase in temperature. The interaction between inhibitor and surface 
of steel obey Langmuir isotherm. 
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Introduction 

One of the most economical and practical preventive maintenance methods for minimizing 
and controlling corrosion in product pipelines, vessels, etc., is to treat the corrosive 
environment with chemical inhibitors1-3. It is well documented that, the development of new 
corrosion inhibitors of nontoxic type, which do not contain heavy metals and organic 
phosphates was very important4. Inorganic compounds such as chromate, dichromate, nitrite 
and nitrate are widely used as corrosion inhibitors in several media and for different metals 
and alloys5,6. The bio-toxicity of these products, especially chromate, is well documented7 
because of their non-environmental friendly characteristics8 which limit their application. 
Among alternative corrosion inhibitors, organic compounds containing hetero atom like N, S 
and O have been reported as inhibitors which reduce the rate of the dissolution of metals in 
acidic medium9,10.  

 N-Heterocyclic compounds act by adsorption on the metal surface, and the adsorption 
takes place through nitrogen atom, as well as with triple or conjugated double bonds or 
aromatic rings in their molecular structures. Up to now, many N-heterocyclic compounds, 
such as imidazoline, triazole, pyrimidine, pyrrole, pyridine, etc., derivatives11-14, has been 
used for the corrosion inhibition of iron or steel in acidic media. In recent years, ionic liquids 
(ILs) started to receive some interest as new eco-friendly corrosion inhibitors, but still very  
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little work have been reported so far 15-20. On the other hand, there are several reports 
showing that the inhibition efficiency of heteroatom–containing compounds increase in the 
order O < N < S < P21-23. 

 The aim of our present work is to synthesize ionic liquid (1-acetyl-4, 5-dihydro-5-
phenyl-3-(thiophen-2yl) pyrazoles) derivatives and to evaluate their anticorrosion potential 
on mild steel in acid media in various temperature. 

Experimental 
Mild steel strip has following composition: C-3.15, Mn-0.61, P-0.07, S-0.049, Cu-0.5, Cr- 
0.155, Sn-0.035 and reminder iron were used for weight loss method. 

Synthesis of ionic liquid 
Chalcone (0.01 mol), hydrazine hydrate (0.01 mol), anhydrous sodium acetate (0.01) 
and acetic anhydride were taken in a round bottom flask and the reaction mixture flask 
was refluxed until the products are formed. The completion of reaction was monitored 
by TLC. The reaction mixture was poured in to crushed ice and left overnight. The 
precipitate was separated by filtration. Washed, dried and purified by using column 
chromatography24. 
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Scheme 1 

Materials and measurement equipments 
The materials and measurement equipments are adopted by the literature method24. 

Corrosion monitoring methods 

Weight loss tests 
Weight loss measurements were performed at different concentration (10, 20, 30 and 40 mL)  
of inhibitor for 1 h by placing the carbon steel coupons into the acid solution (20 mL). At the 
end of the testing period, the specimens were cleaned and finally its weight loss was 
recorded. The corrosion rate (Vcorr), inhibition efficiency (Ew%)25 and surface coverage (θ) 
were determined by the following equations. 
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 Where W is the weight loss(g), D is the steel density (g cm-3), A is the surface area 
(cm2), T is the exposure time (h) and Vcorr,0 and Vcorr,i are the weight loss values in the 
absence and presence of inhibitors, respectively. 
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 Where Wcorr and Wo
corr are the weight losses in the presence and absence of inhibitor 

respectively. 

Electrochemical tests  
Electrochemical measurements were performed in a conventional three-electrode glass cell. 
Electrode potentials were measured against a saturated calomel electrode (SCE), the counter 
electrode was a mesh of Pt (purity 99.9%) and the working electrode was made of mild steel 
(0.339 cm2). The SCE was connected to a Luggin capillary, the tip of which was placed very 
close to the surface of the working electrode to minimize IR drop. Tests were performed at 
26±1 °C and thermostatically controlled. Electrochemical testing was performed in a 
potentio stat Instrument Model: CHI604D controlled by a PC through the general purpose 
electrochemical system (GPES); the software provided by AUTOLAB. Corrosion current 
densities (icorr) obtained by Tafel extrapolations were used to determine the inhibition 
efficiencies using the equation: 
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 Where ii
corr and io

corr are the corrosion current densities values with and without inhibitor 
respectively. 

Synergistic effect 

The synergistic effect was studied in the presence of decinormal solution of KCl and KI to 
the steel specimen immersed for hours in molar solution of H2SO4 and HCl containing 
various concentration of the inhibitor. The weight loss method procedure was followed to 
study the synergistic effect. 

Results and Discussion 
 Structural elucidation of synthesized organic inhibitor 

Analysis of FT-IR spectrum of Inhibitor 
FT-IR spectrum of inhibitor compound shows characteristic absorption frequencies at 
3082.25, 3022.45 cm-1 due to aromatic CH stretching vibration. The absorption bands at 
2910.58 cm-1 is attributed to the aliphatic CH stretching vibration. The absorption frequency 
at 1647.21 cm-1 is assigned to amide carbonyl stretching vibration. The absorption band at 
1423.47 cm-1 is assigned to C=N stretching vibration. 626.87, 702.09, 736.81, 763.81 cm-1 

(Aromatic ring stretching). The absence of carbonyl band clearly supported for the 
formation of bromo pyrazole, besides the disappearance of NH stretching vibration, which 
conforms the situ acetylation reaction due to acetic anhydride solvent. 
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Figure 1.  The IR result for the Ionic liquid inhibitor 

Analysis of 1H NMR spectrum of Inhibitor 
 In the 1H NMR spectrum of compound, the methylene protons (H-4a and H-4e) of the 
pyrazoline moiety appeared as two doublets of doublets due to multiple coupling involving 
both geminal and vicinal protons. The signals for H-4a and H-4e are observed at 3.37 and 
3.75 ppm. The doublet of doublet at 5.93 ppm (J4a,5a=17.5 Hz and J4a,4e=4.0 Hz) is 
assigned to H-4a proton of the pyrazoline moiety. Likewise, the doublet of doublet at 3.75 
ppm (J4e,4a =17.5 and J4e,5a =11.5 Hz) is assigned to H-4e proton of the pyrazoline 
moiety. Similarly, the methine proton (H-5) of the pyrazole moiety is expected to give signal 
as a doublet of doublet due to vicinal coupling with the two magnetically nonequivalent 
protons of the methylene group (H-4a-H4e) of the pyrazoline moiety and the signals are 
observed at 5.93 ppm (J5a,4a= 11.5Hzand J5a,4e =4.0 Hz).Also the acetyl methyl protons of 
pyrazoline moiety gives signal as a singlet at 2.43 ppm. The aromatic protons appear as a 
multiplet in the range of 6.93-7.79 ppm. 

 
Figure 2. The 1H NMR result for synthesized Ionic liquid inhibitor 
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Analysis of 13C NMR spectrum of Inhibitor 
In the 13C NMR spectrum of inhibitor compound, 13C resonance at 55.26 ppm is assigned to 
C-5 of pyrazole moiety. The 13C resonance observed at 42.04 ppm is due to C-4 of pyrazole 
moiety. The 13C resonance observed at 153.87 ppm is assigned to C-3 of pyrazole moiety. 
The aromatic carbons are observed in the region of 124.59-128.59 ppm. The 13C resonance 
observed at 21.98 ppm is due to acetyl methyl carbon. The remaining 13C signal at 144.32 is 
due to ipso carbon. 

 
Figure 3. The 13C NMR result for synthesized Ionic liquid inhibitor 
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Figure 4. Structure of ionic liquid based inhibitor 

Weight loss measurements 

Effect of inhibitor concentration 
The inhibition efficiency with different concentration of the inhibitor on the mild steel in one 
molarity solution of H2SO4 and HCl has been evaluated by weight loss measurements and 
the results are summarized in Table 1. The data revels that inhibition efficiency increases 
with increase in concentration of the inhibitor behavior may be attributed to an increase in 
surface coverage (θ) by the adsorption of inhibitor on the mild steel surface, in the aggressvie 
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solution, which restricts the dissolution of the metal. The addition of iodide ions enhances 
the inhibition efficiency to a considerable extent. This is due to the synergistic effect of 
pyrazoles is adsorbed by columbic interaction on the metal surface, where iodide ions are 
already adsorbed and thus reduces the corrosion rate. 

 
 

Figure 5. A plot of corrosion efficiency of inhibitor with different concentrations 

Table 1. Inhibition efficiency at various concentrations of pyrazole with and without KI for 
the corrosion of mild steel in one molar solution of H2SO4 and  HCl  obtained by weight loss 
measurements at 28 °C 

Medium 
Inhibitor 

concentration in % 

Weight 
loss in 

mg 

Inhibition 
efficiency 

in % 

Degree of 
coverage 

in θ 
C/θ 

Corrosion 
rate in 

mpy×10-3 
HCl blank(10 mL) HCl 0.009 - - - 0.0115 

HCl + 0.1 S 0.008 11.11 0.11 90.9091 0.01028 
HCl + 0.2 S 0.006 33.33 0.33 60.6061 0.0077 
HCl + 0.3 S 0.004 55.55 0.55 54.545 0.005158 
HCl + 0.4 S 0.003 66.67 0.67 59.7015 0.003869 

H2SO4 blank(10 mL) H2SO4 0.035 - - - 0.0449 
H 2SO4 + 0.1S 0.007 80 0.80 37.5 0.00899 
H2SO4 + 0.2 S 0.012 71.4 0.71 28.169 0.0128 
H2SO4 + 0.3 S 0.008 77.1428 0.77 38.961 0.01028 
H2SO4 + 0.4 S  0.005 85.71 0.86 46.51 0.00643 

HCl + 
Halide 

HCl+ S+ 0.1KI 0.005 44.44 0.44 22.95 0.0064 
HCl+ S+ 0.2KI 0.0024 73.33 0.73 27.39 0.0031 
HCl+ S + 0.3KI 0.0029 67.77 0.68 44.12 0.0037 
HCl+ S+ 0.4KI 0.0032 64.44 0.64 62.5 0.0041 

H2SO4 
+ 

Halide 

H2SO4+ S+ 0.1KI 0.003 91.4 0.91 11.098 0.0038 
H2SO4+ S+ 0.2KI 0.0089 74.57 0.75 26.66 0.01105 
H2SO4+S + 0.3KI 0.0056 84 0.84 35.7 0.0072 
H2SO4+S+ 0.4KI 0.0044 88 0.88 45.45 0.0054 

Effect of temperature and kinetic-thermodynamic 
The effect of temperature on the inhibitive performance of inhibitor for steel in one molar 
solution of H2SO4 and HCl was studied by electrochemical measurements. It is apparent 
from Figure 6. That shows the inhibition efficiency decreases with increase in temperature. 
This can be explained in terms of physical adsorption of inhibitor molecule on steel surface. 
The values of Ea were calculated using Arrhenius equation26. 
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 The values of standard enthalpy of activation (∆H°a) and standard entropy of activation 
(∆S°a) for the dissolution of steel were calculated using the following equation25. 
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 Where, the terms have usual meaning. The values of Ea and ∆H°a should ideally be 
equal for a chemical reaction in electrolytic solutions. The values of these parameters are not 
shown that there is almost a constant. The values of ∆S°a both in the absence and in the 
presence of inhibitor are negative. This indicates that the effect of the inhibitor. 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. 

 
Figure 6. Arrhenius plot of corrosion rate of mild steel in one molar solution of H2SO4 and 
HCl  in presence and absence of the inhibitors. 

Table 2. Effect of temperature on inhibition efficiency of pyrazole at 0.01 mL concentration 
in one molar solution of H2SO4 and HCl S- Inhibitor 

Name of the 
medium 

Temperature, K 
Weight loss, 

mg 
Inhibition 

Efficiency % 
Corrosion 
Rate, mpy 

Blank HCl 301 0.036 - 0.0462 
HCl + S 301 0.005 86 0.00645 

Blank HCl 308 0.037 - 0.0475 
HCl + S 308 0.004 77.5 0.00514 

Blank HCl 318 0.04 - 0.0514 
HCl + S 318 0.027 32.5 0.03469 

Blank H2SO4 301 0.142 - 0.1824 
H2SO4 + S 301 0.019 86.62 0.02442 

Blank H2SO4 308 0.034 - 0.0436 
H2SO4 + S 308 0.012 64.71 0.01547 

Blank H2SO4 318 0.036 - 0.0462 
H2SO4 + S 318 0.014 61.11 0.01805 

 

 
 
Figure 7. Log (corrosion rate/T) – (1/T) curves for dissolution in one molar solution of HCl 
and H2SO4 in absence and presence of inhibitor 
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Adsorption isotherm 
The interaction of inhibitor and steel surface was described on the model followed by 
adsorption isotherms. The degree of surface covered (θ) by inhibitor on steel is dependent on 
inhibitor concentration at constant temperature. Classical model of adsorption were applied 
to fit the surface coverage values at different inhibitor concentrations and temperatures. 
Experimental results of (C/θ) vs. C yielded straight lines as shown in Figure 8, which are in 
agreement with Langmuir’s isotherm: 


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


1
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                                                                           (8) 

 Where C is the inhibitor concentration and Kads is the adsorption equilibrium constant. 
Correlation coefficients and slope profile indicated a good fitting of experimental data to 
Langmuir’s isotherm. When the degree of surface coverage (θ) tends to 1, a more compact 
film is formed though this is dependent on the molecular structure of compounds25: 

)55( adsKRTInG                                                             (9) 

 An increase in Kads with temperature indicates an increase in the extent of adsorption 
and consequently emphasized anticorrosion activity of inhibitor. The increased negative 
values of ∆G0

ads values are determined a higher spontaneity of adsorption along with an 
increase in the stability of the adsorbed layer.  

 
 

Figure 8. Langumuir adsorption isotherms after the addition of inhibitor used for carbon 
steel in one molar solution of HCl and H2SO4 

Potentiodynamic polarization tests  
The values of electrochemical parameters, i.e., corrosion current density icorr), corrosion 
potential (Ecorr), Tafel slops (βc) and inhibitor efficiency (IET,%) obtained as function of 
different  are measured. 

 
 

Figure 9. Potentiodynamic polarization curves for carbon steel in one molar solution of 
H2SO4 and HCl solution and after addition of inhibitor S 
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Figure 9. Nyquist diagram for mild steel in one molar solution of H2SO4 and 1 M HCl in 
presence and absence of inhibitor 

Conclusion 
From the principal result of the present work we can conclude that:  

 The pyrazole compound was synthesised under convectional method and characterized 
by FTIR, 1H NMR, 13C NMR. 

 The synthesized 1-acetyl-4,5-dihydro-5-phenyl-3-(thiophen-2yl) pyrazoles has showed 
the tatuomeric form (ionic liquid) property. 

 The melting point of the 1-acetyl-4, 5-dihydro-5-phenyl-3-(thiophen-2yl) pyrazole = 
94 °C 

 The ability of the synthesized compound on to the corrosion inhibition was checked by 
one molar solution of HCl and H2SO4 medium on mild steel by both weight loss and 
polarisation studies. 

 Polarization study showed that the compound under investigation was mixed type 
inhibitor.  

 The inhibition efficiency of the inhibitor increased with increases of the concentration, 
decreased with increasing temperature and their addition led to a increase of the 
activation corrosion energy.  

 The weight loss, polarization curves and electrochemical impedance spectroscopy were 
in good agreement. 

 Adsorption of the inhibitor on the carbon steel surface from molar solution of H2SO4 
and HCl followed the Langmuir isotherm.  
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