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Abstract 

This review brings together predominant works on the use of bipyrazole compounds as corrosion inhibitors for 

the protection of metallic materials. Bipyrazoles, characterized by a structure with two pyrazole nuclei, have 

emerged as promising candidates in corrosion control due to their structural diversity and unique physicochemical 

properties. The article examines various methods of synthesizing these compounds and explores their inhibitory 

effectiveness against the corrosion of different metals. The studies presented show the ability of bipyrazole 

derivatives to form protective films on metal surfaces, thus delaying the corrosion process. Adsorption 

mechanisms, thermodynamic properties, and experimental results are discussed to provide a comprehensive 

overview of the inhibitory performance of bipyrazole compounds. This review offers a critical synthesis of recent 

advances in the field and highlights prospects for the development of new bipyrazole-based corrosion inhibitors. 
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1. Introduction  

Corrosion causes enormous commercial losses at both the national and international levels, estimated by 

high costs and significant damage to materials and the environment (Messali et al. 2011; De Vuyst et al. 

2008; Abdi et al. 2006). Industries suffer from various types of corrosion, including galvanic corrosion, 

uniform corrosion, corrosion of cracks, intergranular corrosion pitting, and erosion (Quraishi et al., 2011; 

Hemme et al. 2004; Ogier et al. 2008). It is well documented that natural air humidity, aggressive metal 

polishing, water from oceans/seas, and chemical fluids are the most identified corrosion agents that 

contribute significantly to the initiation and propagation of corrosion reactions (Alabi et al. 2020). 
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Additional sources of corrosion have been reported, including oils/gases, basic salts, 

concentrated/diluted acids, ammonia, sulfur, and gaseous materials with acidic pH levels (De Vuyit et 

al. 2008). Various procedures enhance and accelerate the rate of corrosion reactions, such as 

electrochemical processes and chemical reactions occurring among resources in the surrounding 

environment (Messali et al. 2011; Zaidi et al., 2023; Merimi et al., 2023). This literature review on 

bipyrazoles highlights the numerous applications and properties of these organic compounds. 

Bipyrazoles, which are characterized by the presence of two pyrazole motifs, have attracted the attention 

of researchers owing to their structural diversity and unique physicochemical properties (Fig.1). 

Bipyrazoles are distinguished by their structure, with two linked pyrazole nuclei, providing a rich 

molecular platform for functional diversity (Secrieru et al., 2020). These structures can be modified to 

produce compounds with specific properties. Various methods for synthesizing bipyrazoles have been 

described, including condensation reactions, cyclization reactions, and coupling strategies. These 

approaches yielded a wide variety of bipyrazole derivatives with specific substitutions. Bipyrazoles 

exhibit interesting physicochemical properties such as absorption properties in the UV-visible range, 

coordination capabilities with transition metals, and specific reactivities under defined conditions 

(Maissa et al. 2021). 

 

Figure 1. Chemical structure of the bipyrazole compound. 
 

Applications of bipyrazoles are vast, covering areas such as catalysis, medicinal chemistry, coordination 

chemistry, and nanotechnology. Their unique properties make them valuable in the development of 

functional materials and active compounds. Particular attention has been paid to the use of bipyrazoles 

as corrosion inhibitors. Their ability to form protective films on metal surfaces makes them promising 

candidates for preventing corrosion. This literature review highlights the recent progress in the field of 

bipyrazoles and emphasizes opportunities for future research. Perspectives include the development of 

new synthesis methods, exploration of new applications, and thorough understanding of their reaction 

mechanisms. Literature on bipyrazoles reflects the importance of these compounds in contemporary 

chemistry. Their structural diversity and unique properties render them versatile compounds with 

promising applications in various scientific and technological fields. The intrinsic properties of azoles, 

such as their ability to coordinate with metal ions and adsorb on metal surfaces, have been exploited to 
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enhance the efficiency of corrosion inhibition. In conclusion, the integration of azoles, especially within 

the context of ionic liquids, opens new perspectives for corrosion protection, offering an environmentally 

friendly and effective alternative to traditional organic solvents. Previous research has laid the 

groundwork for a thorough understanding of these systems, paving the way for future developments in 

the design of innovative and environmentally friendly corrosion-inhibitor compounds. 

 

2. Literature Review 

2.1 Preparation of Bipyrazoles 

The preparation of bipyrazoles has garnered significant interest owing to the diversity of these 

compounds and their potential applications (Ihammi et al. 2021). The following is a general approach 

for synthesizing bipyrazoles, but it should be noted that the exact conditions may vary depending on the 

specific reactants and desired substituents. 

 

General Synthesis of Bipyrazoles 
 

Condensation Reaction: The synthesis of bipyrazoles often begins with a condensation reaction between 

two pyrazole molecules. Pyrazoles can be functionalized with various groups, such as alkyl, aryl, or 

heteroatomic groups, to introduce diversity (Semmar et al. 2007).  

Cyclization Reaction: Condensation is followed by cyclization to form the bipyrazole core. Cyclization 

agents or catalysts may be necessary to promote bipyrazole motif formation. 

Selective Substitutions: Selective substitutions can be performed to introduce specific functional groups 

into the bipyrazole core. The choice of the substitution reagent depends on the desired properties of the 

final compound. 

Purification: The final product can be purified using chromatography, crystallization, or other methods. 

Characterization: The synthesized product was characterized using analytical techniques such as 

infrared spectroscopy (IR), nuclear magnetic resonance (NMR) spectroscopy, and mass spectrometry to 

confirm its structure. 

General reaction of Bipyrazole: A condensation reaction between two pyrazoles, followed by a 

cyclization reaction, might resemble the following: 
 

Pyrazole-A+Pyrazole-BŸReactif de condensation Bipyrazole 
 

This general synthesis can be adapted based on the specific substituents, nature of the pyrazoles, and 

chosen reaction conditions. It is important to note that the preparation of bipyrazoles can be complex 

because of the diverse structures and reactions involved. Specific methods are often selected based on 

the desired properties of the final compound. The scientific literature contains numerous specific 

approaches, depending on the research objectives. 
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In 1999, F. Touhami and colleagues investigated the inhibitory effect of the newly synthesized 

compound, 1,3-Bis (3,5-dichloromethylpyrazolyl) propane (BDCMPP), on the corrosion of Armco iron 

in a 1M hydrochloric acid medium. They employed methods such as weight loss, electrochemical 

polarization, and impedance studies. The results revealed a maximum inhibition efficiency of 

approximately 90% at a concentration of 10ī3 M, which was attributed to the geometric blocking of the 

iron surface by adsorbed inhibitory molecules, according to an S-shaped adsorption isotherm. The 

cathodic curves exhibited a Tafel line shape, indicating a pure activation mechanism for the hydrogen 

evolution reaction on the iron surface. The inhibition efficiency of BDCMPP increased with increasing 

concentration, reaching 90% at 10ī3M. Addition of the inhibitor did not affect the corrosion potential. 

The adsorption of BDCMPP on the iron surface followed an S-shaped adsorption model, and the 

transient results agreed with static measurements. In summary, this study provides a comprehensive 

understanding of the inhibitory effects of the synthesized compound on the corrosion of Armco iron in 

a specific acidic medium (Touhami et al. 1999). 

 

In 2000, new bipyrazolic compounds were synthesized and tested as corrosion inhibitors for Armco steel 

in a 1M hydrochloric acid medium using methods such as weight loss, electrochemical polarization, and 

impedance measurements. The results demonstrated that 1,3-bis(3,5-dimethylpyrazolyl)propane (inh2) 

was the best inhibitor, achieving a maximum inhibition efficiency of 93% at 10-3 M. It was observed 

that inh2 adsorbed onto the iron surface according to the Langmuir isotherm model. Additionally, the 

inhibition efficiency of inh2 increased with increasing temperature in the range 308ï338 K. The authors 

also determined the apparent activation energy for iron corrosion (Fig.2) (Touhami et al. 2000). 

The synthesized and tested inhibitors were as follows: Bis(3,5-dimethylpyrazolyl)methane, 1,3-Bis(3,5-

dimethylpyrazolyl)propane, 1,4-Bis(3,5-dimethyl pyrazolyl)butane, 1,6-[Bis(1,5-dimethylpyrazol-3-

yl)]2,5-dioxahexane,1,8-[Bis(1,5-dimethylpyrazol-3-yl)]2,7-dioxaoctane, the transient results were in 

good agreement with the stationary results. Additionally, it was observed that the inhibition efficiency 

of inh2 increased with temperature and the activation energy of corrosion decreased in the presence of 

the inhibitor. These observations contribute to a comprehensive understanding of the inhibitory 

properties of new bipyrazolic compounds on the corrosion of Armco steel in a hydrochloric acid 

medium. 

In conclusion, all cathodic curves are presented in the Tafel plot, indicating that the hydrogen evolution 

reaction on the metal surface occurs through a pure activation mechanism. The inhibition efficiency of 

the compounds decreased with increasing length of the carbon chain connecting the pyrazole rings. 

Compound 2 proved to be the best inhibitor among the tested series, with an efficiency of 93% at a 

concentration of 10-3 M. The corrosion potential values were only slightly affected by the addition of the 
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inhibitor. The adsorption of inh2 on the iron surface follows the Langmuir adsorption model. The 

transient results were in good agreement with the stationary results. The inhibition efficiency of inh2 

increased with increasing temperature, and the activation energy of corrosion decreased in the presence 

of the inhibitor. 

.

 

Figure 2. The molecular structures of the bipyrazole compounds studied by Touhami et al., 1999. 

 

Figure 3. Cathodic and Anodic curves of iron in 1 M HCl in presence of bipyrazoles studied at 10-3 M. 

 
Tableau 1. Weight loss of Armco iron in 1 M HCI + different bipyrazolic products at 10-3 M and the 

corresponding inhibition efficiency 
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Figure 4. The impedance diagrams revealed Ecorr after immersion for 30 min in the solution and the 

Langmuir-type isotherm model of inh2 on the iron surface. 

 

In 2002, El Ouafi and colleagues conducted a study on the corrosion inhibition of mild steel in a 1M 

hydrochloric acid solution using new bipyrazolic compounds, employing methods such as weight loss, 

electrochemical polarization, and electrochemical impedance spectroscopy (EIS). These results 

indicated that these compounds are highly effective inhibitors. The inhibition efficiency increased with 

increasing inhibitor concentration, reaching 94% at a concentration of 10-3 M for the studied bipyrazoles. 

The molecules tested were N,N-bis(3,5-dimethylpyrazol-1-ylmethyl)-cyclohexylamine (Bip 1), N,N-

bis(3,5-dimethylpyrazol-1-ylmethyl)-ethanolamine (Bip 2), N,N-bis(3,5-dimethylpyrazol-1-

ylmethyl)allylamine (Bip 3), and N,N-bis(3-carboethoxy-5-methylpyrazol-1-ylmethyl)-

cyclohexylamine (Bip 4) (Fig.5). Potentiodynamic polarization studies clearly revealed that the presence 

of bipyrazoles does not alter the mechanism of the hydrogen evolution reaction, and they essentially act 

as cathodic inhibitors. Furthermore, the effect of temperature on the corrosion behavior of mild steel in 

the presence or absence of bipyrazoles at a concentration of 10-3 M was examined in the temperature 

range of 298 K to 343 K. EIS measurements showed an increase in the transfer resistance with inhibitor 

concentration. These results provide valuable insights into the effectiveness of the new bipyrazolic 

compounds as corrosion inhibitors in acidic environments. 

 

Figure 5. The molecular structure of bipyrazole compounds studied by El Ouafi et al.  
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Figure 6: Cathodic and Anodic curves of steel in 1M HCl in the presence of bipyrazoles studied at 10-3 M 

 

Figure 7. Nyquist diagrams of mild steel in 1M HCl containing different concentrations of Bip 3. 
 

The results show significant trends. First, the inhibition efficiency of this group of inhibitors increases 

proportionally with concentration, reaching its maximum at 10-3 M. Additionally, organic compounds 

of the bipyrazole type act as inhibitors without altering the mechanism of the cathodic reaction, as 

demonstrated by steady-state measurements. The consistency between data from different analytical 

techniques, such as weight loss, electrochemical impedance spectroscopy, and polarization curves, 

reinforces the reliability of our conclusions. Finally, the effect of temperature on inhibition efficiency 

highlights a thermodynamic dependence, with an increase observed for Bip 1 and Bip 4, but a decrease 

for Bip 2 and Bip 3. These results provide important insights into the inhibition mechanisms under varied 

conditions (Figs.6&7). 
 

In 2002, A. Dafali and colleagues conducted a study on the corrosion inhibition of copper in a 3% 

sodium chloride aerated solution using electrochemical polarization, weight loss, and impedance 

measurements in the presence of different concentrations of synthesized bipyrazolic compounds. These 

compounds included N,N-bis(3,5-dimethylpyrazol-1-ylmethyl)butylamine (bipy1); N,N-bis(3,5-

dimethylpyrazol-1-ylmethyl)allylamine (bipy2); N,N-bis(3,5-dimethylpyrazol-1-ylmethyl) ethanol 

amine (bipy3); N,N-bis(3,5-dimethylpyrazol-1-ylmethyl)cyclohexylamine (bipy4); N,N-bis(3-

carboethoxy-5-methylpyrazol-1-ylmethyl)cyclohexylamine (bipy5); N,N-bis(3-carboethoxy-5-methyl 

pyrazol-1-ylmethyl)cyclohexylamine (bipy6). The inhibition efficiencies obtained from the cathodic 



C. Merimi et al. / Arab. J. Chem. Environ. Res. 10(2) (2023) 50-81                                                                  57                                                                       

 

AJCER 

Tafel curves, polarization resistance, and weight loss were in good agreement with electrochemical 

impedance spectroscopy (EIS) measurements. All these additives proved to be excellent inhibitors of Cu 

corrosion. Although the difference in inhibition efficiencies of these inhibitors was not significant, the 

optimal concentration for maximum efficiency depended slightly on the substitution of each molecule. 

The studied molecules act as mixed-type inhibitors. A detailed study of bipy1 showed that a 

concentration of 5×10ī4 M inhibitor achieved a maximum inhibition efficiency of approximately 99%. 

The latter was adsorbed on the copper surface according to the Frumkin isotherm model. The inhibition 

efficiency of bipy1 decreases with increasing temperature in the range 25ï60 °C (Dafali et al. 2002). 

In 2005, M. Elayyachy and colleagues studied the influence of new bipyrazolic derivatives, synthesized 

in the laboratory, on the inhibition of mild steel corrosion in a 1M hydrochloric acid solution, using 

weight loss and electrochemical polarization techniques. The inhibition efficiency of all tested 

compounds increased with concentration. Polarization measurements indicated that the inhibition 

efficiency of bipyrazolic compounds depends on the electrode potential without altering the mechanism 

of the cathodic hydrogen evolution reaction. The results show that Ethyl 4-[bis(3,5-dimethyl-1H-

pyrazol-1-yl)methyl)]aminobenzoate (bipyrazole-4) was the best inhibitor among the tested compounds. 

The effect of temperature reveals that the inhibition efficiency of bipyrazole-4 decreases with increasing 

temperature in the range of 308 to 353 K. These observations contribute to understanding the inhibitory 

properties of bipyrazolic derivatives on steel corrosion in an acidic environment, with inhibitory 

efficiency reaching up to 93% at a concentration of 10-3 M (Fig.8) (Elayyachy et al. 2005). 

  

 

Figure 8. Molecular Structure of the bipyrazolic compounds used by Elayyachy et al., (2005) 
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Figure 9. Cathodic and anodic polarization curves of steel in 1 M HCl in the presence of Bipyrazoles 

 

Figure 10. Cathodic polarization curves of steel at different concentrations of bipyrazol-4 

 

The experimental results obtained from the weight loss and polarization measurements revealed 

consistency between the gravimetric and electrochemical methods. Cathodic polarization curves indicate 

that the hydrogen evolution reaction is activation-controlled, with modification of the proton reduction 

mechanism in the presence of bipyrazolic compounds. The structure of the amine chain between the 

pyrazole cycles influenced the inhibition efficiency of the studied compounds. However, the inhibition 

efficiency of bipyrazole-4 decreased with increasing temperature, and its performance at higher 

temperatures decreased. The adsorption of bipyrazole-4 on the metal surface followed the Langmuir 

isotherm model. 

Tebbji et al., The authors studied the effect of two pyrazole-type organic compounds, namely ethyl 5,50-

dimethyl-10H-1,30-bipyrazole-3 carboxylate (P1) and 3,5,50-trimethyl-10H-1,30-bipyrazole (P2), on 

the corrosion behaviour of steel in a 1 M hydrochloric acid solution at 308 K. They performed weight 

loss measurements, potentiodynamic polarizations, and electrochemical impedance spectroscopy (EIS). 

The results showed that compound P2 was the best inhibitor, reaching an efficiency of 84% at a 

concentration of 10-3 M. Potentiodynamic polarization studies indicate that pyrazole derivatives are 
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cathodic-type inhibitors, acting on the cathodic reaction without changing the mechanism of the 

hydrogen evolution reaction. The inhibition efficiency of P2 depends on the temperature in the range 

308ï353 K, and the associated activation energy was determined. 

 

Figure 11. Molecular structure of bipyrazole derivatives synthetize by Elayyachy et al. 2005. 

 

 

Figure 12. Polarization curves of steel in 1 M HCl for various compounds at 10-3 M. 
 

 

Figure 13. Nyquist plots of steel in 1 M HCl containing various concentrations of inhibitor P2. 

 

This study concludes that inhibitor P2 is effective in protecting steel in 1 M hydrochloric acid solution. 

The inhibition efficiency reached a maximum of 84% at a concentration of 10-3 M. Inhibitors P1 and P2 

acted cathodically without altering the mechanism of hydrogen evolution. The results from the different 

measurement methods, including gravimetric, electrochemical, and impedance measurements, agree 

reasonably well. Additionally, the adsorption of P1 and P2 on the steel surface followed the Langmuir 
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model. These findings offer promising perspectives for the development of effective inhibitors for use 

in corrosive environments (Fig.12&13). 

In another study by Tebjji, the inhibition of steel corrosion by two bipyrazolic compounds in a molar 

hydrochloric acid solution was investigated using weight loss and electrochemical polarization 

measurements. Both the methods yielded consistent results. The polarization curves indicate that 

bipyrazolic compounds act as mixed-type inhibitors. These compounds were found to be effective 

inhibitors, with inhibition efficiency increasing with inhibitor concentration, reaching 96% and 92% at 

5 × 10-4 M for Bipyr 1 and Bipyr 2, respectively. The effect of temperature on the corrosion behavior of 

steel in 1 M HCl, with and without bipyrazolic compounds at 5 × 10-4 M, was studied in the temperature 

range 308ï353 K. The adsorption of the inhibitors on the steel surface follows the Freundlich isotherm 

adsorption model. Thermodynamic data for the adsorption process (f, K, and ȹGads) were calculated 

from the adsorption isotherm (Tebbji et al. 2005). 

Chetouani et al. conducted a study on the inhibitory effect of two newly synthesized bipyrazolic 

compounds, namely N,N-bis[(3,5-dimethyl-1H-pyrazol-1-yl)methyl]-N-(4-methylphenyl)amine (P1) 

and methyl-1-[((methylphenyl){[3-(methoxycarbonyl)-5-methyl-1H-pyrazol-1-yl]methyl}amino)- 

methyl] -5-methyl-1H-pyrazole-3-carboxylate (P2), on the corrosion of pure iron in a 1 M HCl solution. 

Researchers have used chemical techniques, such as weight loss, and electrochemical techniques, such 

as potentiodynamic polarization, linear polarization, and impedance. The inhibition efficiencies obtained 

from different methods, including gravimetric curves, Tafel cathodic curves, linear polarization 

resistance, and electrochemical impedance spectroscopy (EIS), were in agreement, demonstrating the 

effectiveness of P1 and P2 as inhibitors. The inhibition efficiency increases with inhibitor concentration, 

reaching 93% for P1 at 2.5 × 10-4 M. Potentiodynamic polarization studies clearly reveal that P1 and P2 

act as mixed-type inhibitors without modifying the mechanism of hydrogen evolution. The effect of 

temperature on the corrosion behavior of iron in the presence and absence of inhibitors at a concentration 

of 2.5 × 10-4 M was studied in the temperature range of 298ï353 K. EIS measurements showed an 

increase in transfer resistance with inhibitor concentration. The inhibitors were adsorbed on the iron 

surface according to the Langmuir isotherm adsorption model. Thermodynamic data for the adsorption 

process (K and ȹG_ads) were calculated from the adsorption isotherm (Chetouani et al. 2005). 

Bouklah et al. aimed to analyze the inhibition effect of new bipyrazolic derivatives on the corrosion of 

steel in hydrochloric acid (HCl) solutions at different temperatures. Innovative corrosion inhibitors, 

namely bipyrazoles, were synthesized and tested in 1 M hydrochloric acid solution. The degree of 

corrosion was measured using various techniques including weight loss, potentiodynamic polarization, 

linear polarization resistance (Rp), and electrochemical impedance spectroscopy (EIS). The results 
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revealed that compound 1,5,50-trimethyl-1H,20H-3,30-bipyrazole (P1) exhibited the best inhibitory 

effect, with an inhibition efficiency of 79% at a concentration of 10-2 M. The different methods showed 

good agreement. Polarization measurements also indicated that P1 acts as a cathodic inhibitor. The 

cathodic curves suggest that proton reduction on the steel surface is an activation mechanism. P1 was 

adsorbed onto the steel surface according to the Frumkin adsorption model. The limitations of this 

research lie in the fact that this synthetic route offers the opportunity to test other pyrazolic compounds 

in the future. Practically, the inhibitory efficiency of P1 increased with concentration and temperature ( 

298ï353 K), suggesting that P1 could be used in chemical cleaning and pickling processes (Bouklah et 

al. 2005) . 

In 2007, Benabdellah et al. conducted studies involving potentiodynamic polarization, electrochemical 

impedance spectroscopy, and weight loss measurements on the inhibition of carbon steel in a 1 M 

hydrochloric acid solution using three bipyrazolic compounds. The examined inhibitors were 5,5'-

dipropyl-1H,1ǋH-[3,3ǋ]bipyrazolyl (Bp1), 5,5'-diphenyl-1H,1ǋH-[3,3ǋ]bipyrazolyl (Bp2), and 5,5'-bis-(4-

chlorophenyl)-1H,1ǋH-[3,3ǋ]bipyrazolyl (Bp3) (Fig.14). The results showed that the inhibition efficiency 

increased with the inhibitor concentration, and the variation in the inhibitory efficiency depended mainly 

on the type and nature of the substituents present in the inhibitor molecule, reaching 98% for the 

chlorinated derivative (Bp3) at 10-3 M. This indicates that the inhibitory action of bipyrazolic compounds 

is primarily due to adsorption on the steel surface. The adsorption of these inhibitors followed a 

Langmuir adsorption isotherm (Tebbji et al. 2005). 

 
Figure 14. The molecular structures of bipyrazol compounds studied by Benabdellah et al. 2005. 

 

Figure 15. Polarization curves for steel in 1 M HCl containing different concentrations 

 of Bp1, Bp2, and Bp3 at 308 K. 
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Figure 16. Nyquist diagrams of steel in 1 M HCl containing different concentrations of Bp1, Bp2, and 

Bp3 at 308 K. 

 

Figure 17. Variation of corrosion rate (W) and inhibition efficiency (E) with bipyrazolic compounds 

concentration for steel in 1 M HCl at 308 K 

 

In conclusion, this study of bipyrazolic compounds as corrosion inhibitors revealed several key findings. 

First, these compounds mainly influence cathodic processes, and their inhibitory effects become more 

pronounced at higher inhibitor concentrations. Second, all studied molecules demonstrated effective 

corrosion inhibition in hydrochloric acid solutions, with the inhibition efficiency order of Bp3 > Bp2 > 

Bp1(Fig.15&16). Third, the results obtained from the three different methods (potentiodynamic 

polarization, EIS, and weight loss) show consistent agreement. Finally, the adsorption behavior of 

bipyrazolic molecules conforms to the Langmuir adsorption isotherm model, with negative values of the 

adsorption free energy (ȹGÁ ads), indicating spontaneous adsorption of these compounds on the steel 

surface. Overall, this study provides valuable insights into the corrosion-inhibition properties of 

bipyrazolic compounds in acidic environments. 

Laarej et al. (2010) explored the correlation of the effectiveness of certain bipyrazoles, including N,N-

bis(3,5-dimethylpyrazol-1-ylmethyl)-cyclohexylamine (Bip 1), N,N-bis(3,5-dimethylpyrazol-1-

ylmethyl)-ethanolamine (Bip 2), N,N-bis(3,5-dimethylpyrazol-1-ylmethyl)-allylamine (Bip 3), and 

N,N-bis(3-carboethoxy-5-methylpyrazol-1-ylmethyl)-cyclohexylamine (Bip 4), to inhibit the corrosion 


