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1. Introduction 

             

         Steel structures exposed to acidic media are highly susceptible to rapid 

degradation, especially during industrial operations such as pickling, descaling, acid 

cleaning, and oil-well 

          However, the reports on azo-based corrosion inhibitors are all experimental 

work and lack comparisons with adsorption thermodynamics, electrochemical 

reactions, and theoretical predictions [3, 8]. Much of the research has been focused 

on each of these separately, making it difficult to build a consistent structure-activity 

relationship [7, 9]. Specifically, the connection between molecular structure, free 

adsorption enthalpy (ΔG°ads), and DFT-calculated electronic descriptors has not 

been comprehensively studied across multiple acidic media [10, 15–18]. Azo-based 

corrosion inhibitors are promising candidates for steel in acid media, and this review 

systematically reviews the progress of azo-type corrosion inhibitors in comparison 

with other materials [3, 8]. These include the 
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her 

exploration [7, 19]. Despite several review articles covering azo-based corrosion 

inhibitors, the vast majority have failed to address experimental observations, 

adsorption behavior or computational studies in a single literature perspective. This 

parameters and electronic descriptors in an all-encompassing 

structure-activity relationship 

resistance trends as well as features obtained from 

DFT calculations in comparison under different 

well as their 

methodological limitations if any, here we provide a rational for what determines the 

design approaches on azo-based corrosion inhibitors. 

. 
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inhibition efficiency of azo-based compounds is strongly influenced 

substituents such as hydroxyl (–OH), 

amino (–NH₂ ), and methoxy (–OCH

Increased electron density facilitates stronger donor–acceptor interactions 

through lone pair electron donation and possible 

coordination bonding [15,16]. 

planarity also plays an important role in adsorption behavior



Sciences Vol. (5) No. (2) ………….….Jun. 2026Journal of Kufa for Chemical  
 

 673 

 

In contrast, sterically hindered substituents may 

reduce adsorption efficiency 

bis-azo derivatives and hybrid systems containing additional 

heterocycles 

 

 

 surface heterogeneity, intermolecular interactions, 

competitive ion adsorption, or other non-ideal interfacial effects, which may make 

alternative models such as 

[16,40]. However, the frequent application of the Langmuir model in the reviewed 

studies suggests that monolayer-type adsorption is commonly used as a practical. 

approximation; nevertheless, the actual adsorption behavior may still be affected by 

surface heterogeneity, lateral interactions, and competitive adsorption in acidic 

media [16,21,40].  
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Electrochemical impedance spectroscopy (EIS) can also shed light on the inhibition 

mechanism by studying interfacial charge transfer processes. When azo-based 

inhibitors are introduced, not only is a significant increase in charge transfer 

resistance (Rct) observed, but also a decrease in double layer capacitance (Cdl). upon 

inhibitor addition [15,18,20,32]. 

Therefore, the rise of Rct reflects the increase of electron flow resistance between 

metal surface and corrosive medium, while the decline in Cdl demonstrates the 

decreasing local dielectric constant as well as thickness of protective adsorption film 

[19, 31]. 

Electrochemical results thus provide powerful support for the inhibition mechanism 

based on adsorption while showing a strong correlation with thermodynamic 

parameters obtained from isotherm analysis. 
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Table 1: Comparative performance of recent azo-based corrosion inhibitors in acidic 

environments (2020–2026) 

 

 

Ref.  Key functional 

group  

Metal Medium  Max 

IE(%) 

Techniques  ∆G° ads (KJ mol-

1) 

Computational 

Study 

10 (-C=N-) (-N=-) (-

OH)  

CS  1 M H₂SO₂ 96 WL, SEM,PDP,EIS -38 DFT 

11 (-N=N-) Phenolic (-

OH) 

MS 1 M HCl 94 EIS,WL -32 - 
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