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Abstract 

Certain N, O, S-ligating ring compounds and thioureas were investigated to understand 

their role of copper corrosion inhibition in acetonitrile. For 5 quinones under study, 

including xanthone, xanthene, thioxanthone, acridone and 1,4-naphthoquinone, acridone 

was the best inhibitor, with Cu corrosion rate of 4.495 × 10-4 mm/year, whereas 1,4-

naphthoquinone exhibited the lowest inhibition, due to a  lower number of nitrogen 

groups. With the presence of sulphur, to form a stronger bond with Cu, thioureas had 

better inhibiting behavior than quinones. Of 4 thioureas, namely thiourea (tu), 

diphenylthiourea (dptu), phenylthiourea (ptu), and ethylenethiourea (etu), the fourth 

shows the highest inhibition – with Cu corrosion rate of 2.27 × 10-4 mm/year – and the 

third shows the lowest one, due to the steric effect from the phenyl group. When halide 

ions are present, the inhibition efficiency of thioureas decreases, due to more preferable 

Cu complexation to halides; the strongest copper-halide bond formation occurred by the 

freest iodide ion, which is consistent with the results from X-ray crystallography and 

electrochemistry. 
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Introduction 

Copper has long been used in a number of areas, especially as a structural 

component, due to its advantageous properties, especially in marine systems [1-

2]. However, since the presence of Cl- makes it vulnerable to corrosion, corrosion 

inhibition is economically important. There are a variety of ways to inhibit 

copper corrosion; the most promising is the use of certain organic compounds, 

via the mechanism of adsorption, as well as by the formation of complexes [3]. 

There are a number of researches involving the use of N-containing compounds, 

especially triazoles, for corrosion inhibition [5-9]. The groups of compounds of 

interest include herein two groups: thioureas and quinones.  
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The mechanism of corrosion inhibition by thioureas has not been 

comprehensively elucidated, despite of the fact that their complexes have been 

extensively investigated by X-Ray crystallography [10-11] and electrochemistry, 

both in aqueous [12] and non-aqueous conditions [13]. It is well known that 

thiourea forms formamidine disulfide on the copper surface, and that greater 

concentrations cause corrosion, due to the formation of complexes [14-15]. 

It is known that quinones and similar ring compounds have interactions with 

copper and act as corrosion inhibitors via adsorption [16], mainly because of 

their roles in biological cofactors [17]. Quinones can also be used as a helper for 

corrosion inhibition on metal surfaces, by hydrazines [18]. It has also been 

proved that quinones can inhibit mild steel and iron corrosion [18-20]. To 

investigate their behavior, due to their insolubility, ionic liquids are used [21]. 

Because of the fact that there are quite a few corrosion studies in non-aqueous 

conditions, the corrosion inhibition behaviors of the two groups of compounds in 

non-aqueous solvents are the topic to be focused here. Aqueous conditions might 

resemble the real situation, but they can have the effect of hydrogen and oxygen 

species on the behavior of the inhibitors. Furthermore, there are a number of 

electrochemical studies in non-aqueous conditions which should shed some light 

in understanding Cu corrosion inhibition by thioureas and ring compounds, as 

well as their complexation mechanism. 

 

 

Materials and methods 

Chemicals 
The solvent used was acetonitrile. Thioureas and ring compounds were of 

analytical grade and used as-received. Fig. 1 and 2 show the molecular structure 

of the investigated compounds. 

 
(a)           (b)   (c)               

   
(d) 

Figure 1. Structures of thiourea compounds under investigation: (a) thiourea, (b) 

diphenylthiourea, (c) phenylthiourea and (d) ethylenethiourea. 
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 (a)                    (b)                     (c) 

 
              (d)         (e) 

 

Figure 2. Structures of quinone derivatives under investigation. (a) xanthone, (b) 

xanthene, (c) thioxanthone, (d) acridone, and (e) 1,4-naphthoquinone.  
 

Procedures 
The electrochemical experiments were carried out using a three electrode cell 

assembly with Methrom AUTOLAB PGSTAT 100, by a GPES program. In the 

three-electrode cell, there were used copper coupons of a 2.075 cm2 exposed area 

as working electrode, high purity platinum wire as counter electrode and silver-

silver chloride (Ag/AgCl) as reference electrode. All potentials were measured 

versus Ag/AgCl.  

Before the experiment, the working electrode was polished with emery paper 

(#1000), followed by washing with acetone. Potentiodynamic polarization 

studies were performed in the potential range of ±2 V vs. corrosion potential, at a 

scan rate of 0.1799 Vs-1, to study the effect of inhibitors. 

 

 

Results and discussion 

Corrosion inhibition 
The results from the investigation of copper corrosion in four types of ureas – 

namely, thiourea, diphenylthiourea, phenylthiourea and ethylenethiourea, in 

acetonitrile, as shown in Table 1 – indicate that the metal corroded to the greatest 

extent in diphenylthiourea, with the corrosion rate of 4.52 ×10-4 mm/year, and 

that ethylenethiourea was the best inhibitor in this group (2.27×10-4 mm/year). 

This is due to the fact that, in terms of inductive effect, ethylene is from the 

electron releasing group, which explains the enhancement of its capability in 

forming the substances that cover the metal surface. In contrast, the steric 

structure of the phenyl group, despite its similar inductive effect as an electron 

donor, hurdles the proximity to the metal surface, where redox reactions occur to 

form the substances that cover it and inhibit Cu corrosion at this concentration. It 

has already been shown that, at lower concentrations (‹ 0.1 M), thiourea exhibits 

corrosion inhibiting characteristics. In contrast, Cu-thiourea suffers high 

corrosion, which can easily strip off the surface [3]. Furthermore, both structure 
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and substitutent groups have been proved to affect metal corrosion behavior [15]. 

In the case of palladium (Pd), the phenyl group showed a planar structure [23], 

which makes it much more difficult to reach the metal surface. All of the 

discussed above contributors lead to the following order of corrosion inhibition: 

ethylenethiourea > thiourea > phenylthiourea > diphenylthiourea. The effect of 

concentration is not focused here, but it is generally recognized that increased 

concentrations of corrosion inhibitor result in greater inhibition, especially with 

physisorbed inhibitors [30-31]. 
 

Table 1. Corrosion inhibition by thioureas in acetonitrile. 

Entry  Thiourea Type 

(1 mM) 

Additional 

substance 

Corrosion rate 

(mm/year) ± SD 

1 

2 

3 

4 

Thiourea 

Diphenyl thiourea 

Phenyl thiourea 

Ethylene thiourea 

- 

- 

- 

- 

3.45 (± 0.19) ×10-4 

4.52 (± 0.18) ×10-4  

3.78 (± 0.07) ×10-4  

2.27 (± 0.12) ×10-4  

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Thiourea 

 

 

Diphenyl thiourea 

 

 

Phenyl thiourea 

 

 

Ethylene thiourea 

 

 

1 mM Cl- 

1 mM I- 

1 mM Br- 

1 mM Cl- 

1 mM I- 

1 mM Br- 

1 mM Cl- 

1 mM I- 

1 mM Br- 

1 mM Cl- 

1 mM I- 

1 mM Br- 

1.25 (± 0.03) ×10-1 

5.40 (± 0.04) ×10-1  

2.70 (± 0.03) ×10-1  

3.08 (± 0.03) ×10-2  

4.58 (± 0.16) ×10-1  

2.78 (± 0.11) ×10-1  

1.19 (± 0.02) ×10-1 

5.39 (± 0.11) ×10-1 

4.60 (± 0.10) ×10-1  

1.23 (± 0.02) ×10-1  

5.39 (± 0.11) ×10-1  

1.47 (± 0.03) ×10-1  

17 - - 1.07 (± 0.04) ×10-1  

 

When halides are added to the solution, it is usual that copper corrosion 

increases, because of the formation of a stripping complex speculated to be 

CuCl2
- [24]. With the comparison of the three halides, it was found that all four 

types of thioureas exhibit the same trend of iodide > bromide > chloride, 

corresponding to electrochemical and X-ray crystallography results for copper (I) 

complexes [12,25]. These results reveal that, for copper diphenyl thiourea-halide 

complexes, iodide has the longest bond distance, and only acts as a charge 

balancing ion; hence, it has greater freedom to form a Cu-halide complex, and 

directly increases copper corrosion via the formation of complexes. In their turn, 

bromide and chloride ions can strongly bond with copper, and cause less electron 

density, as well as reduce the extent of corrosion, due to the fact that they cannot 

directly attack the metal surface in the same way as with free ions.  

Another interesting point is that, with the same halide, the corrosion inhibition 

trend for Cl- and I- was dptu < ptu < etu < tu. This is due to the fact that the 

structure of Cu(dptu)2
+ is trigonal planar [25], which facilitates the absorption of 

the thiourea ligand on Cu. In the case of tu, the structure is tetrahedral, which is 

more steric than a trigonal planar, with the trend to include another additional tu 

ligand [26]. Ptu and etu ligands have a similar coordination number to dptu, but 

the complexes have the same trend to become dimer [27-28], causing Cu 

corrosion rate to be essentially the same. For Br-, two doubly bridging etu [28] 
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seem to influence greater adsorption on Cu, at low concentrations, and cause a 

different trend (etu < tu < dptu < ptu) from those of Cl- and I-. These results 

represent the close and subtle relationship between the structure of the complexes 

on the adsorption onto the surface and corrosion inhibition characteristics. 

However, once again, the effect of concentration has not been inhere 

investigated, since it is usually the case that the increase in halide concentrations 

causes greater corrosion rate [32].  
 

Table 2. Corrosion inhibition by N, O, S-ligating ring compounds (O* = carbonyl). 

Entry 
Ligating ring compounds 

Type (1 mM) 

Ligating 

atom 

Additional 

substance 

Corrosion rate 

(mm/year) ± SD 

1 

2 

3 

4 

5 

Xanthone 

Xanthene 

Thioxanthone 

Acridone 

1,4-naphthoquinone 

   O, O* 

   O 

   S, O* 

   N, O* 

   2O* 

- 

- 

- 

- 

- 

1.04 (± 0.01) ×10-3  

1.00 (± 0.02) ×10-3  

1.32 (± 0.01) ×10-3  

4.49 (± 0.02) ×10-4  

3.59 (± 0.02) ×10-3  

6 

7 

1,4-naphthoquinone 

1,4-naphthoquinone 

   2O* 

   2O* 

0.1 M Aniline 

0.1 M Acetic acid 

7.63 (± 0.21) ×10-3  

2.57 (± 0.01) ×10-2  

8 - -            - 1.07 (± 0.04) ×10-1  

  

In contrast to thioureas, N, O, S-ligating ring compounds seem to form a 

complex with copper and attach to its surface; our results reveal that the order of 

capabilities of corrosion inhibition is nitrogen > oxygen > sulfur > carbonyl, 

reflecting greater affinity for nitrogen in forming complexes with copper as a 

film on its surface [29]. Acridone, therefore, exhibits the greatest corrosion 

inhibition with Cu corrosion rate of 4.49×10-4 mm/year. In the case of oxygen, 

the presence of the carbonyl group has no effect on the corrosion rate           

(entry 1 and 2 of Table 2). When there is no free ligating atom of N, O and S, 

such as in the case of 1,4-naphthoquinone, a weak interaction between the 

carbonyl group and copper results in greater corrosion. Furthermore, the 

corrosion rate in acidic conditions is higher than that in the basic ones, which is 

normally the case for acid sensitive metals such as copper [9]. The inhibition 

mechanism for physisorbed compounds has been proofed elsewhere to be of the 

mixed type [30-31].  
 

 

Conclusion 
For thioureas, copper exhibits quite similar corrosion rates, with the lowest in the 

case of ethylene thioureas, compared with phenylthiourea, due to the least steric 

effect. With the presence of halides, iodide causes greatest corrosion, due to its 

freedom to attack Cu surface, in good agreement with the result by X-ray 

crystallography and electrochemistry. A trigonal planar structure and bridging 

ligands facilitate the bonding and corrosion inhibition, whereas dimer formation 

causes an adverse effect. 

In the case of N, O, S-ligating ring compounds, the formation of bonds between 

copper and N can inhibit corrosion, with the capability in the order of nitrogen > 

oxygen > sulfur > no ligating atoms. 
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Future studies 

1. Complexes between metals and certain quinones with and without halides are 

being synthesized for X-Ray analysis.  

2. Corrosion of silver-thiourea-halide systems will be investigated in the future, 

as well as their cyclic voltammetric behaviors.  

3. Modern techniques such as electrochemical impedance spectroscopy (EIS) and 

surface spectroscopy, especially X-Ray Photoelectron Spectroscopy or 

Scanning Electron Microscope (SEM), should provide additional information 

to delve into a detailed mechanism, as well as copper corrosion inhibition in 

practice.  

4. More studies should also be extended to aqueous conditions.  
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