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Abstract 

A series of decanoyl thiourea derivatives, namely N-decanoyl-N’-2-pyridinethiourea (D1), N-decanoyl-N’-3-pyridinethiourea 

(D2) and N-decanoyl-N’-4-pyridinethiourea (D3) were successfully synthesized and were applied as corrosion inhibitors. The 

compounds were characterized via elemental analyser, Fourier Transform Infra Red (FTIR) and 1H and 13C Nuclear Magnetic 

Resonance (NMR) spectroscopies. The inhibition efficiency of each compound was studied on the corrosion of mild steel in 0.1 

M H2SO4 with different concentrations of the compounds by using weight loss method and linear polarization resistance 

technique. From both techniques the results indicate that the corrosion process was significantly reduced with the presence of 

such compounds. It shows that compound D3 has the highest efficiency which is 85.84% compared to D1 and D2. The effects 

of position of N atom located at ortho, meta and para in chemical structure of pyridine on the corrosion inhibition efficiencies 

of the compounds were also investigated.   
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Abstrak 

Siri terbitan dekanoil tiourea, iaitu  N-dekanoil-N’-2-piridinatiourea (D1),  N-dekanoil-N’-3-piridinatiourea (D2) and      N-

dekanoil-N’-4-piridinatiourea (D3) telah berjaya disintesis dan digunakan sebagai perencat kakisan. Sebatian tersebut dicirikan 

dengan penganalisis unsur, spektroskopi infra merah (IR) dan 1H and 13C resonans magnet nukleus (NMR). Keberkesanan 

tindakan merencatkan kakisan oleh setiap sebatian telah diuji pada besi keluli di dalam larutan 0.1 M H2SO4 dengan kepekatan 

sebatian yang berbeza menggunakan teknik perubahan berat dan kaedah rintangan pengutuban linear. Daripada kedua-dua 

teknik, ia telah menunjukkan bahawa proses kakisan boleh direncatkan dengan adanya sebatian tersebut. Sebatian D3 

mempunyai peratusan perencatan tertinggi sebanyak 85.84% berbanding D1 dan D2. Kajian ini juga termasuk kesan struktur 

kimia sebatian terhadap kebolehan merencat kerana sebatian yang disintesis mempunyai kedudukan atom N iaitu orto-, meta- 

dan para- dalam struktur piridina. 

 

Kata kunci: Perencat kakisan, kajian spektorskopi, kajian kakisan, keberkesanan perencat. 

 

Introduction 

Corrosion is one of the biggest problems encountered by the industrial sector since it used acid as the main solution 

in the daily processes. The general aggressively of the acid solutions make it easy for the corrosive attack on the 

metallic materials [1]. Commonly, acid is widely used in the industry for acid pickling, industrial acid cleaning, acid 

descaling and oil well acidizing [2-3]. The use of organic inhibitors is the most practical methods to protect metals 

against corrosion. Organic inhibitors containing nitrogen (N), sulphur (S) and oxygen (O) atoms are capable of 

retarding metallic corrosion [4]. Thus, thiourea and its derivatives are the potential corrosion inhibitor because it 
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contains one S and two N atoms [5]. The lone pair presence in these atoms makes it easily adsorbed on the metal 

surface by forming a protective layer and hence reduces the corrosion attack [6, 7]. Apart from that, the S atom have 

negative charge and the N atom have positive charge which able to enhance the adsorption of molecules by inducing 

additional charges of both atoms using electric field [8]. Others investigation states that heterocyclic ring structure 

which contains nitrogen and oxygen atoms can enhance greater adsorption on metal surface [9]. Therefore, cyclic 

structure of thiourea is the best organic compound that can be used as the corrosion inhibitor. The aim of this study 

is to investigate the inhibitory efficiency of decanoyl thiourea derivatives that were synthesized as in Figure 1 via 

substitution and addition reaction using decanoyl chloride, ammonium thiocyanate and o, m, p-aminopyridine.  

 

Materials and Methods 

Synthesis of N-decanoyl-N’-2-pyridinethiourea 

5 mmol of decanoyl chloride in acetone was mixed with an equamolar of ammonium thiocyanate and stirred for 10 

minutes. Then, an equamolar of 2-aminopyridine in acetone was added to the solution. The solution was refluxed 

for 3 hours and then poured into a beaker containing ice blocks. The solid product formed was filtered and finally 

recrystallized by using acetonitrile. Yield 70.7% ; white solid. IR (KBr pellet, cm
-1

): ν(N-H) 3356.2, ν(C=O) 

1664.1, ν(C-N) 1160.4, ν(C=S) 768.8. 
1
H NMR δ 0.8 (s, 3H, CH3); 1.2-1.4 (m, 2H, CH2); 6.65-7.90 (m, Ar-H); 

10.35, 9.1 (s, 2H, NH). 
13

C NMR δ 14.42 (CH3); 22-31 (CH2); 112-156 (aromatic ring); 171 (C=O); 177 (C=S). 

Anal. Calc. (%) For  C17H25N3OS: C, 62.50; H, 8.20; N, 9.14; S, 10.43. Found (%) : C, 61.27; H, 8.27; N, 9.07; S, 

12.57. 

 

Synthesis of N-decanoyl-N’-3-pyridinethiourea 

This compound was prepared as above from equamolar of decanoyl chloride, ammonium thiocyanate and 3-

aminopyridine. Yield 73.4 % ; brick-red solid. IR (KBr pellet, cm
-1

): ν(N-H) 3354.1, ν(C=O) 1663.2, ν(C-N) 

1174.6, ν(C=S) 789.2. 
1
H NMR δ 0.85 (s, 3H, CH3); 1.2-1.35 (m, 2H, CH2); 6.65-8.00 (m, Ar-H); 10.25, 9.15 (s, 

2H, NH). 
13

C NMR δ 14.41 (CH3); 22-35 (CH2); 126-149 (aromatic ring); 174 (C=O); 178 (C=S). Anal. Calc. (%) 

For C17H25N3OS: C, 62.50; H, 8.20; N, 9.14; S, 10.43. Found (%): C, 62.78; H, 8.99; N, 9.88; S, 12.85. 

 

Synthesis of N-decanoyl-N’-4-pyridinethiourea 

This compound was prepared as above from equamolar of decanoyl chloride, ammonium thiocyanate and 4-

aminopyridine. Yield 74.8%; yellowish-white solid. IR (KBr pellet, cm
-1

): ν(N-H) 3353.7, ν(C=O) 1669.4, ν(C-N) 

1187.7, ν(C=S) 796.1. 
1
H NMR δ 0.85 (s, 3H, CH3); 1.2-1.45 (m, 2H, CH2); 6.65-7.95 (m, Ar-H); 10.25, 9.15 (s, 

2H, NH). 
13

C NMR δ 14.41 (CH3); 29-31 (CH2); 110-165 (aromatic ring); 169 (C=O); 176 (C=S). Anal. Calc. (%) 

For C17H25N3OS: C, 62.50; H, 8.20; N, 9.14; S, 10.43. Found (%): C, 61.45; H, 8.53; N, 9.37; S, 12.61. 

.     

 
(a) 

 
(b) 

 
(c) 

Figure 1:  The chemical structure of the investigated compounds: (a) N-decanoyl-N’-2-pyridinethiourea (D1), (b) N-

decanoyl-N’-3-pyridinethiourea (D2) and (c) N-decanoyl-N’-4-pyridinethiourea (D3) 
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Weight loss method  

The mild steel coupons were used as the specimens with size of 2 x 2 cm. The coupons were abraded with emery 

paper and double washing using acetone and distilled water and finally dried at room temperature. The dried 

coupons were immersed  in corrosion medium of  0.1 M H2SO4 solution for 3 days with and without inhibitors. The 

concentration of the inhibitors was varied from 1 x 10
-5

 M, 1 x 10
-4

 M to 1 x 10
-3

 M. The weight loss of the coupons 

was recorded. 

 

Linear polarization resistance technique 

This method was carried out in a three-electrode cells using AUTOLAB instrument equipped with NOVA software. 

A saturated calomel electrode (SCE) was used as a reference electrode and a graphite electrode as a counter. The 

working electrode was prepared by embedding a rod with mild steel coupon in epoxy resin, with an exposed surface 

area of 0.065 cm
2
. The surfaces were polished with emery paper and washed with distilled water for electrochemical 

studies. 

 

Results and Discussion 

FTIR spectroscopy 
The D1, D2 and D3 compounds show important stretching in the FTIR spectra such as ν(C=S), ν(C=Oamide), ν(C-N) 

and ν(N-H) which can be observed around 700 cm
-1

,  1600 cm
-1

, 1200 cm
-1

, and 3000 cm
-1

. This observation agrees 

very well with the values previously reported in [10, 11]. Meanwhile, the functional group related to the pyridine 

structure was observed at a wavelength range from 1360 to 1250 cm
-1

. The absorption bands for N-H in all three 

compounds were observed around 3300 cm
-1

 which is supported by the previous study [10], stating that the 

assymetric and symmetric stretching vibration of the absorption band for N-H bond in thioamide group were found 

in a range above 3200 cm
-1

. As for the carbonyl band, ν(C=O), it was clearly observed at 1660 cm
-1

. This is due to 

the presence of aromatic group and the existence of intramolecular hydrogen bonding. For C-N, the absorption band 

was observed lower than 1200 cm
-1 

because the presence of C-N bond in aromatic ring. The N atom in the ring 

becomes electron donating group which is also an activating group. It pushes the electron clouds to the ring and 

increases the electron density in the ring causing the absorption band to be shifted to lower frequency region. The 

C=S absorption band was observed at a range between 760 cm
-1

 to 796 cm
-1

. This band was in good agreement with 

the previous study [12].which this type of band was observed at 700 cm
-1

.  However, the reading of the C=S band 

spectra is a bit higher due to the aromatic group which  is describe as large double bond character and has lower 

nucleophilic character of the sulphur atom compared to alkylthioureas. 

  
 1
H NMR spectroscopy 

For all of the compounds, a resonance was observed at a range of 0.8-0.85 ppm as singlet. This is due to the 

presence of methyl protons substituent attached to the aliphatic structure of the compounds. As for the methylene, 

the resonance was observed in the range of   1.2-1.45 ppm. Since the methylene presences in the compounds are in 

long chains, the absorption observed becomes overlapped in an unresolvable group. The resonance for aromatic 

group for the compounds was observed at 6.65-7.8 ppm. It was a distinctive multiplet resonance because of the 

unresolved aromatic protons. As for the N-H, there are two resonances, one for the proton near to the C=O and the 

other is for the C=S resonance. For C=O, the resonance was observed at a range of 9.1-9.15 ppm. Meanwhile, for 

the C=S, the 
1
H shifts resonance was observed at 10.25-10.35 ppm. Theoretically, the resonance for this type of 

group should be observed at higher chemical shift which is 12 ppm, but in this experiment, it was observed at lower 

resonance because the presence of the aromatic group as the substituents in the thiourea compounds. The electrons 

on the aromatic ring deshield the hydrogen attached to N atom. Besides, the chemical shift of this group is variable. 

It is depends not only on the chemical environment in the molecule but also on the concentration, temperature and 

solvent. 

 
13

C NMR spectroscopy 
The resonance of methyl and methylene were observed at 14.4 ppm and 22.0 – 35.0 ppm respectively. For aromatic 

rings, the carbon resonance was found at a range of 110-165 ppm which is corresponding to the pyridine in the 

compounds. The C=O and C=S carbon resonance were clearly observed in between 169-174 ppm and 176-178 ppm. 

There is slightly difference in the carbon resonance because they are slightly deshielded due to the formation of 
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intramolecular hydrogen bonding, increasing electronegativity of oxygen and sulphur atoms and different 

environment and conformations.  

 

Weight loss method 

By using the weight loss method, the inhibition efficiency (IE%) of the three compounds synthesized and their 

respective corrosion rate has been calculated by using the formula equation (1) and (2)  below and listed as in Table 

1. 

                    (Wblank – Winhibitor) 

IE % =                                     x 100%                                            (1)       

                       Wblank  

 

where, Wblank is the weight loss of mild steel without inhibitor and Winhibitor is the weight loss of mild steel in with 

inhibitor.  

                                               Weight loss of mild steel (g) 

      Corrosion rate =                                                                                                                                            (2) 

                                    Surface area of mild steel (cm
2
) x Time (h) 

 

 

 

Table 1: Parameters of mild steel corrosion activities in 0.1 M H2SO4 solution with and without inhibitors 

Compound 
Concentration 

(M) 

Average weight 

loss (g) 

Inhibition 

efficiency 

(IE %) 

Corrosion rate 

(g/cm
-2

 h
-1

) 

Blank - 0.1399 - 4.86 x 10
-4

 

D1 

 

1 x 10
-5

 0.0222 84.13 7.71 x 10
-5

 

1 x 10
-4

 0.0199 85.78 6.91 x 10
-5

 

1 x 10
-3

 0.0215 84.63 7.47 x 10
-5

 

D2 

 

1 x 10
-5

 0.0242 82.70 8.40 x 10
-5

 

1 x 10
-4

 0.0372 73.41 1.29 x 10
-4

 

1 x 10
-3

 0.0294 78.98 1.02 x 10
-4

 

D3 1 x 10
-5

 0.0267 80.91 9.27 x 10
-5

 

1 x 10
-4

 0.0198 85.84 6.87 x 10
-5

 

1 x 10
-3

 0.0249 82.20 8.65 x 10
-5

 

 

 

 

From Figure 2, it can be observed that all the compounds were able to decrease the corrosion process at any 

concentration of the inhibitors. This is because there are N, S and O atom present in the chemical structure of the 

inhibitor which acts as the center for the adsorption to the mild steel. It forms a film on the surface of mild steel via 

adsorption process by which it decreases the mild steel area from corrosion attack. Among the three concentrations 

tested for the studies, concentration of 1 x 10
-4

 M shows the best activity for the compounds to inhibit corrosion. 

This is because that at this concentration, the activity of the synthesized compound to slow down the corrosion rate 

is optimum. Since the compounds that were synthesized have ortho-, meta- and para- positions of N atom in the 

pyridine structure, they show different inhibitory activity towards the corrosion of mild steel. N atom in the pyridine 

structure is an electron donating group and the presence of it in different position of an aromatic structure affects the 

reactivity of the compound towards the inhibition. The compounds that have higher inhibitory efficiency are both 

compound D1 and D3 at concentration of 1 x 10
-4

 M in which the inhibitory efficiency is about 85%. This happens 

because ortho- and para- positions are more favoured by N atom due to the N atom can donate electron easily to the 

system and therefore enhances the stability of the compound. Thus, these two positions of N atom enhance the 

adsorption of thiourea derivatives compound on the metal surface.  On the other hand, the meta- position is not 

favoured by the N atom because this position is favoured to electron withdrawing group or deactivating group. This 
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is proved by inhibitory activity by compound D2 that shows it has the lowest IE % compared to the other two 

compounds.  

 

 

 

 
 

Figure 2: Graph of concentration of inhibitors versus inhibitory efficiency (IE%) by using weight loss method 

 

 

 

Linear polarization resistance technique  

This technique is used for further confirmation of the inhibitory efficiency at the best concentrations of the 

synthesized compounds. The corrosion of the mild steel was tested with the concentration of compound D1, D2 and 

D3 at 1 x 10
-4

 M in 0.1 M sulphuric acid. The linear polarization curves and its parameters such as current densities 

(icorr), corrosion potential (Ecorr), cathodic and anodic Tafel slopes (bc, ba) and inhibition efficiency (IE %) with the 

presence and absence of the inhibitors are given in Fig. 3 and Table 2 respectively. 

 

 

 
 

Figure 3: Polarization curves of 1 x 10
-4

 M D1, D2 and D3 in 0.1 M sulphuric acid 
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Table 2: Corrosion parameters for mild steel in 0.1 M sulphuric acid with and without inhibitor 

 

 

From Table 2 the efficiency of inhibitors was calculated by using the formula (equation 3) below: 

 

                            (icorr(blank) – icorr(inh))   

IE% =                                    x 100%                            (3) 

                                   Icorr(blank) 

 

where icorr(blank) is the current densities without inhibitor and icorr(inh) is the current densities with inhibitors either D1, 

D2 and D3.  It was found that the icorr of mild steel in the presence of different type of inhibitor were smaller than 

without it. This implies that there is an adsorption on mild steel [13] and also the presence of aromatic group that 

have high electron density which suppressed the reactions [14]. The addition of the inhibitors also resulted in the 

shift of the corrosion potential (Ecorr) to the left side as compared to corrosion potential without inhibitor. This 

shows that all inhibitors favour to cathodic reaction. From this technique, compound D3 has the highest IE% which 

is 63.9%. This results correlate with the weight loss method stating that D3 has is most potential corrosion inhibitor. 

Meanwhile, for compound D1 it does not shows that the results from LPR technique and weight loss method 

support each other as the compound to be the second best corrosion inhibitor. This may be due to external factor 

that affects the linear polarization resistance such as noise or any other factor that may interfere during the 

measurement. 

 

Conclusion 

N-decanoyl-N’-2-pyridinethiourea, N-decanoyl-N’-3-pyridinethiourea and N-decanoyl-N’-4-pyridinethiourea were 

successfully synthesized and characterized. The N-decanoyl-N’-4-pyridinethioureawith N atom located at para-

position gave the best corrosion inhibition at optimum concentration of 1 x 10
-4

 M corrosion inhibitors in 0.1 M 

sulphuric acid. All the obtained compounds are cathodic type of inhibitors. 
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