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Abstract 

Schiff base ligand, 2-acetylpyridine 4-methyl-3-thiosemicarbazone (Me-LH), and its organotin 
complex (BuSn(Me-LH)Cl2) were synthesized, characterized, and subjected to corrosion inhibition study. 
The spectra and crystal structure obtained revealed that the ligand is coordinated by pyridyl nitrogen, 
azomethine nitrogen, and thiolate sulfur to organotin (IV) ion. Corrosion inhibition of the synthesized 
compounds on mild steels in 1 M HCl solution at different concentrations were tested using weight loss, 
Electrochemical Impedance Spectroscopy (EIS), potentiodynamic polarization, Scanning Electron 
Microscopy (SEM) and adsorption analyses. Corrosion inhibition results showed that the complex had a 
strong corrosion inhibitory effect in comparison to the ligand. The inhibition efficiency of all the 
techniques improved with an increase in the concentration of corrosion inhibitor. Polarization analysis 
results showed that the compounds can be categorized as mixed-type inhibitors. Meanwhile, the EIS 
study indicates that with an increase in the concentration of corrosion inhibitor, the resistance to charge 
transfer increased. This resulted in the adsorption of inhibitors and the development of a protective layer 
on the mild steel surface which was further confirmed by SEM analysis. The adsorption isotherm of 
compounds on a mild steel surface followed the Langmuir isotherm model. 
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Introduction 

Acids such as hydrochloric acid and sulfuric acid are generally used to discard rust during steel 
pickling, cleaning and descaling as a part of industrial processes [1-4]. However, the usage of acidic 
solutions can cause corrosion of metallic materials hence various researches have shown that the addition 
of corrosion inhibitor in the acidic solution during scale and rust removal process can reduce corrosion 
[5]. This indirectly will reduce the damage of metallic material. Because of their toxicity and difficulty in 
disposal, many inorganic inhibitors, particularly those containing phosphate, chromate, and other heavy 
metals, are now being increasingly limited or prohibited by various environmental protections, especially 
in the marine industry, where aquatic life is at risk. 

The efficacy of corrosion inhibitor depends on the thiosemicarbazone derivatives ability to adsorb 
and form a layer on the metallic surface. The coating of a metallic surface with thiosemicarbazide 
derivative enables protection from the effect of aggressive solution [6,7]. Organic compounds consist of 
nitrogen, oxygen, fur atoms and/or delocalized π-electrons have been reported to be effective corrosion 
inhibitors typically used in acidic media. Inhibitors with more than one heteroatom, such as nitrogen (N) 
and sulfur (S) exhibit a better inhibitory effect than individual N or S [8,9]. Thiosemicarbazone possesses 
N, N, S atoms which when interacting with a metal ion would increase inhibition efficiency.  

In addition, the effectiveness of inhibitor increased in the presence of metal ion such as organotin 
[10,11]. Organotin complexes are generally distinguished by the Sn4+ ion bound to one to 4 ligands. In a 
previous study, complex formation of metal tin (Sn) with thiosemicarbazone derivatives was reported as 
corrosion inhibitor because organotin is recognized for biocidal, reduced friction and wear, as well as 
corrosion inhibiting properties [12]. Biocidal characteristic which functions to avoid bio fouling together 
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with wear and corrosion resistance is an important property for a good corrosion inhibitor [13]. Organotin 
complex forms the protective layer to the metal surface which is resistant to metal dissolution. The layer 
formed becomes a sacrificial material which functions as barrier on the metal surface. The development 
of new organotin complexes with thiosemicarbazone derivatives has initiated new research efforts that go 
beyond the focus on biological activities such as antimicrobial, antimalarial, anticancer, antifungal, 
antitubercular and antiviral.  

To date, limited studies have been conducted to evaluate the function of organotin ion together with 
thiosemicarbazone derivatives in inhibiting metallic corrosion. For example, some of tin complexes as 
corrosion inhibitor are reported reacting organotin ion with thiophenic [14], chlorobenzoates [15], 
dithiobiurets derivatives [16], dihydroxybenzoate [17] and dinitrobenzoate compounds [18]. In the 
present study, the combination of butyltin(IV) trichloride with 2-acetylpyridine-4-methyl-3-
thiosemicarbazone in a ratio of 1:1 was synthesised as a novel organotin complex, BuSn(Me-LH)Cl2. The 
presence of main functional groups, the percentage of elements (C, H, N, S) and the types of electron 
transition in the Me-LH and BuSn(Me-LH)Cl2 were determined using a Fourier Transform Infrared-
Attenuated Total Reflection (FTIR-ATR), an elemental analyzer (CHNS), and an Ultraviolet-Visible 
Spectrophotometer (UV-Vis), respectively. Subsequently, the structures of Me-LH and BuSn(Me-LH)Cl2 
were confirmed using a Nuclear Magnetic Resonance (NMR) spectrometer and an X-ray crystallography 
diffractometer. Additionally, corrosion inhibition performances of both compounds in hydrochloric acid 
(HCl) were also analysed using the weight loss (theoretical study), electrochemical impedance 
spectroscopy and potentiodynamic polarisation techniques to determine their efficacy in inhibiting 
corrosion of mild steel in 1 M HCl at ambient temperature (303 K) at different concentration levels. 
Lastly, the surface morphology of mild steels was visualized by scanning electron microscopic (SEM) 
analyses and the Langmuir isotherm was used to determine the adsorption mode of inhibitor on the mild 
steel surface.  
 
Materials and methods 

Material 
Chemicals 2-acetylpyridine 4-methyl-3-thiosemicarbazide, butyltin(IV) trichloride and solvents of 

analytical grade (ethanol, acetic acid, hydrochloric acid) were purchased from Sigma Aldrich. All the 
reagents were used without further purification. A 2.0×2.5 cm2 mild steel with a chemical composition of 
C (0.34 %), Mn (0.76 %), P (0.02 %), Si (0.3 %), and balance % Fe was used for corrosion inhibition 
study.  

 
Instrumentations 
The melting point of Me-LH and BuSn(Me-LH)Cl2 was measured using a melting point device 

(SMP10 Stuart). The elemental analysis of the synthesized compounds was performed using an elemental 
analyser (Thermo Finnigan Flash EA 1112 Series). The infrared spectra were obtained using a Perkin 
Elmer spectrophotometer while the FT-IR spectra were recorded using the FTIR-ATR. The electronic 
absorption spectra were acquired using a 1 cm quartz cuvette containing 1×10–5 M sample in dimethyl 
sulfoxide (DMSO) on a PG Instrument T80/T80+ spectrophotometer operating in the wavelength range 
from 200 to 600 nm. Meanwhile, the 1H and 13C NMR spectra were recorded using the BRUKER 
spectrophotometer and deuterated DMSO (DMSO-d6) was used as a solvent and trimethylsilane (TMS) 
was utilized as an internal reference. A Bruker Smart APEX CCD diffractometer equipped with a 
monochromatic graphite Mo-Kα (λ = 0.71073Å) was used to determine the crystal structure of the 
complex at a temperature of 276 K [19]. Data for Me-LH and BuSn(Me-LH)Cl2 were collected and 
reduced using SMART and SAINT program. The molecular designs of both compounds were created 
using the SHELXTL program and publication material by SHELXTL and PLATON program package 
[20]. 
 

Experimental steps 
The Me-LH and BuSn(Me-LH)Cl2 were prepared by a method as described by Hazani et al. 2019 

[21]. 2-acetylpyridine 4-methyl-3-thiosemicarbazone (Me-LH) was prepared by combining an ethanolic 
solution (10 mL) of 4-methyl-3-thiosemicarbazide and ethanolic solution (10 mL) of 2-acetylpyridine. 
Then, a few drops of glacial acetic acid were added to the mixture. The mixture was then refluxed under 
continuous stirring at 60 - 70 °C for 2 h, followed by the cooling down of the mixture at room 
temperature. Slow evaporation was performed to yield crystalline product at room temperature. The 
crystalline product was then filtered and rinsed with cold methanol and dried over anhydrous silica gel. 
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The purification of Me-LH was carried out using a thin layer chromatography (TLC) method. For the 
synthesis of BuSn(Me-LH)Cl2, the Me-LH was first dissolved in ethanol (10 mL), while the butyltin(IV) 
trichloride salt was dissolved in distilled water (10 mL). Then, the metal salt solution was added dropwise 
into the Me-LH solution. After that, the mixture was continuously stirred for 4 h, purified and treated with 
cold ethanol. The powder formed was dried over the anhydrous silica gel. The BuSn(Me-LH)Cl2 was 
recrystallized in the mixture of chloroform and ethanol with a ratio of 1:1. 
 

Corrosion inhibition study 
Hydrochloric acid (HCl) solution (1 M) was prepared by diluting 37 % of analytical grade HCl with 

distilled water. Different concentration levels of the Me-LH and BuSn(Me-LH)Cl2 were prepared ranging 
from 0.1 to 1.5 mM. The compounds for each concentration were freshly prepared by dissolving [] in 
prepared solution of 1 M HCl.  

 
Mild steel weight loss measurement 
First, the initial weight of mild steel was weighed using an analytical balance. The specimen was 

then soaked in 10 mL of 1 M HCl with and without the presence of corrosion inhibitors at varying 
concentration levels at room temperature. After immersion for 24 h in the acidic solution, the mild steel 
specimen was rinsed with distilled water and dried at room temperature. The specimen was then weighed 
and recorded as the final weight. The experiment was operated 3 times and the mean weight was 
calculated. The weight loss of mild steel, ΔW(g), corrosion rate CRW (mgcm–2h–1), surface coverage (θ) 
and inhibition efficiency, IEWL(%) were calculated as shown in Eqs. (1), (2), (3) and (4), respectively 
[22]. 
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W1 and W2 are the weight of specimens before and after immersion in acidic solution, respectively. S is 
the surface area of the mild steel (cm2), t is the immersion time (h), C°RW and CRW refer to corrosion rates 
in the absence and presence of inhibitors, respectively. 
 

Electrochemical Measurement 
Three conventional electrode cells were used for polarisation and electrochemical impedance 

spectroscopy (EIS) tests. They were platinum rod, silver-silver chloride (Ag/AgCl) and mild steel which 
was used as the counter electrode, reference electrode, and working electrode, respectively. The working 
electrode was developed by implanting mild steel with a surface area of 0.1 cm2 exposed to epoxy resin. 
Before usage, the mild steel specimen was polished with a series of 320 to 1,200 grades of silica carbide 
paper and was then washed with distilled water followed by acetone degreasing. The analysis was 
performed at room temperature by soaking the working electrode in an unstirred aggressive electrolyte 
over an open-circuit potential (OCP) for approximately 10 min to achieve equilibrium. The EIS 
experiments were carried out at a corrosion potential (Ecorr) with a frequency range from 10 kHz to 0.1 Hz 
using the peak-to-peak amplitude of 0.01 V at the OCP [23]. The inhibition efficiency, IEEIS (%) was 
calculated as expressed in Eq. (5) [23].  
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RP and R°P correspond to polarization resistances of mild steel in the absence and presence of inhibitor, 
respectively. 
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Potentiodynamic polarization or Tafel extrapolation measurements were also performed on the same 
electrode immediately after the EIS measurement without any mild steel surface treatment [24]. Each test 
was carried out with 3 replicates per concentration level. The corrosion potentials were recorded at a 
scanning rate of 0.001 Vs–1 in a potential range of ±100 mV [25]. The inhibition efficiency (IEPOL) was 
calculated based on Eq. (6): 

   
        (6) 
 
 

where, i°corr and icorr correspond to current density with the absence and presence of inhibitor, respectively. 
 
Evaluation of mild steel surface morphology using a scanning electron microscope 
Surface morphologies of mild steel specimens before and after immersion in an acidic solution for 

24 h with and without the existence of 1.5 mM of inhibitors were captured using a Tabletop Electron 
Microscope (Hitachi TM3030Plus). The energy used for the acceleration beam was 20 kV. All 
micrographs were taken at a magnification of 5000x and with a scale of 20 µm. 

 
Adsorption isotherm and thermodynamic calculation 
It was assumed that adsorption of the inhibitor on mild steel was an integral part of the mechanism 

of corrosion inhibition. To classify the adsorption mode, different adsorption isotherms such as the 
Langmuir, Frumkin, and Temkin models were used to measure the degree of surface coverage (θ) by the 
inhibitor. Of the 3 adsorption isotherms evaluated, the Langmuir adsorption isotherm best suits the 
inhibitor's adsorption activity, where the linear regression coefficient (R2) was close to 1. The Langmuir 
isotherm is expressed in the following Eq. (7). 

 
 

      (7) 

 
The symbol θ is the metal steel surface coverage, C refers to the concentration of inhibitor and K is the 
adsorption-desorption equilibrium constant. The thermodynamic Gibb’s free energy of adsorption (∆Gads) 
equation was used to determine the adsorption in this study [26]. The ∆Gads on the mild steel surface was 
calculated based on the following Eq. (8) [27]. 

 
      (8) 

 
 

The ∆Gads refers to the free energy of adsorption, R corresponds to the universal gas constant (R = 
8.31446 JKmol–1), T is the temperature of solution (K), the factor 55.5 is the molar concentration of water 
(mol/L), and Kads refers to the equilibrium constant that was determined from the intercept of a straight 
line on the C/θ axis of the Langmuir plot. 
 
Results and discussion 

Physicochemical properties of Me-LH and BuSn(Me-LH)Cl2 
The elemental analysis data of Me-LH and BuSn(Me-LH)Cl2  were consistent with the predicted 

structures and molecular formula. The melting point of BuSn(Me-LH)Cl2 was found to be higher than 
Me-LH which signified successful complex formation. The measured molar conductivity of BuSn(Me-
LH)Cl2 ranged from 12 to 20 ohm–1cm2mol–1 which further affirmed that the complex is of a non-
electrolyte behavior with the BuSn(Me-LH)Cl2 found to be in 1:1 metal to ligand ratio [28]. Physical 
properties and data analysis of Me-LH and BuSn(Me-LH)Cl2 are depicted in Table 1. 
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Table 1 Physical properties and data analysis of Me-LH and BuSn(Me-LH)Cl2 compounds. 

Compound Percentage 
Yield (%) Colour Melting 

Points (°C) 

Molar 
Conductivity 
(Scm2.mol–1) 

Elemental Analysis 
(Experimental) (%) 

C H N S 

Me-LH 71.61 Light 
yellow 176 - 177 - 51.56 

(51.92) 
5.88 

(5.77) 
28.06 

(26.92) 
14.55 

(15.38) 
BuSn(Me-

LH)Cl2 
89.27 Yellow 222 - 225 17.1 34.78 

(34.39) 
4.41 

(4.44) 
12.11 

(12.34) 
7.91 

(7.06) 
 
 

Determination of functional groups present in the Me-LH and BuSn(Me-LH)Cl2 compounds 
using a FTIR-ATR 

The infrared spectra for the ligand and complex are presented in Figure 1. The Me-LH exists in a 
solid-state which is in the form of thione as confirmed by the absence of a stretching band around 2,500 - 
2,650 cm–1 which represents thiol group, ν(S-H) [29]. The presence of bands representing ν(C=S) at 1,074 
cm–1 and ν(N-H) at 3,240 cm–1 verified that the Me-LH exists in a thione form [30,31]. It was also noted that 
the stretching bands of imine group, ν(C=N) and imine pyridine group, ν(C=Npy) for the BuSn(Me-LH)Cl2 
sample shifted to lower wavenumbers at 1,511 and 1,560 cm–1, respectively. These findings indicated that 
the azomethine N and pyridine N coordinate with the Sn(IV) ion. Upon the complexation, the ν(N-H) 
disappeared due to thioenolisation of C=S [32]. Furthermore, the stretching band of ν(C=S) disappeared for 
BuSn(Me-LH)Cl2 sample but a stretching band ν(C-S) was found at 1,049 cm–1. This could be explained by 
the coordination that occurred after enolisation of C=S accompanied by the deprotonation of sulfur by 
thiolate sulfur (CS–) [33]. Nevertheless, the coordination between C=Npy, C=N, and CS– atoms from the Me-
LH to the Sn(IV) ion can be ascribed to the presence of new stretching bands such as ν(Sn-Npy) ν(Sn-N) and 
ν(Sn-S) at 285, 321 and 356 cm–1, respectively [34]. Additionally, a stretching band of ν(Sn-Cl) was also 
noted at 250 cm–1 [35]. 
 
 

 
Figure 1 Infrared spectra for Me-LH and BuSn(Me-LH)Cl2. 

  
 

Determination of electron transition in the Me-LH and BuSn(Me-LH)Cl2 compounds using a 
UV-Vis 

UV-Vis absorption data for the Me-LH and BuSn(Me-LH)Cl2 compounds are reported in Table 2. 
The UV-Vis absorption spectra are shown in Figure 2. Me-LH showed an absorption peak at 320 nm 
where it was appointed as π→π* transition. The peak correlated to the electron transition in the C=N 
moiety. Meanwhile, absorption peak ascribed to n→π* transition could not be detected in the Me-LH 
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spectrum. This could be due to stronger absorption of π →π* transition which might have overshadowed 
the n→π* transition [36]. Upon complexation, the hypsochromic shift of π→π* transition was drifted to a 
shorter wavelength that showed donation of electron lone pair from N or S atom to metal ion [37]. A new 
absorption peak was also noted at 396 nm which was assigned to the ligand to metal charge transfer 
(LMCT) [38]. The transition was attributed to the transfer of electrons from the lone pair of a nitrogen 
atom to the empty metal ion orbital (N→Sn) [39]. The change of π→π* transition shifting and the 
presence of LMCT peak further supported the coordination of ligand to Sn(IV) ion. 

 
 

Table 2 UV-Vis data of Me-LH and BuSn(Me-LH)Cl2 compounds. 

Compound Transition λmax(nm) 
Maximum absorbance, 

ε (M–1cm1) 
Me-LH π→π* 320 65,400 

BuSn(Me-LH)Cl2 
π→π* 
LMCT 

301 
396 

65,400 
89,300 

 
 
 

 
Figure 2 UV-Vis absorption spectra for Me-LH and BuSn(Me-LH)Cl2. 

 

 

1H, 13C and 119Sn NMR spectra data of Me-LH and BuSn(Me-LH)Cl2 
Table 3 shows the 1H and 13C NMR spectra data of Me-LH and BuSn(Me-LH)Cl2 compounds. The 

Me-LH exhibited a resemblance of thione structure as supported by the absence of a characteristic broad 
signal at 4.0 ± 0.2 ppm representing thiol, SH resonance [40]. The 1H NMR of BuSn(Me-LH)Cl2 showed 
a considerable variation in chemical shift of the Me-LH where coordination with the Sn(IV) ion has been 
proven. Upon complexation, the signal of 2° N(1)H [Me-LH] shifted to downfield and the 2° N(2)H [Me-
LH] signal vanished due to deprotonation process as a result of coordination to the Sn(IV) ion. On the 
contrary to the Me-LH, CH3-C=N signal of BuSn(Me-LH)Cl2 shifted downfield which indicated the role 
of C=N in coordination to the Sn(IV) ion. In a previous study, multiplet signals of aromatic ring proton 
were reported to shift downfield upon complexation [41]. The butyl group that was attached to the Sn(IV) 
ion showed signals between 0.95 and 2.06 ppm. In 13C NMR of Me-LH, the signals of C=N and C=S 
appeared at 155.22 and 179.10 ppm, respectively. However, the signals shifted upfield in the BuSn(Me-
LH)Cl2 which indicated that the coordination with the Sn(IV) ion occurred through sulfur and nitrogen 
atoms of the pyridine group. The presence of additional signals was related to butyl group that was linked 
to the Sn(IV) ion [42,43]. The 119Sn NMR is recognized for verification of Sn(IV) ion responsible for 
coordination number and bonding details [44]. At –343.68 ppm, the 119Sn NMR spectrum displayed a 
signal that suggested the presence of 1 tin site. The variation in the 119Sn chemical shifts was reported to 
depend on the number of the alkyl group and the type of ligand linked to the Sn(IV) ion [45]. Meanwhile, 
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the position of the 119Sn signal was consistent with the reported range of chemical shifts within –210 to –
400 ppm, suggesting a 6-coordinated environment [46]. 

 
 

Table 3 1H and 13C NMR data of Me-LH and BuSn(Me-LH)Cl2 compounds. 

Compound Type of 
proton 

Number of 
proton/multiplicities 

Chemical 
shift,  

δ (ppm) 

Type of 
carbon 

Chemical shift,  
δ (ppm) 

 

N

N

N N

CH3

S

CH3 H H

(1)(2)

 
Me-LH 

-CH3 
N(1)H 
N(2)H 

CH3-C=N 
Aromatic 

3H / duplet 
1H / quartet 
1H / singlet 
3H / singlet 

4H / multiplet 

3.05 
8.62 
10.25 
2.38 

7.37 - 8.59 

-CH3 
C=S 
C=N 

CH3C=N 
Aromatic 

 
31.63 

179.10 
155.22 
12.56 

121.24 - 148.93 

N

N
N N

CH

CH3

S

Sn

ClCl

H

 
BuSn(Me-LH)Cl2 

-CH3 
N(1)H 

CH3–C=N 
Aromatic 

Butyl 

3H / duplet 
1H / quartet 
3H / singlet 

4H / multiplet 
9H / multiplet 

2.99 
8.85 
2.72 

7.88 - 8.52 
0.95 - 2.06 

-CH3 
C-S 
C=N 

CH3C=N 
Aromatic 

Butyl 

 
 

36.18 
169.77 
145.10 
115.13 

125.63 - 143.50 
25.50- 29.53 

 
 

X-ray crystallographic study of Me-LH and BuSn(Me-LH)Cl2 
The crystallographic data of the synthesized Me-LH and BuSn(Me-LH)Cl2 are shown in Table 4. 

The crystal of Me-LH as shown in Figure 3 has a triclinic P-1 space group with Z = 2. A maximum 
deviation of 0.008 Å was noted for the C(8) atom from the least square plane, where the pyridine ring 
fragments (N4/C5/C6/C7/C8/C9) were planar. Meanwhile, both the pyridine ring and the thiourea 
fragment were co-planar with the dihedral angle between the azomethine fragment of 10.39° and 17.25°, 
respectively. The thiourea fragment and the pyridine ring were in a trans-configuration representing imine 
C3=N3. The C2-S1 bond distance found in this study was 1.5284 Å which was close to the value for C=S 
double bond at 1.56 Å [47]. The BuSn(Me-LH)Cl2 compound as shown in Figure 4 was formed by the 
coordination of Me-LH to Sn(IV) ion which involved thiol sulfur (S), azomethine nitrogen (N) and 
pyridine nitrogen (N), with the coordination number of tin(IV) moiety equivalent to 6. The complex was 
crystallized into a triclinic system P-1 space group with Z = 2 resulting in a distorted octahedron structure 
that can be further confirmed by the bond angle deviation from perfect octahedral geometry of 90°. The 
largest bond angle for the tin(IV) atom was Cl1-Sn1-Cl2 [166.88°] and it was found that the other atoms 
that subtended at the tin atom also deviated from the ideal value ranging from 71.65° to 150.65°. The 
bond length of Sn-N1 [2.1974 Å] and Sn-N2 [2.2069 Å] were close to the sum of covalent radii of Sn-N 
(2.15 Å). However, the bond lengths were slightly lower than the sum of the Van der Waals radii (3.75 Å) 
[48] which suggested that the pyridine nitrogen and azomethine nitrogen were bonded to the Sn(IV) ion. 
Interestingly, the bond length of Sn-N1 was found to be shorter than the Sn-N2 which showed stronger 
coordination of the azomethine nitrogen than the pyridine nitrogen to the tin atom. Meanwhile, the Sn1-
C10 bond length was found to be 2.1386 Å which was slightly shorter than the reported non-polar 
covalent radii of Sn and C (2.17 Å). Nevetheless, this value is in an acceptable range with other reported 
organotin complexes [48]. The bond length of Sn1-S1 [2.4989 Å] was found to be longer than the sum of 
the covalent radii (2.42 Å) which was considerably shorter than the van der Waals radii (4.0 Å) [49]. This 
showed that the S atom was coordinated to the Sn(IV) ion in the thiolate form resulting in the formation 
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of Sn-S bond. Furthermore, the bonding of thiolate sulfur to the Sn atom upon complexation was 
supported by the value of S1-C8 bond length (1.7801 Å) which was close to the range of C-S bond value 
[50]. Similar findings were also reported by Pérez-Rebolledo et al.  [51] and Batten [52] where C-S bond 
length was found to be longer in the complex as compared to the ligand. 

 
 

Table 4 Crystallographic Data for Me-LH and BuSn(Me-LH)Cl2 compounds. 

 Me-LH BuSn(Me-LH)Cl2 
Formula C9H12N4S C13H20Cl2N4SSn 

Formula weight 208 454.50 
The wavelength, Mo Kα (Å) 0.71076 0.71073 

Crystal system Triclinic Triclinic 
Space group P-1 P-1 

a (Å) 7.723(3) 7.8975(8) 
b (Å) 8.824(3) 12.0093(12) 
c (Å) 15.612(7) 19.781(2) 
α (°) 106.104(18) 76.106(7) 
β (°) 90.056(17) 79.695(7) 
γ (°) 90.066(17) 86.124(7) 

Volume (V) (Å3) 1022.1(7) 1791.2(3) 
Z 2 2 

 

 
 

Figure 3 Thermal ellipsoidal plot of Me-LH. 

 

 
Figure 4 Thermal ellipsoidal plot of BuSn(Me-LH)Cl2. 
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Corrosion inhibition study 
Weight loss of mild steel 
Table 5 shows the weight loss data of mild steel exposed to 1 M HCl in the presence and absence of 

inhibitors at different concentration levels. The inhibition efficiency increased with an increment in the 
concentration of corrosion inhibitor. The greater inhibition efficiency of BuSn(Me-LH)Cl2 was attributed 
to its higher adsorptive capability. The presence of additional active sites on the complex and the 
contributory impact of the complex increased size and molecular weight would explain this [53]. These 
factors caused the build-up of a protective film of adsorbed molecules on the mild steel surface which 
lowered the corrosive effect of the acidic environment. 
 
 
Table 5 Weight loss data of metal steels exposed to 1 M HCl with different concentration of Me-LH and 
BuSn(Me-LH)Cl2. 

Inhibitor Concentration (mM) ΔW CR (mg.cm–2h–1) θ IEWL(%) 

Blank 1 M 0.177 1.475×10–3 - - 
Me-LH 0.1 0.0216 1.800×10–4 0.8658 86.58 

0.5 0.0200 1.667×10–4 0.8870 88.70 
1.0 0.0198 1.650×10–4 0.8881 88.81 
1.5 0.0193 1.608×10–4 0.8907 89.10 

BuSn(Me-LH)Cl2 0.1 0.0063 5.250×10–5 0.9644 96.44 
0.5 0.0059 4.917×10–5 0.9666 96.66 
1.0 0.0048 4.000×10–5 0.9729 97.29 
1.5 0.0033 2.750×10–5 0.9814 98.14 

 

 
Corrosion inhibition performance measured using electrochemical impedance spectroscopy (EIS) 
Table 6 presents the values acquired from the EIS analysis when different concentrations of 

inhibitors were used. Figures 5 and 6 portray the Nyquist plots of mild steel in 1 M HCl in the absence 
and the presence of Me-LH and BuSn(Me-LH)Cl2, respectively. It can be interpreted from the Nyquist 
plots that the pattern of impedance curves was not affected by the inhibitors [54]. It should be noted that 
the Nyquist plots displayed a divergence from the ideal semicircles that could be due to frequency 
dispersion affected by non-homogeneity or roughness of metal surface during metal dissolution [55,56]. 
The impedance spectra also showed that the semicircle and the diameters incremented with an increase in 
the concentration of inhibitors. However, no significant trend in the constant phase element (CPE) 
parameters, Y0 and n values were observed. The increment in the diameter of the semicircle can be 
associated with the adsorption of inhibitors on the mild steel surface which improved the efficiency of 
corrosion inhibition. The inhibitors prevented metal dissolution in 1 M HCl solution with the 
development of a protective film on the surface of mild steel. The increasing pattern of Rp values implied 
that the metal/electrolyte interfaces had more inhibitor molecules adsorbed at higher concentrations. Not 
only that, but it was reported that a larger value of Rp may indicate a slower corrosion rate due to strong 
inhibition [57]. The most effective inhibitor was found to be the BuSn(Me-LH)Cl2 at 1.5 mM with 94.05 
% of inhibition efficiency based on the impedance measurement.  
 
 
Table 6 Corrosion inhibition performance of Me-LH and BuSn(Me-LH)Cl2 for mild steels immersed in 
HCl. 

Inhibitor Concentration 
(mM) 

Y0 
(μF cm–2) n Rs 

(ohm cm2) 
Rp 

(ohm cm2) 
IEEIS 
(%) 

Blank - 172 0.788 0.59 63.00 - 
Me-LH 0.1 64.7 0.901 0.49 117.0 46.15 

 0.5 64 0.888 0.16 135.7 53.57 
 1.0 79.8 0.875 0.32 155.2 59.41 
 1.5 89.2 0.857 0.52 181.7 65.33 

BuSn(Me-LH)Cl2 0.1 53.6 0.995 1.16 638.7 90.14 
 0.5 28 0.997 0.39 704.2 91.05 
 1.0 24.1 0.997 1.44 830.2 92.41 
 1.5 43.6 0.995 0.96 1058.2 94.05 
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Figure 5 Nyquist plot in the absence and presence of Me-LH at various concentration levels. 

 

 
Figure 6 Nyquist plot in the absence and presence of BuSn(Me-LH)Cl2 at various concentration levels. 

 
 

Polarisation measurement 
The values obtained from the potentiodynamic polarisation curve (Tafel extrapolation) for 

different concentrations of inhibitors are tabulated in Table 7. The parameters evaluated were corrosion 
current density (icorr), corrosion potential (Ecorr), anodic Tafel slope (βa), cathodic Tafel slope (βc), corrosion 
rate (CR), and inhibition efficiency (IEPOL%) for the mild steel in 1 M HCl with and without inhibitors. 
Figures 7 and 8 exhibit the Tafel polarisation curves for mild steel in 1 M HCl solution with and without the 
presence of inhibitors for Me-LH and BuSn(Me-LH)Cl2, respectively. The polarisation curves are presented 
in the plot of E versus log i which provided information such as Tafel slopes, βa and βc. Polarisation 
measurements unveiled that the compounds were the mixed type of inhibitors since their displacement of 
Ecorr against the blank was less than 85 mV [58]. The inconsistent trend was observed for the Ecorr values in 
the present study. The maximum displacement was 53.76 mV concerning blank which suggested the mixed 
type nature of the inhibitors. This finding also showed that through anodic and cathodic reactions, corrosion 
of mild steel was simultaneously inhibited by the inhibitors. This was achieved by the reduction of anodic 
dissolution and the slower reaction of hydrogen evolution [59]. However, Me-LH primarily suppressed the 
cathodic reaction that can be related to the shift of Ecorr to a more negative potential while the BuSn(Me-
LH)Cl2 primarily suppressed the anodic reaction [60]. With an increment in the concentration of inhibitor, 
the icorr values decreased [61]. When the inhibitors were adsorbed on the mild steel surface, successful 
corrosion inhibition activity of mild steel in the presence of acidic solution was noted [62,63]. The optimal 
efficiency of corrosion inhibition according to polarization result was 97.91 % at 1.5 mM of the BuSn(Me-
LH)Cl2. 
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Table 7 Polarisation data of Me-LH and BuSn(Me-LH)Cl2 in HCl. 

Inhibitor Concentration 
(mM) 

icorr 

(μA/cm2) 

Ecorr 

(mV) 

βa 

(mV/dec) 

-βc 

(mV/dec) 
CR 

(mm/yr) θ 
IEpol 

(%) 

Blank - 330.64 –423.65 156.53 71.916 3.842 - - 
Me-LH 0.1 157.52 –477.41 178.21 62.773 1.8304 0.5236 52.36 

0.5 129.84 –463.57 199.96 58.31 1.5087 0.6073 60.73 
1.0 122.38 –475.57 152.37 67.424 1.422 0.6299 62.99 
1.5 96.707 –474.66 148.32 58.053 1.1237 0.7075 70.75 

BuSn(Me
-LH)Cl2 

0.1 14.33 –392.09 129.45 25.877 0.16651 0.9567 95.67 
0.5 10.619 –405.21 79.068 35.713 0.12339 0.9679 96.79 
1.0 10.481 –403.39 70.469 26.452 0.12179 0.9683 96.83 
1.5 6.8963 –400.13 54.354 33.178 0.08014 0.9791 97.91 

 
 

 
Figure 7 Polarisation curve with and without the addition of Me-LH at different concentration levels of 
hydrochloric acid. 
 
 

 

Figure 8 Polarisation curve with and without the addition of BuSn(Me-LH)Cl2 at different concentration 
levels of hydrochloric acid. 
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Adsorption isotherm and thermodynamic study 
The adsorption parameter values for both inhibitors are presented in Table 8 using the 3 methods 

(WL, EIS, POL) which were deduced from the Langmuir adsorption isotherm. To investigate the form of 
adsorption mechanism of the inhibitors on mild steel, adsorption isothermal analysis was carried out. The 
best adsorption isotherm among the Langmuir, Temkin and Frumkin models were selected based on the 
regression coefficient (R2) [64]. The best-fit isotherm of this study was the Langmuir isotherm. The 
adsorption parameter values for both inhibitors are presented in Table 8 using the 3 methods (WL, EIS, 
POL) which were deduced from the Langmuir adsorption isotherm. Figures 9 - 11 represent the 
Langmuir isotherm plots by weight loss, EIS and Tafel extrapolation method, respectively. The R2 ≈ 1 
value provided by the straight line of the plots verified the suitability of the Langmuir isotherm for the 
corrosion inhibition analysis. The isothermal findings of the 3 methods of both inhibitors suggested that 
the inhibitors were adsorbed by monolayer and a mixed adsorption mechanism on the mild steel surface. 
It was assumed that the mild steel surface can adsorb 1 species per adsorption site according to the 
Langmuir isotherm model. This may be clarified by the fact that only a fixed number of adsorbed species 
have access to the adsorption site and there is no interaction with other adsorbed species [65]. Moreover, 
in this study, the thermodynamic analysis was also performed by calculating the standard free adsorption 
energy (∆Gads) to understand the adsorption mechanism [66]. Table 9 shows the ∆Gads values for 
categorization of mechanism type.  
 
 
Table 8 Langmuir adsorption isotherm data of Me-LH and BuSn(Me-LH)Cl2 compounds. 

Inhibitor Method R2 Slope Kads (M–1) ΔGads (kJ/mol) 

Me-LH WL 1 1.120 333.3×103 –41.46 
EIS 0.993 1.481 7.462×103 –32.05 
POL 0.999 1.37 15.15×103 –33.80 

BuSn(Me-LH)Cl2 
 

WL 1 1.017 200.0×103 –40.19 
EIS 0.999 1.06 83.333×103 –38.02 
POL 0.999 1.02 200.0×103 –40.19 

 
 
Table 9 Type of inhibitor mechanism. 

Type of inhibitor Chemisorption Physisorption Mixed 

Value −40 kJ mol–1 or more 
negative 

−20 kJ mol–1 or less 
negative 

between –20 to –40kJ 
mol–1 

 
 

 
 

Figure 9 Langmuir isotherm for the adsorption of inhibitors using the weight loss method. 



Trends Sci. 2022; 19(12): 4615   13 of 18 
  

 
 

 
 
 
 
 
 
 

 
 
 
 
 
 

 
Figure 10 Langmuir isotherm for the adsorption of inhibitors using the EIS method. 
 
 
 

 
 

Figure 11 Langmuir isotherm for the adsorption of inhibitors using the polarisation method. 
 
 

Mild steel surface morphology with and without Me-LH and BuSn(Me-LH)Cl2 in HCl by SEM 
The scanning electron micrographs of the mild steel surface in the presence and absence of 

inhibitors provided a better insight into the overall findings. The SEM micrographs of mild steel 
immersed in 1 M HCl for 24 h at 25 °C as affected by 1.5 mM inhibitors are shown in Figures 12(a) - 
(d). Figure 12(a) shows an image of the freshly polished mild steel surface. Figure 12(b) shows the mild 
steel in the absence of inhibitor with the damaged surface due to the dissolution of metal in acidic 
solution. Some deep holes were found on the surface of mild steel which was related to pitting corrosion 
phenomenon [67]. Pitting marks on the surface was attributed to the effect of the aggressive acidic 
solution in the absence of inhibitors [68]. Nevertheless, Figures 12(c) and 12(d) are the images of the 
inhibited mild steel surface which were immersed in a high concentration of inhibitors in 1 M acidic 
solution. The smoother surface of mild steel was noted as observed in Figures 12(c) and 12(d) compared 
to that of mild steel without the presence of inhibitor Figure 12(b). The observation could be explained by 
the reduction in the dissolution rate and the formation of a protective film that was adsorbed on the mild 
steel surface which prevented the aggressive acid attack [4]. Hence, in the presence of higher 
concentrations of inhibitor, there is no pitting observed and the complete surface coverage with the 
adsorbed Me-LH and BuSn(Me-LH)Cl2 on the mild steel surfaces. On the other hand, the presence of 
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cracks on the protective film was reported to be induced during the surface dehydration step before the 
SEM imaging procedure [69]. Besides, some of the deposited particles were also found on the surface of 
mild steel which was possibly due to the multiple nucleations of the inhibitor as reported by Mohd et al.  
[70]. In an earlier study by Badr [71], when the adsorption density approaches the monolayer adsorption, 
the inhibitor molecules will slowly cover the nucleation sites and the entire surface of metal steel where 
inhibition occurs. The results proved that the surface of mild steel was adsorbed with inhibitors that 
contain nitrogen, sulfur, lone pairs of electrons and aromatic rings with delocalize π-electrons systems, 
hence protects the mild steel surface from corrosion attack. This finding is consistent with polarization 
and impedance results. 

 
 

 
(a) Mild steel 

 

 
(b) Blank 

 
(c) Me-LH 

 
(d) BuSn(Me-LH)Cl2 

 

Figure 12 SEM images of the mild steel surfaces in the presence and absence of inhibitors. 
 
 
Conclusions 

The Me-LH and BuSn(Me-LH)Cl2 were successfully synthesised via the condensation process and 
direct method, respectively and were characterised using CHNS, FTIR, UV-Vis, molar conductivity, 1H, 
13C, and 119Sn NMR analyses. The findings showed that the ligand acts as a tridentate to the Sn(IV) ion 
that coordinates through the nitrogen atom and thiolate sulfur molecule. X-ray crystallographic analysis 
was also operated to confirm the molecular structure of compounds. The BuSn(Me-LH)Cl2 was found to 
have a better inhibition efficiency compared to  Me-LH. The inhibition efficiency results obtained using 
weight loss, EIS and Tafel polarization methods were not that comparable but the pattern of inhibition 
efficiency as affected by different levels of inhibitor concentration was noticeable. A similar trend was 
observed where an increment in the inhibition efficiency was noted with increasing concentration of 
inhibitor regardless of weight loss, EIS or Tafel polarization methods. The weight loss technique and 
electrochemical measurements were further confirmed with the SEM findings. The adsorption of the 
inhibitors on the mild steel surface in the 1 M HCl solution obeyed Langmuir adsorption isotherm and 
thermodynamic models. The negative sign of ∆Go

ads suggested the occurrence of the 
spontaneous adsorption process. When inhibitors were applied into the 1 M HCl solution, an increment in 
the activation energy was noted indicative that chemisorption is more prevalent than physisorption.  
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