Journal of Academia UiTM Negeri Sembilan Vol. 6, Issue 2 (2018) 12-17

[Zn(TAC)]CI COMPLEX POTENTIAL AS CORROSION
INHIBITORS: SYNTHESIZATION AND CHARACTERIZATION

Siti Aisyah Musa, Nur Nadia Dzulkifli

School of Chemistry and Environment, Faculty of Applied Sciences
University of Technology MARA, Negeri Sembilan Branch, Kuala Pilah Campus, 72000 Kuala Pilah, Negeri Sembilan,
Malaysia
*Corresponding author: nurnadia@ns.uitm.edu.my

Abstract

Corrosion of metal is a severe issue in any industry which is considered to involve many costs.
The use of acid solution during cleaning to get rid of rust in industries may contribute to metal
corrosion. Since corrosion impact is causing worries, especially in many industries, the
application of a corrosion inhibitor is required to reduce the rapid deterioration reaction of a metal
surface that is exposed to corrosion ‘boosters’ like oxygen gas and water. A corrosion inhibitor,
which is [Zn(TAC)]CI, was produced from the reaction between thiacetazone (TAC) with ZnCl;
in an acetonitrile solvent with ratio 1:1 (ligand:metal). The elemental analysis (C, H, N, and S),
FT-IR, UV-Visible, melting point, gravimetric analysis, and molar conductivity were used to
characterize the synthesized complex. Based on infrared spectra and electronic transitions, the
shifting of a complex from the ligand indicates that the ligand is coordinated to the metal ion
through carbonyl O, azomethine N, and thiolate S; thus, producing a tridentate complex. Melting
point for the complex was higher than ligand. [Zn(TAC)]CI was gained after being confirmed by
1:1 electrolyte behavior and elemental analysis calculations. A metal oxide, ZnO, was formed
with the calculated percentage of Zn(Il) ion, 13.66 % after combustion through the gravimetric
analysis. [Zn(TAC)]CI portrayed better inhibitory action against corrosion of mild steel as
compared to the ligand in both acidic media, H,SO4 and HCI. A higher concentration of inhibitor
gave a higher percentage of corrosion inhibition efficiency.
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Introduction
Schiff base was first reported in 1864 with the first preparation of imines. Da Silva et al. (2011)
proved the versatility of Schiff base through its widely use in biological activity and industrial
purposes. Thiosemicarbazone is one of the Schiff bases with a general formula of NH>-C(S)NH-

N=R, as shown in Figure 1.
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Figure 1. General structure of thiosemicarbazone

Thiosemicarbazone acts as a ligand and coordinates the central metal ion to form complexes.
Corrosion is a worldwide industrial problem that affects natural and industrial environments.
Nearly all aqueous environments can promote corrosion, which occurs under numerous complex
conditions, especially in oil and gas production, processing, and pipeline systems (Popoola et al.,
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2013). Besides, HCI and H>SO, are the most difficult common acids to handle in respect to
corrosion and material constructions (Ajeel et al., 2012). Khaled et al. (2010) found that
thiosemicarbazones are effective inhibitors for mild steel corrosion in 1.0 M HCI solution. This
was proven by the increasing inhibitor concentration that can raise the values of both inhibition
efficiency and polarization resistance. This is also supported by Bisceglie et al. (2015) who stated
that the inhibition efficiency tends to increase as HCI concentration decreases.

Experimental

I.  Physical measurement

The melting point was measured by using a melting point apparatus (model SMP10 Stuart) and
taken in an open capillary tube. The molar conductivity values were measured with DMF at room
temperature by using an SI Analytic Lab 970 conductivity meter at 2 x 10 M concentration. The
elemental analysis of synthesized compounds was performed by using CHNS/O Model Fision EA
1180 and Thermo Finnigan Flash EA 1112 Series. Meanwhile, the infrared spectra were recorded
on a Fourier Transform-Infrared Attenuated Total Reflectance (FTIR-ATR) Perkin Elmer
Spectrophotometer. The electronic absorption spectra were recorded on a PG Instrument T80/T80+
spectrophotometer by using 1 cm quartz cuvette with sample concentrations of 1 x 10° M in the
200-600 nm region, aided by DMSO as a solvent.

1. Synthesis Zn(11) Complex
The TAC (5 mmol) was dissolved in 20 mL acetonitrile. Then, ZnCl; (5 mmol) was dissolved in
10 mL acetonitrile and added dropwise to the ligand solution. The reaction mixture was refluxed
for 3 h at 70°C. The formed precipitate was filtered, washed with methanol and left to dry over
anhydrous silica gel.

I11. Corrosion Inhibition Study
An acidic solution of 1 M of 37 % HCl and 1 M of 95 % H,SO, was prepared by using a dilution
method. The concentrations of inhibitors were 0.1, 0.01, and 0.001 M, respectively, and were
prepared by diluting with the prepared 1 M of HCI and H,SO.. Determination of mild steel
weight loss was tested in triplicate at 40 °C for 24 h and the average mass was calculated.

Results and Discussion
The elemental analysis for C, H, N and S revealed that the calculated and experimental data were
in good agreement. Element percentages are shown in Table 1. [Zn(TAC)]CI precipitate was
obtained after condensation between ligand and ZnCl, in ACN. Product formed for gravimetric
analysis was a metal oxide, which was ZnO. Calculated percentage of Zn(ll) ion in the complex
was 13.66 %. The [Zn(TAC)]CI molar conductivity was in the 65-90 Scm?mol range, indicating
1:1 behavior electrolyte with the formula [Zn(TAC)]CI. Figure 2 shows the proposed structure of

the complex.
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Figure 2. Proposed structure of [Zn(TAC)]CI_
Table 1. Physicochemical Analysis
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Compound Melting Yield (%) Elemental Composition (%)
point (°C) C H N S
TAC 229-231 - 50.85 5.08 23.73 13.56
(50.74) (5.15) (25.55) (11.30)
[Zn(TAC)]ICI | 240-242 86.34 35.82 3.28 16.72 9.55
(37.29) (4.30) (18.13) (7.39)

I. Infrared Spectroscopy

Based on Figure 3 and Figure 4, the stretching band of v(C=N) in the TAC, shifted to higher
wavenumber as compared to [Zn(TAC)]CI spectrum which contributed an evidence on azomethine
N involvement in the coordination (Chandra et al., 2013; Zemede et al., 2014). The v(C=0) was
also shifted towards higher wavenumbers; thus, proved the carbonyl O coordination to the metal
ion (Muralisankar et al., 2016). The stretching band of v(C=S) in the ligand shifted to a lower
wavenumber in the complex, indicating that the thiolate sulfur atom was involved in the
complexation (Refat et al., 2013; Okoronkwo et al., 2013) ;thus, it may be concluded that the
ligand behaved as a tridentate chelating agent, coordinating through azomethine N, carbonyl O,
and thiolate sulfur.
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Figure 3. Infrared spectra of TAC
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Figure 4. Infrared spectra of [Zn(TAC)]CI
Il. UV-Visible Spectroscopy
Based on Table 2, there are two electronic transitions that exist in the ligand spectra and
[Zn(TAC)]CI, which were n-n* and n-n* intraligand transitions. The absorption peak for n-m*
transition in the [Zn(TAC)]CI mainly involved C=N and C=S, which appeared at 325nm, showing
a hypsochromic shift to a shorter wavelength as compared to the ligand absorption peak. Besides,
the m- w* transition due to the C=C aromatic ring, portrayed bathochromic shift to a longer
wavelength upon complexation. The shift in the complex to a shorter or longer wavelength
provided confirmatory of the ligand coordination to the metallic ions (Refat et al., 2013).

Table 2. Electronic Transitions Data for TAC and [Zn(TAC)]CI

Compounds Transitions Amax(nmM) Molar absorptivity, ¢ (M cm™)
TAC n>n* 330 80400

o>t 215 39800
[Zn(TAC)CI n>n* 325 2064

o>t 225, 205 1473, 2066

I11. Corrosion Inhibition Study

Figure 5 and Figure 6 show the relation between inhibition efficiency and inhibitor concentration
in both acids. [Zn(TAC)]Cl was more efficient to inhibit the corrosion as compared to the ligand.
This indicated that when the inhibitor concentration increased, more molecules were adsorbed
onto the metal surface, promoting a wider surface coverage (Goulart et al., 2013; Abbasov et al.,
2013). The corrosion inhibition efficiency percentage was higher in H.SO, as compared to HCI at
the same concentration. A few reports pointed out the synergistic effect of halide ions on mild
steel corrosion in an acidic solution. Ajeel et al. (2012) stated that the corrosiveness in HCI was
due to the effect of chloride ions (CI°) that had a more aggressive effect and was responsible for
pitting on the metal surface than the sulfate ion.
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Figure 5. Inhibition Efficiency versus Inhibitor Concentration in H.SO4
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Figure 6. Inhibition Efficiency versus Inhibitor Concentration in HCI

Conclusion
[Zn(TAC)]CI was successfully synthesized by using condensation method. The proposed structure
of the complex was supported by elemental analysis, molar conductivity, gravimetric analysis, FT-
IR, and UV-Vis. The ligand behaved as a tridentate chelating agent. [Zn(TAC)]CI showed better
inhibition action against corrosion as compared to the ligand in both acids.

Acknowledgements
The authors acknowledge the Ministry of Higher Education, for the research grant with the grant
number FRGS/1/2016/STG01/UITM/03/6, Faculty of Applied Sciences, Universiti Teknologi
MARA Shah Alam, Faculty of Applied Sciences, Universiti Teknologi MARA, Negeri Sembilan,
Faculty of Science and Technology, Universiti Kebangsaan Malaysia and Centre of Research and
Instrumentation (CRIM), Universiti Kebangsaan Malaysiafor the research facilities.

16



Journal of Academia UiTM Negeri Sembilan Vol. 6, Issue 2 (2018) 12-17

References
Abbasov, V. M., El-Lateef, H. M., Aliyeva, L .l., Qasimov, E.E. & Khalaf, M.M. (2013). A study of the
corrosion inhibition of mild steel C1018 in CO; saturated brine using some novel surfactants based on corn
oil. Egyptian Journal of Petroleum, 22, 451-470.

Ajeel, S. A., Waadulah, H. M., & Sultan, D.A. (2012). Effects of H,SO4 and HCI concentration on the
corrosion resistance of protected low carbon steel. Al-Rafidain Engineering Journal, 20(6), 70-76.

Bisceglie, F., Monte, G. D., Tarasconi, P., & Pelosi, G. (2015). Synthesis and characterization of 4-
fluorobenzaldehyde thiosemicarbazone derivatives as corrosion inhibitors. Inorganic Chimica Acta, 434,
143-149.

Chandra, S., Bargujar, S., Nirwal, R., & Yadav, N. (2013). Synthesis, spectral characterization and
biological evaluation of Copper(ll) and Nickel(Il) complexes with thiosemicarbazones derived from a
bidentate Schiff Base. Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, 106, 91-98.

Da Silva, C. M., Da Silva, D. L., Modolo, L. V., Alves, R. B., De Resende, M. A., Martins, C. V. B., & De
Fatima, A. (2011). Schiff bases: A short review of their antimicrobial activities, Journal of Advance
Research, 2(1), 1-8.

Goulart, C. M., Esteves-souza, A., Martinez-huitle, C. A., Jose, C., Rodrigues, F., Aparecida, M., ... &
Echevarria, A., (2013). Experimental and Theoretical Evaluation of Semicarbazones and
Thiosemicarbazones as Organic Corrosion Inhibitors. Corrosion Science, 67, 281-291.

Karakus, N. & Sayin, K. (2014). The investigation of corrosion inhibition efficiency on some benzaldehyde
thiosemicarbazones and their thiole tautomers: Computational study. Journal of The Taiwan Institute of
Chemical Engineers, 48, 95-102.

Khaled, K. F., Elhabib, O. A., EI-mghraby, A., Ibrahim, O. B., & Ibrahim, M. A. M. (2010). Inhibitive effect
of thiosemicarbazone derivative on corrosion of mild steel in hydrochloric acid solution. Journal of Material
Environment Science, 1(3), 139-150.

Muralisankar, M., Sujith, S., Bhuvanesh, N. S. P., & Sreekanth, A. (2016). Synthesis and crystal structure of
new monometallic and bimetallic Copper(ll) complexes with N-substituted isatin thiosemicarbazone
ligands : Effects of the Complexes on DNA / Protein-binding Property, DNA cleavage study and in vitro
anticancer activity. Polyhedron, 118, 103-117.

Okoronkwo, A. E., Owolabi, B. J., Lumure, O. J., & Olagboye, S. A. (2013). Synthesis, Characterization and
Antimicrobial Activities of Mercaptobenzimidazole, Thiosemicarbazide and Thiocyanate Mixed Ligands
Cobalt (11) Complexes. Journal of Research Science, 1, 156-162.

Refat, M. S., El-deen, I. M., Zein, M. A., & Adam, A. M. A. (2013).Spectroscopic, structural and electrical
conductivity studies of Co(ll), Ni(ll) and Cu(ll) complexes derived from 4-acetylpyridine with
thiosemicarbazide. International Journal of Electrochemical Science, 8, 9894-9917.

Zemede, Y. B., Nithyakalyani, D., & Ananda, K. S. (2014). Synthesis, Structural Characterization,
Corrosion inhibition and in vitro antimicrobial studies of 2-(5-Methoxy-2-Hydroxybenzylideneamino)
Phenol Schiff Base ligand and its transition metal complexes. International Journal of ChemTech Research,
6(11), 4569-4578.

17



