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Introduction 

Heterocyclic compounds are those that are 

cyclic and include atoms from at least two 

distinct elements in their ring members [1]. 

Sulfur, oxygen, and nitrogen are the most 

prevalent heteroatoms [2]. Heterocyclic 

compound chemistry is an intriguing area of 

research. Heterocyclic compounds fall into two 

categories: thiadiazole and oxadiazole. A cyclic 

molecule with one oxygen and 

twoonitrogennatoms arranged in five-

membered rings is called an oxadiazole [3].  

Thiadiazole is a heterocyclic molecule with 

an aromatic five-membered ring that contains 

one sulfur atom and two nitrogen atoms. It was 

discovered that a number of significant 

pharmacophores implicated in diverse 

activities [4].  

In medicinal chemistry, heterocyclic 

molecules are essential and have piqued strong 

interest due to their ability to process and 

synthesize a greater range of pharmacological 

and biological characteristics [5-7]. 

Additionally, they may be used as copolymers, 

sanitizers, developers, antioxidants, and 
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2,2'-((1,3,4-Thiadiazole-2,5-diyl)bis(hydrazine-2,1-
diyl))bis(1,3,4-oxadiazole-5,e2-diyll) is a novel heterocyclic 
ligand. Diphenol was produced together with its compounds with 
Cu(II), Ni(ll), and Co(ll). The 1H-NMR, mass, Fourier transform 
infrared (FT-IR), magnetic susceptibility, atomic absorption, 
elemental analysis [C, H, N, and S], conductance studies, and other 
factors have all been used to describe the ligand and its 
complexes. In a 1 M HCl solution, the ligand's ability to prevent 
carbon steel alloy corrosion was evaluated. The weight loss 
technique was used to measure the corrosion inhibition 
effectiveness. It was discovered that the inhibitor and the Fe2+ ion 
formed a combination. However, at B3LYP/6-311++G level of 
theory, quantum chemical calculations were carried out utilizing 
the DFT approach. Theoretical and experimental findings were 
found to be in excellent agreement. The electrostatic potential of 
the produced compounds was studied using the PM3 technique 
and the Hyperchem 8.02 software for theoretical accounting.                                                                                                                                                                        
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corrosion inhibitors [8,9] and pigment in 

addition to fluorescence components [10]. 

 Experimental  

Synthesis of 2-hydroxy benzohydrazides 

A combination of methyl benzoate (15.2 mL, 

0.1 mol) and hydrazineemonohydrate (7.5 mL, 

0.15 mol) in ethanol absolute (25 mL) was 

used to begin the production. After refluxing 

the combination for six hours, it was cooled, 

filtered, evaporated to half its volume, and then 

recrystallized from ethanol absolute [11]. With 

a yield of 90% and a melting point of 150 °C, 

the solid product was pale white in color.                                                 

 Synthesis of 2-(5-mercapto-1,3,4-oxadiazol-2-

yl)phenols  

Two-hydroxybenzohydrazidee(15.2 gm, 

0.1mol), carbon disulfides (7.6 mL, 0.1 mol), 

and potassium hydroxide (5.6 g, 0.1mol) 

refluxed in 40 milliliters of pure ethanol. After 

the solvent was evaporatedd and acidified with 

10% HCl, the resultant solid was recrystallized 

from ethanol absolute [12]. After that, the 

precipitate was filtered. The yellow solid had a 

70% yield and a melting point of 200 °C.                                                                                      

Synthesis of 1,3,4-thiadiazole-2,5-dithiol,     

For twenty-five hours, a combination of (80%) 

carbon disulfide (0.2 mol, 15 g), KOH (0.2 mol, 

11 g), and hydrazine hydrate (0.1 mol, 5 g) was 

refluxing. TLC responded to the response. 

Hydrochloric acid (10%) was used to separate 

the resultant solid after the surplus solvent 

was distilled off. After the mixture was filtered, 

the ethanol was recrystallized as a dark yellow 

solid. (162-164) ◦ C for m.p., 65% yield [13].                                                          

Synthesis2,5-dihydrazinyl-1,3,4-thiadiazolee 

For 16 hours, a combination of 0.1 mol, 15g of 

1,3,4-thiadiazole-2,5-dithiol, 40 mL of 100% 

ethanol, and (99%) 0.2 mol, 10 g of hydrazine 

hydrate was refluxed. After the reaction, TLC 

was used. After the product had reached room 

temperature, 100 milliliters of ice water was 

added. After filtering, washing with water, and 

recrystallizing the yellow solid product from 

ethanol, the yield was 72% [14]. 

Synthesis2,2'-(((1,3,4-thiadiazole-2,5-

diyl)bis(hydrazine-2,1-diyl))bis(1,3,4-

oxadiazole-5,2-diyl))diphenol 

The ligand was created by condensing 2-(5-

mercapto-1,3,4-oxadiazol-2-yl)phenol (13.2 g, 

0.068 mol) and 2,5-dihydrazinyl-1,3,4-

thiadiazole (5 g, 0.034 mol) at a ratio of 1:2 

molar in (40 mL) pure ethanol. Next, under TLC 

supervision, the mixture refluxed for 20 hours. 

A white ligand with a melting point of 228-230 

°C and a yield of 65% was obtained by 

precipitating, filtering, and recrystallizing the 

ligand in ethanol absolute. 
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SCHEME 1 Synthesis of  ligands and their complexes 

Preparation of complexes 

The complexes were created by combining 

ligand (0.001mol) with salts (NiCl2.6H2O, 

CuCl2.2H2O, and CoCl2.6H2O) separately in 30 

milliliters of 100% ethanol, then refluxing the 

mixture for two hours while TLC observed the 

process. After filtering and repeatedly washing 

the precipitate with ethanol or aqueous 

ethanol to eliminate any remaining ligand or 

salts, the precipitated complexes were dried. 

 

Results and discussion 

The multistep synthetic procedure utilized to 

produce the ligand L is shown in Scheme 1. The 

2-(5-mercapto-1,3,4-oxadiazol-2-yl)phenol 

was condensed with 3-2,5-dihydrazinyl-1,3,4-

thiadiazole to provide the necessary ligand L. 

Analysis and physical measurements  

Physical properties and elemental 

microanalysis CHNS, magnetic susceptibility, 

atomic absorption and conductance 

measurements are indicated in Table 1. 
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TABLE 1 Physical properties and elemental microanalysis data 
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(31.12) 
30.03 
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 3.03 

(45.51) 
46.35 

Brown C10H10N8O2S 
(L) 

1 

1.9 252 18 (13.05) 
10.58 

    Green Cu(L)Cl2 2 

4.8 239 22 (12.15) 
9.88 

    Dark 
grey 

Co (L)Cl2 3 

0.48 245 12 (10.76) 
9.85 

    Yellow Ni(L)Cl2 4 

 

FT-IR spectra 

FT-IR analysis of the synthesized ligand and its 

complexes was performed using CsI for 

complexes and KBr disc for the ligand. A 

distinctive stretching absorption band is seen 

in the ligand's FT.IR spectra at (3448)cm-

1,(3348)cm-1, (3026)cm-1, (1625)cm-1, (1527) 

cm-1, (1327) cm-1, and (1273) cm-1 [15] which 

are correspondingly related to the bands 

(υOH), (υNH), (υC-H)Aro, (υC=N), (υC=C), (υC-

O-C), and (υC-S-C). The coordinated (M-N) and 

(M-Cl) bond-related complexes showed the 

formation of new bands in their spectra, which 

were located in the (504-578) cm-1 and (282-

316) cm-1, respectively. This suggests that the 

coordinate passed via the atoms of (N) and (Cl). 

The IR data are shown in Figures 16-19 and 

Table 2. 

 

TABLE 2 L's and its metall complexes' infrared data (υ cm-1) 
Assignment υ(O-H) υ(N-H) υ(C-H) 

aro. 
υ(C=N) υ(C=C) υ(C-O-C) υ(C-S-C) υ(N-M) υ(M-Cl) 

Ligand(L) 3448 3348 3062 1625 1527 1327 1126   

[Co(L)Cl2] 3278 3093 3030 1635 1519 1334 1265 578 316 

[Ni(L)Cl2] 3286 3093 3020 1635 1519 1334 1265 578 316 

[Cu(L)Cl2] 3286 3170 3070 1604 1519 1334 1280 504 282 

Nuclear magnetic resonance 

According to Figure 11, the ligand's 1H-NMR 

spectra show signals at (11.82 ppm, 2H), 

(10.91 ppm, 2H), (10.45 ppm, 2H), and (6.94-

7.94 ppm, 8H) because of protons in the 

aromatic ring that connect to the oxadiazole 

ring, as well as (N-H)c,(N-H)b, and (O-H)a 

protons. 

 Mass spectra  

The chemical formula C18H14N10O4S is 

consistent with the ligand's mass spectrum, 

which showed a molecular ion peak at 466 

m/z. [C18H13N10O3S]+ = 450 m/z, 

[C18H12N10O2S2]+ = 432 m/z, 

[C10H7N6O2S]+ = 275 m/z, [C8H5N2O2]+ = 

176 m/z, [C10H8N7O2S]+ = 290 m/z, 

[C8H7N4O2]+ = 191 m/z, [C8H5N2O2]+ = 161 

m/z, [C2H4N6S]+ = 145 m/z, and [CHNS]+ = 59 

m/z base peak are the causes of the remaining 

peaks. 

The Co(II) complexes' mass spectra 

revealed molecular ion peaks at 596 m/z that 

were associated with [Co(L)Cl2].+ the 

stoichiometry. Because of the loss of two 

chlorine atoms, this compound exhibits 

additional fragmentation peaks at 561 and 525 

m/z, respectively. 
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The Ni(II) complexes' mass spectra 

revealed molecular ion peaks at 595 m/z, 

which are consistent with the [Ni(L)Cl2].+ 

stoichiometry. Due to the loss of two chlorine 

atoms, this compound exhibits additional 

fragmentation peaks at 560 and 525 m/z, 

respectively. 

Cu(II) complexes' mass spectra revealed 

molecular ion peaks at 600 m/z that matched 

the [Ni(L)Cl2].+ stoichiometry. As shown in 

Figures 9-15, this complex exhibits further 

fragmentation peaks at 565 m/z and 529 m/z, 

respectively, as a result of the loss of two 

chlorine atoms. 

Magnetic susceptibility 

At room temperature, the magnetic 

susceptibility values of metal complexes are 

collected. Table 1 lists the magnetic 

momentum for every metal complex. These 

magnetic measurements provide insight into 

the transition metal ion of the complexes' 

electronic state. As anticipated given Square 

planer shape, the measured magnetic 

momentum value of the Cu(II) complex was 1.9 

BM. Co(II) has a magnetic momentum value of 

4.8 BM, indicating tetrahedral shape. For Ni(II), 

the corresponding square planar shape is 

suggested by 0.48 BM [17]. 

Molar conductivity measurements 

The produced metal complexes' molar 

conductivity was measured at room 

temperature using DMSO as a solvent at a 

concentration of 10-3 M. Table 3 contains a list 

of the conductivity values (1). The nonionic 

structure and nonelectrolyte character of the 

Co(II), Ni(II), and Cu(II) complexes are shown 

by their molar conductance [18,19]. 

Anticorrosion inhibitor 

Using weight loss techniques, the synthesized 

compounds' ability to suppress corrosion on 

carbon steel alloy in a 1 M HCl solution was 

examined. In a closed beaker, steel specimens 

measuring 2.5 cm × 5 cm × 0.5 cm were 

submerged in 1 M HCl for 3-15 hours at 30-60 

°C, both with and without the addition of 

varying inhibitor doses. For every condition, 

specimens were exposed in triplicate, and the 

average weight losses were documented. Table 

3 displays the contents of the steel specimens 

[3]. 
 

TABLE 3 Contents of steel specimens 
Fe Cu Ti V Al Cr Ni S P Mn Si C Element 

Rest 0.022 0.003 0.016 0.034 0.009 0.014 0.004 0.009 0.94 0.05 0.19 Weight (%) 

 

The corrosion rate (k) was calculated from the 

following equation [20]: 

K = ΔW / St            mg/cm2.h     (1)                                                                                                                 

Where, ΔW is the average weight loss of three 

parallel steel sheets, t is the immersion 

duration, and S is the specimen's total area. The 

following formula was used to get the 

surfactant area, IE%, and corrosion inhibition 

efficiency [21]: 

IE% = (CRuninh-CRinh/ CRuninh) * 100  (2)                                                                                                         

Ө = (CRuninh-CRinh/ CRuninh)                  (3)                                                                                                              

= uninhIE% = inhibition efficiency, CR Where,

= inhCRrCorrosion Rate without inhibitor, and 

Corrosion Rate with inhibitor. 

Table 4 presents the weight loss results for 

carbon steel in (1) M HCl with and without 

different inhibitor concentrations. According 

to the findings, the manufactured inhibitor's 

efficacy in inhibiting corrosion rises as its 

concentration does, as shown in Figures 1 and 

2. At 30, 40, 50, and 60 °C, the effect of 

temperature on the inhibitory efficiency was 

investigated. As shown in Figure 3, it was found 

that the inhibitory efficacy drops as 

temperature rises from 30 to 60 °C. The 
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decrease in inhibition efficacy with increasing 

temperature might be ascribed to the higher 

temperatures causing the inhibitor molecules 

to desorb from the metal surface. Iron and steel 

have been protected against acid corrosion by 

various organic compounds that include 

nitrogen, oxygen, or sulfur [22]. Ecologically 

advantageous inhibitors may be defined as 

molecules containing heteroatoms due to their 

low toxicity and high chemical activity. Organic 

molecules' adsorption characteristics are 

affected by a variety of factors, including sizes, 

electron density at the donor atoms, and the 

orbital structure of the donating electrons [23]. 

 

TABLE 4 Weight loss information for carbon steel corrosion in 1 M HCl both with and without 

various dosages of the artificially produced inhibitor at 30 °C 

15 h 12 h 9 h 6 h 3 h Time  Conc. 

0.0286 0.0234 0.0172 0.0111 0.0083 ∆W(g) g (1M) 
HCl 0.152 0.157 0.156 0.153 0.227 Rc mgcm-2h-1 

0.0168 0.0145 0.0108 0.0094 0.0068 ∆W(g) g 

20 ppm 
0.089 0.097 0.096 0.125 0.181 Rc mgcm-2h-1 

41 38.2 38 18 20 %IE g 

0.41 0.382 0.38 0.18 0.20 (Ө) g 

0.0144 0.0121 0.0093 0.0082 0.0051 ∆W(g) 

40 ppm 
0.078 0.081 0.084 0.109 0.136 Rc mgcm-2h-1 

49 48 46 29 40 %IE g 

0.49 0.48 0.46 0.29 0.40 (Ө) g 

0.0117 0.0105 0.0082 0.0068 0.0036 ∆W(g) g 

60 ppm 
0.063 0.07 0.073 0.091 0.101 Rc mgcm-2h-1 

59 55 53 41 56 %IE 

.59 0.55 0.53 .41 0.56 (Ө) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Computational Details 

 

 

 

FIGURE 1 An anticorrosion inhibitor for carbon 
steel at 30 °C in 1M HCl with varying ligand 
concentrations 
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FIGURE 2 Anti-corrosion inhibitor of carbon 
steel in 1M HCl at varying temperatures with 
20 ppm ligand concentration 
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Density Functional Theory at B3LYP (using 

Lee, Yang, and Parr's correlation functional 

with Becke's three-parameter hybrid 

functional), which incorporates both local and 

non-local terms correlation functional) 

techniques at 6-311++G level were used to do 

the theoretical calculations [24]. This 

computational study was carried out using the 

Gaussian 09 software package [25]. The 

process that looks for the molecule's minimal 

energy configuration is known as geometry 

optimization. The process finds a new 

geometry with a lower energy after calculating 

the wave function and energy at an initial 

geometry. 

 

 

FIGURE 3 The optimized structure of the ligand 

 
FIGURE 4 LUMO orbital 

 

 
 

FIGURE 5 HOMO orbital 

 

For physicists and chemists, molecular 

orbitals (HOMO-LUMO) and their attributes, 

such energy, are crucial. There are more 

significant functions for these orbitals in 

quantum chemistry. This also explains a range 

of reactions in conjugated systems and is used 

by the frontier electron density to forecast the 

most reactive region in π-electron systems 

[26]. A little space exists between the lowest 

unoccupied and highest occupied molecular 

orbitals (HOMO-LUMO) in conjugated 

compounds. The two molecular orbitals that 

most influence chemical stability are the 

lowest vacant and the highest occupied. The 
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capacity to provide an electron is represented 

by the HOMO, while the ability to receive an 

electron is represented by the LUMO, or 

electron acceptor. The following shows the 

HOMO and LUMO energies determined using 

the B3LYP/6-311++G(d,p) technique. One 

electron excitation from the highest occupied 

molecular orbital to the lowest unoccupied 

molecular orbital primarily describes this 

electronic absorption, which is associated with 

the transition from the ground to the first 

excited state. The electron affinity energy 

affects the LUMO energy, while the HOMO 

energy represents the ionization potential. The 

"energy gap" refers to the difference in orbitals 

between the LUMO and HOMO. It may be 

helpful in illuminating intramolecular charge 

transfer activity and is a necessary structural 

stability [27]. 

The molecular orbital energy values (HOMO 

and LUMO) provide useful information on the 

global reactivity descriptors. According to 

Koopmans' Theory, the ionization potential (I) 

and electron affinity (A) are expressed as IN 

[28].  

I=-EHOMO and A=-ELUMO   (1) 

Using I and A values, the following expressions 

represent the electronegativity (χ), global 

chemical hardness (η), and electronic chemical 

potential (μ), respectively [29]. 

χ =(I+A)/2, η=(I-A)/2, and μ=-( I+A)/2   (2) 

Global chemical softness (Ѕ) and 

electrophilicity index (ω) values are defined as 

follows [30]. 

Ѕ=1/η and ω=μ2/2η     (3) 

The calculated quantum parameters are 

summarized in Table 5. 

 

TABLE 5 The ligand's theoretical global reactivity parameters 

Parameters Value 

HOMO, (eV)g -6.653 

LUMO, (eV) g -5.369 

ΔE, (LUMO-HOMO gap) (eV) g 1.284 

Ionization potential (IP), (eV) g 6.653 

Electron affinity (A), (eV) g 5.369 

Hardness, (η) (eV) g 0.642 

g 1-Softness, (S) (eV) 1.558 

Electrophilicity (ω), (eV) g 14.07 
Chemical potential, (μ) (eV) g -6.011 

Electronegativity, (χ)  (eV) g 6.011 

To link the findings of the experimental 

investigation with the molecular structure and 

electronic characteristics of the ligand, a 

theoretical study at the B3LYP/6-311++G (d, 

p) level was conducted to complete the 

experimental study. The HOMO energy is often 

linked to a molecule's capacity to donate 

electrons to appropriate empty orbitals. Thus, 

by affecting the transfer process via the 

adsorbed layer, an increase in EHOMO values 

promotes adsorption. In contrast, the LUMO 

energy provides insight into the molecule's 

uptake of electrons. The molecule's capacity to 

take electrons from the iron surface is shown 

by a drop in the ELUMO value; the greater the 

inhibitory efficiency. It is well recognized from 

the literature that an effective corrosion 

inhibitor is often one that can both receive and 

release the electrons from the metal surface. 

The energy gap (Egap) is an additional crucial 

metric. Therefore, when the energy gap 

narrows, the adsorption Egap performance 

between the inhibitors and the metal surface 

rises. [31]. To gauge molecule stability and 

reactivity, chemical characteristics such as 

chemical hardness and softness are crucial. 

Therefore, as chemical reactivity rises, so does 

the adsorption inhibition efficiency; ordinarily, 

the molecule with the lowest hardness value 

should have the highest inhibition efficiency 

[32]. Due to the ligand compound's three active 
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centers- the atoms of sulfur, oxygen, and 

nitrogen- it effectively inhibits corrosion. 

Molecular electrostatic potential (MEP)  

When attempting to locate the active site in a 

system of molecules with a positive point 

charge, electrostatic potential is crucial. 

Positively charged organisms have a tendency 

to attack molecules with substantially negative 

electrostatic potentials (electrophilic attack). 

As demonstrated in Figures 4-8, the 

electrostatic potential of the free ligand was 

measure and projected as two-dimensional 

contours to determine the molecule's active 

site [33].      

Conclusion 

As a bidentate ligand, the ligand functions. The 

spectroscopic measurements demonstrate the 

coordination between the core transition 

metal ion and NHH and the azomethane of 

heterocyclic groups. The transition metal 

complexes have been characterized using the 

susceptibility magnetic method. For the Ni(II) 

and Cu(II) complexes, a squarer, simpler shape 

is suggested; for the Co(II) complex, a 

tetrahedral geometry. The practical outcomes 

of the complexity sites were in good agreement 

with the findings of the electrostatic potential 

investigation. The concentration of the ligand 

determines how well it inhibits mild steel 

corrosion. The ligand is an effective corrosion 

inhibitor. It was discovered that the theoretical 

findings on the ligand inhibitor's ability to stop 

mild steel corrosion agreed with the 

experimental findings. 

 
 

FIGURE 6 The electrostatic potential of HOMO as shapes for L 

 

 
 

FIGURE 7 A visual representation of ligand's stereochemistry 
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FIGURE 8 Stereochemistry of the compound [Co(L1)Cl2] 

 

 
 

FIGURE 9 The stereochemistry of the compound [Ni(L1)Cl2]  

 
FIGURE 10 Stereochemistry of the compound [Cu(L1)Cl2]   
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FIGURE 11 1H-NMR spectra of the ligand 

 
 

FIGURE 12 Mass spectra of ligand 
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FIGURE 13 Mass spectra of [Co(L)Cl2] 

 

 
FIGURE 14 Mass spectra of [Cu(L)Cl2] 
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FIGURE 15 IR spectra of ligand 

 
 

FIGURE 16 IR spectra of [Ni(L) Cl2] 
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FIGURE 17 IR spectra of [Ni(L) Cl2] 

 
 

FIGURE 18 IR spectra of [Co(L) Cl2] 
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FIGURE 19 IR spectra of [Cu(L) Cl2] 
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