
_____________________________________________________________________________________________________ 
 
*Corresponding author: E-mail: emmanueltoba90@gmail.com; 

 
 

Physical Science International Journal 
 
16(2): 1-8, 2017; Article no.PSIJ.36555 
ISSN: 2348-0130 

 
 

 

 

Structural and Solvent Dependence of the Electronic 
Properties and Corrosion Inhibitive Potentials of 

1,3,4-thiadiazole and Its Substituted Derivatives- A 
Theoretical Investigation 

 
O. E. Oyeneyin1* 

 
1
Department of Chemical Sciences, Adekunle Ajasin University, Akungba-Akoko, Ondo State, Nigeria. 

 
Author’s contribution  

 
The sole author designed, analyzed and interpreted and prepared the manuscript. 

 
Article Information 

 
DOI: 10.9734/PSIJ/2017/36555 

Editor(s): 
(1) Daniel Beysens, OPUR International Organization for Dew Utilization, France. 

(2) Christian Brosseau, Distinguished Professor, Department of Physics, Université de Bretagne Occidentale, France. 
Reviewers: 

(1) Fatma Kandemirli, Kastamonu University, Turkey. 
(2) Donald H. Galvan, Universidad Nacional Autonoma de Mexico, Mexico. 

(3) Hanan E. S. Ali, Egyptian Petroleum Research Institute, Egypt. 
Complete Peer review History: http://www.sciencedomain.org/review-history/21213 

 
 
 

Received 31
st

 August 2017  
Accepted 19th September 2017 

Published 2
nd

 October 2017 
 

 

ABSTRACT 
 

The frontier molecular orbitals (FMOs) are very important for describing chemical reactivity and 
understanding the static molecular reactivity. The HOMO and LUMO energies of 1,3,4-thiadiazole 
and its substituted derivatives were calculated using the hybrid B3LYP method with a large polar 6-
31G* basis set in vacuum, acetone, ethanol and tetrahydrofuran (THF). It was revealed that 
substitution at position -2 with -NO2, -CH3, -NH2, -CN and -CH=C(CN)COOH  results in enhanced 
reactivities due to reduction of the energy band gap, Eg. It also altered some important molecular 
properties like η, S, ΔN, μ, α and β. Substituted -NO2, -CN and -CH=C(CN)COOH may possess 
better inhibitive potentials and better reactivities than other derivatives on the basis of studied 
parameters. It was observed that solvent media affect molecular properties. 
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1. INTRODUCTION 
 
To understand chemical phenomena and 
reactions, it is important to study the 
conformation a particular molecule prefers [1,2]. 
The conformation of molecules is therefore, 
important. Changes in structure of molecules are 
expected when substituents are inserted or when 
solvents are added; and they lead to variations in 
the physical and electronic properties like the 
energy band gap, Eg, electron affinity and intra-
molecular charge transfer, brought about by 
either a new environment (substituent) or 
(solvent). It has been observed that the dipole 
moments (μ), polarizabilities (α) and 
hyperpolarizabilities (β) increase with an 
increase in the dielectric constants, ε, of solvents 
[2,3]. The frontier energies could be stabilized 
(reduced) by solvents, especially polar solvents 
[4].  
 
Heterocycles like 1,3,4-thiadiazole and their 
different derivatives have been studied for 
various applications in biological [5,6], chemical 
[3,7], optical [8-10] and pharmaceutical fields 
[11,12]. Thiadiazole is a five-membered 
heterocycle containing two nitrogen atoms and a 
sulphur atom, it has different isomers including 
1,2,3-thiadiazole, 1,2,4-thiadiazole, 1,2,5-
thiadiazole and 1,3,4-thiadiazole. However, 
1,3,4-thiadiazole isomer has been investigated 
more than other isomers. The inductive effect of 
the sulphur atom makes it a weak base, it is also 
electron deficient due to the electron-withdrawing 
nature of the atoms and therefore inert to 
electrophiles but can undergo nucleophilic 
reactions readily. 1,3,4-thiadiazole and its 
derivatives could be studied for various 
applications, computational studies can help in 
predicting probable applications for example as 
corrosion inhibitor (owing to the presence of 
some heteroatoms like sulphur, oxygen, nitrogen 
and phosphorus) [13] and compare them with 
that of the substituted analogues. This is 
because O, N, S and P are active centers for 
adsorption process on metal surface. Studies 
have shown that organic inhibitors usually 
displace water molecules from the surface of the 
metal, forming a protective barrier [14]. The 
strength of the chemisorption bond depends 
upon the electron density on the donor group and 
also the α values of the group, this is because 
chemisorption involves the formation of a chelate 
on the metal surface and it is usually achieved by 
the transfer of electrons from the organic 
compounds to metals- a coordinate covalent 
bond [15]. When an H atom attached to the C in 

the ring is replaced by a substituent group (–NH2, 
–NO2, –CHO, or – COOH) it improves inhibition, 
owing to the addition of more heteroatoms with 
nonbonded electrons [16]. This facilitates 
electron transfer from the inhibitor to the metal 
surface. Structural and electronic properties are 
affected by molecular size, substituent groups 
[17] and this can in turn affect the global 
reactivity descriptors which are important 
parameters to investigate when studying 
materials for their corrosion inhibitive potentials 
[18,19]. 
 
Recently, a lot of experimental and theoretical 
studies have been done on the structural and 
electronic properties of organic materials for 
certain applications like nonlinear optical (NLO) 
applications [20,21], corrosion inhibitive 
applications [22-24] and so on. If the properties 
of a simple aromatic system are well 
investigated, there will be a better understanding 
of its structure-property relationship, which in turn 
provides a guideline for the design of novel NLO 
material or an inhibitor, an important 
responsibility of material scientists. Quantum 
chemical calculations have proven to be 
successful in studying molecular, electronic 
properties and the global reactivity descriptors 
like the chemical hardness, η, chemical softness, 
S, global electrophilicity index of molecules with 
several researches based on the use of density 
functional theory (DFT) approach [15,25-28,29]. 
As such, quantum chemical studies were 
employed to investigate the effect of substituents 
and solvents on the structural, optical, electronic 
properties of 1,3,4-thiadiazole and some its 
substituted derivatives. This work therefore 
draws motivation from the fact that few reports 
about the structural and solvent dependence on 
ground state electronic properties of 1,3,4-
thiadiazole and its derivatives exist. 1,3,4-
thiadiazole (A), 2-cyano-1,3,4-thiadiazole (B), 2-
methyl-1,3,4-thiadiazole (C), 2-nitro-1,3,4-
thiadiazole (D), 2-amino-1,3,4-thiadiazole (E), 
1,3,4-thiadiazole-2-cyanoacrylic acid (F) and the 
dimeric form of 1,3,4-thiadiazole (G) were 
considered. The substituents vary in size and 
donor capacity so it is expected that the 
molecular and electronic properties will vary, it is 
also expected that there might also be variations 
in their properties in different solvent media. Ab-
initio Becke’s three hybrid parameter DFT-Hatree 
Fock (20% of Hartree Fock approximation) and 
Lee-Yang-Parr correlation functional (B3LYP) 
procedures with high polar 6-31G* basis set. The 
B3LYP/6-31G* has proven to be an efficient 
method of describing the ground state electronic 
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properties of organic molecules as it 
corroborates experimental findings [23,15,25-26]. 
Improving on the molecular properties by 
insertion of substituents increase molecular size 
and improves electronic properties in that the 
molecule because the substituted molecules 
have more space to form instantaneous dipoles, 
this improves the dipole moments and 
polarizabilities of such molecules. This work 
therefore, presents a theoretical study on the 
molecular and electronic properties like the 
frontier orbital energies (energies of the highest 
occupied molecular orbital, EHOMO and the lowest 
unoccupied molecular orbital, ELUMO), energy 
band gaps, Eg values (ELUMO – EHOMO), the global 
reactivity descriptors which are responsible for 
inhibition efficiency like the chemical hardness, η, 
softness, S, electronegativity, χ.  
 

C2

S1

C5

N4 N3

H
H

 
 

Fig. 1. Structural representation of 1,3,4-
thiadiazole 

 

2. COMPUTATIONAL DETAILS 
 
Quantum mechanical investigations were carried 
out on 1,3,4-thiadiazole and its substituted 
analogues with Spartan 14 software package 
[30] on intel®Core (TM) i5-3317U CPU 
@1.70GHz 1.70Hz computer with the ab initio 
restricted pure and hybrid Density Functional 
Theory (DFT) and the time dependent Density 
Functional Theory (TDDFT) [31,32], B3LYP 
exchange- correlation method with 6-31G* basis 
set, all implemented on Spartan 14 software 
package. The DFT calculations were carried out 
in vacuum and in different solvent media like 
acetone (ε= 20.7), ethanol (ε= 24.55) and 
Tetrahydrofuran, THF (ε= 7.58). Structural 
optimization was done without any constraints. 
The experimental data for 2-amino-1,3,4-
thiadiazole were used as a reference and 
investigated to ascertain if any/all theoretical 
methods employed correlated well with 
experimental observations. Such method(s) were 
employed in understanding structure-property 
relationships of other molecules. The global 
reactivity descriptors were all obtained from the 
EHOMO, ELUMO and Eg values. Eg is given by eq. 
1.1: 
 

Eg = ELUMO - EHOMO                                   (1.1) 

Hardness is given by half of the energy band 
gap: 
 

η = 
��

�
			                                                    (1.2) 

 
The softness of a molecule is just the inverse of 
its chemical hardness: 
 

S = 
�

�
                                                        (1.3) 

 
According to Koopman’s theorem [33], the 
ionization potential, I = -EHOMO while the electron 
affinity, A = -ELUMO, so that Eg in eq. 1.1 becomes 
I – A. 
 
The electronegativity is given by [34]: 
 

χ = 
(�	�	�)

�
                                                  (1.4) 

 
η, S and χ are the global properties of the 
molecules. 
 
The metal, say iron and inhibitor are brought in 
contact in order for the inhibitor to form a chelate 
on the metal surface. There is a flow of electrons 
from the lower χ (inhibitor) to a higher χ (Fe). The 
fraction of electron transferred, ΔN, therefore, is 
always used to measure the inhibition efficiency. 
ΔN is given by [35]: 
 

∆� = 	
����	����

�(����	����)
                                      (1.5) 

 

Where χFe and χinh are the electronegativities of 
bulk Fe and inhibitor respectively, ηFe and ηinh are 
the chemical hardness of bulk Fe and inhibitor 
respectively. The theoretical value of χFe is given 
as 7 eV [35], while ηFe is zero (brought about by 
the assumption that EHOMO and ELUMO are the 
same for metallic bulk). 
 

In order to extend this work beyond the structural 
and inhibitive potentials of the systems under 
investigation, molecular parameters like the 
polarizabilities and hyperpolarizabilities were 
calculated. This was done in a bid to explain the 
trend of the substituted molecules follow from 
1,3,4-thiadiazole to know if they have better 
nonlinear optical responses. 
 

The polarizability of a molecule is related to its 
dipole moment by:  
 

μ = αԐ                                                       (1.6) 
 

where α is the polarizability, μ is the dipole 
moment and Ԑ is the electric field strength. μ and 
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α usually increase with a decrease in Eg values 
[17,15,36]. The dipole moment is necessary in 
order to understand the intermolecular 
interactions and is found to increase with a 
decrease in the Eg values of molecular systems 
[17,36].  
 
The molecular first hyperpolarizability (β) is a 
third-rank tensor that is described by a 3 x 3 x 3 
matrix from a reduced 27 components of the 3D 
matrix which becomes 10 components owing to 
Kleimann symmetry [37] and is given by: 
 

βeff = [(βxxx + βxyy + βxzz)
2
 + (βyyy + βyzz + βyxx)

2
 

+ (βzzz + βzxx+ βzyy)
2]1/2                              (1.7) 

 
The second order susceptibility of a nonlinear 
opical (NLO) material, χ2 strongly depends on βeff 

value. βeff value increases with reduced Eg values 
and increased α values [38]. 

3. RESULTS AND DISCUSSION 
 
The geometry of 1,3,4-thiadiazole is defined 
using the structure in Fig. 1. In this structure, 
different substituent groups are put in place of H 
(i.e. 2- position). The optimized geometry is 
shown in Fig. 2. 
 

 
 

Fig. 2. Optimized structure of 1,3,4-thiadiazole 
 

The Eg values in vacuum, acetone, ethanol and 
THF are presented in Table 1. It is observed that 

 
Table 1. The electronic properties of 1,3,4-thiadiazole and substituted analogues with B3LYP/6-

31G* in vacuum, acetone (ε = 20.7), Ethanol (ε = 24.55) and THF (ε = 7.58) 
 

Vacuum 
Molecules ELUMO(eV) EHOMO(eV) Eg(eV) η(eV) S(eV-1) χ(eV) ΔN 
R = H -1.27 -7.49 6.22 3.11 0.32 4.38 0.42 
2-NO2 -3.42 -8.25 4.83 2.42 0.41 5.84 0.24 
2-CH3 -1.07 -7.28 6.21 3.11 0.32 4.18 0.45 
2-NH2 -0.63 -6.49 5.86 2.93 0.34 3.56 0.59 
2-CN -2.67 -8.17 5.50 2.75 0.36 5.42 0.29 
2-CH=C(CN)COOH -3.07 -7.50 4.43 2.23 0.45 5.29 0.38 
Dimer -2.54 -7.43 4.89 2.45 0.41 4.99 0.41 

Acetone 
R = H -1.17 -7.40 6.23 3.12 0.32 4.29 0.43 
2-NO2 -3.43 -7.91 4.48 2.24 0.45 5.67 0.29 
2-CH3 -1.09 -7.30 6.21 3.11 0.32 4.19 0.45 
2-NH2 -0.57 -6.09 5.52 2.76 0.36 3.33 0.66 
2-CN -2.56 -8.04 5.48 2.74 0.36 5.30 0.31 
2-CH=C(CN)COOH -2.88 -7.27 4.39 2.19 0.46 5.08 0.44 
Dimer -2.57 -7.27 4.70 2.35 0.43 4.92 0.44 

Ethanol 
R = H -1.19 -7.48 6.29 3.15 0.32 4.34 0.42 
2-NO2 -3.51 -8.08 4.55 2.28 0.44 5.79 0.27 
2-CH3 -1.12 -7.40 6.28 3.19 0.31 4.26 0.43 
2-NH2 -0.64 -6.23 5.59 2.80 0.36 3.44 0.64 
2-CN -2.53 -8.09 5.56 2.78 0.36 5.31 0.30 
2-CH=C(CN)COOH -2.89 -7.34 4.45 2.23 0.45 5.12 0.42 
Dimer -2.57 -7.38 4.81 2.41 0.41 4.98 0.42 

THF 
R = H -1.18 -7.36 6.18 3.09 0.32 4.27 0.44 
2-NO2 -3.42 -7.78 4.36 2.18 0.46 5.60 0.32 
2-CH3 -1.08 -7.18 6.10 3.05 0.33 4.13 0.47 
2-NH2 -0.56 -5.89 5.33 2.67 0.37 3.23 0.71 
2-CN -2.57 -7.93 5.36 2.68 0.37 5.25 0.33 
2-CH=C(CN)COOH -2.90 -7.11 4.21 2.11 0.47 5.01 0.47 
Dimer -2.56 -7.16 4.60 2.30 0.43 4.86 0.47 
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Table 2. The dipole moments, polarizabilities, λmax and molecular first hyperpolarizabilities of 
1,3,4-thiadiazole and substituted analogues with B3LYP/6-31G* in vacuum, acetone (ε = 20.7), 

ethanol (ε = 24.55) and THF (ε = 7.58) 
 

Molecules μ (D) α (Cm2V-1) λmax(nm) β(x10-30 esu) 

Vacuum 

R = H 3.08 45.83 185.51 0.14 
2-NO2 4.45 47.92 242.91 0.22 
2-CH3 3.10 46.33 193.36 0.14 

2-NH2 3.56 46.96 241.35 (241) 0.27 
2-CN 4.53 47.60 222.98 0.50 

2-CH=CNCOOH 5.50 52.74 259.82 1.21 
Dimer 5.68 50.83 262.41 0.57 

Acetone 

R = H 3.91 45.77 182.96 0.18 

2-NO2 5.7 47.95 241.55 0.29 

2-CH3 4.03 47.27 191.52 0.19 
2-NH2 4.95 46.80 225.60 0.37 

2-CN 6.02 47.59 221.99 0.66 

2-CH=CNCOOH 7.57 52.72 256.76 1.58 

Dimer 7.34 50.82 260.06 0.72 

Ethanol 

R = H 3.99 45.77 182.88 0.18 

2-NO2 5.89 47.96 244.94 0.32 

2-CH3 4.08 47.27 191.33 0.19 

2-NH2 4.9 46.79 224.62 0.36 

2-CN 6.04 47.59 221.94 0.65 
2-CH=CNCOOH 7.95 52.72 257.62 1.63 
Dimer 7.48 50.82 259.93 0.73 

THF 

R = H 3.81 45.78 183.22 0.17 
2-NO2 5.53 47.95 240.13 0.29 
2-CH3 3.92 47.28 191.72 0.19 

2-NH2 4.78 46.79 225.20 0.36 
2-CN 5.83 47.59 221.94 0.64 
2-CH=CNCOOH 7.22 52.72 256.40 1.52 

Dimer 7.12 50.82 260.27 0.69 
Experimental result in bracket [40] 

 
Eg values are more stabilized as different 
substituent groups replace the hydrogen atom at 
position 2.  1,3,4-thiadiazole has Eg value of 6.22 
eV, 2-methyl-1,3,4-thiadiazole has almost the 
same value of 6.21 eV while 2-amino-1,3,4-
thiadiazole has a lower value of 5.86 eV, with the 
other derivatives reducing Eg values significantly 
with 2-cyano-1,3,4-thiadiazole, dimer, 2-nitro-
1,3,4-thiadiazole and 1,3,4-thiadiazole-2-acrylic 
acid of 5.50, 4.89, 4.83 and 4.43 eV respectively 
in vacuum, indicating that there is transfer of 
electrons from the donor to the acceptor groups. 
Similar trend was observed in the solvent media 
with the values decreasing generally, and further 
reducing with substituents and with a decrease in 
the dielectric constant of the solvents. This 
improves the reactivity and electronic properties 

of the molecules. The molecules are arranged in 
decreasing order of Eg values as R = H > -CH3 > 
-NH2 > -CN > dimer > -NO2 > -CH=C(CN)COOH, 
this may be attributed to the molecular sizes of 
the molecules. The chemical hardness is 
expected to follow the same trend as it is derived 
directly from Eg, eq. 1.2 while the softness 
follows a reverse trend as it is the inverse of η, 
eq. 1.3. -CH=C(CN)COOH and -NO2 are the with 
the least Eg values, softest, largest of the 
molecules and are therefore possess the highest 
charge transfer character and are more reactive 
than other analogues and are expected to form 
instantaneous dipoles more readily than others. 
The –CH3 group did not reduce Eg values 
significantly, this is owing to the fact that it is a 
weaker electron donor than –NH2, while others 
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are deactivating groups, with cyano, nitro and 
cyano acrylic acid groups differ in size and 
withdrawing ability. All the substituted derivatives 
have lower Eg values than the unsubstituted 
1,3,4-thiadiazole. The electronegativities of –CH3 
and -NH2 are lower than that of unsubstituted 
1,3,4-thiadiazole, they are higher in other 
substituted derivatives, this may be due to the 
electron donating abilities of –CH3 and -NH2 and 
electron withdrawing abilities of others. These 
values reduced in solvents and with reduced 
dielectric constants. The values of ΔN describes 
the donating ability of a material and it is reported 
that this value increase with increased inhibition 
[39]. However, this study shows that there is no 
correlation between ΔN and inhibition efficiency, 
an observation also made by Kara and co-
workers [15].  
 
The values of the dipole moments as seen on 
Table 2 shows that unsubstituted 1,3,4-
thiadiazole has a value of 3.08 D in vacuum 
while –CH3 derivative increased the value a bit to 
3.10 D and –NH2 to 3.56 D, this may be because 
only a slight decrease in the Eg was observed for 
–CH3  unlike –NH2. Other substituted derivatives 
increased μ values significantly. All values 
increased with the addition of solvent; also with 
an increase in dielectric constant. Although there 
are some inconsistences on the use of µ as a 
predictor for the direction of a corrosion inhibition 
reaction, it could be argues that molecules with 
high μ values are more reactive and soft; they 
can easily give up electrons that will bind to 
metal surfaces. The polarizabilities of the 
molecules increase with an increase in molecular 
size but there is no much difference in their 
values in different solvents. On the overall, the –
CH=(CN)COOH  is the most reactive of the 
molecules and probably with the best optical 
response , followed by –NO2, dimer, -CN, -NH2 
and –CH3 considering their optical/energy band 
gaps, size, polararizabilities and dipole moments. 
Their electro-optical responses however, will be 
confirmed by the values of molecular first 
hyperpolarizbilities and UV absorptions. 
 
β values increased but not too significantly for –
CH3 unlike other substituted derivatives with  -
CH=CNCOOH and dimer having the highest 
values of 1.21 x 10

-30
 esu and 0.57 x 10

-30
 esu 

respectively. All units were all in Debye Å2, and 
converted to esu units (1 Debye Å

2 
= 1 x 10

-30
 

esu) [41]. β values also increased in solvent 
media and also with an increase with dielectric 
constants of the solvents. Only -CH=CNCOOH 
can be considered a potential candidate for NLO 

applications because it is the only molecule 
having better β value than urea (0.65 x10

-30
 esu) 

[9]. 
 
The UV absorption was carried out using the TD-
DFT. All substituted derivatives bathochromically 
shifted the absorption wavelength, with –NH2 
comparing well with experimental result available 
[40]. -CH=CNCOOH and dimer increasing the 
λmax the most from 186 nm to 259 nm and 262 
nm respectively. The λmax tends to increase with 
decrease Eg and it also decreased in the 
solvents used. 

 
4. CONCLUSION  
 
The FMOs are very important for describing 
chemical reactivity and understanding the static 
molecular reactivity. The HOMO and LUMO 
energies of 1,3,4-thiadiazole and its substituted 
derivatives were calculated using the hybrid 
B3LYP method with a large polar 6-31G* basis 
set in vacuum, acetone, ethanol and 
tetrahydrofuran (THF). It was revealed that 
substitution at position -2 with -NO2, -CH3, -NH2, 
-CN and -CH=C(CN)COOH  results in enhanced 
reactivities due to reduction of the energy band 
gap, Eg. It also altered some important molecular 
properties like η, S, ΔN, μ, α and β. Substituted -
NO2, -CN and -CH=C(CN)COOH may possess 
better inhibitive potentials and better reactivities 
than other derivatives on the basis of studied 
parameters. It was observed that solvent media 
affect molecular properties.  
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