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 Four new Triazole Schiff Bases were synthesized through the green 
condensation and were structurally confirmed by mass spectroscopy, IR, 1H 
NMR, TGA, and DSC. The chief advantages of the reported technique were its 
working ease, very mild reaction conditions, short reaction time, and high 
yield. Quantum chemical calculations were applied to investigate the 
optimized geometry and electronic structure of the compounds, S1-S4. 
DFT/B3LYP/6-31+G (d), was performed to determine the chemical quantum 
descriptors (CQDs). An analysis of the CQDs showed that the S1 compound 
had a higher molecular stability. The findings of the computational research 
revealed that there was a close interaction between the theoretical and 
experimental data. The synthesized compounds were studied for their 
anticancer activity against two cell lines, MCF-7 and HepG2. The results 
revealed that the S3 and S4 compounds had a remarkable activity, with IC50 of 
64.64 μg/mL and 23.52 μg/mL, respectively, thus, making them crucial 
components for anticancer medicines in future studies. Molecular docking 
tests were carried out on the S3 and S4 compounds with the receptors 5EKN 
and 3PP0. The results exposed that the compounds were effective in 
inhibiting the receptors with a good binding energy to confirm their 
anticancer activity. 
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Introduction 

The products obtained from the condensation of 

carbonyl and the primary amine compounds are 

called Schiff bases, named after Hugo Schiff, who 

recorded the first synthesis of Schiff bases 

(imines) in 1864 [1]. A Schiff base is considered 

as an aldehyde that bears an azomethine -N=CH- 

group, which plays a key role. Schiff bases are 

well known for their wide-spectrum potential as 

chemotherapeutic agents [2, 3]. Heterocyclic 

Schiff bases, such as triazole Schiff base 

derivatives are widely known for their potential 

as antibacterial, anti-inflammatory, 

anticoagulant, and anticancer drugs and antiviral 

agents [4, 5]. In recent years, studies on triazole 

Schiff base derivatives have been gaining 

increasing attention. Therefore, the preparation 

and characterisation of triazole Schiff base 

derivatives are of great significance due to their 

ability to help in the synthesis of several 

bioorganic conjugates with different moieties, in 

addition to their greater tendency to form 

hydrogen bonds, thereby improving their 

pharmacokinetic, pharmacological, and 

toxicological properties in addition to their 

physicochemical properties [6-9]. Consequently, 

1,2,4- triazole derivatives are included in several 

drugs like fluconazole, voriconazole, and 

itraconazole that are used in the treatment of 

many diseases. However, experimental, quantum 

chemical, and molecular docking methods have 

been combined to create a triple hybrid strategy 

to examine these compounds. Computational 

studies, such as the density-functional theory 

(DFT), have been used to study the structure-

property relationship, alongside with molecular 

docking to highlight the potential to confirm a 

good interaction between receptors and 

compounds [10-12]. In this study, triazole Schiff 

base derivatives were initially synthesised and 

characterised. They were then evaluated for their 

anti-cancer activity on the MCF-7 and HepG2 cell 

lines using an MTT assay and compared to the 

HdFn and WRL68 normal cell lines. In addition, 

their HOMO–LUMO energy gap, chemical 

hardness and global softness were investigated 

using the density-functional theory (DFT) to 

determine the stability of the compounds. A 

molecular docking study was performed to 

investigate their interaction and binding activity 

with target receptors. 

Materials and Methods 

1,2,4-Triazole-3-amine, imidazole-2-

carbaldehyde, 5-bromofuran-2-carbaldehyde, 

3,5-dibromo-4-hydroxybenzaldehyde, and 

terephthalaldehyde, with 96-98% purity, were 

used without further purification (their melting 

points were examined and were found to be: 157-

159 ᵒC, 206-209 ᵒC, 82-85 ᵒC, 181-185 ᵒC, and 

113-117 ᵒC, respectively). Nuclear magnetic 

resonance (NMR) spectroscopy was performed at 

the Department of Chemistry, College of 

Education for Pure Sciences, University of Basrah: 

The 1H-NMR spectra were recorded using a 

Bruker Avance NEO 400 (400 MHz) 

spectrometer. In assigning the 1H-NMR spectra, 

the chemical shift information (δH) for each 

resonance signal was given in units of parts per 

million (ppm) relative to trimethylsilane (TMS), 

where (δH) = 0.00 ppm. The number of protons 

(n) for a reported resonance signal was indicated 

as nH from their integral value, and the 

multiplicity was symbolised by the following 

abbreviations: s = singlet and d = doublet. A 

thermal gravimetric analysis (TGA-DSC) was 

performed at the Chemistry Department, College 

of Pure Sciences, Basrah University, using the 

TGA-50 thermal analysis system and DSC-60 

Plus/60 A Plus differential scanning calorimeter 

from Japan. The infrared (IR) spectra 

measurements were run using a Bruker/FT-IR 

Affinity-1 spectrophotometer at the College of 

Pure Sciences, Thi Qar University. The mass 

spectra were recorded using a Shimadzu model 

GCMS-QP2010 plus at Samarah University. 

Biological activities were carried out at Tehran 

University, Iran.  

Synthesis of compounds 

Four compounds were prepared by the 

condensation of the amine (I) with the aldehyde 

(II-V), (Scheme 1) in a green way (no catalyst or 

reagent, small quantity of solvent and short 

reaction time, easy purification process, and high 

yield). 
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Scheme 1: Chemical structure of the synthesised triazole Schiff bases (S1-S4) 

(Z)-N-((1H-imidazol-2-yl)methylene)-1H-1,2,4-

triazol-3-amine (S1) 

3-Amino-1H-1,2,4-triazol (0.192 g, 2.286 mmol) 

and 2-imidazolecarboxaldehyde (0.220 g, 2.286 

mmol.) were mixed in a round-bottom flask. 

Then, 15 mL of absolute methanol was added to 

the mixture. The reaction mixture was refluxed 

for 3 hours, followed by TLC (performed using 

Merck 60 F254 nm silica-coated aluminium sheets, 

1:1 ethyl acetate in dichloromethane). The 

mixture was left for a day to complete the 

precipitation. Thereafter, the precipitate was 

washed with cold methanol to get rid of the 

residual aldehyde and amine. The light brown 

product weighed 0.25 g (1.541 mmol, 67 %, mp. 

>205 ᵒC). The compound was slightly soluble in 

methanol, soluble in DMSO, and not soluble in 

chloroform.  The desired pure product was 

characterized by 1H-NMR spectra (Figure S1, 

Supporting information). 

(Z)-N-((5-bromofuran-2-yl)methylene)-1H-1,2,4-

triazol-3-amine (S2) 

3-Amino-1H-1,2,4-triazol (0.192 g, 2.286 mmol) 

and 5-bromo-2-furaldehyde (0.40 g, 2.286 mmol) 

were mixed in a round-bottom flask. Then, 15 mL 

of absolute methanol was added. The reaction 

mixture was refluxed for 3 hours, followed by 

TLC (performed using Merck 60 F254 nm silica-

coated aluminium sheets, 1:1 ethyl acetate in 

dichloromethane). The mixture was left for a day 

to complete the precipitation. Next, the 

precipitate was purified using column 

chromatography (SiO2, 0-70% absolute methanol 

in dichloromethane). The brown yellowish 

product weighed 0.414 g (1.717 mmol, 75 %, mp. 
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165-169 ᵒC). The compound was soluble in 

methanol, but not in chloroform. The desired 

pure product was characterized by 1H-NMR 

spectra (Figure S2, Supporting information). 

(Z)-4-(((1H-1,2,4-triazol-3-yl)imino)methyl)-2,6-

dibromophenol (S3) 

3-Amino-1H-1,2,4-triazol (0.192 g, 2.286 mmol) 

and 3,5-dibromo-4-hydroxybenzaldehyde (0.640 

g, 2.286 mmol) were mixed in a round bottom 

flask. Then, 15 mL of absolute methanol was 

added. The reaction mixture was refluxed for 3 

hours, followed by TLC (performed using Merck 

60 F254 nm silica-coated aluminium sheets, 1:1 

ethyl acetate in dichloromethane). The mixture 

was left for a day to complete the precipitation. 

After that, the precipitate was purified using 

column chromatography (SiO2, 0-70% absolute 

methanol in dichloromethane). The light-yellow 

product weighed 0.68 g (1.965 mmol, 86 %, mp. 

160-167 ᵒC). The compound was soluble in 

methanol, but not in chloroform. The desired 

pure product was characterized by 1H-NMR 

spectra (Figure S3, Supporting information). 

N,N'-(1,4-phenylenebis(methanylylidene))bis(1H-

1,2,4-triazol-3-amine) (S4) 

3-Amino-1H-1,2,4-triazol (0.630 g, 7.493 mmol) 

and terpthaldehyde (0.50 g, 3.728 mmol) were 

mixed in a round-bottom flask. Then, 20 mL of 

absolute methanol was added. The reaction 

mixture was refluxed for 3 hours, followed by 

TLC (performed using Merck 60 F254 nm silica-

coated aluminium sheets, 1:1 ethyl acetate in 

dichloromethane). The mixture was left for a day 

to complete the precipitation. Then, the 

precipitate was washed 3 times (3×10 mL) with 

cold methanol to get rid of the residual aldehyde 

and amine. The light-yellow product weighed 

0.65 gm (2.441 mmol, 65 %, mp. > 205 ᵒC), was 

soluble only in DMSO, but was not soluble in 

methanol, ethanol and chloroform or 

dichloromethane. The desired pure product was 

characterized by 1H-NMR spectra (Figure S4, 

Supporting information). 

Results and Discussion 

The main change occurred in the NMR chart and 

which helped to explain the reaction taken place 

was the disappearance of the aldehyde band, 

which generally appeared around 10 ppm in the 
1H-NMR, and the appearance of the imine (HC=N) 

signal [13] at around 9 ppm. 

The bending vibration of N–H in the primary 

amines was observed in the region of 1650-1580 

cm -1. Most of the secondary amines do not show 

a band in this region, and tertiary amines never 

show a band in this region (This band is possibly 

very sharp and close enough to the carbonyl 

region to cause researchers to interpret it as a 

carbonyl band). The aromatic Schiff-bases were 

investigated using the IR technique, and a band of 

medium intensity was indicated in the double-

bond stretching region at 1613-1631 cm.-l for the 

C=N [14, 15]. The characteristic FT-IR 

assignments of the compounds (S1-S4) in Figures 

S5, S6, S7 and S8 (Supporting information), 

depicted a strong band at 3460 cm-1 assigned to 

(NH). The imine (C=N) band of the Schiff base 

moiety appeared as a strong band at (1630 and 

1598) cm -1 [16]. Aromatic aldehydes usually 

show a sharp band at 1720–1680 cm−1 due to 

carbonyl group stretching [15]. The carbonyl 

band (C=O) of the aldehydes used in this study 

showed sharp signals at 1660 cm-1 (2-

imidazolcarboxyaldehyde), 1660 cm-1 (5-bromo-

2-furaldehyde), and 1670 cm-1 (3,5-dibromo-4-

hydroxybenzaldehyde). This band shifted to a 

lower wavenumber (lower frequency and 

energy) at 1621 cm-1 (S1), 1608 cm -1 (S2), 1613 

cm -1 (S3), and 1609 cm -1 (S4).  

The mass spectra in Figures S9, S10, S11, and S12 

(Supporting information), for the compounds S1-

S4, respectively, demonstrated the existence of 

the required masses expected for the desired 

compounds. The thermal analysis results of the 

synthesised Schiff bases (S1-S4) are presented in 

Figures S13, S14, S15, S16, S17, S18, S19, and S20 

(Supporting information). Compound S1 was the 

condensation product of an amino triazole with 

the aldehyde, diazole carbaldehyde.  

The DSC spectrum indicated the formation of a 

Schiff base with a melting point ranging from 225 

ᵒC to 325 ᵒC. The TGA showed two stages of 

decomposition, one at the temperature range of 
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148.6 -333.6, DTG 250 ᵒC (50% weight loss of the 

first stage), gradually losing the imidazole 

segment from the Schiff base. Besides, compound 

S2 was the condensation product of 3-amino1,2,4 

triazole with 5-bromo-2-furfuraldehyde. The DSC 

thermogram showed two exothermic peaks, one 

at 174-190 ᵒC, which could be related to the loss 

of HCN from the formed Schiff base, and the 

second at 231-266 ᵒC, which could be related to 

the loss of the triazole segment. These were in 

good agreement with the TGA analysis results. 

The TGA thermogram showed two main 

decomposition loss peaks, one at 225.52-331.78 

ᵒC. This could be related to the calculated loss of 

HCN:11.2% found from TGA: 14.1%. The second 

loss peak at 386.76-597.02 could be related to the 

loss of the triazole segment (calculated: 29% 

found from TGA: 26.48%). The residue was about 

60% related to the bi(bromofuraldehyde) 

(60.9%). Likewise, compound S3 was product of 

the condensation of 3-amino 1,2,4-triazole with 

3,5-dibromo-4-hydroxy benzaldehyde. The DSC 

showed a main melting /decomposition peak at 

229.8-279.3 ᵒC.  

The TGA analysis showed three decomposition 

loss peaks, the first at 180-272 ᵒC related to the 

loss of the triazole Schiff base segment, followed 

by the second one at 272 ᵒC, which could be 

related to the loss of 2,6-dibromophenol 

(calculated as 72 % found from TGA: 70%). In 

addition, compound S4 was the condensation 

product of 3-amino1,2,4 triazole with 

terphthaldehyde. The DSC showed a 

melting/decomposition exothermic peak at 

360.7-383.9 ᵒC. The TGA showed a sharp loss 

peak at 200-374.91, which could be related to the 

loss of two molecules of HCN (calculated as 

20.3% found from TGA: 19%). 

 

S1                                                                       S2 

 

S3                                                                                         S4 

Figure 1: Cytotoxicity of compounds and with MCF-7 and HdFn normal cell 
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Biological activity  

The in vitro anticancer activity of the synthesized 

compounds at different concentrations was 

tested on MCF-7 and HepG2 cells with 24 hours 

of incubation. All the compounds resulted in a 

decrease in cell viability in a dose-dependent 

manner as follows: S4> S3> S2> S1, and the S4 

compound resulted in a significant decrease in 

the survival rate of the MCF-7 cells in a dose-

dependent manner with IC50 at 64.64 μg /mL, 

with minimal and moderate cytotoxicity 

exhibited on normal cell lines. It had a more 

cytotoxic effect on HdFn, as depicted in Figure 1, 

compared to the other compounds, as listed in 

Table 1. In contrast, in Figure 2, both the S4 and 

S3 compounds induced significant cytotoxicity on 

the HepG2 cell line, while the normal cell line of 

WRL-68 hepatic cells exhibited only the 

moderate susceptibility. The corresponding IC50 

values are summarised in Table 2. The result 

showed that the S4 compound significantly 

inhibited the proliferation of HepG2 cells, while 

its cytotoxicity on the normal cell line of WRL-68 

hepatic cells compared to IC50 23.52 μg /mL value 

of the compounds toward HepG2 cells was shown 

to be weak and moderate. Based on the results 

obtained from the MTT assay, the prepared 

compounds showed a dose-dependent cytotoxic 

activity against cancer cells. These results 

indicate that these compounds have the potential 

to be anti-cancer agents in view of their potent 

cytotoxicity and antitumor activity in the order of 

S3> S1> S4> S2 [17-19].

Table 1: Cytotoxic effects of compounds against MCF-7 and HdFn normal cells 

Compound MCF-7 HdFn 

 IC50  

S1 44.73 101.2 

S2 69.12 82.47 

S3 42.20 73.50 

S4 64.64 177.8 

 

 

S1                                                                       S2 

 

S3                                                                                         S4 

Figure 2: Cytotoxicity of compounds with HepG2 and WRL68 normal cell 
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Table 2: Cytotoxic effects of compounds against HepG2 and WRL68 normal cell 

Compound HepG2 WRL68 

 IC50  

S1 62.22 205.7 

S2 97.57 132.3 

S3 23.52 145.8 

S4 74.07 149.9 

 

Statistical analysis 

The averages and standard deviations (SD) for 

three separate studies were used to represent the 

experimental values. The GraphPad Prism 7 was 

used to carry out the analysis of variance 

(ANOVA), where p < 0.0001 was considered as 

statistically significant. 

Molecular docking studies  

In the current study, the S3 and S4 compounds 

were shown to have the best cytotoxic effects on 

MCF-7 and HepG2 in vitro, as observed from their 

respective experimental anticancer activity. The 

S3 and S4 compounds were chosen as inhibiting 

receptors of gene expressions in MCF-7 [20] and 

HepG2 [21]. To investigate the ability of these 

compounds to bind to and inhibit 5EKN and 

3PP0, a similar molecular docking study was 

performed. This study was aimed at evaluating 

the potential binding affinities, modes, and 

interactions of the new compounds against those 

of special proteins. Docking simulations were 

carried out using the Auto Dock 4.2 software [22] 

to characterise the interactions between the most 

potent S4 and S3 compounds and the active sites 

of the receptors following the docking protocol to 

achieve the docking study of S3 and S4 into the 

active site of proteins. The crystallographic 

structures of the protein kinase, 5EKN, and the 

human epidermal growth factor receptor, 3PP0, 

were chosen as the templates to model the study 

of the compounds. The cell cycle, apoptosis, and 

growth factor-mediated cell survival, which are 

hallmarks of hepatocellular carcinoma HepG2 

and breast cancer MCF-7, were all regulated by 

these receptors. Hindrance of this protein by 

employing an impeding receptors pathway has 

attracted wide interest as a way to deal with 

hostility to disease treatment. Furthermore, a 

restriction on receptor signalling can alter or stop 

development. The receptors were recovered from 

the protein information bank [23]. After 10 runs, 

the ligand-receptor complexes were further 

analysed using Auto Dock 4.2. The molecular 

docking analysis helped to identify different 

types of binding interactions, such as H-bonding, 

hydrophobic, and electrostatic interactions. To 

select the greatest docking pose with the lowest 

energy, the docking process was repeated 

numerous times. The molecular docking of S3 

showed a moderate fit into the binding of the 

active 5EKN receptor site with an energy affinity 

of -6.87 KJ/mol, where the amino acid residue 

and S3 showed two interactions (H-bonding) 

with the amino acids, Asp188 and ILE. 

Meanwhile, the affinity energy of the 3PP0 

receptor with S4 exhibited good binding at 

7.3KJ/mol. They formed two hydrogen bonds 

with ARG849 and ASP845. Overall, the outcomes 

demonstrated that the S3 and S4 compounds 

tested with the receptors had good docking 

scores. The stability of the ligand-protein 

complex was increased as a result which 

hindered the receptor signalling pathways 

associated with cancer. The findings 

demonstrated that these compounds may play a 

role in the apoptotic cell death process in cancer. 

All the data are presented in Table 3 and Figure 3. 

Computational details 

Calculations were done using DFT to determine 

the minimum geometrical structure at cam-

b3lyp/6-31g (d) level of theory by Gaussian 09 

programs [24]. Theoretical parameters were 

used to help describe the molecular structure of 

the investigated compounds. To study the 

properties of the synthesised compound, the 

highest molecular occupied orbital (HOMO), the 

lowest molecular unoccupied orbital (LUMO), 

and some chemical quantum descriptors (CQDs) 
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were theoretically estimated. Table 3 and Figure 

4 show the computed properties using the same 

technique as the geometry optimization. 

In addition, the estimated information helped in 

further describing the molecular characteristics 

of the compounds. The values of the electronic 

properties of the compounds are displayed in 

Table 4 and Figure 5 HOMO and LUMO energies: 

The ability of a molecule to interact with other 

molecules is generally represented by the values 

of the highest and the lowest occupied molecular 

orbital energies (EHOMO and ELUMO), respectively. 

The electron-donating capability of a molecule is 

represented by the term EHOMO. A molecule with a 

high EHOMO value has a strong ability to donate 

electrons to a lower energy molecule (an empty 

orbital). The ability of a molecule to receive 

electrons from an energetic molecule is greatest 

when it has a low ELUMO value (an occupied 

orbital) [25, 26]. The S4 compound appeared to 

have a low ELUMO value compared with the other 

compounds. However, the S3 compound had the 

highest EHOMO. Energy gap (ΔE): The HOMO-LUMO 

energy separation has been a basic indicator of 

kinetic stability. A chemically-reactive molecule 

has a low HOMO-LUMO gap [27]. In addition, the 

ΔE is primarily capable of measuring electrical 

conductivity; an increase in conductivity is 

correlated with a decrease in the band gap. It is 

possible to understand the relationship between 

conductivity and ΔE using Equation 1. 

σ ∞ exp ( ΔE / kT)                                (1) 

 

Table 3: The selected parameters of the compounds with best conformer with proteins 

 

 

A. Stick representation                                                               B. Ribbon format 

 

A. Stick representation                                                            B. Ribbon format 

Figure 3: Position and orientation for compounds S3 and S4 with protein residues 

Compound Pdb B.E Ki uM I.E V+B+D E.E F.T.I No. of H-B 

S3 5EKN -6.87 9.28 -8.01 -7.40 -0.64 -0.11 2 

S4 3PP0 -7.30 4.45 -8.51 -7.06 -0.64 -0.28 2 
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Figure 4. The modeling structures of the triazole-based Schiff base (S1-S4) 
 

 

 

Figure 5. The HOMO-LUMO of the triazole-based Schiff bases (S1-S4)
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Where, σ is the electrical conductivity, and k is 

the Boltzmann constant. This confirms a 

reduction in band gap, ΔE, which suggests a rise 

in the electrical conductivity [28]. According to 

the above data, S3 had more chemical activity 

and electrical conductivity than the other studied 

compounds. Furthermore, the HOMO and LUMO 

energy values were used to calculate the global 

chemical reactivity parameters, such as 

electrochemical potential (μ), chemical hardness 

(η), and electrophilicity (ω). The electrochemical 

potential can be represented by μ = 

(EHOMO+ELUMO)/2, which indicates the propensity 

to release electrons [29]. In this set, the S4 

molecule had a high electrochemical potential 

absolute value, and would behave as a strong 

electron-acceptor molecule, whereas the S3 

molecule had a low value for μ, and therefore, 

would behave as a strong electron-donor 

molecule. The chemical hardness can be defined 

as the capacity of a molecule to resist changing 

electron density with its surroundings. It is 

expressed as η = (ELUMO - EHOMO)/2 [30]. It has to 

do with how chemical systems behave in terms of 

stability and reactivity. A hard molecule has a 

HOMO-LUMO gap that is greater than one. A 

molecule becomes more stable the larger its gap 

and it requires more energy to be excited [31]. As 

seen in Table 4, S1 had a high chemical hardness 

compared with the other molecules. Therefore, 

S1 was a hard and more stable molecule than the 

others. Electrophilicity (ω) measures the energy 

stability of a molecule when it gains extra 

electron density. It is expressed as ω= μ2/2η. The 

electrophilicity of the compounds in decreasing 

order was as follows: S4, S2, S1, and S3. As a 

result, S3 was generally less reactive and more 

stable when accepting electrons. The 

contribution in polar Diels-Alder reactions is 

simple for strong electrophiles like S4 (ω = 

3.4872 eV), for example. S3, ω = 0.8300 eV, is a 

weakly electrophilic material that cannot act in 

polar reactions [30].

Table 4: Ground state properties of the triazole-based Schiff base using B3LYP/6-31+g (d,p) 

Compound HOMO eV LUMO eV 
ΔE 
eV 

ɷ Ƞ µ 

S1 -7.2790 -0.2258 7.0532 1.9963 3.5266 -3.7524 

S2 -7.7361 -0.8707 6.8654 2.6974 3.4327 -4.3034 

S3 -5.2436 0.7738 6.0174 0.8300 3.0087 -2.2349 

S4 -7.7225 -1.5537 6.1688 3.4872 3.0844 -4.6381 

 

Conclusion 

In this study, four compounds were synthesised, 

characterised, and tested for their anti-tumour 

activity against the MCF-7 and HepG2 cell lines. 

As a result of the anticancer screening of the four 

compounds, the evaluated compounds showed 

specific anticancer effects, especially the S3 and 

S4 compounds, with IC50 64.64 μg/mL and IC50 

23.52 μg/mL, respectively. In contrast, the 

compounds were non-cytotoxic activates to 

normal human cells, namely, HdFn and WRL-68 

cells. The molecular docking between the S3 and 

S4 compounds with the receptors of 5EKN and 

3PP0 was examined to approve the experimental 

anticancer activity results. The study revealed 

that the S3 and S4 compounds accommodated 

the receptor sites, formed H-bonds, and showed 

better interaction with good binding energy. In 

general, the study offers good experimental data 

and theoretical information for future 

advancement and application as anticancer 

medications. To understand the nature and 

reactivity of the molecule, the chemical quantum 

descriptors (HOMO, LUMO, ΔE, ɷ, Ƞ, and µ) were 

theoretically calculated to examine the 

characteristics of the compounds. The greater the 

ΔE, the more stable will be the compound. The ΔE 

is primarily capable of measuring the electrical 

conductivity; S3 had more chemical activity and 

electrical conductivity than the other compounds 

that were being studied. In addition, S3 had s 

minimum energy gap, signifying that it had a high 

chemical reactivity and low electrochemical 
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potential. S3 generally had less electrophilicity 

and chemical potential. 
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