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Abstract: Polyoxometalates (POMs) are a valuable class of inorganic compounds. The consistency of size and 
charge of a polyoxometalate structure, together with the inclusion of a variety of transition metals and/or 
functional groups, has made them very attractive in catalysis and materials science. Dawson and Keggin type 
POMs are known to be active in the oxidation of cyclohexanone(-One) to C6 dicarboxylic acid, namely adipic 
acid (AA). In this work, we are interested not only in AA (C6) but also in glutaric GA (C5) and succenic SA(C4) 
acids. For this purpose, we tested a series of Dawson-type POMs in the oxidation of (-One) at 90°C in the 
presence of hydrogen peroxide as green oxidant. The catalytic tests were monitored by HPLC during 20 hours of 
reaction. K6P2W12Mo6O62, K8P2W12Mo5SnO61 and Cs4SnP2W12Mo6O62 were synthesised, characterised then 
tested in the oxidation of cyclohexanone to dicarboxylic acids (C4, C5 and C6). The obtained results show that 
the formation of these products depends not only on the reaction time but also on the chemical composition of 
the catalyst. So,  GA is favoured after 4 hours of reaction in the presence of K8P2W12Mo5SnO61 with 59.11 10-4 
mol.  The highest amount of SA was obtained after 4 hours of reaction over 26.32 10-4 mol of 
Cs4SnP2W12Mo6O62 as catalytic system. In addition, using the same catalyst, the progression of the reaction over 
time led to an increase in the amount of AA. Since, after 20 hours, 30.47 10-4 moles of AA were obtained 
compared to 1.07 and 1.19 10-4 moles of C5 and C4 diacids respectively. At the last we can concluted that the 
P/Mo/W Dawson POMs catalyst is a promising alternative for the synthesis of dicarboxylic acids from 
cyclohexanone in the presence of hydrogen peroxide. 
 
Keywords: Dawson polyoxometallate, Adipic acid, Succenic, Glutaric, Cyclohexaone, Hydrogene peroxide 
 
 
Introduction 
 
Polyoxometallates (POMs) are metal-oxide clusters, presenting a great diversity of structure (Li et al., 2007) 
among them, those of Dawson structure with metal (M: Mo, W...)/heteroatom (X:P, Si....) ratio equal to 9. These 
POMs are a crystalline network made of heteropolyanions (HPA) of general formula [X2M18O62]n-, counter ions 
(H+, K+, Cs+,...) and water molecules. Heteropolyanions are composed of an arrangement of 18 octahedrons 
whose center is a transition metal ion 'M(VI)' and the vertices are oxygen. These octahedrons are arranged in a 
particular form around a tetrahedron constituted by the heteroatom X and whose vertices are oxygen atoms in 
- This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 4.0 Unported License, 
permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 
- Selection and peer-review under responsibility of the Organizing Committee of the Conference 
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common with those of the octahedrons (Guerroudj et al., 2019). The diversity of the chemical composition of 
these compounds offers greater flexibility on their acid (Bronsted & Lewis, 1923) and redox properties (Briand 
et al., 2003; Contant et al., 2007). Dawson-type POMs have been shown to be effective in various oxidation 
catalytic processes (Moudjahed et al., 2013).  
 
In this work, we report the cyclohexanone oxidation to dicarboxylic acids as C4, C5 and C6, among them adipic 
acid, C6, which is an important product principally used in nylon synthesis. But the industrial process of its 
production uses an excess of HNO3 (60-70%) which generates a large amount of greenhouse gases, as N2O, the 
most dangerous one (Thiemens et al., 1991). The development of a clean alternative to this process was already 
the subject of several of our previous works (Amitouche et al., 2018; Mouanni et al., 2019; Gureoudj et al., 
2019).  On the other hand, recent study has shown that Keggin based tin POMs promotes AA synthesis (Maiouf 
et al, 2022). So, the objective of this work is to examine catalytic activity of Dawson-type POMs (α1-
K8P2W12Mo5SnO62, α-Cs4SnP2W12Mo6O62 and α-K6P2Mo6W12O62) in C4-C6 synthesis from cyclohexanone in 
the presence of hydrogen peroxide (30 %) without solvent. POMs were characterized by IR, 31P NMR and UV–
Vis spectroscopies and X-ray diffraction. 
 
 
Experimental 
 
Materials Synthesis  
 
The 1,4,9,10,15,16-K6P2W12Mo6O62 and 1,9,10,15,16-4-K8P2W12Mo5SnO61 (noted α1-P2W12Mo6 and α1-
P2W12Mo5Sn) were synthesized from hexavacant anion [H2P2W12�6O48]12- according to established procedures ( 
Harmalker et al., 1983; Randal et al., 1996 ). The mixed cesium salt of formula Cs4SnP2W12Mo6O62 (noted 
CsSnP2W12Mo6) has been prepared by precipitation from α-H6P2W12Mo6O62, SnCl2 or SbCl3, and CsCl 
according with the stoichiometric ratios. Figure1. schematizes and illustrates the preparation steps of these 
polyoxometallates. 
 

 
Figure 1. Preparation steps of these polyoxometallates 

 
 
Characterization  
 
Infrared spectra were recorded on the 4000- 400 cm−1 range on Bruker IFS 66 FT-IR spectrometer using samples 
prepared as KBr disks and 31P MAS NMR spectra were measured at room temperature on Bruker Avance 400 
spectrometer. The UV-Vis Diffuse Reflectance spectra were recorded in the 800-200 nm region on Specord 210 
Plus Analytic Jena spectrometer equipped with a polytetrafluoroethylene (PTFE) integration sphere and theX-
ray Diffraction analysis was obtained on a BRUKER D8 ADVANCE X-ray diffractometer using a Cu-Kα (k = 
1.54178 Å) radiation, in the range of 2θ = 5-60° at a rate of 0.02 °.s-1. 
 
 
Dicarboxylic Acids Synthesis  
 
The dicarboxylic acids synthesis method is like that already used for AA production (Tahar et al., 2014) it is that 
described by ((Nomiya et al., 1984). Then, the oxidation of cyclohexanone was carried out under reflux 
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condenser at 90°C using a 100 L round bottomed flask equipped with a magnetic stirring bar. The reaction 
medium composition was as follows: -One, catalyst and H2O2 (30%) was stirred at 1000 rpm for 20h reaction 
time. 
   
Adipic acid, one of the oxidation products, was isolated as crystals and identified by FT-IR spectroscopy and 
melting point (152 ˚C). The quantification of the other products, glutaric and succinic diacids, were quantified 
was performed by HPLC.  
 
 
Results and Discussion   
 
Materials Characterization 
 
FTIR Spectroscopy 
 
Figure 2 shows the FT-IR spectra of P2W12Mo6, P2W12Mo5Sn and CsSnP2W12Mo6. The IR vibrational bands, 
characteristic of the different phosphorus-oxygen and metal-oxygen bonds in the Dawson heteropolyanion 
structure (Figure 3.), were observed for all the prepared POMs in the short wavelength region (500 -1100 cm-1). 
In addition to these bands, P2W12Mo5Sn exhibits another band at 1140 resulting from the loss of symmetry 
attributed to the presence of Sn instead of Mo. This is the consequence of the bursting of the (P-Oa) band at 
around the Sn site. 
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Figure 2. FT-IR spectra of (a) P2W12Mo6, (b) P2W12Mo5Sn (c) and CsSnP2W12Mo6 

 

 
Figure 3. FT-IR spectrum of K6P2W12Mo6O62  

 
 
31P NMR Spectroscopy 
 
Figure 4 shows 31P NMR spectra of all the prepared POMs. The results of this analysis demonstrate that α-
P2W12Mo6 (b) and Cs4SnP2W12Mo6 (f) present a single chemical shift, which confirms the symmetry and purity 
of these heteropolyanions. The 31P NMR result of P2W12Mo5Sn (Figure 4. e) shows two different chemical shifts 
at - 8,9 and - 11,1 ppm. This result is to be expected, in the case of non-symmetrical POMs, knowing that the 
chemical environment of the two phosphors (P1 and P2) of this POM is different. Indeed, the top half is distinct 
from the bottom one of POM.  
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Figure 4. 31P NMR spectra of α-P2W12Mo6 (b), K7P2W12Mo5Sn (e) and Cs4SnP2W12Mo6 (f) 

 
 

UV-Vis Spectroscopy 
 
The diffuse reflection UV-visible spectra of the heteropoly compounds P2W12Mo6 (Figure 5.), P2W12Mo5Sn (c) 
and Cs4SnP2W12Mo6 (d) (Figure 6.) show a large band in the wavelength range 200-500 nm, assigned to oxygen-
metal charge transfer (LMCT), corresponding to the oxidation state VI of metal. It' s characteristic of metal-
oxygen (M(IV)-O) charge transfer (M= W and Mo) (Cavani et al., 2001; Dermeche et al., 2012). 
 
 

 
Figure 5. UV-visible spectrum of K6P2W12Mo6O62  

 
The introduction of Sn in the POM structure leads to the appearance of another TCLM band around 700 nm 
which can be attributed to the V oxidation state of the metal. This result suggests the partial reduction of POM 
confirmed by the blue color attributed to the presence of Mo(V) observed during its preparation, it highlights 
that an electron exchange takes place between Sn(II) and Mo (VI) according to the following equations: 
 
                                                            Sn2+   + 2Mo6+             Sn4+ +2Mo5+ 

 

200 300 400 500 600 700 800

Absorbance / Nanometers

 

 

c

d

 
Figure 6. UV–Vis spectra of Cs4SnP2W12Mo6 (c) and LiK9P2W12Mo5Sn (d) 

 
 
X-ray Diffraction 

 
Figure 7 shows the results of X-ray patterns of P2W12Mo6, P2W12Mo5Sn and CsSnP2W12Mo6. The diffractogram 
(b) of P2W12Mo6 shows that this POM crystallizes in a triclinic system with the appearance of some additional 
lines observed at 2θ values of 45.64; 49.4; 51.68; 53.16 and 54.76. The processing software indicates a 
crystallinity rate of 99.63% and proposes to us mesh parameters similar to those of K6P2W18O62 (ICSD: 
2310827) having the lattice parameters a= 12.8600 Ǻ, b= 14.8300 Ǻ, c= 22.3400 Ǻ, α= 94.400°, β= 116.870°, 
γ= 115.600° and a space group P 1‾ (2) (Dawson et al., 1953). 
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The X-ray patterns of the tin-containing POMs Figure 7. b (CsSnP2W12Mo6) and c (P2W12Mo5Sn)) show very 
similar 2θ values, with a slight difference in the intensity of the lines. The processing software proposes for both 
salts the monoclinic system with different mesh parameters. In the case of the CsSnP2W12Mo6 salt, these 
parameters are a= 20.42600 Ǻ, b= 11.85400 Ǻ, c= 24.81100, α= γ= 90°, β=97.060° and a space group P 1 21/c 1 
(14). In the case of P2W12Mo5Sn salt, the corresponding mesh parameters are a= 7.1765 Ǻ, b= 9.2874 Ǻ, c= 
5.2968 Ǻ, α= γ= 90°, β=106.034° with a space group P 1 21/n 1 (14). 
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Figure 7. XRD patterns of (a) P2W12Mo6 (a) P2W12Mo5Sn (b) CsSnP2W12Mo6 (c) 

 
 
Cyclohexanone Oxidation to C6, C5 and C6 Dicarboxilic Acids 
 
The catalystic activity of P2W12Mo6O62, P2W12Mo5Sn and CsSnP2W12Mo6 were examined in cyclohexanone 
oxidation to C6, C5 and C4 dicarboxilic acids namely adipic (AA), succinic (SA) and glutaric (GA) acid 
respectively. The effects of the chemical composition of the polyoxometalate and the reaction time were 
examined at 90°C using peroxide of hydrogen as oxidant.  
 
 
Adipic Acid Yield as Function of Catalyst Composition  
 
Table 1 shows the AA yields obtained from the oxidation reaction of cyclohexanone using the 03 
polyoxometalates as catalysts. The catalytic performances were evaluated under the optimized conditions 
(catalyst/substrate molar ratio: 13.2 10-4, total volume of H2O2 (30%): 6ml, H2O2 flow rate: 0.5ml/h). 
 

Table 1. AA yields as function of catalyst composition 
Polyoxométallate (catalyst) Notation AA Yield (%) 
1, 4, 9, 10, 15, 16-K6P2Mo6W12O62 P2W12Mo6 47 
1, 9, 10, 15, 16-4 K8P2W12Mo5SnO61 P2W12Mo5Sn 33 
1, 4, 9, 10, 15, 16-Cs4SnP2W12Mo6O62 CsSnP2W12Mo6 61 

 
The results show that CsSnP2W12Mo6 is the most efficient catalyst with AA yields of 61, from the oxidation of 
cyclohexanone. The yields vary according to the following sequence: 
 

CsSnP2W12Mo6 (61%) > P2W12Mo6  (47%) >  P2W12Mo5Sn (33%) 
 

The low yield observed in the presence of P2W12Mo5Sn compared to other POMs is probably related to the  
asymmetry of this POM and its instability.   
 
 
Adipic, Succeni and Glutaric Acid Evolution as a Function of Catalyst Composition and Reaction Time 
 
Figure 8 and Table 2 show the evolution as a function of time of cyclohexanone conversion and adipic, succinic 
and glutaric acids selectivity, in the presence of P2W12Mo6, CsSnP2W12Mo6 and P2W12Mo5Sn. The formation of 
these products depends on the reaction time and the chemical composition of the catalyst. According to the 
obtained results, GA (C5) is favoured after 4 hours of reaction in the presence of K8P2W12Mo5SnO61 as catalyst 
with 59.11 10-4 mol.  The highest amount of SA (C4) was obtained after 4 hours of reaction with 
Cs4SnP2W12Mo6O62 (26.32 10-4 mol). Using the same catalyst, the reaction progression over time led to an 
increase in the amount of AA(C6) in favor of the other products (after 20 hours, 30.47 10-4 mol of adipic acid 
were obtained against 1.07 and 1.19 10-4 mol of C5 and C4 diacids respectively). 
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Time (h) 

According to the curves shown in Figure 8(A), the conversion of cyclohexanone reaches 96% after 4h of 
reaction and is total after 8h. The formation of the diacids SA, GA and AA evolves to reach a maximum of 
10.43 10-4, 10.14 10-4 and 15.85 10-4 moles respectively after 20h of reaction. We note the progressive formation 
of AA and SA from 4h to 20h of reaction while GA is at its highest value (17.3 10-4 moles) at 8h of reaction 
where it’s the most formed compared to AA (12.58 10-4 moles).  

 
 

 
 
 

 

 
 
 
      
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 

                                                     
 

 

 
 

 Time (h)  
Figure 7. Time course of the conversion and selectivities of the oxidation products of cyclohexanone in the 

presence of (A) P2W12Mo6, (B) CsSnP2W12Mo6  and (C) P2W12Mo5Sn 
 
 
Comparative Study 
 
Table. 3 summarizes all the results including the conversion rate of cyclohexanone, the molar composition of 
SA, GA and AA diacids with selectivity, obtained for each sample carried out at 4, 8, 12, 16 and 20h of reaction. 
P2W12Mo6 is very active with conversions of 96-100%. The product distribution is strongly influenced by the 
reaction time. Thus, with a time of 4 and 8 h, the catalyst is selective in GA with 56 and 46% respectively and in 
AA with 43 and 33% respectively. While after 12 and 16 h of reaction time, P2W12Mo6 becomes selective in AA 
with 59 and 66% selectivity respectively and in SA with 40 and 53% selectivity respectively. After 20h of 

Time (h) 

B 

A 

C 
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reaction, AA is the product with 43% selectivity and succinic and glutaric acids were obtained with selectivities 
of the same order of magnitude (27-29%). 
 
P2W12Mo5Sn is as active as other POMs with conversions of 95-100% and also very selective in GA whatever 
the reaction time with 52-90% against 52-90% against 9-46% selectivity in AA. SA was only observed after 20h 
of reaction with only 8% selectivity. The table shows that AA is the major product in the presence of 
CsSnP2W12Mo6 with 93% of selectivity after 20h of reaction. On the other hand, GA is the most formed one t in 
the presence of P2W12Mo5Sn with 90% selectivity after 4h of reaction. CsSnP2W12Mo6 is also selective to SA 
with 81% selectivity after 4h of reaction. The examination of these results shows that high selectivities (69-93%) 
in AA, GA and SA were obtained depending on the time and the nature of the catalyst highlighting the 
importance of these parameters in the distribution of the products of the cyclohexanone oxidation 

 
Table 3. Conversion (Conv), molar composition (C.M) and selectivity (S) of products as a function of reaction 

time 
POM Time Conv (%) SA GA AA 

C. M (104) S (%) C. M (104) S (%) C. M (104) S (%) 

P 2
W

12
M

o 6
 

4 96 0 0 8.04 56 6.16 43 
8 100 7.56 20 17.3 46 12.58 33 
12 100 6.92 40 0 0 10.01 59 
16 100 7.53 53 0 0 14.98 66 
20 100 10.43 29 10.14 27 15.85 43 

P 2
W

12
M

o 5
Sn

 4 95 0 0 59.11 90 06 9 
8 100 0 0 56.03 83 10.75 16 
12 100 0 0 30.76 68 13.88 31 
16 100 0 0 16.34 53 14.03 46 
20 100 2.98 8 19.38 52 14.68 39 

C
sS

nP
2W

12
M

o 6
 

4 79 26.32 81 0 0 5.9 18 
8 99 5.69 18 2.53 8 23.19 73 
12 100 6.86 22 1.03 3 22.42 74 
16 100 2.52 6 5.31 13 31.75 80 
20 100 1.19 3 1.07 3 30.47 93 

  
 
Conclusion  
 
The characterization results of the as prepared polyoxometallates (K6P2W12Mo6O62, K8P2W12Mo5SnO61 and 
Cs4SnP2W12Mo6O62 show by FTIR that they have the characteristic vibration bands of the Dawson anion. The 

31P NMR confirmed the purities and the Dawson-type structure. UV-Visible spectroscopy revealed that the tin 
substituted POMs are partially reduced. The XRD analysis demonstrated that the crystal structure depends on 
the chemical composition of the POM. The reactivity of these polyoxometallates catalysts in carboxylic acids 
synthesis from cycloexanone shows that Cs4SnP2W12Mo6O62 is the most active with a yield of 61%. The 
observed results of HPLC analysis showing the evolution over time of the conversion of cyclohexanone and the 
formation of reaction products shows that the distribution of the products depends on the nature of the catalyst 
and the reaction time. All POMs are very active with a conversion of cyclohexanone in the order of 100%. 
 
Adipic diacid is the main product in the presence of Cs4SnP2W12Mo6O62 (93% selectivity) after 20h of reaction 
time. The Glutaric diacid is favoured in presence of K8P2W12Mo5SnO61 (90% selectivity) after 4h of reaction 
time and the Succinic one is the main product in the presence of Cs4SnP2W12Mo6O62 (81% selectivity) after 4h 
of reaction. Finally, we can conclude that P/Mo/W Dawson POMs catalysts are a promising alternative to 
carboxylic diacids synthesis from cyclohexanone in presence of hydrogen peroxide 
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Absract: In this study, 3-Benzyl-4-(3-ethoxy-2-(4-toluenesulfonlyoxy)-benzlyideneamino]-4,5-dihydro-1H-
1,2,4-triazol-5-one was theoretically investigated. Initialy, the molecule was optimized by using 
DFT(B3LYP)/6-31G(d, p)  basis set. The molecule’s structural  parameters (dihedral angles, bond lengths and 
bond angles), HOMO (the highest occupied molecular orbital) and LUMO (the lowest unoccupied molecular 
orbital) energies, vibrational frequencies, thermodynamic and electronic properties (thermal capacity , rotation 
constants, entropy , total energy, electronegativity, electron affinity, chemical softness and hardness), the energy 
gap (ΔEgap = ELUMO-EHOMO), mulliken atomic charges, the surface maps were calculated by using 
Gaussian09W program. 13C- NMR and 1H-NMR chemical shift values of molecule also were calculated by 
GIAO. In additon, theoretical infrared (IR) vibration frequencies values which were scaled with certain scala 
factor were obtained using the veda4f program. Infrared spectra of molecul were formed according to obtained 
these values. The all spectroscopic and structural data of compounds were calculated by using 6-31G(d, p) basis 
set with density functional method (DFT/B3LYP) and compared with experimental values. 
 
Keywords: 4,5-Dihydro-1H-1,2,4-triazol-5-one, Gaussian 09W, 6-31G(d,p), DFT. 
 
 
Introduction 
 
Many diseases caused by pathogens as bacteria, viruse fungal  have affected  negatively human life and  have 
caused the death of many people  from the history  of humanity to the present. In order to protect of human 
healty, many experimental studies have been conducted against pathogens and many drugs have been 
developed. However, both the emergence of new patogens and the development of resistance of pathogens to 
drugs necessitated new drug studies (Shalini et al.,2011; Chowdhary et al.2013). Aromatic compounds  
containings  heteroatoms such as N, O, S  in their structure are important core structures used in these studies. 
Triazol compounds are also heteroaromatic compounds consisting of three nitro atoms and two carbon atoms. 
Thanks to the  nitrogen atoms and acidic hydrogen in its structure, triazoles can give a wide variety of reactions 
and provides the synthesis of new bioactive compounds (Saag et al., 1998). When studies with triazole 
compounds were examined it was seen that triazole compounds especially ıts Schiff Base derivatives and ıts 
methal have shown wide biological and theoretical properties  (Kardaş et al, 2016, Bahçeci et al., 2017; Çiftçi et 
al., 2018; Beytur et al., 2019; Gürsoy Kol et al.,2020; Koç et al., 2020; Kotan et al., 2020; Beytur, 2020; Uğurlu 
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& Beytur, 2020; Boy et al, 2021 Kotan et al., 2021) anti-fungal (Zafar et. al.,2021), anti-bacterial (Chohan et 
al.,2010, Hanif et al.,2013), anti-tuberculosis (Zhang et al., 2017), anti-cancer (Mareddy et al.2013; Xia et al., 
2019) anti-HIV (Feng et al.,2021). In addition, triazole derivatives are also used  in the fields of polymer , 
agriculture (Satapute et al.,2019) and metal science (Struthers et al.,2010; Struthers et al.,2014).  
 
In this study, Gaussian09W program package which frequently used in teoreical studies, was used (Frisch et al., 
2003, 2009). The optimized molecular structure, vibrational frequencies, atomic charges and frontier molecule 
orbitals (HOMO and LUMO) of the Schiff Base compound have been calculated by using B3LYP method with 
6-31G basis set. Also, Infrared spectrum data of schiff base were  obtained by using same method (Wolinski et 
al., 1990). Then, teoretical IR data were compared with experimental data in literature. The basis of total energy 
distribution (TED) analysis of schiff base compound were performed by using veda4f program. Thermodynamic 
properties of analyzed molecule were calculated by the same basis set.  
 

Table 1. The calculated bond lengths of the titled compound 
Bond lengths 
(Ao) 

B3LYP Bond lengths 
(Ao) 

B3LYP Bond lengths 
(Ao) 

B3LYP 

C(1)-N(50) 1.30 C(11)-H(33) 1.38 C(16)-C(17) 1.39 
C(1)-N(52) 1.38 C(11)-H(34) 1.08 C(17)-H(39) 1.08 
C(1)-C(19) 1.49 C(11)-H(35) 1.39 C(18)-H(40) 1.50 
N(50)-N(51) 1.38 C(8)-C(9) 1.08 C(18)-H(41) 1.09 
N(51)-H(26) 1.00 C(9)-C(4) 1.39 C(18)-H(42) 1.09 
N(51)-C(2) 1.36 C(11)-H(33) 1.35 C(19)-H(43) 1.09 
C(2)-O(54) 1.22 C(11)-H(34) 1.43 C(19)-H(44) 1.09 
C(2)-N(52) 1.41 C(11)-H(35) 1.09 C(20)-C(21) 1.52 
N(52)-N(53) 1.37 C(8)-C(9) 1.09 C(21)-H(45) 1.08 
N(53)-C(3) 1.28 C(9)-C(4) 1.52 C(21)-C(22) 1.39 
C(3)-H(27) 1.08 C(9)-O(56) 1.39 C(22)-H(46) 1.08 
C(3)-C(4) 1.46 O(56)-S(59) 1.69 C(22)-C(23) 1.39 
C(4)-C(5) 1.40 S(59)-O(57) 1.46 C(23)-H(47) 1.08 
C(4)-C(9) 1.40 S(59)-O(58) 1.45 C(23)-C(24) 1.39 
C(5)-H(28) 1.08 S(59)-C(12) 1.77 C(24)-H(48) 1.08 
C(5)-C(6) 1.38 C(12)-C(13) 1.39 C(24)-C(25) 1.39 
C(6)-H(29) 1.08 C(12)-C(17) 1.39 C(25)-H(49) 1.08 
C(6)-C(7) 1.39 C(13)-C(14) 1.39 C(20)-C(25) 1.40 
C(7)-H(30) 1.08 C(13)-H(36) 1.08   
C(7)-C(8) 1.39 C(14)-H(37) 1.08   
C(8)-O(55)  1.35 C(14)-C(15) 1.40   
O(55)-C(10) 1.43 C(15)-C(18) 1.50   
C(10)-H(31) 1.09 C(16)-H(38) 1.08   

 
 
Materials and Methods 
 

 
Figure 1. The optimized molecular structure 
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The geometry optimizations of the 3-benzyl-4-(3-ethoxy-2-(4-toluenesulfonlyoxy)-benzlyideneamino]-4,5-
dihydro-1H-1,2,4-triazol-5-one was performed by using B3LYP method with 6-31G (d,p) basis set. 1H and 13C 
NMR  data and chemical shift values in DMSO of title compound were were calculated by the same basis set. 
The standard error rate was calculated according to obtained data. The teoretical IR data of the titled compound 
were carried out with the veda4f program. The geometrical properties of the optimized compoun (bond lengths, 
dihedral angles, bond angles), the atomic charges, dipole moments, energy, fundamental vibrational frequencies 
and thermodynamical parameters were obtained.  

 
 

Result and Discussions 
 
Molecular Structure 
 
The optimized molecular bond lengths of the molecule by using B3LYP/6-31G basis set are listed in Table 1. 
 
 
Vibrational frequencies 
 
According to Veda4 basis set obtained IR graphic, vibrational frequencies of optimized of 3-Benzyl-4-(3-
ethoxy-2-(4-toluenesulfonlyoxy)-benzlyideneamino-4,5-dihydro-1H-1,2,4-triazo-5-one summarized in Table 2 
and Figure 2. 
 

Table 2. The calculated and observed frequencies values of the titled compound 
Vibrational  
frequencies  

Experimental  Scaled  
IR  B3LYP  

ν (NH)  3173 3555 
ν (C=O)  1696 1739 
ν (C=N)  1591 1611 
ν  (SO2) 1350 and 1149  1291 and 1105 
1,4-Disübstitüe-benzen 814 786 
monosübstitüe-benzen 748-715  746-706 

 

 
Figure 2. The experimental IR spectrum of the titled compound 

 
 
NMR spectral analysis 
 
In this study, the 1H and 13C NMR spectral data of Schiff base calculated B3LYP method with 6-31G basis level 
in DMSO solvent and then compared experimental data in literature. In addition, the calculated isotropic 
chemical shift analysis for compound allows us to identify relative ionic species and to calculate reliable 
magnetic properties which provide the accurate predictions of molecular geometries (Jamróz, 2005; Rani et al., 
2010; Subramanian et al., 2010). 1H and 13C NMR chemical shift values of the optimized titled compound were 
calculated at the same level by using Gauge-Independent Atomic Orbital (GIAO) method (Wolinski et al., 
1990). Theoretically and experimentally values were plotted according to δ exp=a. δ calc.+ b, Eq. a and b 
constants regression coefficients with a standard error values were found using the Sigma Plot program (Table 3 
and Figure 3). 
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Table 3. The calculated and experimental 13C and 1H NMR isotropic chemical shifts of the titled compound 
No Experimental DFT/6-31G(d.p) 

/DMSO 
Shifts 
/DMSO 

C1 146.10 135.92 10.18 
C2 151.86 135.54 16.32 
C3 147.40 134.93 12.47 
C4 128.45 119.66 8.79 
C5 117.17 102.07 15.10 
C6 128.09 114.52 13.57 
C7 116.59 101.58 15.01 
C8 150.74 139.51 11.23 
C9 135.71 125.47 10.24 
C10 64.33 54.29 10.04 
C11 14.08 4.98 9.10 
C12 132.28 124.01 8.27 
C13 128.32 113.98 14.34 
C14 129.86 115.15 14.71 
C15 145.60 134.07 11.53 
C16 129.86 116.31 13.55 
C17 128.32 114.71 13.61 
C18 20.98 13.07 7.91 
C19 30.99 24.00 6.99 
C20 128.72 123.12 5.60 
C21 129.70 115.11 14.59 
C22 128.91 113.17 15.74 
C23 128.09 112.51 15.58 
C24 128.91 114.13 14.78 
C25 129.70 114.77 14.93 
H26 11.97 8.66 3.31 
H27 9.51 11.36 -1.85 
H28 7.44 9.00 -1.56 
H29 7.35 8.48 -1.13 
H30 7.30 8.12 -0.82 
H31 3.93 5.34 -1.41 
H32 3.93 5.43 -1.50 
H33 1.15 2.50 -1.35 
H34 1.15 1.96 -0.81 
H35 1.15 2.15 -1.00 
H36 7.64 8.90 -1.26 
H37 7.38 8.45 -1.07 
H38 7.38 8.59 -1.21 
H39 7.64 9.61 -1.97 
H40 2.29 3.06 -0.77 
H41 2.29 3.31 -1.02 
H42 2.29 3.51 -1.22 
H43 4.02 4.60 -0.58 
H44 4.02 5.19 -1.17 
H45 7.35 8.69 -1.34 
H46 7.31 8.28 -0.97 
H47 7.27 8.26 -0.99 
H48 7.31 8.39 -1.08 
H49 7.35 8.52 -1.17 
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Figure 3. The correlation graphics for 13C-NMR (DMSO), 1H-NMR (DMSO), chemical shifts of  the titled 

compound. 
 
 
Mulliken Atomic Charge Evaluation  
 
One of the simplest and most understandable ways to describe how charges are distributed in chemical systems 
is through atomic charge. Both in terms of theory and actual applications, it is quite important (Lu & Chen, 
2012). In the molecule, some of the carbon atoms and all of the H atoms are in a positive mulliken charge. 
Electronegative atoms such as nitrogen, oxygen and sulfur are negative.Mulliken atomic charges of the titled 
compound have been shown in Table/Figure 4. 
 

Table 4. Mulliken atomic charges of the titled compound 
Atoms B3LYP Atoms B3LYP 
C1 0,552 H30 0,095 
C2 0,825 H31 0,106 
C3 0,154 H32 0,125 
C4 0,089 H33 0,118 
C5 -0,124 H34 0,11 
C6 -0,091 H35 0,12 
C7 -0,133 H36 0,134 
C8 0,369 H37 0,091 
C9 0,211 H38 0,098 
C10 0,044 H39 0,162 
C11 -0,335 H40 0,117 
C12 -0,203 H41 0,125 
C13 -0,072 H42 0,135 
C14 -0,12 H43 0,135 
C15 0,132 H44 0,135 
C16 -0,126 H45 0,098 
C17 -0,066 H46 0,098 
C18 -0,382 H47 0,089 
C19 -0,305 H48 0,085 
C20 0,112 H49 0,085 
C21 -0,115 N50 0,089 
C22 -0,084 N51 -0,338 
C23 -0,084 N52 -0,432 
C24 -0,084 N53 -0,417 
C25 -0,112 O54 -0,329 
H26 0,288 O55 -0,548 
H27 0,167 O56 -0,511 
H28 0,105 O57 -0,631 
H29 0,092 O58 -0,501 
  S59 -0,528 
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Figure 4. The Mulliken atomic charges of  the titled compound 

 
 
NLO Analysis 
 
Understanding the electronic polarization underlying the molecular Non Lineer Optic processes and establishing 
structure-property connections have greatly benefited from quantum-chemical computations. The response of a 
system to an applied electric field is defined by the polarizabilities and hyperpolarizabilities(Christiansen et al., 
1999). The polarizabilities and hyperpolarizabilities abilities also determine whether the system is a linear optic 
(Prasad & Williams, 1991). With calculated NLO values using B3LYP/6-31G(d,p) levels, The total energy Etotal 
(Hatree), the electric dipole moment μ (Debye),  the average polarizability αtotal (10-24 esu) and first 
hyperpolarizability βtotal (10-30 esu) of the title compound were obtained. These data were compared with urea 
used as a reference substance in NLO. The published data for ure, the NLO parameters are: αtotal: 
5.07643717x10-24 esu, Δα: 2.13568262x10 -24 esu, and β0: 7.2228469891x10-31 esu (Beytur et al., 2020). The 
calculated data for title structure αtotal: 49.270x10-24 esu, Δα: 26.801x10-24 esu, β0: 38.08x10-30 esu and 
summarized in Table 5. The NLO values were approximative 10, 13, and 5.5 times more than urea as compared 
to the reference material. 
 
Table 5. The total energy Etotal (Hatree), the electric dipole moment μ (Debye),  the average polarizability αtotal 

(10-24 esu) and first hyperpolarizability βtotal (10-30 esu) of molecule 
 B3LYP  B3LYP 
Etotal  -1960.366867 βxxx  218.405797 
μx  -2.8125     βxxy  180.7235769 
μy  3.4904 βxyy  -69.898884 
μz  3.1052 βyyy  264.387726 
μToplam  5.4530 βxxz  24.8767922 
αxx  400,8282 βxyz  0.348737 
αxy -27.1755257 βyyz  -98.1437388 
αyy  384.2602892 βxzz  3.7051325 
αxz  8.2447225 βyzz  -23.5130535 
αyz 28.2142439 βzzz  -5.1364997 
αzz 212.272956 βtotal 38.08x10-30 
αtotal 49.270x10-24   
Δα (esu) 26.801x10-24   

 
 
Surface Map and MEP Study 
 
The potential surface map electrostatic (MESP) (Reed et al., 1985) which provides a visual method to determine 
the relative polarity of the compounds, identifies the nucleophilic and electrophilic sites that, along with the 
molecule's dipole moment, can be used to predict the types of intermolecular interactions as well as the most 
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advantageous sites for the formation of interactions between biological molecules and receptors and is also a 
crucial tool in the study of molecular interactions ( Politzer & Murray, 2002; Yearley et al., 2008) 
 

 
Figure 6.  The MEP and electron potantial density of molecule 

 
Table 6. The thermodynamic properties of the titled compound. 

Rotational temperatures (Kelvin) DFT (B3LYP) 
A 0.00637 
B 0.00350 
C 0.00263 
Rotational constants (GHZ)  
A 0.13270 
B 0.07284 
C 0.05470 
Thermal Energies E(kcal/mol)  
Translational 0.889 
Rotational 0.889 
Vibrational 306.892 
Total 308.670 
Thermal Capacity CV(cal/mol-K)  
Translational 2.981 
Rotational 2.981 
Vibrational 115.361 
Total 121.322 
Entropy S(cal/mol-K)  
Translational 44.468 
Rotational 37.650 
Vibrational 132.069 
Total 158.506 
Zero-point correction (Hartree/Particle) 0.459669 
Thermal correction to Energy 0.491778 
Thermal correction to Enthalpy 0.492722 
Thermal correction to Gibbs Free Energy 0.390954 
Sum of electronic and zero-point Energies -1959.907199 
Sum of electronic and thermal Energies -1959.875090 
Sum of electronic and thermal Enthalpies -1959.874146 
Sum of electronic and thermal Free Energies -1959.975913 

 
 
HOMO-LUMO Calculations 
 
The highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) energy 
values and HOMO-LUMO energy gap were calculated. According to Eqs. (1.1) and (1.2), the HOMO and 
LUMO energy levels are correlated with the ionization potential (IP) and electron affinities (EA), respectively. 
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The HOMO-LUMO energy gap is determined by the difference between the LUMO and HOMO energy values. 
The ELUMO-EHOMO is associated with kinetic stability and the chemical reactivity (Dennington, 2009). Important 
electronic features including global hardness (η), global softness (σ), electronegativity (ω), chemical potential 
(μ), and electrophilicity index (ω) were estimated using these HOMO-LUMO energy values (Beytur, 2021) . 
 

     IP = -EHOMO                                                                                  (2.1) 
     EA = -ELUMO                                                                                (2.2) 

 
The HOMO and LUMO isosurfaces in both pictures are green and dark red, signifying positive and negative 
values, respectively (Kotan et al., 2020).   
 

 
Figure 7. The LUMO-HOMO and ΔEg 

 
Table 7. The electronic properties of the titled compound. 

    Hatree eV kcal/mol KJ/mol 
  LUMO -0.05611 -1.52679 -35.2092 -147.317 
  HOMO -0.2183 -5.9401 -136.984 -573.147 
A Electron affinity 0.05611 1.52679 35.2092 147.317 
I Ionization potential 0.2183 5.9401 136.984 573.147 
ΔE energy gap  0.16219 4.4133 101.775 425.83 
χ electronegativity 0.137205 3.73344 86.0965 360.232 
Pi chemical potential -0.137205 -3.73344 -86.0965 -360.232 
Ω electrophilic index  0.000763315 0.02077 0.47898 2.00408 
IP Nucleophilic index -0.01112664 -0.30276 -6.982 -29.213 
S molecular softness  12.3312 335.541 7737.88 32375.6 
Η molecular hardness  0.081095 2.20665 50.8874 212.915 

 
 
Conclusion  
 
All of the molecule's theoretical properties were computed, and the spectroscopic calculation results were 
compared to the published experimental findings. Infrared results did not contain any negative frequency values, 

17 



International Conference on Basic Sciences and Technology (ICBAST), November 16-19, 2022, Antalya/Turkey 

and this is consistent with experiment. Additionally, regression analysis was carried out, visuals were produced, 
and the theoretical and experimental nmr values were compared. Although the regression analysis of the 13C-
NMR shows no divergence, the N-H acidic proton causes a deviation in the study of the 1H-NMR. HOMO-
LUMO analyses, MEP analyses, and picture creation were done. Numerous atomic charges, thermodynamic 
characteristics, and electrophilic and nucleophilic areas were identified. 
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Abstract: In this study, the structural parameters, the electronic energy, the dipole moment (μ), the highest 
occupied molecular orbital (HOMO) energy, the lowest unoccupied molecular orbital (LUMO) energy, the 
polarizability (α), hyperpolarizability (β) and vibrational frequency of (3-Carbamoylphenyl) boronic acid were 
calculated at Density Functional Theory (DFT) with B3LYP (Becke 3 Parameter Lee-Yang-Parr) model using 
the 6-311+(2d,p) basis set in gas phase. Also, using the EHOMO and ELUMO energy values of the molecule, the 
energy gap (Eg = ELUMO -EHOMO), electronegativity (χ), chemical potential (Pi), chemical hardness (η), softness 
(σ), ionization energy (I), electron affinity (A), electronic chemical potential (µ), global softness (S) values were 
calculated according to the literature. Equilibrium state (ground state) energy gap value of the molecule were 
calculated as 5.59 eV. The dipole moment value of the molecule was calculated as 3.41 Debye by the 
DFT/B3LYP/6-311+G(2d,p) method. The obtained vibrational wave numbers were scaled with appropriate 
scale factors and the assigning of these vibrational wavenumbers was made according to the potential energy 
distribution (PED) using the VEDA 4f program. The approximate geometry of the molecules in three 
dimensions was drawn in the Gauss View 5.0 molecular imaging program, and all theoretical calculations were 
used with the Gaussian 09W package program.  
 
Keywords: (3-Carbamoylphenyl) boronic acid molecule, Vibration analysis, Hyperpolarizability, 
Conformational analysis. 
 
 
Introduction 
 
Heterocyclic molecules are common in nature and are used in many fields. When molecular structures, physical, 
theoretical, chemical and biological properties are well learned, it is possible to design molecules with desired properties 
(Bahçeci et al., 2016; Kardaş et al., 2016; Aktaş Yokuş et al., 2017; Bahçeci et al., 2017; Çiftçi et al., 2018; 
Beytur et al., 2019a; Beytur et al., 2019b; Beytur, 2020; Koç et al., 2020; Boy et al, 2021; Irak and Beytur, 
2019; Kotan et al., 2020; Uğurlu, 2020; Uğurlu and Beytur, 2020; Beytur and Avinca, 2021)Boronic acids are 
important building blocks for organic synthesis (Miyaura et al., 1995), materials engineering, as well as 
supramolecular and medicinal chemistry (Soloway et al., 1998). Also, they are used as ligand in complex 
compounds and these ligands are utilized in organic synthesis and catalysis, as well as in biological, 
pharmaceutical, industrial. Boronic acid-containing compounds are very important in branch of chemistry such 
as organic (Quach et al., 2003; Takezawa et al., 2002),  materials (Akeroy et al., 2005; Pedireddi et al., 2004), 
bioorganic (Jabbour et al., 2012; Zhu et al., 2006), medicinal ( Baker et al., 2006; Jin et al., 2010) and chemical 
biology (Dickinson et al., 2008; Halo et al., 2009). Also, due to ability baryonic acid to form hydrogen bonding 
in the molecular complexes and coordination in metal complexes, these compounds continue to be of increasing 
interest and research. The several studies have been carried out experimentally and computationally on the 
substituted penylboronic acid derivatives (Uğurlu et al., 2020; Uğurlu; 2019; Uğurlu; 2020). In this study, (3-
Carbamoylphenyl)boronic acid molecule, having the B(OH)2 and CONH2 groups is modeled theoretical and 
- This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 4.0 Unported License, 
permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 
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molecular properties such as structural and electronic properties have been investigated using Hartree-Fock (HF) 
and Density Functional Theory (DFT) with B3LYP (Becke 3 Parameter Lee-Yang-Parr) model using the 6-
311+(2d,p) basis set in gas phase.  The potential energy surface and curve of studied compound have been 
carried out by calculating 2D and 3D conformation analysis. Also, using HOMO-LUMO energies, energy gap 
values, ionization energy, electron affinity, chemical potential, electronegativity, hardness and softness indices 
were obtained. The molecular structure using numbering scheme of (3-Carbamoylphenyl)boronic acid is given 
in Figure 1.   
 

 
Figure 1. Molecular structure of (3-Carbamoylphenyl)boronic acid molecule numbering scheme 

 
 
Methods 
 
Quantum chemical calculations on the (3-Carbamoylphenyl) boronic acid molecule was performed by the aid of 
Gaussian 09W program package and Gauss view 5.0 molecular visualization programs (Frisch et al., 2010; 
Dennington et al., 2009) in the gas phase. The potential energy surface (PES) have been calculated as a fuction  
of two dihedral angles, C4-B-O2-H and C4-B-O1-H, varied between 0 and 360º with increments of 30º at 
B3LYP/6-31+G(d) level of theory and potential energy curve (PEC) have been calculated as a fuction  of 
dihedral angle C3-C4-B-O2 varied from 0 to 360º with increments of 10º both HF/6-311+G (2d,p) and 
B3LYP/6-311+G(2d,p)level of theory. Also, structural parameters, vibrational frequency, the electronic energy, 
the dipole moment (μ), the highest occupied molecular orbital (HOMO) energy, the lowest unoccupied 
molecular orbital (LUMO) energy, the polarizability (α) and hyperpolarizability (β) of stuied molecule were 
calculated at Hartree-Fock (HF) and Density Functional Theory (DFT) with B3LYP (Becke 3 Parameter Lee-
Yang-Parr) (Becke et al., 1988;Lee et al., 1988; Becke, 1993)  model using the 6-31++(2d,p) basis set in gas 
phase. The obtained vibrational wave numbers were scaled with appropriate scale factors and the assigning of 
these vibrational wavenumbers was made according to the potential energy distribution (PED) using the VEDA 
4f program (Jamróz., 2004). The approximate geometry of the molecules in three dimensions was drawn in the 
Gauss View 5.0 molecular imaging program, and all theoretical calculations were used with the Gaussian 09W 
package program. 
 
 
Results and Discussion 
 
Conformational Analysis and Torsional Barriers 
 
The dihedral angles was defined as: C4-B-O2-H, C4-B-O1-H and  C3-C4-B-O2. The dihedral angles are the B-
O2, B-O1 and C4-B single bonds about which internal rotation forms clearly different conformations, 
respectively. Conformation analysis of title molecule have been carried out by calculated two ( 2D)  and three 
dimensional (3D) potential energies of stuied molecule. The potential energy surface (PES) have been calculated 
as a fuction  of two dihedral angles, C4-B-O2-H and C4-B-O1-H, varied between 0 and 360º with increments of 
30º at B3LYP/6-31+G(d) level of theory and potential energy curve (PEC) have been calculated as a fuction  of 
dihedral angle C3-C4-B-O2 varied from 0 to 360º with increments of 10º both HF/6-311+G (2d,p) and 
B3LYP/6-311+G(2d,p) level of theory. The potential energy surface calculated at B3LYP/6-31+G(d) level of 
theory is given figure 2. The potential energy curves (PEC) calculated both HF/6-311+G (2d,p) and B3LYP/6-
311+G(2d,p) level of theory are given figure 3. The conformers corresponding to minimum energy on the PES 
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have been optimized and the most stable conformer have been determined. The minimum of potential energy 
curves (PEC) was referred to as zero. As seen in figure 2, maxima energy conformer was seen at 0º dihedral 
angle at HF/6-311+G (2d,p) and B3LYP/6-311+G (2d,p) level of theory. The relative energy value at dihedral 
angle of 180º calculated HF/6-311+G (2d,p) is bigger than that of B3LYP/6-311+G (2d,p) and the relative 
energy value of orthogonal conformations are maxsima.  
 

 
Figure 2. The potential energy surface of  (3-Carbamoylphenyl) boronic acid molecule 

 
From our previous work, conformation analysis of 4-(Methoxycarbonyl) phenylboronic acid and conformational 
analysis of 3-phenylthiophene and its fluoro derivatives, maximum potential energy barrier were shown at the 
orthogonal konformation (Uğurlu et al., 2007; Uğurlu et al., 2020). 

 

 
Figure 3. The potential energy curves of (3-Carbamoylphenyl)boronic acid molecule 

 
 

Molecular Structure  
 
Since the (3-Carbamoylphenyl)boronic acid was modeled theoretically for the first time, there are no molecular 
and crystal structures in the literature. After the conformational analysis, geometric optimization of the title 
molecule was performed by both methods mentioned above. Afterward, values of the electronic, dipole moment, 
polarizability, hyperpolarizability, HOMO, LUMO energy and energy gap (Eg) at the ground-state equilibrium 
geometry of studied molecules are calculated and listed in Table 1. The calculated parameter of studied 
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molecule of both at the B3LYP/6-311+G (2d, p) and the HF/6-311+ G (2d,p) methods in the ground state are 
tabulated in the Table 2. The dipole moment value of the molecule was calculated as 3.41 Debye by the 
B3LYP/6-311+G(2d,p) method and as 3.41 Debye by the HF/6-311+G(2d,p) method, respectively and energy 
gap of the molecule was calculated as 5.59 eV by the B3LYP/6-311+G(2d,p) method and as 10.69 e energy gap 
by the HF/6-311+G(2d,p) method, respectively. 
 
Table 1. The electronic, HOMO, LUMO energy, dipole moment, polarizability, hyperpolarizability, and energy 

gap (Eg) of (3-Carbamoylphenyl)boronic acid 
B3LYP/6-311+G(2d. p) 

Electronic Energy (a.u) μ (D) α (a.u)  β(a.u) EHOMO (a.u) ELUMO (a.u) Eg 
-577.170457207 3.41 115,11 88,28 -0,264757 -0,059189 5,59 

HF/6-311+G(2d. p) 
Electronic Energy (a.u) μ (D) α (a.u)  β(a.u) EHOMO (a.u) ELUMO (a.u) ΔE 
-577.170457207 3.41 103,25 64,81 -0,351156 0,0416 10,69 
 

Table 2. Selected structural parameters of  3-Carbamoylphenyl boronic acid 
 Bond length ( Å ) 
Atoms Expa B3LYP/6-311+G(2d,p) HF/6-311+G(2d,p) 
C1-C2 1.397(8) 1,3873 1,3781 
C1-C6 1.388(8) 1,3967 1,3877 
C2-C3 1.384(8) 1,3910 1,3833 
C3-C4 1.391(8) 1,3998 1,3889 
C4-C5 1.391(8) 1,4012 1,3929 
C4-B 1.546(6) 1,5674 1,5745 
C5-C6 1.384(8) 1,3940 1,3831 
C7-N 1.298(7) 1,3680 1,3587 
C7-O3 1.246(7) 1,2202 1,1946 
B-O1 1.351(8) 1,3663 1,3525 
B-O2 1.393(8) 1,3705 1,3568 
 Bond angle ( °) 
C2-C1-C6 117.8(5) 120.19 120.14 
C1-C2-C3 121.1((5) 119.91 119.79 
C2-C3-C4 120.8(5) 121.39 121.50 
C3-C4-C5 118.2(5) 117.61 117.59 
C3-C4-B 119.5(8) 122.70 122.90 
C5-C4-B 122.2(8) 119.69 119.50 
C4-C5-C6 120.8(5) 121.72 121.63 
C1-C6-C5 121.2(6) 119.17 119.34 
C5-C7-N -- 116.80 117.02 
C5-C7-O3 -- 121.66 121.36 
N-C7-O3 120.8(16) 121.54 121.61 
C4-B-O1 119.4(13) 118.29 118.29 
C4-B-O2 121.6(12) 124.41 124.26 
O1-B-O2 118.9(15) 117.31 117.45 
 Dihedral angle ( °) 
C2-C3-C4-B -- -179.29 -179.36 
H3-C3-C4-B -- 0.79 0.79 
B-C4-C5-C6 -- 179.61 179.49 
B-C4-C5-H4 -- 1.39 1.13 
C3-C4-B-O1 -- -175.21 -173.72 
C3-C4-B-O2 -- 4.74 6.28 
C5-C4-B-O1 -- 4.90 6.32 
C5-C4-B-O2 -- -175.15 -173.68 
H4-C5-C6-C7 -- -1.52 -1.06 
C5-C6-C7-N -- -15.54 -18.30 
C5-C6-C7-O3 -- 163.49 160.67 
C4-B-O1-H7 -- -179.18 -178.98 
C4-B-O2-H8 -- 1.71 2.53 

                                        ( a) taken from (Apostolova et al. 2010) 

24 



International Conference on Basic Sciences and Technology (ICBAST), November 16-19, 2022, Antalya/Turkey 

Since there are no the structural parameter (bond length, bond and dihedral angle) of studied molecule, the table 
2 compares with those obtained experimental data of similar molecule (Apostolova et al., 2010) 
 
The C4-B bond length have been calculated as 1.5674 Å (B3LYP/6-311+G(2d,p), 1,5745 Å (HF/6-
311+G(2d,p). This value determined as 1.546(6) Å. The B(OH)2 and CONH2 functional groups are twisted out 
of the plane of the benzene ring by 4.90° and -15.54° (B3LYP) and 6.32°  and -18.30°, respectively. These 
values determined experimenally as 23.9° (5) and 24.6° (6), respectively. The studied molecule olmost is planar. 
The electron affinity (A), global hardness (η)/softness (S), electronegativity (χ), chemical potential (µ), 
ionization potential (I), chemical potential (Pi) calculated by using HOMO-LUMO energies calculated the 
B3LYP/6-311+G (2d, p) for the compound were given in Table 3. 
 

Table 3. Electronic properties of 3-Carbamoylphenyl)boronic acid molecule 
    Hatree eV kcal/mol KJ/mol 
  LUMO -0,059189 -1,61057 -37,1413 -155,401 
  HOMO -0,264757 -7,20422 -166,136 -695,12 
A elektron ilgisi 0,059189 1,61057 37,1413 155,401 
I İyonlaşma potansiyeli 0,264757 7,20422 166,136 695,12 
ΔE energy gap  0,205568 5,59365 128,995 539,719 
χ electronegativity 0,161973 4,4074 101,639 425,26 
Pi chemical potential -0,161973 -4,4074 -101,639 -425,26 
ω electrophilic index  0,001348282 0,03669 0,84605 3,53991 
IP Nucleophilic index -0,01664823 -0,45301 -10,4468 -43,7099 
S molecular softness  0,0514 1,39841 32,2486 134,93 
η molecular hardness  0,102784 2,79682 64,4973 269,859 
 
The HOMO, LUMO and the MEP plots of 3-Carbamoylphenyl)boronic acid molecule are shown in Figure 4. As 
seen in the figure.4, the frontier molecular orbital HOMO of all the studied molecule have exhibited similar 
behavior at the both methods. 
 

 
Figure 4. MEP and HOMO-LUMO surface of (3-Carbamoylphenyl) boronic acid 
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Table 4. Theoretical wavenumbers of (3-Carbamoylphenyl) boronic acid 
B3LYP HF  

Unsc. Sc. Unsc. Sc. Assignments with PED (≥10 %) 
3880 3717 4222 3800 νO1H7(52) νO2H8(48) 
3840 3679 4172 3755 νO1H7(48) νO2H8(52) 
3711 3556 3939 3545 νNHb(99) 
3586 3436 3813 3431 νNHa(99) 
3201 3066 3369 3032 νC1H1(35) νC2H2(10) νC3H3(12) νC5H4(42) 
3181 3047 3356 3020 νC1H1(21) νC2H2(13) νC3H3(34) νC5H4(32) 
3176 3043 3337 3003 νC1H1(10) νC2H2(62) νC3H3(17) νC5H4(11) 
3134 3003 3301 2971 νC1H1(33) νC2H2(14) νC3H3(37) νC5H4(15) 
1733 1661 1917 1725 νO3C7(76) 
1637 1568 1788 1609 νC3C2(39) γH3C3C4(16) γC5C6C1(11) 
1619 1551 1773 1595 γHaNHb(70) 
1618 1550 1762 1586 νC1C6(24)νC2C1(10)νC4C3(23)γH1C1C2(10)γH2C2C3(10) 
1521 1457 1644 1480 νC3C2(18) γH1C1C2(20) γH2C2C3(20) γH4C5C6(13) 
1446 1385 1556 1401 νO1B(12) γH1C1C2(17) γC5C6C1(21) 
1397 1338 1489 1340 νO1B(34) νO2B(13) νC4B(12) 
1377 1319 1473 1325 νC2C1(11) νO1B(27) 
1356 1299 1457 1311 νC2C1(10) γH4C5C6(65) 
1343 1286 1440 1296 νNC7(17) νO2B(10) γH2C2C3(11) 
1303 1248 1317 1185 νC2C1(30) νC4C3(27) γH4C5C6(10) 
1204 1153 1251 1126 νC3C2(10) γH3C3C4(62) 
1159 1110 1242 1118 νC5C6(12) γC4C3C2(14) 
1136 1088 1197 1077 γHbNC7(13) γH2C2C3(28) γC5C6C1(15) 
1107 1060 1188 1069 νC1C6(38) γH1C1C2(24) 
1082 1036 1171 1054 νNC7(29) γHbNC7(44) 
1026 983 1115 1004 νO2B(14) γH8O2B(69) 
1019 977 1106 995 νC5C6(43) γC4C3C2(50) 
1005 963 1086 978 βH2C2C1C6(57) βH3C3C4C5(22) 
990 949 1066 960 νO2B(24) γH7O1B(45) γH8O2B(21) 
953 913 1056 950 βH2C2C1C6(26) βH3C3C4C5(40) 
940 901 1050 945 βH4C5C6C7(71) βC5C6C1C2(12) 
837 802 892 803 νO2B(10) νC7C6(17) νC4B(11)  γC3C2C1(22) 
831 797 771 694 βH1C1C6C5(25) βH3C3C4C5(19) βC5C6C1C2(14) βO3NC6C7(13) βC7C5C1C6(10) 
766 734 754 679 βO3NC6C7(53) 
713 683 722 650 βH1C1C6C5(43) βC5C6C1C2(20) 
706 677 680 612 γC2C1C6(25) γC4C3C2(13) 
668 640 603 543 βC5C6C1C2(21) βO2C4O1B(51) 
629 603 576 518 γO3C7N(46) γC3C2C1(14) 
577 553 573 516 βH7O1BC4(59) βHaNC7C6(12) 
547 524 554 498 βH7O1BC4(11) βHaNC7C6(61) 
537 514 491 442 γC2C1C6(20) γO2BO1(38) 
515 493 461 415 γNC7C6(26) γC7C6C1(10) 
479 459 456 410 βH7O1BC4(12) βH8O2BC4(80) 
430 412 444 399 γO1BC4(26) γBC4C5(10) 
419 402 401 361 γNC7C6(13) γO1BC4(10) βC4C3C2C1(26) 
409 392 394 355 γNC7C6(10) βC3C2C1C6(53) 
370 355 331 298 νC7C6(21) γO3C7N(14) γC3C2C1(18) 
321 308 253 227 βHbNC7C6(83) 
310 297 183 164 νC4B(22) γC2C1C6(14) γO1BO1(32) 
234 225 139 125 NC7C6(16) O1BC4(20) C7C6C1(34) BC4C5(13) 
166 159 126 114 βC4C3C2C1(31) βBC3C5C4(19) βC7C5C1C6(23) 
128 123 69 62 βBC3C5C4(37) βC7C5C1C6(17) 
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116 112 53 48 βO1BC4(12) γC7C6C1(23) γBC4C5(41) 
45 43 30 27 βNC7C6C5(89) 
27 26 0 0 βO1BC4C3(92) 
    ν; stretching, τ; in plane bending, β; out of plane bending, 
 
 
Vibrational Frequencies  
 
The (3-Carbamoylphenyl) boronic acidm olecule consist of 20 atoms having 54 normal modes of vibrations. 
The calculated vibrational wavenumbers, FT-IR and FT-Raman intensity of the title compounds are given in 
Table 4. The obtained vibrational wave numbers were scaled with appropriate scale factors. 
 
 
Conclusions 
 
In this work, the structural parameters, the electronic energy, the dipole moment (μ), the highest occupied 
molecular orbital (HOMO) energy, the lowest unoccupied molecular orbital (LUMO) energy, the polarizability 
(α), hyperpolarizability (β) and vibrational frequency of (3-Carbamoylphenyl) boronic acid were calculated at 
DFT/ B3LYP/v an HF6-311+(2d,p) level of theory in gas phase. The dipole moment value of the molecule was 
calculated as 3.41 Debye by the B3LYP/6-311++G(2d,p) method and as 3.41 Debye by the HF/6-311++G(2d,p) 
method, respectively and energy gap of the molecule was calculated as 5.59 eV by the B3LYP/6-
311++G(2d,2p) method and as 10.69 e energy gap by the HF/6-311++G(2d,2p) method, respectively. C4-B 
bond length have been calculated as 1.5674 Å (B3LYP/6-311+G(2d,p), 1,5745 Å (HF/6-311+G(2d,p). This 
value determined as 1.546(6) Å. The B(OH)2 and CONH2 functional groups are twisted out of the plane of the 
benzene ring by 4.90° and -15.54° (B3LYP) and 6.32°  and -18.30°, respectively. These values determined as 
23.9° (5) and 24.6° (6), respectively. It was seen that there was a good agreement between the calculated values 
of the structural parameters and the experimental values. 
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Abstract: In the present theoretical study, the 2-[1-acetyl-3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl]-
phenoxyacetic acide was optimized by B3PW91 and HF methods 6-311+G (d.p) basis set using the Gaussian 
G09W program. The molecular structure, HOMO and LUMO energy analysis, electronic transitions, total static 
dipole moment, the mean polarizability, the anisotropy of the polarizability, the mean first-order 
hyperpolarizability, electronegativity, chemical hardness, molecular electrostatic potential maps (MEP) and 
Mulliken charges of 2-[1-acetyl-3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl]-phenoxyacetic acide 
molecule have been investigated by using B3PW91 and HF methods with the 6-311+G (d, p) basis set. The 
calculated IR data of titled compound were calculated in gas phase by using of 6311+G (d, p) basis sets of 
B3PW91 and HF methods and are multiplied with appropriate adjustment factors. Theoretical infrared 
spectrums are formed from the data obtained according to B3PW91 method. In the identification of calculated 
IR data was used the veda4f program. 1H-NMR and 13C-NMR spectral data values were calculated according to 
the method of GIAO using the program package Gaussian G09W Software. Experimental data were obtained 
from the literature. Experimental and theoretical values were inserted into the graphic according to equitation of 
δ exp=a+b. δ calc. The standard error values were found via SigmaPlot program with regression coefficient of a 
and b constants. In addition, in vitro antioxidant properties of this compound was investigated. 
 
Keywords: Gaussian, Schiff base, B3PW91, HF, Spectroscopic, MEP. 
 
 
Introduction 
 
Heterocyclic compounds containing atoms such as Nitrogen, Oxygen and sulfur exhibit a variety of chemical, 
theoretical and biological applications as a result of their structural diversity (Bahçeci et al., 2016; Bahçeci et al., 
2017; Çiftçi et al., 2018; Beytur et al., 2019a; Beytur et al., 2019b; Irak & Beytur, 2019; Gürsoy Kol et al.,2020; 
Koç et al., 2020; Kotan et al., 2020; Beytur, 2020; Sertçelik et al., 2020; Uğurlu & Beytur, 2020; Beytur & 
Avinca, 2021; Boy et al, 2021). Computational chemistry is the atomic and molecular modeling of chemistry in 
computer environment. Scientists need to calculate very cheaply and quickly by computers without the need for 
physical experiments that can be achieved by working in laboratories. Physicists and chemists have preliminary 
information about the structure of drugs before synthesis by making calculations on the computer and enable 
them to determine the desired properties in the drug (Uğurlu et al., 2007; Uğurlu, 2019; Uğurlu, 2020; Uğurlu & 
Beytur, 2020).   
 
The molecular structure, HOMO and LUMO energy analysis, electronic transitions, total static dipole moment, 
the mean polarizability, the anisotropy of the polarizability, the mean first-order hyperpolarizability, 
electronegativity, chemical hardness, molecular electrostatic potential maps (MEP) and Mulliken charges 2-[1-
acetyl-3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl]-phenoxyacetic acide molecule have been calculated 
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by using B3PW91 (Figure 1) and HF methods with the 6-311+G (d, p) basis set. The calculated IR data of titled 
compound were calculated in gas phase. 1H-NMR and 13C-NMR spectral data values were calculated according 
to the method of GIAO. All quantum chemical calculations were carried out by using Gaussian 09W (Wolinski 
et al., 1990; Frisch et al., 2009) program package and the GaussView molecular visualization program (Frisch et 
al., 2003). The assignments of fundamental vibrational modes of the title molecule were performed on the basis 
of total energy distribution (TED) analysis by using VEDA 4f program (Jamroz, 2004).  

 
Figure 1. The optimized molecular structure of titled molecule with B3PW91 6-311+G(d,p) level. 

 
 

Method 
 
All quantum chemical calculations were carried out by using Gaussian 09W (Wolinski et al., 1990; Frisch et al., 
2009) program package and the GaussView molecular visualization program (Frisch et al., 2003). The The 
molecular structure, HOMO and LUMO energy analysis, electronic transitions, total static dipole moment, the 
mean polarizability, the anisotropy of the polarizability, the mean first-order hyperpolarizability, 
electronegativity, chemical hardness, molecular electrostatic potential maps (MEP) and Mulliken charges 2-[1-
acetyl-3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl]-phenoxyacetic acide molecule have been calculated 
by using B3PW91 and HF methods with the 6-311+G(d,p) basis set. The vibrational wavenumbers, 1H and 13C 
NMR chemical shifts of titled compound in ground state have been calculated by using B3PW91 and HF 
methods (Lee et al., 1988; Hurst, et al., 1988; Becke, 1993). Additionally, B3PW91 and HF methods were also 
used in the calculations of dipole moment, polarizability and the first-order hyperpolarizability of the titled 
compound. 
 
 
Results and Discussion 
 
Investigation of Electronic Properties 
 
In these chemical reactions, HOMO energy is defined as electron donor tendency (π-donor), and LUMO energy 
is defined as electron acceptor tendency (π-acceptor) (Figure 2) (Fukui, 1982). The electronic properties were 
calculated by applying the 6-311G+(d,p) diffused and polarized basis set and the B3LYP and HF methods to the 
molecule. From the calculated HOMO-LUMO energies, electronic parameters such as I; Ionization potential, A; 
electron affinity, η; molecular hardness, S; molecular softness and χ; electronegativity, total energies, dipole 
moment values were determined (Table 1).  
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ELUMO: -2.303 eV 
 
                                 ∆E =4.476 eV 
EHOMO: -6.778 eV 

ELUMO: -1.459 eV 
 
                                 ∆E =7.737 eV 
EHOMO: 9.196 eV 

 

 

Figure 2. Calculated HOMO-LUMO shapes of the molecula by B3PW91(a) and HF (b) methods 6-311+G (d.p) 
basis set 

 
Table 1. Electronic properties of the molecule calculated according to B3PW91 and HF methods 6-311+G (d.p) 

basis set 
Electronic Features B3PW91 (eV) HF (eV) 
I; Ionization Potential  6.778  9.196 
A; Electron Affinity  2.303 1.459 
η; Molecular Hardness  2.238 3.868 
S; Molecular Softness  1.119 1.934 
χ; Electronegativity  4.541  5.328 
ω: electrophilic index 4.606 3.669 
ɛ: Nucleophilic index -0 373 -0.737 
∆E; Energy Gap  4.476 7.737 

 
 
Molecular Electrostatic Potential (MEP) 
 
MEP is related to electron density and plays an important role in identifying sites for electrophilic and 
nucleophilic reactions (Scrocco & Tomasi, 1973; Luque et al, 2000). Different values of electrostatic potential at 
the Molecular Surface are indicated by different colors. Potential increases are respectively red < orange < 
yellow < green < blue. The blue areas represent the strongest attraction and the red the strongest repulsion. 
Negative (red and yellow) regions of MEB are expressed by electrophilic reactivity and positive (blue) regions 
by nucleophilic reactivity (Figure 3). From the MEP it can be seen that the negative charge covers the 
heteroatoms and the positive region is above the remaining groups (Kobinyi et al., 1998; Moro et al., 2005). 
 

1a 1b 
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Figure 3. Molecular electrostatic potential of the molecula by B3PW91 and HF methods 6-311+G (d.p) basis set 

 
 
Mulliken Charges 
 
Mulliken atomic charge calculation is an important atomic charge in the application of quantum chemical 
calculation to the molecular system (Mulliken, 1995; Ramalingan et al., 2010). Furthermore, Mulliken 
determines how charges directly affect the vibrational properties of the molecule under study and measures how 
the electronic structure changes under atomic displacement. Mulliken charges were calculated for the titled 
molecule and the results are presented in Table 2. Mulliken charge atoms attached to hydrogen atoms were 
determined to be negative. 
 

Table 2. Mulliken atomic charges of the molecule by B3PW91 and HF methods 6-311+G (d.p) basis set 
Atoms B3PW91  HF Atoms B3PW91  HF 
1C 0.225555 0.361715 19H 0.161393 0.155796 
2C 0.238735 0.422223 20H 0.178250 0.174566 
3C 0.151893 0.197584 21H 0.172364 0.191497 
4C 0.972007 1.403917 22H 0.150436 0.167786 
5C -0.860028 -0.916166 23H 0.136472 0.144188 
6C -0.174435 -0.370664 24H 0.131989 0.139187 
7C -0.221834 -0.269179 25H 0.135978 0.142539 
8C -0.317004 -0.398733 26H 0.281779 0.311750 
9C -0.253715 -0.389073 27H 0.188723 0.181477 
10C -0.263888 -0.267690 28H 0.187378 0.179172 
11C 0.061240 0.228059 29N 0.038007 0.050025 
12C -0.453014 -0.472563 30N 0.032874 0.022434 
13C 0.320455 0.525582 31N -0.282128 -0.448919 
14C -0.423240 -0.469778 32N -0.192886 -0.253582 
15H 0.172502 0.165157 33O -0.334851 -0.467869 
16H 0.173751 0.168737 34O 0.005457 -0.005708 
17H 0.176191 0.174242 35O -0.288277 -0.378062 
18H 0.183341 0.184509 36O -0.220242 -0.314763 
   37O -0.191230 -0.269391 
 
 
Vibrational frequencies 
 
Vibration frequencies and vibration spectra to determine the functional groups in the structure of 3-ethyl-4-(3-
acetoxy-4-methoxy-benzylideneamino)-4,5-dihydro-1H-1,2,4-triazol-5-one calculated. The harmonic 
vibrational frequencies were calculated by using B3PW91 and HF methods with the 6-311+G (d,p) basis set 
(Table 3). The calculated vibration spectra are obtained from the optimized structure, which shows that the 
potential energy is located at the lowest energy surface. However, the calculated DFT 'non-scale' harmonic 
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vibration frequencies are known to overestimate the experimental values due to insufficient fundamental 
clusters, mismatch and lack of electron correlation.  
 
Theoretically found excess values can be adjusted by applying the scaling factors B3PW91 (0.9805) and HF 
(0.9613) (Foresman, 1996; Tamer et al., 2015). The titled compound has 37 atoms and the number of the normal 
vibrations are 105. The observed and calculated vibrational frequencies, the calculated IR intensities and 
assignments of selected vibrational frequencies for title compound are summarized in Table 3 and simulated IR 
spectra were given in Figure 4. 
 

Table 3. The calculated frequencies values and vibration types of the molecule. 
Vibration Types Experim. Scaled DFT Scaled HF 
C9C4C3N32, N32C1C2N31, C3N32N31C2 (76)  10 7 
C10O34C5C6, O36C11C10O34 (64)  27 23 
N32C3C2N30, C4C3N32N31, O36C11C10O34 (61)  33 35 
C10O34C5C6, C11C10O34C5 (72)  37 38 
C3N32N31,C9C4C3, C4C3N32,C10O34C5C6 (66)  52 48 
C11C10O34C5 (56)  59 58 
C5C6C7C8,C2N29N30C3,C13C2N30N29 (36)  72 69 
C3N32N31C,C10O34C5C6 (26)  82 89 
C9C4C3 (14)  122 122 
C13C2N30N29,C3N32N31C2 (39)  127 128 
H15C14C13N29, C12N31N30C1 (46)  147 155 
H15C14C13N29, C12N31N30C1 (32)  151 162 
H18C12C1N31,H20C12C1N31 (77)  173 174 
C3N32N32N31C1,C9C4C3N32,C2N29N30C1, C12C13H30C13 (79)  175 183 
C5C6C7C8C9, C12C1N30 (23)  194 197 
C12C1N30, N32C1C2N31 (21)  211 212 
C4C3,C3N32N31(22)  227 234 
O34C5C6,C11C10O34 (39)  240 250 
O34C5C6,C10O34C5,C5C6C7C8 (40)  292 305 
C12CN30 (24)  333 343 
C2N31N30C1 (57)  351 368 
C5C6C7C8,C4C3N32N32N31(45)  359 379 
C12C1N30,O33C2N31 (47)  374 390 
O34C5C6 (16)  395 407 
C12N1N30, O37C13C14, N29C2(40)  420 442 
O34C5C6 (15) 416 459 484 
O34C5C6,C9C4C3,C3N32N31(42) 469 489 507 
O35C10O36C11, H26O36C11C10(52) 469 499 521 
C5C6C7C8,C4C3N32N31 (61)  521 544 
C5C6C7,C35O11C36 (47)  552 575 
H15C14C13N29,O33N29N31C2 (77)  576 608 
C10O34C5, H22C6C5C4, C5C6C7C8 (51) 581 583 609 
O35C11O36, C5C6C7, C2N29N30 (36) 581 596 618 
O35C11O36,C11C10O34 (25) 581 603 629 
O37C13C14 (29)  606 634 
N31C1N30N31, C12N31N30C1 (68) 609 645 670 
C11C10,C2N29N30,C5C6C7 (41) 646 649 683 
O35C10O36C11,H26O36C11C10 1C10 (40) 646 672 690 
O35C10O36C11,H26O36C11C10 (42) 646 675 703 
C2C29C30C, O33N29N31C2 (56)  729 784 
C5C6C7C8,H22C6C5C4 (40)  753 799 
C5C6C7,C5C6, H22C6C5C4 (39) 753 760 812 
O34C16C4C5,H22C6C5C4 (56) 753 777 823 
C2N29N30, N29N30 (30)  794 834 
C11C10 (21),C11C10(20),O34C5(36) 804 832 878 
C11C10,C5C6C7(41) 858 873 903 
H22C6C5C4(68) 858 884 944 
C4C3N32, N29N30,C5C6C7 (41) 914 919 959 
H22C6C5C4 (83) 914 962 1015 
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H15C14C13N29, H15C14H17, C11C10 (43)  963 1028 
H22C6C5C4,C5C6C7C8 (79) 971 992 1061 
H21C3N32 (80) 971 1004 1069 
H18C12H20, H20C12C13N31 (30)  1015 1074 
O35C10O36C11, H18C12CN31 (65)  1022 1077 
H15C14H17, H15C14C13N29 (83)  1045 1086 
H22C6C7,O34C10, C5C6 (77) 1009 1049 1104 
H18C12CN31,H18C12H20 (83)  1056 1106 
O34C10,C5C6C7 (54)  1065 1132 
N29N30C1 (18)  1077 1141 
H22C6C7, C5C6 (59) 1073 1127 1143 
H15C14C13N29,N29N30 (42) 1116 1132 1165 
H26O36C11, O34C5 (67)  1169 1200 
H22C6C7, C5C6(87)  1174 1237 
N29C2, N29N30 (27)  1192 1259 
C4C3, C9C4 (31) 1197 1214 1282 
O34C5, H22C6C7, H27C10O34 (55)  1227 1294 
C2N29N30, N29N30 (23)  1259 1296 
H22C6C7, C9C4, H22C6C7 (64)  1281 1326 
H27C10O34 (55)  1293 1357 
C2N29N30, H27C10O34, N29C2 (53)  1298 1368 
C9C4, C5C6 (63) 1302 1324 1407 
C35O11C36, H26O36C11 (67) 1342 1358 1425 
H18C12C13N31 (61)  1360 1444 
H21C3N32 (20)  1374 1453 
H18C12C13N31 (53) 1381 1391 1466 
H18C12H20, H21C3N32(63)  1410 1479 
H21C3N32, H22C6C7(43)  1438 1501 
H15C14C13N29, H15C14H17 (96) 1410 1442 1504 
H18C12CN31, H18C12H20 (73) 1410 1445 1513 
H15C14H17,H15C14C13N29 (94)  1456 1516 
H18C12H20, H22C6C7 (68) 1457 1459 1518 
H18C12H20, H22C6C7, C5C6 (49) 1457 1462 1522 
H18C12H20 (44) 1488 1475 1542 
C5C6C7,C5C6, H22C6C7, C5C6 (85) 1488 1501 1574 
C5C6C7,C5C6, H22C6C7, C5C6 (68)  1584 1668 
C5C6, C9C4 (78)  1621 1702 
N30C1, C5C6 (63) 1601 1633 1786 
N30C1 (69) 1601 1654 1789 
O33C2 (76) 1715 1754 1842 
O35C11( 75) 1715 1792 1898 
O33C2, O35C11 (87) 1715 1794 1905 
C12H20, C10H27 (96)  3018 3044 
C14H15 (94)  3027 3051 
C10H27(98) 2933 3040 3082 
C12H20, C10H27 (86)  3075 3105 
C10H27 (97)  3085 3119 
C14H15 (99)  3088 3130 
C10H27(99)  3116 3136 
C3H21, C6H22, C7H23, C8H24 (80)  3124 3143 
C3H21, C6H22, C7H23, C8H24, C14H15 (90)  3125 3165 
C3H21, C6H22, C7H23, C8H24, C9H25 (92)  3138 3175 
C3H21, C6H22, C7H23, C8H24 (97)  3147 3191 
C3H21, C6H22, C7H23, C8H24 (80)  3164 3194 
C3H21, C6H22, C7H23, C8H24 (99)  3184 3215 
O36H26 (100) 3226 3712 3907 
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Figure 4. The correlation graphic for vibrational frequencies of  the titled compound by using B3PW91, 

HF and experimental methods, respectively 
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NMR spectral analysis 
 
It is well known that the combined use of FT-NMR and simulation methods provides a useful approach for the 
structural prediction of large biomolecules as it is pioneering information to experimental methods (Schlick, 
2010). The gauge-independent atomic orbital (GIAO) method which used in the predicting of nuclear magnetic 
shielding tensors has demonstrated to be quite accurate and accepted from scientific community, in particular 
when applied in the context of highly correlated ab initio methods.  
 
In nuclear magnetic resonance (NMR) spectroscopy, the isotropic chemical shift analysis allows us to identify 
relative ionic species and to calculate reliable magnetic properties which provide the accurate predictions of 
molecular geometries (Wade, 2006; Rani et al., 2010; Subramanian et al., 2010). In this framework, the 
optimized molecular geometry of the molecule was obtained by using B3PW91 and HF methods with the 6-
311+G (d,p) basis set in DMSO solvent. By considering the optimized molecular geometry of the title 
compound the 1H and 13C NMR chemical shift values were calculated at the same level by using Gauge-
Independent Atomic Orbital (GIAO) method (Table 4). Theoretical and experimental values were plotted 
according to δ exp=a. δ calc.+ b, Eq. a and b constants regression coefficients with a standard error values were 
found using the SigmaPlot program (Figure 5). 
 

Table 4. Experimentally and theoretically 13C and 1H-NMR (B3PW91/(DMSO) and HF/(DMSO)) chemical 
shift values of the studied molecule according to the TMS standard (/ppm) 

No Experim. DFT/6311d/DMSO Fark/DMSO HF/6311d/DMSO Fark/DMSO 
C1 146.81 155.62 -8.81 162.94 -16.13 
C2 151.28 155.29 -4.01 161.26 -9.98 
C3 149.29 159.19 -9.90 168.24 -18.95 
C4 122.01 131.89 -9.88 133.49 -11.48 
C5 157.49 165.54 -8.05 167.84 -10.35 
C6 121.62 131.41 -9.79 134.48 -12.86 
C7 125.87 138.38 -12.51 146.83 -20.96 
C8 113.15 130.35 -17.20 134.57 -21.42 
C9 133.37 142.51 -9.14 149.65 -16.28 
C10 65.25 73.61 -8.36 70.52 -5.27 
C11 168.35 179.56 -11.21 180.49 -12.14 
C12 13.96 13.18 0.78 18.77 -4.81 
C13 165.94 172.09 -6.15 176.11 -10.17 
C14 23.40 26.09 -2.69 30.36 -6.96 
H15 2.49 2.71 -0.22 2.84 -0.35 
H16 2.49 2.68 -0.19 2.82 -0.33 
H17 2.49 2.13 0.36 2.35 0.14 
H18 2.35 2.25 0.10 2.57 -0.22 
H19 2.35 2.53 -0.18 2.78 -0.43 
H20 2.35 2.55 -0.20 2.76 -0.41 
H21 9.94 10.48 -0.54 10.13 -0.19 
H22 7.95 7.84 0.11 8.24 -0.29 
H23 7.12 7.75 -0.63 8.24 -1.12 
H24 7.09 7.53 -0.44 7.90 -0.81 
H25 7.51 7.76 -0.25 8.29 -0.78 
H26 11.77 6.75 5.02 6.59 5.18 
H27 4.97 4.99 -0.02 4.92 0.05 
H28 4.97 4.39 0.58 4.08 0.89 

 
The obtained R2 value was found close to 1 especially for 13C-NMR data (Figure 5). 
 
 
Nonlinear Optical Properties 
 
The nonlinear optical activity provide useful information for frequency shifting, optical modulation, optical 
switching and optical logic for the developing technologies in areas such as communication, signal processing 
and optical interconnections  (Andraud et al., 1994; Geskin et al., 2003). In the presence of an applied electric 
field, the energy of a system is a function of the electric field.  
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Figure 5. Regression analysis of the theoretical values calculated with experimental data using the least squares 
method of 13C-NMR and 1H-NMR chemical shift values by B3PW91 and HF methods 6-311+G (d.p) basis set 

 
First hyperpolarizability is a third rank tensor that can be described by a 3 x 3 x 3 matrix. The 27 components of 
the 3D matrix can be reduced to 10 components due to the Kleinman symmetry  (Kleinman, 1962). The total 
static dipole moment μ, the mean polarizability α0 and the mean first hyper polarizability β0, using the x-, y- and 
z- components are defined as 
 

( )
1

2 2 2 2
x y zµ µ µ µ= + +

 
 

( )1
3 xx yy zzα α α α= + +

 
 
The dipole moment, the mean polarizability α0 are calculated using Gaussian09 software and is found to be 
3.088 Debye and 23.334×0−23e.s.u respectively. The first order hyper polarizability β was also calculated using 
the finite field approach theory. The components of first hyperpolarizability can be calculated using the 
following equation: 
 

( ) ( ) ( )2 2 2

xxx yyy zzz yyy xxy yzz zzz xxz yyzβ β β β β β β β β β= + + + + + + + +
 

 
Where, the total static dipole moment (µ), linear polarizability (α) and the first hyperpolarizability (β) using the 
x, y, z components are defined as (Karamanis et al., 2008). The energy gap ∆Εg, dipole moment (µ), linear 
polarizability (α) and the first hyperpolarizability (β) values of conformer ct of the titled molecule are 
investigated as a function of the two torsional angle using B3LYP/6-311G(d) level of theory (Govindarajan et 
al., 2012) (Table 4).  
 
The nonlinear optical properties of the molecule; nonlinear optical properties after calculating the polar ∆E 
energies in the single point energy calculation; polarizability and hyperpolarizability values were calculated by 
making polar calculations in single point energy calculation (Table 5). 
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Table 5. Calculated dipole moment, polarizability and hyperpolarizability values of the molecule by B3PW91 
and HF methods 6-311+G (d.p) basis set 

 B3LYP  HF 
μx -5.2457 debye μx -5.6150 debye 
μy 2.6625 debye μy 2.9745 debye 
μz -0.3772 debye μz -0.9031 debye 
μToplam 5.8948 debye μToplam 6.4180 debye 
αxx 47.202 a.u. αxx 38.194 a.u. 
αyy 34.049 a.u. αyy 29.880 a.u. 
αzz 19.364 a.u. αzz 18.451 a.u. 
α 33.538x10-24 esu α 28.842x10-24 esu 
∆α 24.121x10-24 esu ∆α 17.169x10-24 esu 
βx -2617.136 a.u. βx -841.551 a.u. 
βy 3114.727 a.u. βy 1895.851 a.u. 
βz 759.225 a.u. βz 224.924 a.u. 
βxxx -1630.659 a.u. βxxx 193.446 a.u. 
βxxy -428.744 a.u. βxxy -579.652 a.u. 
βxyy -557.733 a.u. βxyy -455.344 a.u. 
βyyy 1487.295 a.u. βyyy 398.686 a.u. 
βxxz 1212.979 a.u. βxxz 1053.480 a.u. 
Βxyz 414.452 a.u. Βxyz 443.685 a.u. 
Βyyz 896.797 a.u. Βyyz 501.386 a.u. 
βxzz -218.536 a.u. βxzz -228.854 a.u. 
βyzz 80.964 a.u. βyzz -47.609 a.u. 
Βzzz 334.384 a.u. Βzzz 169.803 a.u. 
β 4.139x10-30 esu β 2.086x10-30 esu 

 
 
Conclusion 
 
The theoretical study, All quantum chemical calculations were carried out by using Gaussian 09W program 
package and the GaussView molecular visualization program. The electronic properties were calculated by 
applying the 6-311G+(d,p) diffused and polarized basis set and the B3LYP and HF methods to 2-[1-acetyl-3-
methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl]-phenoxyacetic acide. Theoretically, HOMO-LUMO energies 
were created. Electronic parameters such as I; Ionization potential, A; electron affinity, η; molecular hardness, 
S; molecular softness and χ; electronegativity, total energies, dipole moment values were determined from 
HOMO-LUMO energies. From the obtained molecular energy potential shape, it was observed that the negative 
charge covers the heteroatoms and the positive region is above the remaining groups. Vibration frequencies and 
vibration spectra to determine the functional groups in the structure titled compound calculated the same 
methods. the optimized molecular geometry of the molecule was obtained according to The gauge-independent 
atomic orbital (GIAO) method in DMSO solvent. Theoretical and experimental values were plotted according to 
δ exp=a. δ calc.+ b, Eq. a and b constants regression coefficients with a standard error values were found using 
the SigmaPlot program. Finally, the nonlinear optical properties of the related compound were calculated 
theoretically. Urea (0.37x10-30 esu) is used as a standard substance in compounds with non-linear optical 
properties. It has been observed that the related molecule has a higher hyperpolarizability value than urea. 
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Abstract: The broad properties of nanostructured materials based on transition metal oxides have received 
great attention from researchers. Copper (II) Oxide (CuO) due to its excellent physical and chemical properties, 
has numerous potential applications. Among the different methods previously reported to prepare CuO 
nanoparticles (CuO NPs) such as sonochemical, sol-gel, and electrochemical techniques, this study proposes an 
easeful, simple, and cost-effective method to synthesize CuO NPs by thermal decomposition of a coordination 
complex i.e., a binuclear copper (II) carboxylate complex. 
 
Keywords: Nanostructured materials, Combustion, Copper oxide, XRD, SEM. 
 
 
Introduction 
 
Copper acetate (Figure 1) is probably the first binuclear metal complex in human hands and one of the best-
known metal complexes in the world, and has been the subject of research by numerous researchers. Four 
acetate ions bridged two copper(II) ions and two water molecules were axially coordinated at both ends. The 
absence of Cu-Cu bonding results in a square pyramidal configuration around the copper (Mikuriya, 2021). 
Such a cage-shaped binuclear cluster is not only found in copper acetate, but almost all carboxylate leading to 
thousands of studies on copper carboxylates.  
 
The results of thousands of studies on Binuclear copper carboxylate have been published (Mikuriya, 2021). On 
an author hand,  there has been an increasing interest in the use of these complexes to get well dispersed copper 
oxide nanoparticles (CuO NPs) by thermal decomposition(Nordin,2015).Among the different methods 
previously reported to prepare CuO NPs such as sonochemical, sol-gel, and electrochemical techniques. 
Thermal decomposition is simple, rapid, and cost-effective. However, the major challenge with this method is 
the accurate control of specific uniform morphologie for CuO nanostructures (Bhattacharjee, 2021). 
 
In view of the above information, a copper–carboxylate complexwas synthesized in green conditions. Then, 
CuO NPs were prepared from the complexusing the combustion method. The two compounds were subject of 
various characterization techniques characterized, including SEM, EDX, UV-Visible, IR analysis and further 
powder XRD.  
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Figure 1.  Representation of copper acetate complex. 

 
 
Synthesis and Characterization 
 
Synthesis of [Cu2(S)4(H2O)2]  
 
The present copper (II) carboxylate[Cu2(S)4(H2O)2]was synthetizedby direct synthesis method in aqueous 
solution. 
 
 
Characterization of [Cu2(S)4(H2O)2]  
 
Scanning Electron Micrographs (SEM) and Energy-Dispersive X-ray (EDX) Spectroscopy: 
 
The determination of C, O, Cu contents in the prepared complex was conducted with a scanning electron 
microscope coupled with energy-dispersive X-ray (EDX) spectroscopy, the parameters were set at 10 A voltage 
and an acceleration of 5.0 kV. The dried sample were placed on a brass holder under vacuum, The EDX analysis 
was performed at many zones on the surface of the complex in order to obtain relevant chemical contents. The 
results are shown in Figure 2. 
 

 
Figure 2. EDX analysis performed on the red zone on the surface of the complex 

 
The atomic percentage of Cu, O and C elements obtained from EDX analysis were compared to those of the 
proposed structure and depicted in Table 1. As it is clear from Table 1, EDX analysis values support the formula 
of the complex[Cu2(S)4(H2O)2].Furthermore, the calculated fraction of O/Cu is a clear evidence that the copper 
ion is coordinated to 8 oxygens, which is the equivalent of 4 ligand S, as it can be seen from Figure 3 and 4.  
 

Table 1. Chemical contents data. 

 

Empirical formula Dispersive X-Ray Analysis Atom % found (calc.%) 
C                           O                              Cu 

Cu2(S)4(H2O)2 69,31(70.58) 24.39(23.52     6,29(5.88) 
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Fourier Transform Infrared Spectroscopy: 
 
The Fourier Transform Infrared Spectroscopy, also known as FTIR Analysis was used to confirm the existence 
of the main structural groups in the prepared complex. The FTIR spectra of both the ligand and its copper 
complex are illustrated in Figure 3, and the main frequencies are assigned in Table 2. 
 

Table 2. FTIR data. 
Assignments Observedfrequencies (cm-1) 

ligand Cu-ligand 
ν OH -- 3450 
νasymCOO 1555[1], 1561 
νsymCOO 1387 [1], 1411  
ν(Cu–O–H) -- 869  
ν(Cu–O) -- 458[5] 

ν: stretching, sym symmetric, asym: asymmetric 
  

 
Figure 3. FTIR spectra. 

 
 
Synthesis of CuONPs 
 
Combustion of the copper complex[Cu2(S)4(H2O)2] wasperfomed in a furnace from the room temperature to 
400°C, it gave rise to a black powder predicted to be copper oxide CuO, according to the following proposed 
combustionequation (I): 
 

Cu2(C5H7COO)4(H2O)2(s) + 28O2(g)→2CuO + 16H2O(g)+ 24CO2(g) … (I) 
 
 

Characterization of CuO NPs 
 
XRD Powder and Crystal Structure 
 
The structure and phase composition ofsynthetized product was examined by X-ray powder diffraction. The 
XRD pattern (Figure 4) is well matched with the monoclinic phase of CuO (tenorite) nanoparticles and well 
consistent with the COD card (no card : 96-901-5925). 
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Figure 4. XRD pattern of CuO NPs. 

 
Moreover, the crystallite size was calculated by using Debye Scherrer equation (II) [6]: 
 

D = 0.9λ / βCosθ…(II) 
 
Where λ is the X-ray wave length, β is the line broadening at half the maximum intensity in radians, θ is the 
Bragg angle.The average size of the synthetized CuO NPs crystallites is estimated to be equal to 22nm. 
 
 
Scanning Electron Micrographs (SEM) and Energy-Dispersive X-ray (EDX) Spectroscopy:  
 
The surface morphology and the chemical composition of the prepared CuO nanoparticles were revealed 
through the SEM and EDX analysis (Figure 5and 6), the parameters were set at 10 A voltage and an acceleration 
of 5.0 KV, As shown from Figure 5, the surface of the CuO displays a homogeneousdistribution of nonmetric 
particles with a size of 100 nm. Furthermore, the EDX spectrum supports the existence of CuO. 
 

  
                             Figure 5. SEM image                                        Figure 6. DX spectrum of CuO NP 
 
 
Optical Absorption Analysis 
  
The band gap value of the synthetized CuO NPs was analyziedbu UV-Visible spectroscopy, the absorption data 
were extracted using Tauc’s plot method. 
 
The method consist of tracing the absorption coefficient (αhv)n = f(hv). Indeed, the relation of the absorption 
coefficient (α) to the incidental photon energy (hv) depends on the type of electronic transitions. When in this 
transition, the electron momentum is conserved, the transition is direct, but if the momentum does not conserve 
this transition is indirect (Radhakrishnan, 2014). 
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                      Figure 8. Tauc’s plot for indirect electronic transition 

 
By extrapolating the straight line portion of the (αhv)1/2 versus (hv) graphs to the (hv) axis until (αhv)1/2 =0. 
Optical analysis shows that the direct band of CuO NPs is located at 1.43eV(Figure 7), While, the indirect band 
gap of CuOnano particles is at 1.38 eV(Figure 8).This result is similar withprevious reports made on CuO 
nanoparticles (Radhakrishnan, 2014). 
 
 
Conclusion  
 
Nanosized CuO particles were successfully synthetized using a binuclear copper carboxylate complex. The CuO 
NPs was characterized using several techniques. The phase composition was done using XRD analysis. The 
morpholy of the prepared CuO revealed homogenic nanoparticles sized. And furthermore, the absorption 
analysis displayed that the E gap value of the prepared CuO NPs is equal to 1.37 eV. Indicating that the 
nanoparticles could be used in semiconductor devices. 
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Abstract: The 3-(p-Methylbenzyl)-4-(4-methylthiobenzylidenamino-4,5-dihydro-1H-1,2,4-triazol-5-one Schiff 
base was synthesized for investigated some theoretical properties. Firstly, the molecule was optimized with 
density functional theory (DFT) method and at the 6-311++G(d,p) basis set of Gaussian 09 program. From the 
optimized geometry of the molecule, the highest occupied molecular orbital (HOMO) and the lowest unoccupied 
molecular orbital (LUMO) energy and thermodynamics properties (heat capacity CV0, entropy S0 and enthalpy 
H0), electronic calculations (global hardness (η), electron affinity (A), electronegativity (χ), ionization potential 
(I), softness (σ)), dipole moments, bond lengths, bond angles, the mulliken charges, the molecular surface maps 
(molecular electrostatic potential (MEP), the electron density, MEP contour and the total density), the energy 
gap (ΔEgap = ELUMO-EHOMO), IR vibrational frequency, the electric dipole moment, the static polarizability (α) 
and the static first-order hyperpolarizability (β) values were calculated with B3LYP/ 6-311++G (d, p). Finally, 
the 1H NMR and 13C-NMR chemical shift values was calculated with gauge independent atomic orbital (GIAO) 
method. All theoretical spectral data were compared with experimental data obtained from the literature and 
regression analysis graphs were drawn.  
 
Keywords: B3LYP, DFT, HOMO-LUMO, GIAO. 
           
 
Introduction 
 
Schiff bases are reactive organic compounds that carry the (-CH=N-) azomethine group and are synthesized by 
the condensation reaction of an aldehyde or ketone with a primary amine (Zoubi et al., 2017). Schiff base 
reactions allow the establishment of carbon-nitrogen bonds in organic synthesis, therefore are also used as 
starting molecules for the transition to different heterocyclic compounds (Kotan et al., 2021a; 2022b). Schiff 
base derivatives of 1,2,4-triazoles have also been found to acquire pharmacological activities (Zahid et al., 2010; 
Balram et al., 2010; Wang et al., 2010; Hu et al., 2012).  
 
Compounds synthesized with aromatic amines have an oxygen carrier role in cancer treatment, and in addition to 
all these, these compounds play an important role in the structure of many drugs, especially antibiotics, in 
agriculture and pesticides, polymer and dye industry (Serin et al., 1988) esides these, recently, it has been 
popular to theoretically compute the structural, spectroscopic, thermodynamic and electrical characteristics of 
molecule systems using quantum chemical computing techniques. For this, all calculations of the molecule were 
carried out using the B3LYP function and the 6-311G++(d,p) basis set of the DFT method (Frisch et al., 2009; 
Wolinski et al., 1990), which is popular among quantum chemical computational approaches. 
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Results and Discussion 
 
Theoretical Study 
 
The Gaussian View (Denington et al.,2009) molecular visualization tool and the Gaussian 09W (Frisch et al., 
2009) package program were used for all computations in this investigation. The target molecule was first 
optimized to reach the most stable conformer and shown Figure 1. 
 

   

NHN

N
OCH2

N CH

H3C

S
CH3

 
Figure 1. The optimized molecule structure 

 
 

Table 1. The experimental and theoretical  13C and 1H-NMR chemical shift data 
No Experimental DFT/6-311++G/DMSO Differ/DMSO 
C1 148.11 147.34 0.77 
C2 154.91 148.57 6.34 
C3 153.07 149.43 3.64 
C4 131.59 128.79 2.80 
C5 130.43 122.92 7.51 
C6 127.34 125.25 2.09 
C7 144.71 148.23 -3.52 
C8 127.34 120.93 6.41 
C9 130.43 132.88 -2.45 
C10 32.50 30.42 2.08 
C11 137.47 133.67 3.80 
C12 128.61 129.36 -0.75 
C13 130.77 129.13 1.64 
C14 134.48 130.02 4.46 
C15 130.77 128.97 1.80 
C16 128.61 127.54 1.07 
C17 22.38 17.90 4.48 
C18 15.92 12.80 3.12 
H19 11.94 7.52 4.42 
H20 9.62 10.10 -0.48 
H21 7.72 8.35 -0.63 
H22 7.35 7.59 -0.24 
H23 7.35 7.17 0.18 
H24 7.72 7.54 0.18 
H25 3.99 3.94 0.05 
H26 3.99 4.16 -0.17 
H27 7.35 7.72 -0.37 
H28 7.35 7.49 -0.14 
H29 7.35 7.54 -0.19 
H30 7.35 7.67 -0.32 
H31 2.24 2.51 -0.27 
H32 2.24 2.53 -0.29 
H33 2.24 2.04 0.20 
H34 2.53 2.41 0.12 
H35 2.53 2.42 0.11 
H36 2.53 2.41 0.12 
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NMR analysis  
 
1H and 13C NMR chemical shifts of the title compound in ground state using the optimized molecular structure 
have been calculated by B3LYP. These spectral calculations such as the proton and carbon shift values were 
performed using the GIAO technique (Wolinski et al., 1990). The specified compound's 13C /1H NMR chemical 
shift values (Table 1) are in line with the results of the experiment and created graps with regrasion analysis. 

 

 
 

 
Figure 2. The experimental/calculation 13C and 1H-NMR data and graps 

 
 

Mulliken Charges Analysis 
 
The mulliken charges (Mulliken et al., 1955) of molecule were calculated with B3LYP 6-311++ G(d,p).  While 
the mulliken charge values of C1, C2, C3 and all protons in the molecule are positive, C4-C18, all the N37-
N40, O41 and S42 atoms are negative. The C2 atom, which is attached to the electronegative oxygen atom, has 
the highest electropositivity. 
 

Table 2. The calculated Mulliken  charges 
 

DFT  DFT   
C1 0.394 C16 -0.033 H30 0,111 
C2 0.576 C17 -0.287 H31 0,140 
C3 0.156 C18 -0.530 H32 0,136 
C4 -0.211 H19 0.258 H33 0,120 
C5 -0.005 H20 0,158 H34 0,170 
C6 -0.088 H21 0,124 H35 0,170 
C7 -0.202 H22 0,112 H36 0,172 
C8 -0.081 H23 0,113 N37 -0,240 
C9 -0.048 H24 0,106 N38 -0,332 
C10 -0,195 H25 0,169 N39 -0,418 
C11 -0.138 H26 0,155 N40 -0,230 
C12 -0.069 H27 0,093 O41 -0,407 
C13 -0.078 H28 0,092 S42 0,176 
C14 -0.121 H29 0,094   
C15 -0.084     
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Figure 3. The calculated Mulliken charges with B3LYP 

 
 
Molecular Geometry (Bond length) 
 
The optimized structure was used to calculate the molecule's bond length values, which were then compared to 
values reported in the literature. The theoretically C1-N37, C1-N39; C2-N38, C2-N39 bond lengths (B3LYP) are 
1.29, 1.38, 1.36, 1.41 Å, respectively and  experimentally value is 1.47 Å. According to published research and 
the computed value of the C3=N40 bond length is 1.28 Å. The literature value for the benzene ring's C-C bond 
length was determined to be 1.39 Å using B3LYP (Sudha et al., 2018; Moreno-Fuquen et al., 2021). The 
theoretical C-H bond length is 1.08 Å (B3LYP), and published measurements of indicate that this value. Length 
measurements found in all literature and experimental measurements overlap. The N(38)-H(19) has the shortest 
bond length, and it is equal to 1.00 Å. This is because the proton is an N-H proton. Additionally, the predicted 
C=O is 1.21 Å and the observed C=O peak is 1.21 Å (Ocak et al., 2003). 
 
                                                            Table 3. The calculated Bond length 

Bond length B3LYP Bond length B3LYP 
C(1)-C(10) 1.48 C(14)-C(17) 1.50 
C(1)-N(37) 1.29 C(17)-H(31) 1.09 
C(1)-N(39) 1.38 C(17)-H(32) 1.09 
N(37)-N(38) 1.36 C(17)-H(33) 1.09 
N(38)-H(19) 1.00 N(40)-C(3) 1.28 
C(2)-N(39) 1.41 C(3)-H(20) 1.08 
C(2)-N(38) 1.36 C(3)-C(4) 1.45 
C(2)-O(41) 1.21 C(4)-C(5) 1.40 
N(39)-N(40) 1.36 C(5)-H(21) 1.08 
N(38)-H(19) 1.00 C(5)-C(6) 1.37 
C(10)-H(25) 1.09 C(6)-H(22) 1.08 
C(10)-H(26) 1.09 C(6)-C(7) 1.40 
C(10)-C(11) 1.51 C(7)-C(8) 1.39 
C(11)-C(12) 1.39 C(7)-S(42) 1.76 
C(12)-H(27) 1.08 S(42)-C(18) 1.80 
C(12)-C(13) 1.39 C(18)-H(34) 1.09 
C(13)-H(28) 1.08 C(18)-H(35) 1.09 
C(13)-C(14) 1.39 C(18)-H(36) 1.09 

 
 
FMO's Analysis 
 
The Frontier Molecular orbitals are HOMO and LUMO (Fukui, 1986). They are filled high-energy and empty 
low-energy, respectively. The energy difference between "ΔEg" the two orbitals gives us information about the 
stability of the molecule and using these values, the numerical value of many electronic parameters is calculated 
and Figure 4. 
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Figure 4. HOMO-LUMO and ΔEg 

 
Table 4.  The electronic parameters data of the molecule 

  
B3LYP 

    Hatree eV kcal/mol KJ/mol 
  LUMO -0,06441 -1,75264 -40,4175 -169,108 
  HOMO -0,21548 -5,86336 -135,214 -565,743 
A Electron Affinity 0,06441 1,75264 40,4175 169,108 
I Ionization Potential 0,21548 5,86336 135,214 565,743 
ΔE Energy gap  0,15107 4,11072 94,7969 396,634 
χ Electronegativity 0,139945 3,808 87,8159 367,426 
Pi Chemical potential -0,139945 -3,808 -87,8159 -367,426 
ω Electrophilic index  0,000739661 0,02013 0,46414 1,94198 
IP Nucleophilic index -0,01057075 -0,28764 -6,63317 -27,7535 
S Molecular softness  13,2389 360,24 8307,45 34758,7 
η Molecular hardness  0,075535 2,05536 47,3984 198,317 

 
 
Thermodynamic Analysis 
 
The calculations of the thermodynamic parameters were done at B3LYP 298.150 K and 1 atm of pressure. 
Entropy: S (cal/ molK), Heat Capacity: CV(Cal/ Mol-Kelvin), Enthalpy: E (Kcal/ mol)" values are important 
thermodynamic parameters that should be known in a chemical reaction.  
 

Table 5. The theoretical  thermodynamic properties 
Rotational temperatures (Kelvin) DFT 
A 0.01333 
B 0.00531 
C 0.00406 
Rotational constants (GHZ)  
A 0.27780      
B 0.11061      
C 0.08470 
Thermal Energies E(kcal/mol)  
Translational 0.889 
Rotational 0.889 
Vibrational 220.517              
Total 222.295                           
Thermal Capacity CV(cal/mol-K)  
Translational 2.981 
Rotational 2.981 
Vibrational 77.929              
Total 83.891                       
Entropy S(cal/mol-K)  
Translational 43.349 
Rotational 36.067 
Vibrational 
Total 

88.766 
168.183 
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Zero-point correction (Hartree/Particle) 0.331824 
Thermal correction to Energy 0.354250 
Thermal correction to Enthalpy 0.355194 
Thermal correction to Gibbs Free Energy 0.275285 
Sum of electronic and zero-point Energies -1388.657724 
Sum of electronic and thermal Energies -1388.635298 
Sum of electronic and thermal Enthalpies 
Sum of electronic and thermal Free Energies 

-1388.634354 
-1388.714263 

Zero-point vibrational energy (Kcal/mol) 208.22247 
 
 
MEP and Surface Maps 
 
By dividing the molecule's atoms into electrophilic and nucleophilic areas in vacuum, the molecular electrostatic 
potential (MEP) is created. The biological identification of the molecule and the location of intramolecular 
hydrogen bonding sites, as well as the identification of electron-dense and low-electron areas, all depend on 
MEP analysis. Understanding the relative polarity of the molecule via MEP is visual. MEP is useful for locating 
hydrogen bond interaction sites as well as electrophilic and nucleophilic reaction sites since it is connected to 
electronic densities. The regions of N-H acidic protons are blue, regions of electronegative atoms such as oxygen 
are red, other places are green (Scrocco et al., 1978). 
 
 

 
Figure 5. The MEP and Surface maps 

 
 

FT-IR Vibrational Frequency Calculations 
 
The most often used theoretical techniques for predicting the structure through comparison of anticipated and 
observed IR spectra are DFT-based calculations because of their affordable computing costs and generally 
trustworthy findings. All FT-IR calculations were obtained using the Veda 4 program (Jamróz, 2004). The 
vibrational frequencies were calculated at B3LYP/ 6-311G++(d,p) level of theory for the optimized structure and 
the obtained frequencies were scaled by 0.9970 (Merrick et al., 2007). The scaled infrared values were compared 
with the experimental values and are presented in the Table 6. 
 

Table 6. The theoretical and calculated infrared data 

vibrational frequencies  Experimental  
IR  

Scaled  
B3LYP  

ν (NH)  3160 3680 
ν (C=O)  1708  1703 
ν (C=N)  1592 1636 
1,4-Disübstitüe-benzen 814 885 
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Figure 6. The IR spectrum with DFT(B3LYP) 

 
 

NLO Analysis 
 
This study is extended to the determination of the electric dipole moment, total energy, the isotropic 
polarizability and the first hyperpolarizability of the title compound. These fundamental nonlinear parameters 
with the B3LYP functional and 6-311++G(d,p) basis set were calculated μtoplam: the dipole moment at αtotal: the 
mean polarizability, Δα: the anisotropy of polarizability and β0: first hyperpolarizability parameters, 2.0549 
Debye; 15.431x10-24

 esu; 34.438x10-24
 esu and  17.480x10

-30
 esu respectively. Table 6 displayed the title 

compound's NLO properties and their constituent parts. The primary reference material for NLO qualities is the 
urea molecule. According to published data, the NLO parameters are: αtotal: 5.07643717x10-24 esu, Δα:  
=2.13568262x10 -24 esu, and β0 = 7.2228469891x10-31 esu. The NLO values were 3, 17, and 2.5 times more than 
urea as compared to the reference material (Cassidy et al., 1979). 
 
Table 7. The total energy Etotal (Hatree), the electric dipole moment μ (D),  the average polarizability αtotal (10-24 

esu) and first hyperpolarizability βtotal (10-30 esu) of molecule 
 B3LYP  
E

total
  -1388.98954760  

μx  1.7426  
μy  0.4075  
μz  1.0099  
μToplam  2.0549  
αxx  371.2751113  
αxy  -50.1919306  
αyy  258.6258227  
αxz  -0.9272771  
αyz  15.6887311  
αzz  167.185716 
α

total
  15.431x10-24

 esu  
Δα (esu)  34.438x10-24

 esu  
βxxx  1826.19193  
βxxy  -671.5883607  
βxyy  195.1065759  
βyyy  -15.0618249  
βxxz  -66.004 
βxyz  3169,11.4577  
βyyz  71.6571607  
βxzz  -35.3789271  
βyzz  39.7490469  
βzzz  -2.0826927  
β

total
  17.480x10

-30
 esu  

 
 
Conclusions 
 
The 13C and 1H-NMR, IR, and structural parameters are all obtained using the DFT technique and the 6-
311G++(d,p) basis set. The experimental findings were compared to these calculations. These results are quite 
similar to the experimental data, as shown by the chemical shift values from the 13C/1H-NMR and IR 
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calculations. The R liner indicated that the theoretical and observed 13C chemical shift ratios were related. The 
graph of the proton NMR regression analysis, however, showed a divergence brought on by acidic proton. The 
vibration frequency measurements for IR were all positive. Nucleophilic and electrophilic regions were found on 
the molecular surfaces. On the basis of the computed energy differences and electronic properties, molecule 
orbitals were produced. 
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Abstract: In the present study, the structural parameter, the electronic and nonlinear optical properties of 
three Zn (II) halido complexes of the type [Zn (Hal)2HL] (Hal = Cl, 1; Br, 2; I, 3; HL = 2-acetylpyridine 
nicotinic hydrazone) have been theoretically investigated in detail. Two of the studied complexes [ZnCl2(HL), 
[ZnBr2(HL)] have been synthesized before, and some molecular properties have been determined, however, the 
new complex [ZnI2(HL)] is theoretically modeled for the first time. The polarizability (α), dipole moment (µ) 
and the first-order hyperpolarizability (β) of the compounds have been investigated using the Density Functional 
Theory (DFT) based on the B3LYP density functional with basis set combinations. In calculations, LANL2DZ 
and a mixed basis set of LANL2DZ (for Zn and I) and 6-311G (for other atoms) are used in the gas-phase 
geometry optimization. In addition, the highest occupied molecular orbital energy (HOMO) and the lowest 
unoccupied molecular orbital (LUMO) of the compounds in the ground state were calculated by using the same 
method and the energy band gap (Eg = ELUMO-EHOMO) was obtained from frontier molecular orbitals. The 
equilibrium state (ground state) dipole moment value of the studied complex was calculated as 12.61 and 12.74 
Debye by B3LYP/GENECP/LANL2DZ-6-311G and B3LYP/LANL2DZ method, respectively. The energy gap 
values of complexes 1-3 are calculated as 1.73/1.38/1.15 eV at the B3LYP/LANL2DZ and are calculated as 
3.61/2.28/2.18 eV at the B3LYP/MIX respectively. The energy gap values of complexes 1-3 decrease in the 
order complex 1>complex 2>complex 3. The approximate geometry of the molecules in three dimensions was 
drawn in the Gauss View 5.0 molecular imaging program, and all theoretical calculations were used with the 
Gaussian 09W package program.  
 
Keywords: B3LYP/GENECP/LANL2DZ-6-311G, Dipole moment, Polarizability, Hyper polarizability, 2-
acetylpyridine nicotinic hydrazone 
 
 
Introduction 
 
The development of new heterocyclic organic compounds has received considerable attention due to their 
potential fluorescence applications, theoretical properties, biological or ionic probes and lighting Technologies. 
(Bahçeci et al., 2016; Kardaş et al., 2016; Bahçeci et al., 2017; Aktaş Yokuş et al., 2017; Çiftçi et al., 2018; 
Beytur et al., 2019; Beytur et al., 2019; Irak & Beytur, 2019; Kotan et al., 2020; Uğurlu, 2020; Uğurlu & 
Beytur, 2020; Beytur, 2020; Koç et al., 2020; Beytur & Avinca, 2021; Boy et al, 2021). The metal-organic 
supramolecular systems continue to attract the attention of researchers because of their potential applications as 
functional materials in various fields (Xu et al., 2017; Sertçelik, 2020; Sertçelik & Durman, 2020). Acyl-
hydrazone having different heteroatoms in its structure is used as ligands in coordination chemistry as 
polydentate ligands for the synthesis of metal complexes (Santiago et al., 2020). Metal complexes based on 
Schiff bases are frequently used in coordination chemistry and the widening of application areas increases their 
importance (Reddy et al., 2016; Gönül et al., 2016; Al-Humaidi et al., 2019). Scientific studies on these 
compounds continue to increase due to their pharmacological properties (Xiao et al., 2004; Naskar et al., 2007; 
Dash et al., 2012;  Sutradhar et al., 2013). Compounds, ZnCl2(HL) and [ZnBr2(HL) were synthesized in 2020 
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and some molecular properties were determined (Santiago et al., 2020). The complex [ZnI2(HL)] was 
theoretically modeled for the first time in this study. The α, µ, β, HOMO and LUMO values of the complexes 1-
3 and HL molecule have been investigated theoretically by using B3LYP/GENECP/LANL2DZ-6-311G and 
B3LYP/LANL2DZ methods. The energy values of all three complex compounds were calculated and compared 
with the experimental values in the literature. One of the objectives of this study is to determine the metal 
coordination ability of HL. So, the negative area (red area) and the positive area (blue area) on the MESP of HL 
have been calculated and discussed. The atomic numbering scheme of the compounds is given in Figure 1.  
 

 
Figure 1. The theoretical geometric structure of the compounds 

 
 
Methods 
 
Firstly, geometry optimizations of complexes 1-3 and HL in the ground state have been performed using both 
B3LYP/GENECP/LANL2DZ-6-311G and B3LYP/LANL2DZ methods after optimization calculations, 
optimized structure obtained have been used to calculate the properties of these compounds. Computations were 
done with Gaussian 09 (Frisch et al., 2010) and Gauss view 5.0.9 (Dennington et al., 2009) software using 
Density Functional Theory (DFT) ( Kohn et al., 1965) with B3LYP; Becke’s three parameters exact exchange 
functional (B3) combined with the gradient corrected correlation functional of Lee–Yang–Parr (LYP) (Becke et 
al., 1988; Lee et al., 1988; Becke, 1993) methods by implementing LANL2DZ and a mixed basis set of 
LANL2DZ (Rappe et al., 1992) (for Zn and I) and 6-311G (for other atoms). The potential map electrostatic 
surface (MESP) of HL and the frontier orbitals (HOMO-Highest Occupied Molecular Orbital), (LUMO-Lowest 
Unoccupied Molecular Orbital) of all the compounds have been calculated by the same methods. The energy 
gap (Eg) values of the compounds studied have been obtained by using HOMO-LUMO energies utilizing the 
following equation. 
 
Eg = ELUMO -EHOMO  
 
 
Results and Discussion 
 
Geometrical Structure 
  
The geometry optimization structures of compounds obtained by B3LYP/LANL2DZ and 
B3LYP/GENECP/LANL2DZ-6-311G (B3LYP/MIX) methods, respectively are compiled and are tabulated in 
Table 1. The MESP of HL and optimized structures of complexes 1-3 are given in Figure 2. As seen in Figure 2. 
The zinc (II) metal is attached to 2-acetylpyridine nicotinic hydrazone molecule and two halogen atoms such as 
iodine, bromine, and chlorine. Since the complexes molecular structures of the studied 1-3 are not available in 
the literature, the calculated values of the structural parameters were compared with the parameters of molecules 
with similar structures (Santiago et al., 2020). As seen from Table 1. in the complexes, at the 
B3LYP/LANL2DZ, X1-Zn bond length is calculated as 2.3454/2.5198/2.713 Å (complex 1/complex 2/complex 
3) and at the B3LYP/MIX, calculated as 2.3629/2.4980/2.7129 Å (complex 1/complex 2/complex 3) 
respectively. Similarly, in the complex, at the B3LYP/LANL2DZ, X2-Zn bond length is calculated as 
2.3104/2.4752/2.6741 Å (complex 1/complex 2/complex 3) and at the B3LYP/MIX, calculated as 
2.3232/2.4557/2.6687 Å (complex 1/complex 2/complex 3) respectively. As can be seen from these values, the 
X1-Zn bond has a higher value than the X1-Zn bond at both methods and is consistent with the experimental 
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value. Also, the Zn-O bond length is calculated as 2.2653/2.2646/2.2442 Å at theB3LYP/LANL2DZ and is 
calculated as 2.2635/2.2824/2.2825 Å (complex 1/complex 2/complex 3) at the B3LYP/MIX respectively. The 
calculated values of the electronic, dipole moment, polarizability, hyperpolarizability, HOMO, LUMO energy 
and energy gap (Eg) at the ground-state equilibrium geometry of studied molecules are listed in Table 2. The 
dipole moment value of the molecule was calculated as 5.43 Debye by the B3LYP/6-311++G(2d,2p) method 
and as 5.73 Debye by the HF/6-311++G(2d,2p) method, respectively. 
 

Table 1. The bond lengths and angles of the complexes, GENECP/LANL2DZ-6-311G abbreviated as MIX. 
 Bond length (Å) 
Atoms  B3LYP/LANL2DZ B3LYP/ /MIX. 
 Expa X1=X2=Cl X1=X2=Br X1=X2=I X1=X2=Cl X1=X2=Br X1=X2=I 
X1-Zn 2.698(3) 2.3454 2.5198 2.7183 2.3629 2.498 2.7129 
X2-Zn 2.365(3) 2.3104 2.4752 2.6741 2.3232 2.4557 2.6687 
Zn-O 2.015(3) 2.2653 2.2646 2.2442 2.2635 2.2824 2.2825 
Zn-N1 2.037(3) 2.2249 2.2322 2.2294 2.235 2.2454 2.2491 
Zn-N2 1.930(3) 2.2591 2.2511 2.2602 2.2574 2.2605 2.2534 
O-C6 1.282(4) 1.2596 1.2597 1.26 1.2533 1.2526 1.2526 
N1-C9 -- 1.3675 1.3681 1.3667 1.3623 1.3622 1.3625 
N1-C13 -- 1.3482 1.3483 1.349 1.3429 1.343 1.3432 
N2-N3 -- 1.3742 1.3752 1.3755 1.3688 1.3694 1.3703 
N2-C7 1.284(5) 1.3043 1.3053 1.305 1.2966 1.2975 1.2991 
N3-C6 1.320(5) 1.3969 1.3963 1.3955 1.388 1.3877 1.3874 
N4-C5 -- 1.3532 1.353 1.3528 1.3458 1.3458 1.3456 
N4-C4 -- 1.3583 1.3584 1.3584 1.3522 1.3522 1.3522 
C6-C1 -- 1.4825 1.4822 1.4822 1.4736 1.4741 1.4741 
C7-C9 -- 1.491 1.4895 1.4892 1.4837 1.4821 1.4812 
C7-C8 -- 1.5113 1.5113 1.5116 1.5025 1.5025 1.503 
C7-C10 -- 1.4076 1.408 1.4085 1.3975 1.3979 1.3986 
C1-C5 -- 1.4138 1.414 1.4141 1.4027 1.4028 1.4028 
C1-C2 -- 1.4129 1.413 1.4132 1.4039 1.4038 1.4041 
C10-C11 -- 1.4089 1.4084 1.4074 1.3984 1.3981 1.3975 
C2-C3 -- 1.4021 1.4021 1.402 1.3916 1.3917 1.3916 
C12-C11 -- 1.4039 1.4039 1.4047 1.3923 1.3926 1.393 
C4-C3 -- 1.4098 1.4098 1.4097 1.397 1.397 1.397 
 Bond angle (˚) 
X1-Zn-X2 103.09(2) 130.8 131.4 132.1 133.2 131.8 132.5 
X1-Zn-0 97.22(8) 94.3 94.9 96.1 94.4 95.1 96.2 
X1-Zn-N1 93.88(9) 101.0 99.6 97.5 99.3 99.6 98.0 
X1-Zn-N2 95.23(10) 90.9 92.9 97.9 91.5 93.6 97.7 
X2-Zn-0  102.8 101.3 99.1 102.2 101.4 99.5 
X2-Zn-N1  96.1 97.2 98.4 96.2 97.2 98.2 
X2-Zn-N2 161.68(10) 138.2 135.7 129.9 135.2 134.6 129.8 
O-Zn-N1 156.70(12) 138.2 139.2 141.1 138.8 138.5 139.8 
O-Zn-N2 79.33(12) 70.2 70.4 70.7 70.3 70.0 70.2 
N1-Zn-N2 79.31(13) 70.8 71.0 71.4 70.7 70.5 70.7 
Zn-O-C6  116.2 116.8 118.2 116.4 116.5 117.2 
Zn-N1-C9  117.8 117.7 117.6 117.6 117.7 117.6 
Zn-N1-C13  121.6 121.8 122.2 121.8 121.8 121.9 
C9-N1-C13  120.4 120.2 120.0 120.4 120.3 120.3 
Zn-N2-N3  114.5 115.0 115.1 114.4 114.9 115.6 
Zn-N2-C7  119.3 120.0 120.0 119.7 120.0 120.6 
N3-N2-C7  123.2 123.0 124.0 123.4 123.1 122.9 
N2-N3-C6  115.0 115.1 115.4 115.5 115.7 115.9 
O-C6-N3  119.6 119.4 119.3 119.7 119.7 119.6 
O-C6-C1  122.7 122.7 122.5 122.6 122.7 122.6 
N3-C6-C1  117.8 117.9 118.2 

 
 

117.7 117.6 117.8 
(a)taken from Santiago et al. (2020) 
 
X1-Zn-X2 bond angle is calculated 130.8/131.4/132.1 ֠ at the B3LYP/LANL2DZ and is calculated 
133.2/131.8/132.5֠ (complex 1/complex 2/complex 3) at the B3LYP/MIX respectively. N1-Zn-N2 bond angle is 
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calculated 70.8/71.0/71.4֠ at theB3LYP/LANL2DZ and is calculated 70.7/70.5/70.7֠ (complex 1/complex 
2/complex 3) at the B3LYP/MIX respectively. The corresponding experimental value in the literature [3] is 
79.31֠. The color code of HL lies in the range of −8.349e−3 to +8.349e−3. Red and blue colors on the MEP 
surface indicate electron-rich and electron-poor regions, respectively (Scrocco et al., 1978; Arjunan et al., 2011). 
The MEP of HL has many possible sites for electrophilic (presented in red color) and nucleophilic attack 
(presented by as blue color). In the optimized structures of complexes 1-3, it is seen that Zn is located in the 
region with the most pronounced negative potential. 
 

 
Figure 2. MESP of HL and optimized structures of complexes 1-3 

 
The dipole moment, polarizability, hyperpolarizability, HOMO and LUMO values of the complexes 1-3 and the 
HL molecule have been calculated by using the B3LYP/GENECP/LANL2DZ-6-311G and B3LYP/LANL2DZ 
methods and these values are presented Table 2.  
 
Table 2. HOMO, LUMO energy, dipole moment, polarizability, hyperpolarizability, and energy gap (Eg) of the 

compounds 
B3LYP/LANL2DZ 
Compound  μ (D) α (a.u)  β(a.u) EHOMO (a.u) ELUMO (a.u) Eg (eV) 
Complex 1 21.96 268.7 10448.4 -0.182486 -0.119089 1.73 
Complex 2 22.78 286.9 10862.2 -0.17192 -0.12105 1.38 
Complex 3 22.72 314.5 13261.5 -0.164676 -0.122422 1.15 
Ligand 4.79 201.5 173.7 -0.244216 -0.074594 4.62 
B3LYP/GENECP/LANL2DZ-6-311G/MIX 
Complex 1 12.28 221.9 1300.1 -0.239171 -0.123047 3.16 
Complex 2 12.28 235.1 1996.2 -0.221215 -0.122667 2.68 
Complex 3 12.61 253.5 3969.7 -0.204503 -0.124471 2.18 
 
The energy gap (Eg) between frontier orbitals describes a significant stability factor, and Eg helps to determine 
the chemical reactivity and kinetic stability of the compounds (Ramamoorhyet al., 2017; Ramya et al., 2017; 
Ramya et al., 2017). The energy gap values of complexes 1-3 are calculated as 1.73/1.38/1.15 eV at the 
B3LYP/LANL2DZ and are calculated as 3.61/2.28/2.18 eV at the B3LYP/MIX respectively. The energy gap 
values of complexes 1-3 decrease in the order complex 1>complex 2>complex 3. The change in the 
hyperpolarizability values of the 1-3 complexes is the inverse of the change in energy gap values. That is, the 
hyperpolarizability values of complexes 1-3 increase in order: complex 1<complex 2<complex 3. 
 
 
Frontier Molecular Orbitals 
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Frontier molecular orbitals and their features like energy are important to physicists and chemists. The HOMO 
represents the electron donor and LUMO (lowest occupied molecular orbital) represents the electron acceptor. 
The HOMO and LUMO plots of all the compounds are shown in Figure 3. As seen in the figure.3, the frontier 
molecular orbital LUMO of all the compounds have exhibited similar behavior and the charge density has 
localized all over the entire of each compound. The frontier molecular orbital HOMO of complexes 1-3 have 
exhibited similar behavior and the charge density has localized in the region of the zinc atom. The frontier 
molecular orbital HOMO of HL shows the charge density localized all over the molecule except for the nicotinic 
ring. 
 

 
Figure 3. The shapes of the HOMO-LUMO orbitals of complexes 1-3 and HL at the B3LYP/MIX 
 

 
Conclusions 
 
In this work, the lowest unoccupied molecular orbital (LUMO) and the highest occupied molecular orbital 
(HOMO), structural parameters, dipole moments and nonlinear optical properties of complexes 1-3 and HL 
were calculated by both B3LYP/LANL2DZ and B3LYP/GENECP/LANL2DZ-6-311G (B3LYP/MIX) methods. 
In the optimized structures of complexes 1-3, it is seen that Zn is located in the region with the most pronounced 
negative potential. The frontier molecular orbital HOMO of complexes 1-3 have exhibited similar behavior and 
the charge density has localized in the region of the zinc atom. The order of the energy gap values of complexes 
1-3 is complex 1>complex 2>complex 3. The change in the hyperpolarizability values of the 1-3 complexes is 
the inverse of the change in energy gap values. That is, the hyperpolarizability values of complexes 1-3 increase 
in order: complex 1<complex 2<complex 3.  
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Abstract: In this study, theoretically spectral values of 2-(3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl-
azomethine)-phenyl cinnamate was calculated according to Gaussian G09W software. These theoretical values 
were compared with experimental values and obtained the results are interpreted. For this purpose, firstly, 2-(3-
methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl-azomethine)-phenyl cinnamate molecula were optimized using 
B3LYP/6-311G(2d,p) basis set. Bond angles, bond lengths, dihedral angles, dipole moments, the highest 
occupied molecular orbital-lowest unoccupied molecular orbital (HOMO-LUMO) energy, mulliken charges and 
total energy of the molecule were calculated with B3LYP/6-311G(2d,p) basis set. UV-vis values in ethanol were 
calculated. In addition, Theoretically calculated IR values of this compound were calculated in gas phase. The 
calculated IR values are multiplied with appropriate scale factors and the values obtained according to B3LYP 
method is obtained using theoretical infrared spectrum. The identification of calculated IR values were used 
veda4f program. Finally, 1H-NMR and 13C-NMR spectral values according to GIAO method was calculated in 
gas phase and in DMSO solvent. Theoretically and experimentally values were inserted into the graphic 
according to equitation of δexp=a+b. δ calc. The standard error values were found via SigmaPlot program with 
regression coefficient of a and b constants. The calculated and experimental results were exhibited a very good 
agreement. 
 
Keywords: 1.2.4-Triazol-5-one, Gaussian 09W, GIAO, B3LYP, Dihedral. 
 
 
Introduction 
 
1,2,4-Triazole and 4,5-dihydro-1H-1,2,4-triazol-5-one derivatives have been found to have a broad spectrum of 
biological activities (Bahçeci et al., 2016; Kardaş et al., 2016; Bahçeci et al., 2017; Aktaş Yokuş et al., 2017; 
Çiftçi et al., 2018; Beytur et al., 2019; Koç et al., 2020; Beytur, 2020; Boy et al, 2021). In the past years, by 
increasing development of computational chemistry, theoretically properties of Schiff bases were investigated. 
Quantum chemical calculation methods have widely been used to theoretically predict the structural, 
spectroscopic, thermodynamic and electronic properties of molecular systems. The quantum chemical 
calculation methods provide support for experimental structural and spectroscopic studies (Uğurlu et al., 2007; 
Beytur et al., 2019; Irak & Beytur, 2019; Uğurlu, 2019; Kotan et al., 2020; Uğurlu, 2020; Uğurlu and Beytur, 
2020; Beytur & Avinca, 2021). In the present study, 2-(3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl-
azomethine)-phenyl cinnamate molecula (Gürsoy Kol et al., 2020) were optimized using B3LYP/6-311G(2d,p) 
basis set (Figure 1). Bond angles, bond lengths, dihedral angles, dipole moments, the highest occupied 
molecular orbital-lowest unoccupied molecular orbital (HOMO-LUMO) energy, mulliken charges and total 
energy of the molecule were calculated with B3LYP/6-311G(2d,p) basis set. Theoretical UV calculations were 
made with the TD-DFT/ B3LYP method based on an optimized structure. UV-vis absorption spectra of titled 
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permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 
- Selection and peer-review under responsibility of the Organizing Committee of the Conference 

© 2022 Published by ISRES Publishing: www.isres.org 

http://www.isres.org/


International Conference on Basic Sciences and Technology (ICBAST), November 16-19, 2022, Antalya/Turkey 

compound were obtained in ethanol solvent. To determine the stimulation contributions to UV-visible 
transitions, the GaussSum3.0 software was utilized. The calculated IR data of titled compound were calculated 
in gas phase. The assignments of fundamental vibrational modes of the title molecule were performed on the 
basis of total energy distribution (TED) analysis by using VEDA 4f program (Jamroz, 2004). 1H-NMR and 13C-
NMR spectral data values were calculated according to the method of GIAO. All quantum chemical calculations 
were carried out by using Gaussian 09W (Wolinski et al., 1990; Frisch et al., 2009) program package and the 
GaussView molecular visualization program (Frisch et al., 2003).  
 

 
Figure 1. The optimized molecular structure (Gaussview Appearance) of titled molecule with B3LYP/6-

311G(2d,p) basis set. 
 
 
Method 
 
The molecular structure of the title compound in the ground state is computed by performing the density 
functional theory (DFT) (Lee et al.,1988; Becke, 1993; Lee, 1998) at 6-311G(2d,p) level. Density functionals 
for all studies reported in this paper have been in the following form 
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where the energy terms are the Slater exchange, the Hartree-Fock exchange, Becke’s exchange functional 
correction, the gradient corrected correlation functional of Lee, Yang and Parr, and the local correlation 
functional of Vosko et al. (1980). The theoretical geometric structure of the title compound is given in Figure 1. 
Molecular geometry is restricted and the optimized geometrical parameters of the title compound in this study 
are carried out by using Gaussian 09W program package (Frisch et al., 2009) and the visualization parts were 
done with GaussView program (Dennington et al., 2009) on personal computer employing 6-311G(2d,p) basis 
set (Figure 1). Additionally, harmonic vibrational frequencies for the title compound are calculated with these 
selected methods and then scaled by 0.9905 (Avcı & Atalay, 2008) and these results were compared with the 
experimental data. 
 
 
Results and Discussion 
 
Molecular Structures 
 
In the study, in order to see the compatibility of the bond lengths of titled compound with experimental data, the 
C-C bond lengths of the benzene ring and the C-H bond lengths compared with the experimental data recorded 
in the literature (Table 1). In the literature, all C-H bonds in the benzene ring are of equal length and measured 
as 1.084 A0 (Gökçe et al., 2014). The C-H bond lengths measured as 1.083 A0 according to the DFT calculated 
for the benzene ring found in the studied molecule. When the results examined, it seen that the average C-C 
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bond lengths calculated according to the DFT of the benzene ring were almost the same as the measured length 
in the literature and very close to the experimental value (Gürsoy Kol et al., 2020) in the literature (Gökçe et al., 
2014; Beytur et al., 2019). In addition, the calculated lengths of the C-C bonds in the benzene ring showed to 
have partial double bond character. The C-C single bond length is 1.54 A0 in ethane and the C=C double bond 
length is 1.34 A0 in ethylene (Gökçe et al., 2014). The calculated and found C-C bond lengths of the phenyl ring 
are between these two values. These results revealed that the calculated bond lengths were in full agreement 
with the experimental values (Gürsoy Kol et al., 2020). Another interesting result obtained from the examination 
of the theoretical bond lengths. When the bond lengths calculated according to the B3LYP method of the 
investigated compound examined, C2-N-H bond length found to be 1.371 A0 according to B3LYP. It has been 
revealed that the values given in the literature are between C-C single bond length and C=C double bond length 
(Table 1). This showed that the electron pair remaining on the N atom and the carbonyl group delocalized 
because of resonance. The fact that the average length of the C2-N-H bond is shorter than that of B3LYP can be 
explained by the following resonance structures (Figure 2). 
 

R'N=CH
HN

N
N

O

R

R'N=CH
HN

N
N

O

R

 
Figure 2. Resonance structures of 4,5-dihydro-1H-1,2,4-triazol-5-one 

 
Table 1. The bond lengths of the 2-(3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl-azomethine)-phenyl 

cinnamate compound calculated according to the B3LYP method 
Bond Lengths B3LYP (A0) Bond Lengths B3LYP (A0) 
1 C1-C19 1.4878 23 C10-O42 1.2042 
2 C1-N37 1.2964 24 C11-C12 1.3428 
3 C1-N38 1.3922 25 C11-H26 1.0824 
4 C2-N36 1.3691 26 C12-13 1.4619 
5 C2-N38 1.4103 27 C12-H27 1.0853 
6 C2-O40 1.2129 28 C13-C14 1.4026 
7 C3-C4 1.4596 29 C13-C18 1.4042 
8 C3-2H1 1.0919 30 C14-C15 1.3892 
9 C3-N39 1.2796 31 C14-H28 1.0837 
10 C4-C5 1.4093 32 C15-C16 1.3896 
11 C4-C9 1.4039 33 C15-H29 1.0836 
12 C5-C6 1.3906 34 C16-C17 1.3941 
13 C5-O41 1.3719 35 C16-H30 1.0838 
14 C6-C7 1.3884 36 C17-C18 1.3845 
15 C6-H22 1.0789 37 C17-H31 1.0837 
16 C7-C8 1.3906 38 C18-H32 1.083 
17 C7-H23 1.0833 39 C19-H33 1.0921 
18 C8-C9 1.3832 40 C19-H34 1.0921 
19 C8-H24 1.0826 41 C19-H35 1.0887 
20 C9-H25 1.0843 42 H20-N36 1.0049 
21 C10-C11 1.4622 43 N36-N37 1.3768 
22 C10-O41 1.3854 44 N38-N39 1.3864 

 
The molecular geometrical parameters such as bond angles and dihedral angles of the 2-(3-methyl-4,5-dihydro-
1H-1,2,4-triazol-5-one-4-yl-azomethine)-phenyl cinnamate are listed using in Table 2 and Table 3. It was 
observed that the bond angles obtained by the B3LYP method were close to the expected values. Bond angle is 
an important factor in the geometry of molecules, because the plane angle occurs in the equilibrium state of the 
two interacting forces in the molecule. 
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Table 2. The bond angles of the 2-(3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl-azomethine)-phenyl 
cinnamate compound calculated according to the B3LYP method (0) 

 Bond Angles B3LYP (0)  Bond Angles B3LYP (0) 
1 C19-C1-N37 123.13 36 C13-C12-H27 115.6044 
2 C19-C1-N38 125.9073 37 C12-C13-C14 118.3926 
3 N37-C1-N38 110.8561 38 C12-C13-C18 123.0971 
4 N36-C2-N38 101.4299 39 C14-C13-C18 118.51 
5 N36-C2-O40 130.1743 40 C13-C14-C15 120.5951 
6 N38-C2-O40 128.3751 41 C13-C14-H28 119.1157 
7 C4-C3-H21 114.2009 42 C15-C14-H28 120.284 
8 C4-C3-N39 125.0841 43 C14-C15-C16 120.2368 
9 H21-C3-N39 120.706 44 C14-C15-H29 119.6618 
10 C3-C4-C5 125.6881 45 C16-C15-H29 120.1013 
11 C3-C4-C9 116.3561 46 C15-C16-C17 119.7512 
12 C5-C4-C9 117.9547 47 C15-C16-H30 120.2404 
13 C4-C5-C6 120.3749 48 C17-C16-H30 120.008 
14 C4-C5-O41 117.6201 49 C16-C17-C18 120.205 
15 C6-C5-O41 121.8841 50 C16-C17-H31 119.9923 
16 C5-C6-C7 120.1461 51 C18-C17-H31 119.8023 
17 C5-C6-H22 119.2838 52 C13-C18-C17 120.7011 
18 C7-C6-H22 120.5681 53 C13-C18-H32 120.0489 
19 C6-C7-C8 120.5651 54 C17-C18-H32 119.2466 
20 C6-C7-H23 119.2427 55 C1-C19-H33 111.1482 
21 C8-C7-H23 120.1918 56 C1-C19-H34 112.5671 
22 C7-C8-C9 119.1739 57 C1-C19-H35 107.7895 
23 C7-C8-H24 120.5649 58 H33-C19-H34 107.9611 
24 C9-C8-H24 120.2608 59 H33-C19-H35 108.9834 
25 C4-C9-C8 121.7843 60 H34-C19-H35 108.3069 
26 C4-C9-H25 118.4798 61 C2-N36-H20 125.2109 
27 C8-C9-H25 119.7358 52 C2-N36-B37 114.0035 
28 C11-C10-O41 112.1974 63 H20-N36-N37 120.2674 
29 C11-C10-O42 124.5826 64 C1-N37-N36 105.1228 
30 O41-C10-4O2 123.2197 65 C1-N38-C2 108.3967 
31 C10-C11-C12 125.0121 66 C1-N38-N39 131.0926 
32 C10-C11-H26 112.456 67 C2-N38-N39 119.2082 
33 C12-C11-H26 122.5012 68 C3-N39-N38 115.9559 
34 C11-C12-C13 126.2106 69 C5-O41-C10 121.3439 
35 C11-C12-H27 118.1717    

 
Table 3. The dihedral angles of the 2-(3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl-azomethine)-phenyl 

cinnamate compound calculated according to the B3LYP method (0) 
 Dihedral Angles B3LYP (0)  Dihedral Angles B3LYP (0) 
1 N37-C1-C19-H33 130.1083 8 N37-C1-N38-N39 -168.9207 
2 N37-C1-C19-H34 -108.6386 9 N36-C2-N38-N39 172.3401 
3 N38-C1-C19-H33 -45.7879 10 O40-C2-N38-N39 -9.1986 
4 N38-C1-C19-H34 75.4652 11 C4-C5-O41-C10 -137.4737 
5 N38-C1-C19-H35 -165.1561 12 C6-C5-O41-C10 46.5133 
6 C19-C1-N38-C2 173.9174 13 C1-N38-N39-C3 -51.1342 
7 C19-C1-N38-N39 7.4022 14 C2-N38-N39-C3 143.5507 

 
 
Dipole Moments 
 
Theoretical dipole moments of 2-(3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl-azomethine)-phenyl 
cinnamate have been given in Tables 4. 
 

Table 4. The calculated dipole moment values of the molecule 
Dipole Moment μx μy μz μToplam 
B3LYP (a.u.) 2.2670 1.7798 0.1816 2.8879 
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Electronic Properties 
 
The energies of two important molecular orbitals of the title molecule; the second highest and highest occupied 
MO’s (HOMO), the lowest and the second lowest unoccupied MO’s (LUMO) were calculated by using 
DFT/B3LYP method with 6-311G+(d,p) level. In these chemical reactions, HOMO energy is defined as electron 
donor tendency (π-donor), and LUMO energy is defined as electron acceptor tendency (π-acceptor). The energy 
gap is a critical parameter in determining molecular electrical transport properties (Fukui, 1982). The HOMO-
LUMO energy gap of the title molecule found to 4.110 eV. (Figure 3). The HOMO is located almost over the 
carbon atoms, oxygen atoms and slightly delocalized in hydrogen atom and the LUMO is mainly delocalized in 
carbon atoms of benzene ring. 

 

ELUMO: -2.074 eV 
 

                                                                    ∆E =4.110 eV 
 

EHOMO: -6.184 eV 

 

Figure 3. Calculated HOMO-LUMO shapes of the molecula by B3LYP method 6-311G(2d.p) basis set 
 
 
UV-vis Properties 
 
Theoretical UV calculations were made with the TD-DFT/B3LYP method based on an optimized structure. UV-
vis absorption spectra of 2-(3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl-azomethine)-phenyl cinnamate 
compound (Gürsoy Kol et al., 2020) were obtained in ethanol solvent (Figure 4). Table 5 displays the predicted 
excitation energies, absorption wavelengths (λ), and oscillator power (f) in the ethanol of the titled compound. 
 
To determine the stimulation contributions to UV-visible transitions, the GaussSum3.0 software was utilized 
(Rani et al., 2010). The computed absorption wavelengths listed in Table 5. Absorption modes are produced by 
imine group n->π* transitions between 300 and 400 nm (Tanal, 2011). For TD-DFT calculations (B3LYP), the 
primary transition contribution from HOMO to LUMO (95%) was calculated as n->π* transitions at 357.30 nm 
and the primary transition contribution from HOMO to LUMO-1 (92%) was identified as n->π* transitions at 
330.81 nm for titled compound. Furthermore, the primary transition contribution from HOMO-1 to LUMO 
(83%) was identified at 306.65 nm and can be caused in the benzene ring and azomethine group π>π* 
transitions. 
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Figure 4. The generated (DFT/B3LYP) UV-vis spectra graphic for 2-(3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-

one-4-yl-azomethine)-phenyl cinnamate 
 
Table 5. The theoretical UV-vis, oscillator power and the primary transition contribution values with TD-DFT/ 

B3LYP level of titled compund 

λ (nm) Excitation 
Energy (cm-1) 

Oscillator Power 
(f) 

Transition 
Contribution* 

B3LYP B3LYP (eV) B3LYP B3LYP 
357.30 3.47 0.0374 H->L (95%) / H->L+1 (3%) 
330.81 3.7479 0.0676 H->L+1 (92%) / H->L (4%) 
315.78 3.9263 0.0456 H-1->L (83%)/H-2->L (9%)/H-1->L+1 (4%) 
*H: HOMO       *L: LUMO 
 
 
Vibrational Frequencies 
 
2-(3-Methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl-azomethine)-phenyl cinnamate calculated vibration 
frequencies and vibration spectra to determine the functional groups. The harmonic vibrational frequencies were 
calculated by using B3LYP method with the 6-311G(2d,p) basis set. Theoretically found excess values can be 
adjusted by applying the scaling factors B3LYP (0.9905) (Foresman, 1996; Avcı & Atalay, 2008).  
 

Table 6. The calculated frequencies values of the molecule. 
 Selected Vibrational Types Experimental scaled DFT 
C4C9C8C7, C8C7C6C5, C9C8C7C6 (47) 707 713 
H22C6C7C8, H22C7C8C9, H24C8C9C4 (21) 707 726 
C1N38N39, C2N36N37 (23) 756 771 
C5O41C10, O41C10C11 (10) 756 785 
O41C5, O41C10 (14) 1299 1176 
O41C5, O41C10 (17) 1299 1200 
N37C1, N39C3 (44) 1597 1550 
N37C1, N39C3 (64), H21C3N39 (11) 1597 1586 
C6C5, C7C6, C11C12, C18C17 (19) 1634 1590 
O40C2 (75) 1694 1690 
O42C10 (85) 1725 1718 
C3H21, C6H22, C7H23, C8H24 (96) 3064 2922 
C9H25 (85) 3064 3006 
C11H26, C12H27, C14H28, C15H29 (49) 3064 3011 
C11H26, C12H27, C14H28, C15H29 (80) 3064 3012 
C3H21, C6H22, C7H23, C8H24 (81) 3064 3019 
C3H21, C6H22, C7H23, C8H24 (86) 3064 3035 
C11H26, C12H27, C14H28, C15H29 (96) 3064 3036 
C3H21, C6H22, C7H23, C8H24 (99) 3064 3073 
N36H20 (100) 3172 3501 
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The titled compound has 42 atoms and the number of the normal vibrations are 120. The observed and 
calculated vibrational frequencies, the calculated IR intensities and assignments of selected vibrational 
frequencies for title compound are summarized in Table 6 and simulated IR spectra were given in Figure 5. It 
has been seen that the theoretical values and the experimental values are compatible (Gürsoy Kol et al., 2020). 

 

 
Figure 5. IR spectra simulated with DFT/B3LYP/6-311G(2d,p) level of the titled compound. 

 
 
NMR Spectral Analysis 
 
Nuclear magnetic resonance (NMR) spectroscopy allows us to identify the molecules under study and calculate 
the magnetic properties (Wade, 2006; Rani, et al., 2010; Subramanian et al., 2010). In the present study, the 
optimized the 2-(3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl-azomethine)-phenyl cinnamate was obtained 
in DMSO solvent by using B3LYP method with 6-311G(2d,p) basis level. The 1H and 13C NMR chemical shift 
values were calculated at the same level by using Gauge-Independent Atomic Orbital method (Table 7) 
(Wolinski et al.,1990; Wade, 2006). The correlation graphics are given Figure 3 and the linear correlation data 
of the titled compound by considering the results are given in Table 7.  
 

Table 7. Theoretically and experimentally 13C and 1H-NMR (B3LYP/(DMSO)) chemical shift values of the 
studied molecule according to the TMS standard (δ/ppm) 

No Experimental DFT/DMS
O 

Diff./DMS
O 

No Experimental DFT/DMS
O 

Diff./DMS
O 

1C 147.08 155.48 -8.40 20H 11.82 7.55 4.27 
2C 148.15 146.11 2.04 21H 9.92 8.56 1.36 
3C 151.11 167.14 -16.03 22H 8.02 7.97 0.05 
4C 123.48 127.46 -3.98 23H 7.62 7.83 -0.21 
5C 149.70 156.38 -6.68 24H 7.46 7.59 -0.13 
6C 125.99 127.63 -1.64 25H 7.38 7.82 -0.44 
7C 130.98 136.68 -5.70 26H 6.95 6.59 0.36 
8C 126.48 128.21 -1.73 27H 7.94 8.75 -0.81 
9C 133.67 140.42 -6.75 28H 7.5 8.62 -1.12 
10C 164.67 168.75 -4.08 29H 7.82 7.70 0.12 
11C 116.42 118.10 -1.68 30H 7.48 7.71 -0.23 
12C 144.15 156.08 -11.93 31H 7.82 7.68 0.14 
13C 132.39 139.42 -7.03 32H 7.5 8.14 -0.64 
14C 128.94 139.29 -10.35 33H 2.25 1.97 0.28 
15C 128.69 132.64 -3.95 34H 2.25 2.43 -0.18 
16C 126.91 135.96 -9.05 35H 2.25 2.13 0.12 
17C 128.69 132.11 -3.42     
18C 128.94 128.73 0.21     
19C 11.01 13.53 -2.52     
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The 1H-NMR spectrum of the titled compound was observed belong to H20 proton peak at 11.82 ppm because 
acidic show feature (Yüksek, 1992; Yüksek et al., 2005; Yüksek et al., 2006; Gürsoy Kol et al., 2020). H21 
protons were observed at 9.92 ppm. Theoretically, DMSO solvent these values for the mentioned proton atoms 
were found as 7.55/4.27 ppm. In Table 7, the 13C chemical shift value of the molecule are observed at 164.67 
ppm for the C10 carbon atom double bounded to the oxygen in carbonyl group (Anderson et al., 2004). DMSO 
solvent the calculated ppm values (DFT/B3LYP) for C11=C12 carbon atom were theoretically found as 
116.42/144.15 ppm. Additionally, due to the electronegative property of nitrogen atoms in molecule, the 
experimental (Gürsoy Kol et al., 2020) NMR chemical shift values for C1 and C2 carbon atom the bounded to 
nitrogen atoms in 1,2,4-triazol ring and C3 carbon atom with sp2 hybride are observed at 147.08, 148.15 and 
151.11 ppm, respectively. It has been seen that the theoretical values and the experimental values are compatible 
(Gürsoy Kol et al., 2020). 13C-NMR and 1H-NMR chemical shift values were calculated by regression analysis 
by analyzing experimental data using the least squares method. The obtained R2 value was found 0.9899 for 13C-
NMR data (Figure 6). 
 

 
Figure 6. Regression analysis of the theoretical values calculated with experimental data of 13C-NMR and 1H-

NMR chemical shift values by B3LYP method 6-311G(2d.p) basis set 
 

 
Conclusion 
 
In the theoretical paper, 2-(3-methyl-4,5-dihydro-1H-1,2,4-triazol-5-one-4-yl-azomethine)-phenyl cinnamate 
was optimized by using Gaussian G09W software. The bond lengths obtained from the optimized structure were 
examined. The bond lengths of the compound named C-C bond lengths of the benzene ring and the d C-H bond 
lengths registered in the literature were compared. The molecular geometrical parameters such as bond angles 
and dihedral angles of the the compound were calculated. The energies of two important molecular orbitals of 
the title molecule; Dipole moment, HOMO and LUMO were calculated by using DFT/B3LYP method with 6-
311G(2d,p) level. The HOMO-LUMO energy gap was found to be 4.110 eV. Theoretical UV calculations were 
made with the TD-DFT/B3LYP method based on an optimized structure. The GaussSum3.0 software was used 
to determine the stimulation contributions to the UV-visible transitions. The titled compound calculated 
vibration frequencies and vibration spectra to determine the functional groups. The 1H and 13C NMR chemical 
shift values were determined at the same level by using Gauge-Independent Atomic Orbital method. It has been 
found that the theoretical spectroscopic values and the experimental values are compatible. 
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Abstract: The efficiency of various heteropoly compounds as well-known solid acids is investigated for the 
three-component condensation reaction of an aldehyde, b-ketoester and urea to afford the dihydropyrimidinones 
(DHPM). Compared to the classical Biginelli reaction conditions, this new method consistently has the 
advantage of excellent yields and short reaction time. The objective of this study is the use of Keggin 
heteropolyacid (HPAs) noted H3PMo12O40 and its ammonium salts H3-2xCuxPMo12O40 and (NH4)3-

2xCuxPMo12O40 in Biginelli cyclocondensation reaction using: benzaldehyde, acetoacetate and urea with ratio 
(2:2:3) [3]. After synthesis, the prepared catalysts were characterized by: BET surface area, X- ray diffraction, 
Infra-red spectroscopy and DHPM by FT-IR, 1H and 13C NMR. The reaction results show that H3PMo12O40 is 
the best catalyst in our reaction conditions with an excellent yield around 94% which can be explained by 
significantly higher Brønsted acidity compared to that of traditional mineral catalysts. In the other hand, other 
excellent yields have been obtained in the presence of Cu0.25H2,50PMo12O40 and (NH4)3,00Cu0,00PMo12O40 89% 
and 59% respectively. Please use 14-point bold for your article title, with an initial capital letter for any proper 
nouns.  
 
Keywords: Heteropolysalts, Copper, Catalysis, Biginelli reaction, Green chemistry.                                                      
 
 
Introduction 
 
Green chemistry expresses a large area of research developing from scientific discoveries about pollution 
awareness. It uses a set of principles that reduces or eliminates using or generating of hazardous substances 
(Anastas,2001). Multicomponent reaction (MCR) is a process in which three or more accessible components are 
combined together in one-pot to produce a final product which shows the features of all the input reactants and 
therefore, offers the greatest possibilities for molecular diversity in one step with minimum synthetic time and 
effort (Domling & Ugi,2000; Ugi,2001). Among MCR process, Biginelli reaction is one of the most studied 
one. It is a one-pot cyclocondensation of an aldehyde, β-ketoester and urea to obtain dihydropyrimidinone 
heterocyclic systems (Biginelli, 1893). 
 
Previous reported protocols normally required prolonged reaction times and high temperature with moderate 
yields such as H2SO4 (Folkers et al.,1933), BF3Et2O/CuCl (Hu et al.,1998), InCl3 (Ranu et al.,2000), BiCl3 
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(Ramalinga et al.,2000), TMSCl (Zhu et al.,2005), LiClO4 (Yadav et al.,2001), InBr3 (Fu et al.,2002), 
phenylpyruvic (Abelman et al.,2003), TMSI (Sabitha et al.,2003), HCl (Lu et al.,2000) and Cu(NH2SO3)2 (Liu 
& Wang, 2009). Therefore, there has been considerable interest to explore mild, rapid, and higher yielding 
protocol. Many improved protocols have been designed and developed for the synthesis of this kind of entities 
(Lakshi et al., 2015). On the other hand, the use of catalysis is one of the pillar of Green chemistry (Anastas et 
al.,2001)   that affects energy use and reaction time, increases yield, reduces use of solvents, and lower 
production of by-products and waste (Scott &Hutchison,2000; Sheldon, 2002). 
 
Thus, heteropolyacids are known as a good catalyst in synthesis of heterocycles. Indeed, heteropolyacids are 
known to be very acidic and so to display interesting properties in acid catalysis (Kozhenikov, 1998; Mizuno & 
Misono, 1998). Their significantly higher Brønsted acidity, compared with the acidity of traditional mineral acid 
catalysts, is of great importance for catalysis (Okuhara et al.,1996, Bonardet et al.,1996). They are characterized 
by the presence of the Keggin anion of composition MX12O40z- where M is often phosphorous or silicon and 
X is generally molybdenum or tungsten (Keggin,1993,1994). The acid sites in HPA are more uniform and easier 
to control than those in other solid acid catalysts. 
 
In the present work we describe successful application, solid catalysis H3PMo12O40 and its ammonium salts H3-

2xCuxPMo12O40 and (NH4)3-2xCuxPMo12O40 as an alternative environmentally benign, recyclable and efficient 
catalyst for Biginelli reaction under solvent free conditions (Figure 1). 
 

catalyst
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Me OEt

O O

H2N NH2

O
Ph
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Figure 1.Biginelli reaction under solvent free conditions 
 
 
Method 
 
Catalysts preparation 
 
H3-2xCuxPMo12O40 and (NH4)3-2xCuxPMo12O40 was synthesized by a cation exchange according to the literrature 
(Mazari et al.,2013). 
 
 
Catalysts Characterization 
 
Catalysts morphology was studied by scanning (SEM) using Philips XL30 ESEM and CM10 microscopes. 
Thermal analysis (TG) were carried out using a Perkin Elmer Stimiltanous Thermal analyzer STA 6000. 
Powder XRD patterns of the catalysts were recorded on a SIEMENS D5000 powder diffractometer using Cu-Kα 
radiation. Crystalline phases were identified through Highscore plus software database. 
 
 
Catalytic Test 
 
Catalytic activity of H3PMo12O40 and its ammonium salts H3-2xCuxPMo12O40 and (NH4)3-2xCuxPMo12O40were 
examined in the Biginelli reaction under mild and solvent free conditions. In a 25 mL single-neck round bottom 
flask, a mixture of benzaldehyde (1) (2mmol), ethyl acetoacetate (2) (2mmol), urea (3) (3mmol) and 0.2 g of 
catalyst was kept under regular stirring at 100°C for 1hour (Figure 1). Completion of the reaction was monitored 
by Thin Layer Chromatography (TLC). Reaction product was washed with boiled ethanol then filtered to 
remove the catalyst. DHPM product was purified and recrystallized in hot ethanol, then placed in ice bath to 
afford pure product.  
 
Identification of DHPM is obtained via its melting temperature, Infrared spectroscopic analysis (IR) and 1H and 
13C Nuclear Magnetic Resonance (NMR). IR spectra were recorded on Fourrier Transform Spectrometer 
Shimadzu FTIR-type 8400 and the NMR ones on a Bruker FT-NMR AVIIIHD500. Chemical shifts were 
expressed in parts per million (ppm) relative to TMS (δ = 0 ppm) and coupling constant J in Hertz (Hz). NMR 
multiplicities are reported using the following abbreviations: br = broad, s = singlet, d = doublet, t = triplet, q = 
quartet, m = multiplet. 
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Results and Discussion 
 
Catalyst Characterizations 
 
IR spectra (Figure 2) of H3-2xCuxPMo12 salts have the characteristic vibration bands of the Keggin anion in the 
1100-300 cm-1 spectral range (Keggin,1993), corresponding to nas(P–Oa), nas(Mo=Od), nas(Mo–Ob–Mo) and 
nas(Mo–Oc–Mo) located at 1060-1064, 960-965; 866-880 cm-1, respectively. In addition, another vibration band 
associated to ammonium ions was observed around 1500 cm-1.  
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Figure 2. IR spectra of H3-2xCuxPMo12O40 

 
The X-ray diffractograms of CuxPMo12 are similar to that of the parent acid H3PMo12O40 (Figure 2),that 
crystallized in the triclinic system. These results agree with those of IR spectroscopy showing that the ions 
occupy the counter-ion position in the polyoxometallate. 
 

 
Figure 3. XRD patterns of CoxPMo12 solids 

 
Furthermore, comparison of images from electron microscopy measurement, H3PMo12 and Cu1.5PMo12 show 
different morphologies as a consequence of the substitution of protons by the Cu2+ ions (Figure 4). 
 

 
Figure 4. SEM images of H3PMo12 and Co1.5PMo12. 

Biginelli Reaction 
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Keggin heteropolyacid (HPAs) noted H3PMo12O40 and its ammonium salts H3-2xCuxPMo12O40 and (NH4)3-

2xCuxPMo12O40 were used as catalysts in Biginelli cyclocondensation reaction using: benzaldehyde, acetoacetate 
and urea with ratio (2:2:3) (Khiar et al., 2017). 
 
The preliminary catalytic tests performed with H3PMo12O40 (entry 1, table 1) showed that the Biginelli reaction 
takes place in the homogenous phase and high DHPM yields was obtained. İndeed, the reaction results show 
that H3PMo12O40 is the best catalyst in our reaction conditions with an excellent yield around 97% which can be 
explained by significantly higher Brønsted acidity compared to that of traditional mineral catalysts (Sanjeev& 
Gavisiddapa,2007). In the other hand other excellent yields have been obtained in the presence of 
Cu0.25H2,50PMo12O40 and (NH4)3,00Cu0,00PMo12O40 89% (entry 2, table 1) and 58% (entry 5, table 2) respectively. 
However, the high activity obtained with can be explained by the presence of acid protons. İndeed, there was a 
correlation between the presence of protons and the yield of DHPM. 
 

Table 1. 3,4-Dihydropyrimidin(1H)-one (DHPM) yield via Biginellia reaction in presence of H3PMo12O40 and 
its ammonium salts H3-2xCuxPMo12O40. 

 
 
 
 
 
 
 
 
 
 
 
a. Reaction conditions: Benzaldehyde (2 mmol), ethylacetoacetate (2 mmol) and urea (3 mmol) at 100°C for 1 h 

under solvent free conditions. 
b. Isolated yields after recrystallization. 

 
Table 2. 3,4-Dihydropyrimidin(1H)-one (DHPM) yield via Biginellia reaction in presence of H3PMo12O40 and 

its ammonium salts H3-2xCuxPMo12O40. 
Entry HPA Yield (%) T fusion 

(°C) 
1 (NH

4
)

0.5
Cu

1.25
PMo

12
O

40
 42.25 206 

2 (NH
4
)

1
CuPMo

12
O

40
 44.17 204 

3 (NH
4
)

1.5
Cu

0,75
PMo

12
O

40
 49.94 205 

4 (NH
4
)

2
Cu

0,5
PMo

12
O

40
 52.30 204 

5 (NH
4
)

2.5
Cu

0.25
PMo

12
O

40
 58 203 

6 (NH
4
)

3
PMo

12
O

40
 59.31 205 

 
The reusability of Cu0.25H2,50PMo12O40 was investigated under optimal (and typical) operating conditions (0.2 g 
catalyst, reaction temperature 100 ◦C, reaction time 1 h). Used   Cu0.25H2.5PMo12O40 sample was recovered by 
filtration, washed with water, dried overnight at 100°C and reused in the next runs without further purification. 
DHPM yield is given in Figure 4 for each run. After three reaction cycles, DHPM yield decreased with 10% 
between the first un second run and 48% between the second and the third run in the presence of 
Cu0.25H2.5PMo12O40. This study showed that the Cu0.25H2.5PMo12O40  system is active for the Biginelli reaction. 
However, the high activity obtained with can be explained by the presence of acid protons. İndeed, there was a 
correlation between the presence of protons and the yield of DHPM. 
 

Entry  HPA Yield  (%) T fusion (°C) 
1 H

3
PMo

12
O

40
 97.00 204 

2 Cu 0.25H
2,5

PMo
12

O
40

 89.00 202 

3 Cu
0.5

H
2
PMo

12
O

40
 81.04 205 

4 Cu
0.75

H
1,5

PMo
12

O
40

 76.1 205 

5 Cu
1
HPMo

12
O

40
 68.41 204 

6 Cu
1.25

H
0,5

PMo
12

O
40

 60.73 206 

7 Cu
1.5

PMo
12

O
40

 53.05 203 

80 



International Conference on Basic Sciences and Technology (ICBAST), November 16-19, 2022, Antalya/Turkey 

 
Figure 4. Recyclability of Cu0.25H2.5PMo12O40 catalyst for the synthesis of DHPM 

 
Physical data for 5-ethoxycarbonyl-4-phenyl-6-methyl-3,4-dihydropyridin-2(1H)-one (DHPM).  
 
Mp 201– 205°C. IR (KBr): νmax = 3245  cm − 1, 3100  cm − 1, 2960  cm − 1, 1720  cm − 1, 1630  cm − 1, 1540  
cm − 1, 1490  cm − 1. 1 H NMR (Figure 5) (500  MHz, DMSO-d6 ): δ = 9.19 (s, 1H, NH), 7.73 (s, 1H, NH), 
7.34 (s, 5H, C6 H5 ), 5.15 (s, 1H, J = 2.87 Hz, CH), 4.01 (q, J = 6.5 Hz, 2H, OCH2 CH3 ), 2.51 (s, 3H, CH3 ), 
1.11 (t, J = 6.5 Hz, 3H, OCH2 CH3 ) ppm. 13C NMR (Figure 6) (125 MHz, DMSO-d6 ): δ = 165.7 (COOEt), 
152.5 (C2), 148.8 (C6), [145.3, 128.8, 127.7, 126.7] C arom, 99.7 (C5), 59.6 (OCH2 CH3 ), 54.4 (C4), 18.2 
(CH3 ), 14.5 (OCH2 CH3 ) ppm. 
 
 
Conclusion  
 
In conclusion, using HPAs in Biginelli process can offer high yields of DHPMs, mild reaction conditions, 
simple experimental procedure and product isolation and recyclability of materials without considerable loss in 
its activity. Then, protocol should be complementary to the existing methods. It leads not only to economical 
automation but also to reduce hazardous pollution to achieve environmentally friendly processes with can enter 
in the field of green chemistry. 
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Abstract: Density functional theory (DFT) is an inexpensive approach used to study the molecular structure, 
many theoretical properties, biological activities and electronic properties of simple and complex compounds. In 
this study, the all quantum chemical studies of 2-Methoxy-6-[(3-(p-methylbenzyl)-4,5-dihydro-1H-1,2,4-triazol-
5-one-4-yl)-azomethin]-phenyl Benzoate molecule were calculated using the DFT(B3LYP) method with 6-
311++G(d,p) basis set. For use in all these computational processes, initially  the molecule was optimized. Thus, 
the most stable state of atoms was reached. Then, the calculations of carbon-13 and proton-NMR isotropic shift 
values were performed in the solvent (DMSO) and gaseous with "the gauge-independent atomic orbital" 
(GIAO). Infrared (FT-IR) vibration frequency values were calculated from the Veda4f program. The theoretical 
vibration frequency values were compared with the experimental IR values. Experimental data obtained from the 
literature. In addition, the electronic properties (chemical hardness and softness, ionization potential (I), 
electronegativity (χ), electron affinity (A), electrophilic and nucleophilic index), ΔEg energy gap, HOMO-
LUMO energies, the geometric properties (bond angle and length), the thermodynamic properties (thermal 
capacity (CV), entropy (S), thermal energy (E), dipole moment, mulliken atomic charge values, molecular 
electron potential (MEP), total density and contour surface maps and the total energy of the molecule were 
determined. 

 
Keywords: 6-31 G(d,p), DFT, DMSO, FT-IR. 
      
      
Introduction 
 
Schiff bases, which contain a triazole ring containing three nitrogen atoms and carry 1,2,4-triazole, have a 
specific -C=N- imine group in their structure. The 1,2,4-triazole main structure is involved in the structures of 
many substances with a wide range of biological activities, including insecticides, antimicrobials (Singla, 2020), 
antituberculous agents (Aly et al., 2020), anticonvulsants (Kopron et al., 2020), anti-inflammatory agents (Abuo-
Rahma et al., 2014), analgesics (Patel et al., 2018) antiasthmatic agents (Gao et al., 2019), antidepressants (Shi et 
al., 2020). Numerous studies have been conducted on Schiff bases that include 1,2,4-triazole to determine if they 
may be used in biological (Boy et al., 2021;  Yüksek et al., 2018;  Kotan et al., 2022; Yüksek et al., 2020, 
Dharmaraj et al., 2001), chemical (Jin et al., 2018; Kotan et al., 2021) or medicinal applications (Yiğit et al., 
2018; Qiao et al., 2011). Also, recently quantum chemical computations have been used to examine the 
theoretical characteristics of Schiff bases (Kotan et al., 2020;  Beytur et al., 2021). The calculation results were 
compared with the experimental results from the literature (Gürbüz et al., 2021). The computations were done on 
a computer system utilizing the Gaussian 09W software package, the 6-311G++(d,p) basis sets, and the Hartree-
Fock (HF) and density functional theory (DFT) techniques (Frisch et al., 2009). First, the compound was 
optimized using the 6-31G(d,p) basis set and DFT(B3LYP) technique (Frisch et al., 2009; Wolinski et al., 1990). 
Then, using the GIAO approach, the values of the 13C/ 1H-NMR isotropic shift were computed (Wolinski et al., 
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1990). IR data definition was done using the veda4f application (Jamroz, 2004). The necessary scala factors are 
used to scale theoretically computed IR data (Merrich et al., 2007). Theoretical infrared spectrum is used to 
create scaled DFT values. Additionally, the computer was used to determine the HOMO-LUMO energy, bond 
lengths, thermodynamic parameters, the ELUMO-EHOMO energy gap (Eg), electronic characteristics, total energy, 
the dipole moment, MEP  analysis, and mulliken charges. 
 
 
RESULTS AND DISCUSSION 
 
Computational Data 

 
Figure 1. The optimized molecule structure 

 
 

NMR Data 
 
The GIAO technique from the Gaussian package software was used to conduct all NMR analyses and make 
visuals.There is a connection between the compound's R-values. B3LYP /6-31G(d,p) (DMSO): 1H: 0.8659; 
B3LYP/6-31G(d,p) (DMSO): 13C: 0.9939. The Table 1/ Figure 2 showed these compound values. Experimental 
and theoretical data were compared and a linear correlation was found in 13C NMR while a deviation was 
observed in 1H-NMR. This was due to the N-H acidic proton. 

 
Table 1. The experimental and theoretical  13C and 1H-NMR chemical shift data 

No Experimental DFT/6-31G/DMSO Differ/DMSO 
C1 146,74 134,81 11,93 
C2 148,31 135,02 13,29 
C3 152,00 133,21 18,79 
C4 130,40 113,27 17,13 
C5 118,21 103,52 14,69 
C6 128,57 111,04 17,53 
C7 115,90 101,07 14,83 
C8 151,64 134,74 16,90 
C9 139,71 131,85 7,86 
C10 56,73 43,27 13,46 
C11 164,30 153,57 10,73 
C12 130,40 116,94 13,46 
C13 129,56 118,15 11,41 
C14 127,68 114,53 13,15 
C15 130,88 118,82 12,06 
C16 127,68 112,85 14,83 
C17 129,56 114,36 15,20 
C18 30,94 24,96 5,98 
C19 134,78 120,16 14,62 
C20 129,44 114,97 14,47 
C21 129,09 115,03 14,06 
C22 136,24 123,89 12,35 
C23 129,09 114,92 14,17 
C24 129,44 113,24 16,20 
C25 21,06 12,27 8,79 
H26 11,84 8,59 3,25 
H27 9,84 11,46 -1,62 
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H28 7,63 8,68 -1,05 
H29 7,77 8,14 -0,37 
H30 7,35 7,69 -0,34 
H31 3,81 4,09 -0,28 
H32 3,81 4,45 -0,64 
H33 3,81 4,79 -0,98 
H34 8,14 9,05 -0,91 
H35 7,57 8,52 -0,95 
H36 7,64 8,47 -0,83 
H37 7,57 8,02 -0,45 
H38 8,14 8,14 0,00 
H39 3,88 4,78 -0,90 
H40 3,88 4,72 -0,84 
H41 7,15 8,44 -1,29 
H42 7,10 8,26 -1,16 
H43 7,10 8,28 -1,18 
H44 7,15 8,4 -1,25 
H45 2,26 2,84 -0,58 
H46 2,26 3,39 -1,13 
H47 2,20 3,17 -0,97 

 

 
 

 
Figure 2. The experimental/ calculation 13C and 1H-NMR data and graps 

 
 

Molecular Geometry (Bond length) 
 
Table 2 provides a summary of the molecular geometry characteristic, bond lengths, that were estimated using 
DFT technique and B3LYP functional using the 6-31G (d,p) basis set. This finding indicates that the longest 
bond length is between C(10) and C(11) atoms, with values of 1.52 Å B3LYP 6-31G (d,p). Additionally, using 
the same basis sets, the bond length in the triazole ring N48-N49, N48-C1, C2-O52, C2-N50, and N50-C1 are 
computed as 1.38, 1.30, 1.43, 1.22, 1.38 Å respectively. The N-N, N=C, and C=O bond lengths in the literature 
are calculated as 1.40, 1.28, and 1.21 Å (Ocak et al., 2003; Cruz et al., 2022). The computed bond length values 
agree with those found in the literature. The lowest bond angle is the angle of N-H asısycproton and ıts value ıs 
1.00 Å . 

 
                                                            Table 2. The calculated Bond length  
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Bond length (A0) B3LYP Bond length (A0) B3LYP 
C(1)-N(48) 1.30 O(54)-C(11) 1.39 
C(1)-N(50) 1.38 C(11)-O(55) 1.20 
C(1)-C(18) 1.49 C(11)-C(12) 1.49 
N(48)-N(49) 1.38 C(12)-C(13) 1.40 
N(49)-H(26) 1.00 C(13)-H(34) 1.08 
N(49)-C(2) 1.37 C(13)-C(14) 1.39 
C(2)-O(52) 1.43 C(14)-H(35) 1.08 
C(2)-N(50) 1.22 C(14)-C(15) 1.39 
N(50)-N(51) 1.37 C(15)-H(36) 1.08 
N(51)-C(3) 1.29 C(15)-C(16) 1.39 
C(3)-H(27) 1.08 C(16)-H(37) 1.08 
C(3)-C(4) 1.46 C(16)-C(17) 1.39 
C(4)-C(5) 1.40 C(17)-H(38) 1.08 
C(4)-C(9) 1.40 C(18)-H(39) 1.09 
C(5)-H(28) 1.08 C(18)-H(40) 1.09 
C(5)-C(6) 1.38 C(18)-C(19) 1.52 
C(6)-H(29) 1.08 C(19)-C(20) 1.39 
C(6)-C(7) 1.40 C(20)-H(41) 1.08 
C(7)-H(30) 1.08 C(20)-C(21) 1.39 
C(7)-C(8) 1.36 C(21)-H(42) 1.08 
C(8)-O(53)  1.38 C(21)-C(22) 1.39 
O(53)-C(10) 1.36 C(22)-C(23) 1.40 
C(10)-H(31) 1.09 C(23)-H(43) 1.08 
C(10)-H(32) 1.09 C(23)-C(24) 1.39 
C(10)-H(33) 1.09 C(24)-H(44) 1.08 
C(9)-O(54) 1.38 C(25)-H(45) 1.09 
  C(25)-H(46) 1.09 
  C(25)-H(47) 1.09 

 
 
Mulliken Charge Data 
 
The mulliken charges (Mulliken et al., 1955) of molecule were calculated with B3LYP 6-31 G(d,p).  While the 
mulliken charge values of some C atoms and all protons in the molecule are positive, some C atoms and all the 
N48-N51, O52-O55 atoms are negative. The C2 atom, which is attached to the electronegative oxygen atom, 
has the highest electropositivity. 

Table 3. The calculated mulliken  charges 
Atom DFT Atom DFT 

C1 0,545 H26 0,289 
C2 0,815 H27 0,173 
C3 0,125 H28 0,113 
C4 0,035 H29 0,090 
C5 -0,114 H30 0,094 
C6 -0,098 H31 0.118 
C7 -0,134 H32 0,118 
C8 0,369 H33 0,135 
C9 0,235 H34 0,107 
C10 -0,081 H35 0,096 
C11 0,561 H36 0,093 
C12 0,037 H37 0,094 
C13 -0,092 H38 0,115 
C14 -0,095 H39 0,142 
C15 -0,075 H40 0,130 
C16 -0,096 H41 0,082 
C17 -0,087 H42 0,076 
C18 -0,288 H43 0,079 
C19 0,124 H44 0,097 
C20 -0,123 H45 0,118 
C21 -0,123 H46 0,126 
C22 0,125 H47 0,111 
C23 -0,118 N48 -0,342 
C24 -0,116 N49 -0,435 
C25 -0,381 N50 -0,422 

  N51 -0,318 
  O52 -0,533 
  O53 -0,530 
  O54 -0,537 
  O55 -0,428 

 

87 



International Conference on Basic Sciences and Technology (ICBAST), November 16-19, 2022, Antalya/Turkey 
 

 
Figure 3. The calculated mulliken charges with B3LYP 

 
 

FMO's Analysis 
 
The electronic transitions, electric and optical characteristics, as well as kinetic stability, were all identified by 
frontier molecular orbitals (FMO) (Fukui, 1982). Three stages of calculation were used to derive the compound's 
HOMO-LUMO energy values, which are 4.25 eV for B3LYP basis set (figure 4). Table 4 displays the computed 
values for the compound's global hardness (A), electronegativity (E), chemical potential (P), softness (S), 
ionization potential (I), electrophilic index (E), and nucleophilic index (IP) using the  ELUMO-EHOMO energy gap. 
 

 
Figure 4. HOMO-LUMO and ΔEg 

 
Table 4.  The electronic parameters data of the molecule 

    Hatree ev kcal/mol KJ/mol 
  LUMO -0.2169 -5.902 -136.105 -569.471 
  HOMO -0.06 -1.63264 -37.6502 -157.53 
A Electron Affinity 0.2169 5.902 136.105 569.471 
I Ionization Potential 0.06 1.63264 37.6502 157.53 
ΔE Energy gap -0.1569 -4.26936 -98.4552 -411.941 
χ electronegativity 0.13845 3.76732 86.8778 363.5 
Pi chemical potential -0.13845 -3.76732 -86.8778 -363.5 
ω electrophilic index  -0.00075188 -0.02046 -0.47181 -1.97406 
IP Nucleophilic index 0.010861403 0.29555 6.81556 28.5166 
S molecular softness  -12.7470 -346.854 -7998.76 -33467.2 
η molecular hardness  -0.07845 -2.13468 -49.2276 -205.97 
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Thermodynamic Analysis 
 
The thermodynamic parameters 298.150 K and under 1 atm pressure was used to determine using B3LYP 
functionals in the DFT method at 6-31G(d,p) basis set. When the thermodynamic properties that provide the 
formation conditions of a chemical reaction are calculated theoretically, it will be quite easy to determine the 
reaction conditions. 
 

Table 5. The calculated thermodynamic properties 
Rotational temperatures (Kelvin) DFT 
A 0.01568      
B 0.00227      
C 0.00215  
Rotational constants (GHZ)  
A 0.32672      
B 0.04729      
C 0.04483 
Thermal Energies E(kcal/mol)  
Translational 0.889 
Rotational 0.889 
Vibrational 267.302              
Total 269.080              
Thermal Capacity CV(cal/mol-K)  
Translational 2.981 
Rotational 2.981 
Vibrational 87.028              
Total 92.989             
Entropy S(cal/mol-K)  
Translational 44.149 
Rotational 37.382 
Vibrational 
Total 

71.341 
152.872 

Zero-point correction (Hartree/Particle) 0.407076 
Thermal correction to Energy 0.428806 
Thermal correction to Enthalpy 0.429750 
Thermal correction to Gibbs Free Energy 0.357116 
Sum of electronic and zero-point Energies -1484.387284 
Sum of electronic and thermal Energies -1484.365554 
Sum of electronic and thermal Enthalpies 
Sum of electronic and thermal Free Energies 

-1484.364610 
-1484.437244 

Zero-point vibrational energy (Kcal/mol) 255.44378 
 
 

The MEP Surface Map 
 
The relative reactivity sites in a species for nucleophilic and electrophilic attack are predicted by the molecular 
electrostatic potential (MEP) ( Mumit et al., 2020) . By employing the optimized structure with the B3LYP/6-
31G(d,p) basis set, the DFT calculation was used to calculate the MEP surface analysis of the molecule. Figure 5 
shows the mapped electrostatic potential surface of the chemical under study. The chemical has a color code that 
ranges from -5.945e-2 to +5.945e-2. The MEP structure's red and blue colors denote regions that are more 
electron-rich and electron-poor, respectively. The circumference of the electronegative oxygen atoms (O52-O55) 
is red, while the circumference of the electropositive N49-H26 acidic proton is blue (Hussein, 2021). 
 

 
Figure 5. The MEP surface map 
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FT-IR Vibrational Frequency Calculations 
 
Due to their low computational costs and typically reliable results, DFT-based computations are the most used 
theoretical approaches for predicting the structure through comparison of predicted and observed IR spectra. The 
Veda 4 software was used to acquire all FT-IR calculations (Jamroz, 2004). For the optimized structure, the 
vibrational frequencies were estimated at the B3LYP/ 6-31G(d,p) level of theory and scaled by 0.9617 (Merrick 
et al., 2007). The scaled infrared values and experimental values were compared, and the results are shown in 
Table 6. 
 

Table 6. The theoretical and calculated infrared data 
vibrational frequencies  Experimental  

IR  
Scaled  
B3LYP  

ν (NH)  3189 3556 
ν (C=O)   1746, 1709  1774, 1756 
ν (C=N)  1551 1609 
ν (COO) 1259 1278 
1,4-Disubstituted-benzene 803 806 

 

 
Figure 6. The IR Spectrum with DFT(B3LYP) 

 
 

NLO Analysis 
 
Electromagnetic field interactions can have an impact on non-linear optical (NLO) characteristics in a variety of 
contexts. For technologies in fields like telecommunications, signal processing, and optical interactions, NLO 
features are crucial for supplying the essential tasks of frequency shifting, optical modulation, optical switching, 
optical logic, and optical memory (Bitmez et al., 2014). NLO is thus situated at the cutting edge of current 
research. The energy of the highest occupied molecular orbital (EHOMO), energy of the lowest unoccupied 
molecular orbital (ELUMO), and energy gap between the LUMO and HOMO (EGAP) are some quantum chemical 
parameters that have been used to explain NLO properties. These parameters include the total static dipole 
moment (μ), average linear polarizability (α), anisotropy of polarizability (Δα), and first hyperpolarizability 
(βtotal). Another crucial factor in determining the NLO qualities is EHOMO. A high value of EHOMO reflects a 
molecule's propensity for electron transfer to a low unoccupied molecular orbital. A low ELUMO value suggests 
that a molecule has a larger capacity for receiving electrons. The NLO characteristics of the examined 
compounds rise when HOMO and LUMO energy levels rise and fall, respectively (Sayin et al., 2015). In results 
the calculations DFT 6-31G(d,p), Polar (αxx, αxy, αyy, αxz ,αyz, αzz)= 372.4922748,  21.2118185,   
308.2578439,   18.4087961,  1.6380612,  236.225101;  HyperPolar (βxxx, βxxy, βxyy, βyyy, βxxz, βxyz, βyyz, 
βxzz,  βyzz, βzzz)= 94.8132254, -277.5042246, -159.574997, -227.6931422, -62.1540947, -77.2269366, -
84.2142141, -23.6395059, 7.2111351,  -59.7315603, respectively were obtained. The theoretical results are αtotal: 
45.299 x10-24

 esu, Δα: 16.168 x10-24
 esu, and β0 : 45.71 x10-31

 esu. The primary reference material for NLO 
qualities is the urea molecule. According to published data, the NLO parameters are: αtotal: 5.07643717x10-24 esu, 
Δα: 2.13568262x10 -24 esu, and β0 : 7.2228469891x10-31 esu (Kotan et al., 2020). The NLO values were 9, 8, and 
6.5 times more than ur ea as compared to the reference material.  
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Table 7. The total energy Etotal (Hatree), the electric dipole moment μ (D),  the average polarizability αtotal (10-24 
esu) and first hyperpolarizability βtotal (10-31 esu) of molecule. 
 B3LYP  
E

total
  -1485,81197087 

μx  2,7208     
μy  8,1260     
μz  -3,8837   
μToplam  9,4084 
αxx  372,4922748 
αxy  21,2118185 
αyy  308,2578439 
αxz  18,4087961 
αyz  1,6380612 
αzz  236,225101 
α

total
  45.299 x10-24

 esu 
Δα (esu)  16.168 x10-24

 esu 
βxxx  94,8132254 
βxxy  -277,5042246 
βxyy  -159,574997 
βyyy  -227,6931422 
βxxz  -62,1540947 
βxyz  -77,2269366 
βyyz  -84,2142141 
βxzz  -23,6395059 
βyzz  7,2111351 
βzzz  -59,7315603 
β

total
  45.71 x10-31

 esu 
 
 
Conclusion 
 
This theoretical effort used DFT (B3LYP) calculations to determine the target molecule using the 6-31G(d,p) 
basis sets using the Gaussian G09W software package. The calculations' 1H chemical shifts and FT-IR data are 
observed to be in agreement with the actual data. The R2 values showed a linear association, while the H-NMR 
correlation graph shows a minor divergence. The N-H acidic proton (H26) in the molecule is the cause of this 
divergence. The sole explanation for the infrared data's lack of negative frequency is the molecule's stability. The 
ΔEg value was calculated as 4.25 eV. Regions that are electrophilic and nucleophilic were identified using MEP 
analysis. As a result of NLO analysis, the molecule was found to be a good nonlinear substance. 
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Abstract: In this study, the important application areas of triazoles have increased the interest in studies 
related to them. In this study, the structural parameters, vibrational frequency, the electronic energy, the dipole 
moment (μ), the highest occupied molecular orbital (HOMO) energy, the lowest unoccupied molecular orbital 
(LUMO) energy, the polarizability (α), hyper polarizability (β) and the potential energy curves (PEC) of (E)-3-
(benzylideneamino)-4H-1,2,4-triazol-4-amine molecule were calculated at Hartree-Fock (HF) and Density 
Functional Theory (DFT) with B3LYP (Becke 3 Parameter Lee-Yang-Parr) model using the different basis set 
in gas phase. The potential energy curves of the studied molecule were performed as a function the θ[C3-N5-
C2-N3] torsion angle varying from -180º to 180º at 10º intervals using both B3LYP/6-31+G(d) and HF/6-
31+G(d) level of theory. The dipole moment value of the molecule was calculated as 5.43 Debye by the 
B3LYP/6-311++G(2d,2p) method and as 5.73 Debye by the HF/6-311++G(2d,2p) method, respectively. The 
obtained vibrational wave numbers were scaled with appropriate scale factors and the assigning of these 
vibrational wavenumbers was made according to the potential energy distribution (PED) using the VEDA 4f 
program. Also, by using HOMO-LUMO energies, energy gap values, ionization energy, electron affinity, 
chemical potential, electronegativity, hardness and softness indices were obtained. The approximate geometry of 
the molecules in three dimensions was drawn in the Gauss View 5.0 molecular imaging program, and all 
theoretical calculations were used with the Gaussian 09W package program.  
 
Keywords: (E)-3-(benzylideneamino)-4H-1,2,4-triazol-4-amine, Vibration analysis, Potential energy curve 
(PEC), HOMO-LUMO.  
 
 
Introduction 
 
Heterocyclic organic compounds are cyclic compounds in which at least one of the intra-ring atoms is a 
heteroatom (O, N, S) (Çiftçi et al., 2018; Koç et al., 2020; Beytur et al., 2019; Beytur, 2020; Boy et al., 2021). 
Triazoles are heterocyclic compounds with a five-member ring and as regards the position of N atoms, they are 
two types which are 1,2,3- and 1,2,4-triazole (Bahçeci et al., 2016; Kardaş et al., 2016; Bahçeci et al., 2017; 
Aktaş Yokuş et al., 2017; Çiftçi et al., 2018; Koç et al., 2020; Boy et al., 2021) These triazoles and their 
substituted-derivatives possess important biological activity in a wide variety of fields like analgesic (Khanage 
et al., 2013), antidiabetic (Hichri et al., 2019), anxiolytic (Navidpou et al., 2021) antimicrobial (Sahoo et al., 
2013; Al-Khuzaie et al., 2014), antiviral (Abdullah et al., 2012; Pandey et al. 2012), anticancer (Grytsai et al., 
2020; Boraei et al., 2019), anticonvulsant (Kapro et al., 2020; Jess et al. 2014), antibacterial (Rode et al., 2017; 
Mahmoud et al., 2014), antifungal (Karaca et al., 2017; Appna et al., 2019), antitubercular (Meenaxi et al., 
2011), antioxidant (Peng et al., 2021; Abdul Hameed et al., 2014, antitubulin (Mustafa et al., 2019) and 
inflammatory (Mousa et al., 2012; Li et al., 2020). In 1855, The name triazole was first named by Bladin for the 
compound consisting of a carbon nitrogen ring system, C2H3N3 (Agrwal et al., 2011). It has been determined 
that Schiff-based derivatives of 1,2,4-triazole compounds have important biological properties and various 
applications (Bekircan et al., 2006). Since (E)-3-(benzylideneamino)-4H-1,2,4-triazol-4-amine molecule was 
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modeled for the first time in this study, there is no theoretical or experimental study of the molecule in the 
literature (Beytur et al., 2019; Irak and Beytur, 2019; Kotan et al., 2020; Uğurlu, 2020; Uğurlu and Beytur, 
2020; Beytur and Avinca, 2021). Because the studied molecule has more than one rotatable dihedral angle, it is 
a structurally flexible molecule. The physical and chemical properties of (E)-3-(benzylideneamino)-4H-1,2,4-
triazol-4-amine molecule have been investigated details. In this work, molecular structure, dipole moment, 
relative energies, rotational barriers, polarizability, first static hyper polarizability, potential energy curve, the 
electronic structure and HOMO-LUMO energies of above-mentioned molecule have been studied. Also, by 
using HOMO-LUMO energies, energy gap values were obtained. The molecular structure using numbering 
scheme of (E)-3-(benzylideneamino)-4H-1,2,4-triazol-4- 
amine molecule is given in Figure 1. 
  

 
Figure 1. (E)-3-(benzylideneamino)-4H-1,2,4-triazol-4-amine molecule numbering scheme 

 
 
Method 
 
Quantum-mechanical calculations on the (E)-3-(benzylideneamino)-4H-1,2,4-triazol-4-amine molecule was 
performed by the aid of Gaussian 09W program package and Gauss view 5.0 molecular visualization programs 
(Frisch et al., 2010; Dennington et al., 2009) in the gas phase. The structural parameters, vibrational frequency, 
the electronic energy, the dipole moment (μ), the highest occupied molecular orbital (HOMO) energy, the 
lowest unoccupied molecular orbital (LUMO) energy, the polarizability (α), hyperpolarizability (β) and the 
potential energy curves (PEC) of (E)-3-(benzylideneamino)-4H-1,2,4-triazol-4-amine molecule were calculated 
at Hartree-Fock (HF) and Density Functional Theory (DFT) with B3LYP (Becke 3 Parameter Lee-Yang-Parr) 
(Becke et al., 1988;Lee et al., 1988; Becke, 1993)  model using the 6-311++(2d,2p) basis set in gas phase. In 
order to obtain the best stable structures, Conformational analysis of the molecule was performed as a function 
of dihedral angle θ[C3-N5-C2-N3] which was varied between -180º and 180º with increments of 10º both HF/6-
31+G (d) and B3LYP/6-31+G(d)level of theory. The computed harmonic frequencies at B3LYP/6-
311++G(2d,2p) level of theory were scaled by 0.963 (Kashinski et al., 2017). Also, by using HOMO-LUMO 
energies, energy gap values, ionization energy, electron affinity, chemical potential, electronegativity, hardness 
and softness indices were obtained. Also, the calculated vibrational assignments of the normal modes were 
performed on the basis of the Potential Energy Distribution (PED) and it has been calculated using the 
Vibrational Energy Distribution Analysis VEDA 4 program (Jomroz 2004). 
 
 
Results and Discussion 
 
Conformational Analysis  
 
The dihedral angle was defined as: Φ[C3-N5-C2-N3]. The dihedral angle Φ is the N5-C2 single bond about 
which internal rotation forms clearly different conformations. The potential energy curves of the (E)-3-
(benzylideneamino)-4H-1,2,4-triazol-4-amine molecule have been calculated at both HF/6-31+G(d) and 
B3LYP/6-31G+(d) level is shown Figure 2. The minimum of potential energy curves (PEC) was referred to as 
zero. Rotational barriers at 0º [ΔE0 =E (θ =0º)-E (equilibrium)], at 90º [ΔE90 =E (θ=90º)-E (equilibrium)] and 
at 180º [ΔE180 =E (θ=180º)-E (equilibrium)] were calculated by using the energies of the respective optimized 
structures. The low-energy conformers were obtained at = -180 and 180º conformer. As seen in figure 2., 
maxima energy conformer was seen at 0º dihedral angle at HF/6-31+G (d) and B3LYP/6-31G+ (d,) level of 
theory. The relative energy value at dihedral angle of 0º calculated HF/6-31+G (d) is bigger than that of 
B3LYP/6-31+G (d) by 2.473kcal/mol. The interesting thing in this study is that the minimum and maximum 
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energy values correspond to the planar form of the molecule. In general, the maximum energy values of the 
cyclic molecules correspond to their orthogonal comfort. From our previous work, conformation analysis of 4-
(Methoxycarbonyl) phenylboronic acid and conformational analysis of 3-phenylthiophene and its fluoro 
derivatives, maximum potential energy barrier was shown at the orthogonal conformation (Uğurlu et al.,  20017; 
Uğurlu et al., 2020). 
 

 
Figure 2. The potential energy curves of (E)-3-(benzylideneamino)-4H-1,2,4-triazol-4-amine molecule 

 
 
Molecular Structure  
 
Since the molecule (E)-3-(benzylideneamino)-4H-1,2,4-triazole-4-amine was modeled theoretically for the first 
time, there are no molecular and crystal structures in the literature. The calculated parameter studied molecule of 
both at the B3LYP/6-311++G (2d, 2p) and the HF/6-311++ G (2d,2p) methods in the ground state are tabulated 
in the Table 1. 
  

Table 1. Selected structural parameters of (E)-3-(benzylideneamino)-4H-1,2,4-triazole-4-amine molecule 
 Bond length (Å)  Bond angle (˚) 
Atoms B3LYP HF Atoms B3LYP HF 
C1-N2 1.3087 1.2795 N1-C2-N3 109.32 109.84 
C1-N3 1.3598 1.3547 N1-C2-N5 130.82 130.21 
C2-N1 1.3148 1.2836 N3-C2-N5 119.85 119.95 
C2-N3 1.3774 1.3582 C4-C3-N5 122.75 122.80 
C2-N5 1.3768 1.3837 C1-N3-C2 105.08 104.42 
C3-C4 1.4589 1.4712 C1-N3-C4 125.46 125.76 
C3-N5 1.2834 1.2610 C2-N3-C4 129.46 129.82 
C4-C5 1.4027 1.3945 C2-N5C3 118.62 117.74 
C4-C9 1.4003 1.3888  Dihedral angle (˚) 
C5-C6 1.3848 1.3794 N1-C2-N3-C1 0.00 0.00 
C6-C7 1.3959 1.3907 N1-C2-N3-N4 179.98 180.00 
C7-C8 1.3906 1.3827 N5-C2-N3-C1 -179.99 -180.00 
C8-C9 1.3894 1.3866 N5-C2-N3-N4 -0.02 0.00 
N1-N2 1.3780 1.3632 N1-C2-N5-C3 0.02 0.02 
N3-N4 1.4019 1.3817 N3-C2-N5-C3 -179.98 -179.98 
   N5-C3-C4-C5 0.01 0.00 
   N5-C3-C4-C9 -179.99 -180.00 
   C4-C3-N5-C2 180.00 180.00 
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The equilibrium state structures of (E)-3-(benzylideneamino)-4H-1,2,4-triazol-4-amine molecule obtained by 
the HF/6-311++ G (2d,2p) and DFT/6-311++G (2d,2p) methods are compiled The calculated values of the 
electronic, dipole moment, polarizability, hyperpolarizability, HOMO, LUMO energy and energy gap (Eg) at 
the ground-state equilibrium geometry of studied molecules are listed in Table 2. The dipole moment value of 
the molecule was calculated as 5.43 Debye by the B3LYP/6-311++G(2d,2p) method and as 5.73 Debye by the 
HF/6-311++G(2d,2p) method, respectively. 
 
Table 2. The electronic, HOMO, LUMO energy, dipole moment, polarizability, hyperpolarizability, and energy 

gap (ΔEg) of (E)-3-(benzylideneamino)-4H-1,2,4-triazol-4-amine 
B3LYP/6-3111++G(2d,2p) 

Electronic Energy (a.u) μ (D) α (a.u) β(a.u) EHOMO (a.u) ELUMO (a.u) Eg(eV) 
-622.257742790 5.43 161,43 1113,28 -0.242422 -0.090555 4.13 

HF/6-3111++G(2d,2p) 
-618.381993944 5.73 138,61 203,08 -0.321382 0.031610 9.61 

 
Molecular electrostatic potential (MEP) surface values of the optimized geometry of (E)-3-(benzylideneamino)-
4H-1,2,4-triazol-4-amine molecule by the HF/6-311++ G (2d,2p) and DFT/6-311++G (2d,2p) level of theory 
and the highest occupied molecular orbital (HOMO) energy, the lowest unoccupied molecular orbital (LUMO) 
obtained both methods are presented Figure 3. 
 

 
Figure 3. HOMO-LUMO and MEP) surface (PES) of (E)-3-(benzylideneamino)-4H-1,2,4-triazol-4-amine 

 
The electron affinity (A), global hardness (η)/softness (S), electronegativity (χ), chemical potential (µ), 
ionization potential (I), chemical potential (Pi) calculated by using HOMO-LUMO energies calculated the 
B3LYP/6-311++G (d, p) for the compound were given in Table 3. 
 

Table 3. Electronic properties of (E)-3-(benzylideneamino)-4H-1,2,4-triazol-4-amine molecule 
  property  a.u eV kcal/mol kJ/mol 

  LUMO -0.091 -2.464 -56.824 -237.752 
  HOMO -0.242 -6.596 -152.121 -636.479 

A Electron affinity 0.091 2.464 56.824 237.752 
I Ionization potential 0.242 6.596 152.121 636.479 
ΔE Energy gap  0.152 4.132 95.297 398.727 
χ Electronegativity 0.166 4.530 104.472 437.116 
Pi Chemical potential -0.166 -4.530 -104.472 -437.116 
ω Electrophilic index  0.001 0.029 0.660 2.763 
IP Nucleophilic index -0.013 -0.344 -7.933 -33.192 
S Molecular softness  0.038 1.033 23.824 99.682 
η Molecular hardness  0.076 2.066 47.648 199.363 
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Vibrational Frequencies  
 
(E)-3-(benzylideneamino)-4H-1,2,4-triazol-4-amine molecule consist of 23 atoms having 63 normal modes of 
vibrations. The calculated vibrational wavenumbers, FT-IR and FT-Raman intensity of the title compounds are 
given in Table 4. 
 

Table 4. The obtained vibrational wave numbers were scaled with appropriate scale factors. 
B3LYP HF  
Unsc
 

Sc. Unsc. Sc. Assignments with PED (≥10 %) 
3561 3383 3818 3429 νN4Ha(100) 
3491 3316 3736 3355 νN4Hb(100) 
3272 3108 3430 3081 νC1H(49) νC3H(50) 
3206 3046 3368 3025 νC5H(24) νC8H(60) 
3197 3037 3352 3011 νC5H(46) νC8H(35) 
3186 3026 3340 3000 νC6H(83) 
3175 3016 3328 2989 νC5H(24) νC7H(41) νC9H(32) 
3169 3011 3321 2982 νC7H(39) νC9H(52) 
3079 2925 3267 2934 νC1H(50) νC3H(50) 
1704 1619 1857 1668 τHbN4Hb(71) βHaN4N3C1(24) 
1659 1576 1843 1655 νN1C2(24) νN2C1(24) νC7C8(15) 
1635 1553 1787 1605 νC7C8(30) νC9C4(16) 
1611 1530 1761 1582 νC6C7(26) νC9C4(12) τHC6C7(11) τC8C9C4(10) 
1535 1458 1721 1545 τHC5C6(31) τHC9C8(10) τC8C9C4(10) 
1520 1444 1712 1537 νN5C3(11) νN3C2(16) τHC3C4(16) τC2N3C1(13) 
1498 1423 1650 1482 νN1C2(13) νN5C2(21) τC2N3C1(17) 
1485 1411 1617 1452 νN1C2(10) τHC5C6(12) τHC8C9(25) 
1439 1367 1595 1432 νN1C2(10)N5C3(15) τHC1N2(21) 
1400 1330 1539 1382 νN5C3(14) νN3C2(10) νN4N3(11) τHC1N2(15) τHC3C4(17) 
1361 1293 1490 1338 τHC8C9(39) τHC9C8(19) 
1350 1283 1467 1318 νC5C6(27) νN3C1(18) 
1349 1282 1452 1304 τHaN4N3(99) 
1328 1261 1356 1218 νC5C6(23) νC9C4(22) 
1249 1186 1342 1205 νC4C3(27) 
1222 1161 1333 1197 νN4N3(16) τHC1N2(13) τHC3C4(22) τN1C2N3(15) 
1203 1143 1299 1167 νN5C3(24) τHC1N2(12) τHC3C4(13) τHC6C7(11) 
1195 1135 1280 1150 νC7C8(13) τHC6C7(28) τHC9C8(25) 
1185 1126 1215 1091 νC5C6(18) τHC7C8(69) 
1104 1048 1188 1067 νC6C7(43) τHC5C6(15) τHC6C7(13) τHC9C8(10) 
1061 1008 1169 1050 τN1C2N3(52) 
1046 993 1153 1035 νC8C9(30) τC5C6C7(16) τHC5C6(15) τC8C9C4(14) 
1028 977 1119 1005 βHC3N5C2(29) βHC6C7C8(22) βHC7C8C9(27) 
1019 968 1114 1001 νC8C9(42) τC5C6C7(53) 
1014 964 1108 995 βHC5C6C7(61) βC5C6C7C8(20) 
999 949 1082 972 βHC3N5C2(27)βHC5C6C7(12)βHC9C8C7(42) βC6C7C8C9(10) 
984 934 1071 962 νN3C2(21) τN1C2N3(28) βHaN4N3C1(25) 
955 907 1048 941 νN3C1(21)τN1C2N3(11)βHbN4Hb(13)βHaN4N3C1(36)βHC9C8

 945 897 1046 940 βHC3N5C2(15) βHC6C7C8(42) βHC8C9C4(12) 
884 839 970 872 τC3N5C2(10) τC4C3N5(19) 
860 817 952 855 βHC6C7C8(21) βHC7C8C9(29) βHC8C9C4(49) 
841 799 951 854 βHC1N2N1(85) 
812 771 870 781 νN3C2(11)N5C2(17)C4C3(11) τN1C2N3(13) 
781 742 854 767 βHC3N5C2(17)βHC7C8C9(10)βHC8C9C4(14) βC8C9C4C3(21) 
732 696 809 726 βC3N5C2N3(11)βN1C2N3C1(15)βN2C1N3C2(31) 

 703 667 766 688 βHC5C6C7(10)βHC7C8C9(18) βHC8C9C4(10) βC5C6C7C8(31) 
700 665 756 679 τN4N3(36) τN1C2N3(11) τC2N3C1(25) 
668 635 724 650 βHC1N2N1(14) βC3N5C2N3(20) βN1C2N3C1(45) 
635 603 675 606 τC6C7C8(13) τC7C8C9(58) τC8C9C4(16) 
616 586 657 590 τC6C7C8(45) 
545 518 587 527 τC2N3C1(10) τN5C2N1(28) τN4N3C1(14) 
506 481 547 491 βC5C6C7C8(29) βC7C8C9C4(20) βC8C9C4C3(15) 
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417 396 454 407 βHC9C8C7(15) βC6C7C8C9(45) βC8C9C4C3(21) 
410 389 441 396 τC9C4C3(28) τN4N3C1(32) 
362 344 394 354 βC3N5C2N3(11)βN2C1N3C2(12)βC7C8C9C4(35) 

 253 241 294 264 βC6C7C8C9(22) βC7C8C9C4(23) βC9C4C3N5(15) 
238 226 268 240 τC4C3(13) τC3N5C2(15) τN4N3C1(26) 
217 206 254 228 βN4C1C2N3(90) 
203 193 221 198 τC3N5C2(10) τC9C4C3(27) τN5C2N1(25) τC4C3N5(10) 
161 153 216 194 βHbN4N3C1(87) 
130 123 118 106 βC3N5C2N3(25) βN2C1N3C2(17) βC9C4C3N5(30) 
75 72 81 73 τC3N5C2(35) τC9C4C3(16) τ N5C2N1(16) τC4C3N5(28) 
66 63 72 65 βC9C4C3N5(13) βC4C3N5C2(63) βN5N3N1C2(15) 
26 25 19 17 βC3N5C2N3(13)βN1C2N3C1(14)βN2C1N3C2(16) 

 ν; stretching, τ; in plane bending, β; out of plane bending,  
 
 
Conclusion  
 
In this study, the equilibrium state structures, vibrational frequency, the electronic energy, the dipole moment 
(μ), the highest occupied molecular orbital (HOMO) energy, the lowest unoccupied molecular orbital (LUMO) 
energy, the polarizability (α), hyperpolarizability (β) and the potential energy curves (PEC) of (E)-3-
(benzylideneamino)-4H-1,2,4-triazol-4-amine molecule were calculated the HF/6-311++ G (2d,2p) and DFT/6-
311++G (2d,2p) methods in gas phase. As seen in figure 2., maxima energy conformer was seen at 0º dihedral 
angle at HF/6-31+G (d) and B3LYP/6-31G+ (d,) level of theory. The relative energy value at dihedral angle of 
0º calculated HF/6-31+G (d) is bigger than that of B3LYP/6-31+G (d) by 2.473kcal/mol. The dipole moment 
value of the molecule was calculated as 5.43 Debye by the B3LYP/6-311++G(2d,2p) method and as 5.73 Debye 
by the HF/6-311++G(2d,2p) method, respectively.  
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Abstract: 3-Ethyl-4-(2-benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-triazol-5-one has been 
optimized using the DFT/B3LYP and B3PW91 methods with the 6-311G(d,p) basis set in the ground state. The 
vibrational (IR) frequencies, 1H and 13C NMR chemical shift values (in gas phase and in DMSO solvent), 
nonlinear optical properties (NLO), HOMO−LUMO analysis and molecular electrostatic potential surfaces of 3-
Ethyl-4-(2-benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-triazol-5-one have been calculated 
using the DFT/B3LYP and DFT/B3PW91 methods with the 6-311G(d,p) basis set. IR absorption frequencies of 
titled molecule were calculated by same methods. Theoretically calculated IR data are multiplied with 
appropriate adjustment factors. The data obtained according to DFT/B3LYP and DFT/B3PW91 are formed 
using theoretical infrared spectrums. The veda4f program was used in defining IR data which were calculated 
data. 1H-NMR and 13C-NMR isotropic shift values were calculated by the method of GIAO using the program 
package Gaussian G09W. Experimental and theoretical values were inserted into the grafic according to 
equatation of δ exp=a+b. δ calc. The spectroscopic and structural data of titled molecule has been calculated by 
using 6-311G(d,p) basis set with DFT/B3LYP and DFT/B3PW9. The values obtained were compared with 
experimental values.  
 
Keywords: Gaussian 09W, 1.2.4-Triazol-5-one, GIAO, B3PW91, B3LYP. 
 
 
Introduction 
 
Heterocyclic aromatic compounds containing nitrogen and oxygen have gained great importance globally not 
only because of their prevalence in natural products, but also because of their biological, photochemical, 
optoelectronic, theoretical, pharmacological properties and industrial importance ( Kardas et al., 2016; Bahçeci 
et al., 2017a; Bahçeci et al., 2017b; Yüksek et al., 2018; Beytur et al., 2019a; Beytur et al., 2019b; Beytur, 2020; 
Koç et al., 2020; Sertçelik, 2020; Sertçelik & Durman, 2020; Boy et al., 2021). Computational chemistry is the 
atomic and molecular modeling of chemistry in computer environment by using theoretical chemistry methods 
derived from physics principles such as quantum mechanics, molecular mechanics and molecular Dynamics ( 
Uğurlu et al., 2007; Irak & Beytur, 2019; Uğurlu, 2019; Kotan et al., 2020;  Uğurlu, 2020; Uğurlu & Beytur, 
2020; Beytur & Avinca, 2021). 3-Ethyl-4-(2-benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-
triazol-5-one  (Kol et al., 2020) was optimized by using the B3LYP/6-311G(d,p) and B3PW91/6-311G(d,p) 
basis set (Frisch et al., 2009; Wolinski, et al., 1990) (Figure 1). Vibrational frequencies, 1H-NMR and 13C-NMR 
spectroscopic parameters, atomic charges and frontier molecule orbitals (HOMO and LUMO) of the title 
compound have been calculated by using same methods with same basis set from the optimized molecular 
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structure.  Titled compound has been calculated the ground state geometrical parameters, the dipole moment (μ), 
polarizability (α), the hyperpolarizability (β).  

 
Figure 1. Optimized structure of 3-ethyl-4-(2-benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-

triazol-5-one with DFT/B3PW91/6-311G(d,p) level. 
 
 
Computational Methods 
 
The 3-ethyl-4-(2-benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-triazol-5-one (Kol et al., 2020)  
was optimized both the density functional theory (DFT)/B3LYP and the density functional theory 
(DFT)/B3PW91 methods (Lee et al.,1988; Becke, 1993) at 6-311G(d,p) level. 1H NMR and 13C NMR chemical 
shifts are calculated within GIAO approach (Ditchfield, 1974; Wolinski et al., 1990 Shirani et al., 2015)  which 
is one of the most common approaches for calculating nuclear magnetic shielding tensors (Atalay et al., 2008; 
Avcı & Atalay, 2009; Beytur & Avinca, 2021). In the present study, 1H and 13C NMR chemical shifts were 
calculated within GIAO approach applying B3LYP and B3PW91 methods with 6-311G(d,p) basis set. 
Furthermore, All calculations were obtained by using Gaussian 09W program (Frisch et al., 2009), and the 
visualization parts were visualized with GaussView program (Dennington et al.,2009) employing B3LYP and 
B3PW91 methods with 6-311G(d,p) basis set. DFT levels were also used to calculate the dipole moment, the 
mean polarizability, the anisotropy of the polarizability and the total first static hyperpolrizability. 
 
 
Results and Discussion 
 
Infrared Vibretional Frequenciens 
 
The vibration spectra of 3-ethyl-4-(2-benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-triazol-5-
one were simulated to predict the presence of functional groups and their vibrational modes. Vibrational 
wavenumbers were calculated based on the optimized geometries by using B3LYP and B3PW91 methods with 
the 6-311G(d,p) basis set. According to the data obtained by B3LYP and B3PW91 methods, vibration types 
were determined in detail by VEDA 4 program. The related compound has 42 atoms and has 120 vibrations. 
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The experimental and calculated vibrational frequencies, the calculated IR intensities and assignments of 
vibrational frequencies for title compound were summarized in Table 1 and Figure 2. 
 

Table 1. The selected frequencies values of the 3-ethyl-4-(2-benzenesulfonyloxy)-benzylideneamino-4,5-
dihydro-1H-1,2,4-triazol-5-one 

Selected Vibration Frequencies Exper. B3LYP B3PW91 
τ H24C11C13C15, H25C12C14C15, H26C13C15C14, H27C14C15C13 (38) 680 690 663 
ν S42C10 (25) 716 719 696 
τ H24C11C13C15, H25C12C14C15, H26C13C15C14, H27C14C15C13 (47) 736 750 720 
τ H20C6C5C4, H21C7C8C9, H22,C8C9C4, H23C9C4C3 (67)  760 776 747 
ν S42O40, S42O41 (22) 1182 1073 1045 
ν S42O40, S42O41 (59) 1182 1135 1109 
ν S42O40, S42O41 (29) 1356 1329 1296 
ν S42O40, S42O41 (60) 1356 1344 1315 
ν N35C1, N37C3 (17) 1595 1622 1574 
ν N35C1, N37C3 (54) 1595 1631 1583 
ν N35C1, N37C3 (59) 1595 1651 1602 
ν O38C2 (73) 1690 1786 1737 
ν C3H19, C6H20, C7H21, C8H22 (99) 3056 3118 2999 
ν C3H19, C6H20, C7H21, C8H22 (98) 3056 3140 3027 
ν C11H24, C12H25, C13H26, C14H27 (98) 3056 3143 3030 
ν C3H19, C6H20, C7H21, C8H22 (67), ν C9H23 (32) 3056 3149 3037 
ν C11H24, C12H25, C13H26, C14H27 (98) 3056 3155 3042 
ν C3H19, C6H20, C7H21, C8H22 (98) 3056 3172 3058 
ν C11H24, C12H25, C13H26, C14H27 (98) 3056 3177 3061 
ν C3H19, C6H20, C7H21, C8H22 (88), ν C9H23 (11) 3056 3181 3064 
ν N34H18 (100) 3167 3648 3522 
ν, stretching; δ, bending; δs, scissoring; ρ, rocking; γ, out-of-plane bending; τ, torsion 
 
The molecular geometrical parameters such as bond angles and dihedral angles of the 2-(3-methyl-4,5-dihydro-
1H-1,2,4-triazol-5-one-4-yl-azomethine)-phenyl cinnamate are listed using in Table 2 and Table 3. It was 
observed that the bond angles obtained by the B3LYP method were close to the expected values. Bond angle is 
an important factor in the geometry of molecules, because the plane angle occurs in the equilibrium state of the 
two interacting forces in the molecule. 
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Figure 2. Theoretical (B3LYP) (a) and theoretical (B3PW91) (b)  IR spectra of 3-ethyl-4-(2-

benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-triazol-5-one 
 
 
NMR Spectral Analysis 
 
The isotropic chemical shift analysis allows us to identify relative ionic species and to calculate reliable 
magnetic properties which provide the accurate predictions of molecular geometries (Wade, 2006; Rani et al., 
2010; Subramanian et al., 2010).  In this study, the optimized molecular structure of 3-ethyl-4-(2-
benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-triazol-5-one was obtained by using B3LYP and 
B3PW91 methods with 6-311G(d,p) level in DMSO solvent (Table 2). The related compound the 1H and 13C 
NMR chemical shift values were calculated at the same level according to Gauge-Independent Atomic Orbital 
(GIAO) method. Theoretical and experimental values (Kol et al., 2020) were plotted according to δ exp=a. δ 
calc.+ b, Eq. a and b constants regression coefficients with a standard error values were found using the 
SigmaPlot program (Figure 3). 
 

Table 2. The experimental and calculated 13C and 1H NMR isotropic chemical shift values of the molecule 
DFT/B3LYP (a) and DFT/B3PW91 (b) methods 

No Experimental B3LYP/DMSO Fark/DMSO B3PW91/DMSO Fark/DMSO 
C1 148.35 155.10 -6.75 149.35 -1.00 
C2 151.21 153.80 -2.59 148.73 2.48 
C3 146.19 154.54 -8.35 150.39 -4.20 
C4 127.25 135.23 -7.98 130.22 -2.97 
C5 147.81 153.16 -5.35 147.35 0.46 
C6 123.40 129.44 -6.04 125.50 -2.10 
C7 128.10 135.51 -7.41 131.65 -3.55 
C8 126.42 132.41 -5.99 128.37 -1.95 
C9 133.56 139.66 -6.10 135.64 -2.08 

C10 135.23 145.76 -10.53 138.71 -3.48 
C11 128.43 131.53 -3.10 127.89 0.54 
C12 128.43 131.04 -2.61 127.27 1.16 
C13 129.71 132.79 -3.08 128.82 0.89 
C14 129.71 134.78 -5.07 130.83 -1.12 
C15 132.65 139.52 -6.87 135.59 -2.94 
C16 18.38 22.31 -3.93 18.01 0.37 
C17 10.05 7.61 2.44 4.14 5.91 
H18 11.91 7.40 4.51 7.49 4.42 
H19 9.78 10.30 -0.52 10.52 -0.74 
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H20 7.76 7.62 0.14 6.45 1.31 
H21 7.59 7.56 0.03 7.50 0.09 
H22 7.49 7.33 0.16 7.74 -0.25 
H23 7.30 6.35 0.95 7.80 -0.50 
H24 7.58 7.46 0.12 7.60 -0.02 
H25 7.93 8.09 -0.16 8.28 -0.35 
H26 7.60 7.65 -0.05 7.82 -0.22 
H27 7.85 7.90 -0.05 8.09 -0.24 
H28 7.86 7.94 -0.08 8.12 -0.26 
H29 2.62 2.70 -0.08 2.80 -0.18 
H30 2.62 3.67 -1.05 3.72 -1.10 
H31 1.21 1.26 -0.05 1.36 -0.15 
H32 1.21 1.25 -0.04 1.34 -0.13 
H33 1.21 1.27 -0.06 1.37 -0.16 

 

 

     
Figure 3. The correlation graphics of 13C-NMR (DMSO), 1H-NMR (DMSO) chemical shift values of 3-ethyl-4-

(2-benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-triazol-5-one DFT/B3LYP (a) and 
DFT/B3PW91 (b) methods 

 
 
Electronic Properties 
 
Electronic absorption is characterized by an electron transition from the most occupied molecular orbital 
(HOMO) to the lowest unoccupied molecular orbital (LUMO). It basically means the transition from the 
unexcited state to the first excited state. HOMO is orbital that acts as electron donor, LUMO is orbital that acts 
as electron acceptor. The energy values of HOMO (π donor) and LUMO (π acceptor) and the energy gaps 
obtained from these values determine the chemical activity of the studied molecules (Sagdinc & Pir, 2009). 
HOMO and LUMO energies of 3-ethyl-4-(2-benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-
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triazol-5-one were calculated by using B3LYP and B3PW91 methods (Figure 4). From Fig 4, for B3LYP level, 
HOMO and LUMO energies were predicted as -6.082 and -1.896 eV.  
The energy gap between the HOMO and LUMO orbitals was found as 4.185 eV. for B3PW91 level, HOMO 
and LUMO energies were predicted as -6.127 and -1.933 eV. The energy gap between the HOMO and LUMO 
orbitals was found as 4.194 eV. 
 

 

 

ELUMO: -1.896 eV 
 
                                  ∆E = 4.185 eV 
 
EHOMO: -6.082 eV 

ELUMO: -1.933 eV 
 
                                 ∆E =4.194 eV 
 
EHOMO: -6.127 eV 

  

Figure 4. Calculated HOMO-LUMO values of the molecula calculated using the DFT/B3LYP and 
DFT/B3PW91 methods 

 
 
Nonlinear Optical Properties 
 
The nonlinear optical (NLO) property is the atomic-level response to the electric field received in a light beam. 
The diffusion of a light wave in a dielectric material differs in the spatial and temporal distribution of electric 
charges by interaction of electrons with the electromagnetic field of the light wave  (Armstrong et al., 1962). 
The importance of polarizability and initial hyperpolarizability in molecular systems is associated with 
electronic communication between donor and acceptor groups due to intramolecular charge transfer  (Prasad et 
al., 2010). The molecular electronic dipole moment, molecular polarizability, polarizability anisotropy and 
molecular initial hyperpolarizability of 3-ethyl-4-(2-benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-
1,2,4-triazol-5-one were calculated using B3LYP and B3PW91 methods and the results are given in Table 3. 
 
 

1a 1b 
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Table 3. Calculated polarizability and hyperpolarizability values of the molecule (B3LYP/6-311+G(d,p)) and 
(HF/6-311+G(d,p)) 

 B3LYP  B3PW91 
αxx 49.129 a.u. αxx 48.842 a.u. 
αyy 39.222 a.u. αyy 38.785 a.u. 
αzz 22.755 a.u. αzz 22.628 a.u. 
α 37.035x10-24 esu α 36.752x10-24 esu 
∆α 23.075x10-24 esu ∆α 22.905x10-24 esu 
βx 11157.703 a.u. βx 11281.155 a.u. 
βy 2409.077 a.u. βy 2549.952 a.u. 
βz -1623.633 a.u. βz -1750.805 a.u. 
βxxx 8391.943 a.u. βxxx 8607.260 a.u. 
βxxy 1977.660 a.u. βxxy 1879.232 a.u. 
βxyy 788.101 a.u. βxyy 794.663 a.u. 
βyyy 2168.793 a.u. βyyy 2188.666 a.u. 
βxxz 538.547 a.u. βxxz 624.984 a.u. 
Βxyz -298.263 a.u. Βxyz -263.699 a.u. 
Βyyz -1010.880 a.u. Βyyz -1121.951 a.u. 
βxzz 277.644 a.u. βxzz -289.840 a.u. 
βyzz -335.110 a.u. βyzz -339.014 a.u. 
Βzzz -654.400 a.u. Βzzz -644.478 a.u. 
β 11.530x10-30 esu β 11.698x10-30 esu 

 
 
Dipole Moments 
 
Theoretical dipole moments of 3-ethyl-4-(2-benzenesulfonyloxy)-benzylideneamino-4,5-dihydro-1H-1,2,4-
triazol-5-one have been given in Tables 4. 
 

Table 4. The calculated dipole moment values of the molecule 
Dipole Moment B3LYP (a.u.) B3PW91 (a.u.) 
μx 6.1015 6.0061 
μy 1.2346 1.2006 
μz -1.5448 -1.5468 
μToplam 6.4139 6.3172 

 
 
Conclusion 
 
In the present study, The molecular optimization of 3-ethyl-4-(2-benzenesulfonyloxy)-benzylideneamino-4,5-
dihydro-1H-1,2,4-triazol-5-one was performed. The structure of the compound was optimized using the 
DFT/B3LYP and B3PW91 methods 6-311G(d,p) basis set. The vibrational values of the relevant molecule were 
investigated in detail with the help of potential energy distribution (PED). 1H NMR and 13C NMR chemical 
shifts are calculated within GIAO approach which is one of the most common approaches for calculating 
nuclear magnetic shielding tensors. The experimental values were compared with the theoretically calculated 1H 
NMR and 13C NMR chemical shift values, and it was determined that the values obtained by the B3PW91 
method were approximate to the experimental values. The relatively small energy gap between HOMO and 
LUMO energies indicates that charge transfer occurs in the molecule. Due to the sulfonyl and carbonyl groups 
in the studied molecule, it shows significant polarizability and initial hyperpolarizability properties and can be 
used as an effective NLO material. 
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Abstract: Keggin-type phosphomolibdic acid (H3PMo12O40, PMo12) encapsulated in the mesocages of 
chromium-based terephthalate metal–organic framework (MIL-101), was established to be an active and new 
green catalyst for the adipic acid (AA) synthesis via cyclohexanone (-One) oxidation in free solvent conditions 
and hydrogen peroxide as green oxidant. In this paper, we wish to report the synthesis of MIL-101 with different 
high loadings of the PMo12 nanocrystals incorporated within the large pores of MIL-101. Two and five POMs 
per large cavity can be incorporated into the matrix of MIL-101 respectively, xH3PMo12@ MIL101 with x=0, 2 
and 5, they were characterized by several physic-chemical technics, then investigated in the reaction oxidation 
with 30 mmol –One at 90 ° C for 20h. A sequenced addition of 0.5ml of H2O2 (30%) was made every 30 min. 
The catalysts have shown good activity and the purity of AA was invistigeted by 1H and 13C NMR.  
 
Keywords: Heteropolysalts, Metal–organic framework, Catalytic oxidation, Hydrogen peroxide, Adipic acid 
 
 
Introduction 
 
Adipic acid (AA) is the raw material for the production of synthetic fibers, nylon 6,6, polyurethanes, 
plasticizers, and adiponitriles (Meng, 2015).  Its industrial production is based on the oxidation of a mixture of 
cyclohexanone and cyclohexanol (known as KA oil) by nitric acid (40–60 %) using Cu/V catalyst 
(Vafaeezadeh, 2012). With a global annual production about 3.5 million tons, the HNO3 use is the principal 
source of N2O emissions (Penate, 2012). Its ability on the warming atmosphere is about 310 times higher than 
that of carbon dioxide (Vafaeezadeh, 2012). It is also the origin of ozone depletion as well as acid rain and smog 
(Lu, 2012). Despite of high adipic acid yields (>95 % ) obtained with this process, the research of other 
industrial processes with an environmentally friendly is more than necessary (Mouanni, 2019).  
 
On the other hand, the use of green oxidants like hydrogen peroxide can be one of the key technologies for 
synthesizing adipic acid, because of its low cost and abundance (Meng, 2015). Hydrogen peroxide can 
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positively facilitate many oxidation processes for its manageably without any organic solvents, with water as the 
sole by-product (Amitouche, 2018). Polyoxometalates have also attracted much attention due to their diverse 
availabilities in electronic, magnetic, redox, medical and photonic field (Idrissou, 2019). Moreover, their non-
toxicity makes them compatible with the environment. The most studied class of POMs is that of Keggin type 
(Mouanni, 2019). To further make POMs more stable and efficient, options and strategies have been attempted. 
Among them, the introduction of highly porous crystalline solids as MCM-41 (Jatupisarnpong, 2012) or SBA-
15 (Meng, 2015) to support the POMs or Metal-organic frameworks (MOFs) to incorpore them (Haddadi, 
2015).  MOFs are a family of organic-inorganic hybrid materials containing nanometric pores and channels built 
from organic ligands bridging metal ions (Lik, 2014). It has been reported that POMs have successfully been 
incorporated into MOFs, some of them have shown their efficiency in many oxidation reactions (Saikia, 2015) 
 
Within this context, we have used in this work MIL -101(Cr) MOFs (Material Institute Lavoisier-101), one of 
the archetypal MOFs constructed by chromium ion and terephthalate ligands to insert 2 or 5 Keggin units 
([PMo12O40]3-) noted xPMo12@ MIL-101(x=0,2 or 5). MIL-101(Cr) exhibits strong hydrothermal stability, large 
surface area and high pore size. The size cages have diameters of 2.9 and 3.4 nm with two microporous 
windows of 1.2 and 1.6 nm respectively (Yu, 2017). These parameters make MOF an attractive host for the 
encapsulation of polyoxometalates. The incorporation of Keggin units in the MOF will allow a better 
distribution therefore to a better accessibility of active sites by organic substrate molecules (Saikia, 2015). The 
xPMo12@MIL-101system was tested in the cyclohexanone oxidation to adipic acid in the presence of the 
hydrogen peroxide. AA purity was verified by 1H and 13C NMR. The characterization of the catalysts has been 
investigated using IR, Scanning Electron Microscopy (SEM-EDX), XRay diffraction and thermal analysis (TG). 
 
 
Materials 
 
All reagents and solvents were used as received from Aldrich or from Fluka, without further purification. They 
included sodium molybdate Na2Mo3·2H2O, chromium (III) nitrate nonahydrate (Cr(NO3)3.9H2O), phosphoric 
H3PO4 (75%), perchlorique, HClO4, hydrochloric HCl (37%), sulfuric H2SO4, acetic, C2H4O2 and nitric, HNO3 
acids, diethyl ether, cyclohexanone, hydrogen peroxide (30%), 1, 4-benzenedicarboxylic acid (H2BDC), 
ammonium fluoride (NH4F), ether and acetone. 
 
 
Catalyst Preparation  
 
Preparation of MIL 101 
 
MIL-101 (Cr) was synthesized hydrothermally (220 ° C, 10h, heating ramp: 1h) from a suspension containing 
chromium (III) Cr(NO3)3.9H2O, terephthalic acid HO2C- (C6H4) -CO2H and H2O, using a Teflon bomb body 
inserted in a metal bomb [19]. After a cooling ramp to room temperature for 3h, the MIL-101 powder was 
separated from the solution, washed with distilled water and then with acetone and finally dried at room 
temperature. 
 
 
Incorporation  
 

 

                                     (a)                                                                                  (c)                                                                                           
Figure 1. (a) Super Tetrahedron of MIL101, (b) PMo12 incorporated into MIL101, (c) Metal Organic 

Frameworks MIL101 [MOF24-MOF30], 
 

H3PMo12O40 was prepared according to the literature (Amitouche, 2018). 0.2 g of MIL-101(Cr) are impregnated 
by 0.031g of H3PMo12O40 dissolved in 5 ml of distilled water for 2 PMo12 @ MIL101 preparation   and 0.2 g of 
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MIL-101(Cr) are  impregnated  by  0.077g of H3PMo12O40 dissolved in 5 ml of distilled water  for 5 PMo12 @ 
MIL101 preparation . The two resulting suspensions were stirred at room temperature for 8 hours to allow 
sedimentation. The solids were then recovered by centrifugation, washed several times with water and ethanol 
and then with ether and dried at 120 ° C for three days (Figure 1). 

 
 
 
Characterizations 
 
FT-IR spectra were recorded on a Nicolet 6700 FT-IR spectrophotometer, using the ATR diamond technique. 
X-ray diffraction patterns (XRD) were recorded with a Siemens D5000 diffractometer using Cu-Kα radiation (λ 
= 1.5418 Ǻ). The indexing of the diffraction lines and the phase identification were carried out using the 
Highscore plus software. Thermal analysis was performed on TGA / DSC1, Star System Metlertoledo with a 
heating rate of 5 ° C / min up to 600 ° C under nitrogen flow. The number of POMs incorporated per large 
cavity was verified by EDX for the content of two POMs. 
 
 
Catalytic procedure   
 
The catalytic cyclohexanone oxidation was carried out in a 100 mL three-neck round-bottom flask equipped 
with a reflux condenser, a magnetic stirrer, and an adjusted temperature oil bath. The mixture of cyclohexanone 
(x mmol) and the target catalyst (y %) was heated with stirring (1000 rpm) at 90°C for 20 h to obtain complete 
AA crystals. 0.5 ml of hydrogen peroxide (30 %) was added every 30 min. After reaction, the mixture was 
cooled down directly at 0°C overnight. The resulting white precipitate was separated by filtration, and washed 
several times with small volume of cold water to afford pure adipic acid. Adipic acid was isolated as crystals 
and identified by 1H and 13C NMR. 
 
 
Results and Discussion 
 
Catalysts Characterizations 
 
Infrared spectroscopy FTIR 
 
Figure 2 shows both FTIR spectra of MIL101 and xPMo12@MIL101 (x =2 or 5). The vibration bands observed 
at 1623, 1513 and 1397 cm-1 are attributed to carboxylate groups of the MOF and those at 1022 and 749 cm-1 
assigned to δ (C-H) and γ (C-H) rings of the aromatic rings, respectively (Zhanga, 2017). The vibration bands, 
observed in 700-400 cm-1 range, are assigned to the plane and out-plane bending modes of the COO groups 
(Hassan, 2017). The FTIR spectra of xPMo12 @ MIL101(Fig.1(2) and (3)) show, in addition to characteristic 
vibration bands of the MOF, those characteristic of Keggin anion as P-Oa (1066 cm-1), Mo-Od (960 cm-1), Mo-
Ob-Mo (886 cm-1) and Mo-Oc-Mo (813 cm-1) (Mouanni, 2019). These observations confirm that the MIL-101 
(Cr) has incorporated the POM without modification of structure. 
 

1000  1500  2000  2500  3000  3500  

Longueur d’onde(cm-1)

(2)

(3)

(1)

                               
Figure 2. FTIR spectras of (1) –MIL 101, (2) -2PMo12@MIL101, (3) – 5PMo12@MIL101 

 
XRD diffraxion 
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The XRD diagrams of samples MIL101 and xPMo12@MIL101 (x: 2 or 5) are given in figure. 3. The observed 
peaks at 2 = 3.4, 8.5, 9.1, 10.4, 16.7 and 19.1° for MIL101, agree with those reported in the literature (Zhanga, 
2017). The XRD profiles of 2 PMo12 @ MIL101 and 5 PMo12 @ MIL101 are similar to that of parent MIL-101 
(Cr) with a slight decrease in the intensity of the diffraction lines, indicating that the crystal structure of MIL-
101 (Cr) remains unchanged after the phosphomolybdic acid introduction. These results confirm that the 
incorporation of POM in the cavities of MIL 101 does not modify the structure of the framework, results in 
according with those observed in IR spectroscopy. 

0 10 20 30 40

2Theta-scale

(3)

(2)

(1)

 
Figure 3. DRX xPMO12 @ MIL101 diagrams (1) – MIL 101, 

(2)- 2Pmo12@MIL101, (3) – 5Pmo12@MIL101 
 
 
Thermal Analysis TG 
 
The thermal gravimetric analysis (Figure 4) of MIL101 and xPMO12@MIL101 (x: 2 or 5) reavels a three-step 
weight loss. Below 150 ° C, the weight loss is due to the release of water molecules from the material cages. 
From 250 to 300 °C, the release of water molecules coordinated to the metal chromonium cluster takes place. 
The weight loss observed up to 350 °C is assigned to the organic linker degradation. The final decomposition of 
MIL101 is Cr2O3 while that of xPMo12@MIL101 is Cr2O3, P2O5 and MoO3 (Benjamin, 2017). It should be noted 
that the decomposition temperature of 5PMo12@MIL101 is slightly higher than that of MIL101 suggesting that 
the presence of five Keggin units in the framework slightly increases the stability of the MOF. 
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                           Figure 4. xPMO12 @ MIL101 TG diagrams (x: 0, 2 or 5) 

 
 

SEM-EDX Analysis 
 
The figure.5 shows a spongy morphology with a smooth surface of the MIL101 material after incorporation of 
the POM. The obtained results from SEM-EDX spectra (Table. 1), show that the % atomics vary between 1.61 
and 2.83, 74.48 and 79.06 and 19.33 and 22.99 for P, Cr and Mo respectively. From these results, the averages 
of % atomics are of 2.12, 75.85 and 22.02 for for P, Cr and Mo respectively.  The results show also that cavity 
of MIL-101(Cr) sizes vary between 2.07 and 2.59 μm. 
 
The particle size is 25 μm and the amount of POMs incorporated can be deduced from EDS analysis. The 
average molybdenum to chromonium ratio Mo/Cr= 0.29 corresponds to 2.47 POM per cavity of MIL-101(Cr), 
different expected value of 2. May be the amount of MOF introduced during the impregnation was 
overestimated. The dehydrated MOF can easily capture water and modify its weight.  
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Figure 5. EDX-MEB images of 2PMo12@MIL101 

 
Table 1. The results of the EDX-SEM analysis of precursor 2PMo12@MIL 101 

Type  of results Atomic % 
Statistics P Cr Mo 
Maxi 02.83 79.06 22.99 
Mini 01.62 74.48 19.33 
Average 02.12 75.85 22.02 
Standard deviation 00.47 01.82 01.52 

 
 
Reactivity of POMs @ MOF 
 
Recently, several researches on metal-organic frameworks MOFs have attracted a lot of attention. They are 
excellent candidates for catalytic applications since they offer multiple opportunities to create desirable active 
sites. The use of MOFs as catalyst or as supports for Keggin, can bring new opportunities in the development of 
more active catalysts for the oxidation of cyclohexanone to adipic acid. Two precursors 2PMo12@MIL101 and 
5PMo12@MIL101 are prepared by the impregnation method. Their catalytic performances are studied via the 
oxidation reaction of cyclohexanone to adipic acid by hydrogen peroxide in the absence of solvent and in the 
same catalytic condition (30mmol, 20h, 90 ° C, 1% (30mg)). However, the characteristic color change of the 
reduced POMs was not very visible, as the MIL-101(Cr) presents a green color. As it happens, the sequenced 
addition of 0.5ml of H2O2 was made every 30 min. 
 

Table 2. Reactivity of xPMo12@ MIL101 systems (x = 0, 2 and 5) 
Précurseur                  R% AA               H2O2 (ml) 
MIL101 (Cr)                  10.34                     10 
2PMo12@MIL101                  11.45                      10 
5PMo12@MIL101                  24.05                     10 

  
The Lewis acid sites on Cr of metal-organic frameworks MIL-101(Cr) created by dehydration are known as 
active catalytic sites [25], which must be considered in adipic acid yield and this explains the oxidative reactivity 
of the prestine MIL-101(Cr). The encapsulation of POM@MOF has some catalytic performance shown in table 
2. The yield of adipic acid increase from 11.45 to 24.05% for 2PMo12@MIL101 and 5PMo12@MIL101 and 
show better performances compared to MIL101 (10% of AA yield). The encapsulation of more PMo12 units in 
the MIL-101 large cavity leads to a net amelioration in the AA formation. But the expected heterogeneous 
behavior of MOF was no longer achieved, as the system is homogeneous after twenty hours of reaction. Total 
degradation of MOF and POM structures occurred with increasing amount of H2O2 at 90°C. The same result has 
been observed with the insoluble ammonium salts (NH4)3PMo12O40 which become soluble at the end of the 
reaction, under the effect of a powerful oxidant such as hydrogen peroxide. 
 
 
Adipic Acid Characterisation  
 
The 1H and 13C NMR spectra of adipic acid for the same catalysts are shown in Figure 6 and 7 respectively. The 
analysis was carried out on a 300 MHz Bruker Avance spectrometer using standard NMR tubes and solubilizing 
10 mg of AA in a volume of 0.5 ml of acetone C6D6.  
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Figure 6. 1H NMR spectrum of commercial Adipic acid 

 

 
Figure 7. 1H NMR spectrum of commercial Adipic acid 

 
The NMR analysis results of obtained AA confirm its purity. Thus, COOH (CH2)4COOH presents three 
characteristic peaks in 1H and 13C NMR : two chemical shifts at 1.65 and 2.33 ppm corresponding to the two 
methyl groups -CH2- and that at 10.48 ppm corresponds to the carboxylic acid proton –COOH. In 13C NMR too, 
25.11 and 38.83 ppm correspond to the carbone atomes of the two methyl groups -CH2-, and the carboxylic acid 
carbon corresponding to 174.39 ppm. The chemical shift of acetone solvent C6D6 appears around 2.06ppm in 1H 
NMR, and 29.84, 206.23 ppm in 13C NMR. 
 
  
Conclusion 
 
In this paper, new interesting POMs@MOF catalytic systems with the formula of xPMo12@ MIL101 (x=0, 2 
and 5) were developed for clean AA production via the oxidation of cyclohexanone in the presence of hydrogen 
peroxide as a green oxidant without the use of solvent. Their catalytic properties showed that the AA yield is 
sensitive to the amount of POMs, with a higher AA yield of (24.05%) in the presence of 5 POMs@MIL101 
under the optimised conditions; 20 hours reaction time, 30mmol substrate, 90°C and 10ml hydrogen peroxide. 
Thus, the use of a bifunctional catalyst (acid and oxidant) with low mass, a green oxidant (H2O2) with water as 
the only reduction product, and the non-use of solvent and co-catalyst are positive conditions for the production 
of adipic acid. 
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Abstract: In this study, the quantum chemical computations of 3-(p-methoxybenzyl)-4-(4-
hydroxybenzylidenamino)-4,5-dihydro-1H-1,2,4-triazol-5-one that is a triazole derivaties were calculated using 
DFT method in the 6-311++G(d,p) basis set. Firstly, the molecule was optimized for the most stable positions of 
the atoms.  The nuclear magnetic rezonans (13C-NMR and 1H-NMR) data were calculated with the GIAO 
method in the Gaussian O9W package program and the results were compared with the experimental values in 
the literature. Furthermore, theoretical infrared (IR) vibration frequencies values which were scaled with certain 
scala factor were obtained using the Veda 4 program. In this study, compound’s thermodynamic parameters 
such as (entropy S0, heat capacity CV0 and enthalpy H0), geometric properties (bond angle and length), 
electronic parameters (global hardness (η), electron affinity (A), electronegativity (χ), softness (σ) and ionization 
potential (I), ELUMO-EHOMO energy gap, HOMO-LUMO energy), dipole moment, mulliken atomic charges were 
also studied.  
 
Keywords:  DFT, The Gaussian O9W, HOMO-LUMO, NLO. 
 
 
Introduction 
 
Schiff Bases are compounds containing azomethine (-CH=N-) in their structure. These compounds are obtained 
result of  reaction of primary amine with aldehyde or kethone (Berhanu et al., 2019, Antony et al., 2019). The 
seynthesis  of Schiff Base can be done by different methods such as solvent free and catalyst, solvent and 
cataysy free or solvent free by microvwave irradiation (Uddin et al., 2020). The Schiff bases are compouns that 
have used for biological, medicinal, clinical, pharmacological, and analytical applications (Zafar  et al., 2021). 
For years, researcers have interested in Schiff Bases and their derivatives synthesis due to  taking short time and 
obtanied high yield (Kardaş et al., 2016; Bahçeci et al., 2017; Beytur et al., 2019; Irak and Beytur, 2019; Gürsoy 
Kol et al.,2020; Koç et al., 2020; Kotan et al., 2020; Beytur, 2020; Uğurlu & Beytur, 2020; Beytur & Avinca, 
2021; Boy et al., 2021). In addition, since these compounds have active (-HC=N-) structure they have enabled 
the synthesis of new active compounds. Literatüre surveys have shown that Schiff Bases and their derivatives 
are very important compounds both in healty  fields as bioactive molecule and technology fields as catalist, 
sensor (Antony et al., 2019; Ashraf et al., 2021). Especially, metal complexs of Shchiff Bases have tested anti-
bacterial (Chohan et al., 2001), anti-fungal (Chohan et el., 2010) herbidical and anticancer (Duff  et al., 2012; 
Kaczmarek et al.,2018; Gowdhami et al., 2021).  
 
Many investigaters raported that 1,2,4- Triazol derivatived Schiff bases have also shown pharmacologcial 
properties as anti-microbial (Bayrak  et al., 2009; Kotan, 2021) anti-oxidant (Manap  et al., 2020), 
antileishmanial (Süleymanoğlu et al., 2017), anti-fungal, anti-bacterial (Jin et al., 2018) anti-cancer,anti-diabetic 
- This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 4.0 Unported License, 
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(Zafar et al., 2021). In this study, teorical analysis of 3-(p-methoxybenzyl)-4-(4-hydroxybenzylidenamino)-4,5-
dihydro-1H-1,2,4-triazol-5-one was performed with Gaussian O9W package program (Frichs et al., 2009). The 
nuclear magnetic rezonans values, theoretical infrared (IR) values, thermodynamic parameters of bioactive 
triazole derivative compound were found and interpered by the comparing experimental data.  
 
 
Results and Discussion 
 
Gaussian Computations  
 
All quantum chemical computations were calculated by using Gaussian 09W packet program. The three-
dimensional structure of molecule was drawn in the GaussView program (Dennington et al., 2009). The 
optimized geometric stable structure and formule is shown in Figure 1.  
 

 
 

 
Figure 1. The optimized structure and formule of the molecule 

 
 
The R2 Values of the Compound 
 
The GIAO method (Wolinski  et al., 1990) was used for nuclear magnetic rezonans  analysis of molecule. The 
experimental data in literatüre and calculational results were evuluated and were listed in Table 1. The proton 
and carbon chemical shifts ratios of compound were abtained  according to results and R2 valuse of compound  
were composed and shown in Figure 2.   
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Table 1. 13C and 1H-NMR(DMSO)  isotropic chemical shifts (δ/ppm) 
No Experimental DFT No Experimental DFT 
C1 146,46 153,52 H18 11,85 8,07 
C2 151,37 153,68 H19 9,50 10,67 
C3 154,23 153,44 H20 7,65 9,17 
C4 124,42 130,47 H21 6,87 7,85 
C5 129,65 129,84 H22 6,87 7,54 
C6 115,87 118,79 H23 7,65 8,08 
C7 160,62 166,05 H24 10,14 5,40 
C8 115,87 116,65 H25 3,94 4,44 
C9 129,65 138,56 H26 3,94 4,74 

C10 30,23 33,93 H27 7,22 8,38 
C11 127,66 132,96 H28 6,86 7,42 
C12 129,82 135,12 H29 6,86 7,68 
C13 113,85 110,97 H30 7,22 8,21 
C14 158,06 164,66 H31 3,70 4,22 
C15 113,85 120,60 H32 3,70 4,30 
C16 129,82 133,62 H33 3,70 4,65 
C17 55,01 54,47    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. The correlation graphs 1H and 13C NMR chemical shifts for B3LYP 
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FT-IR Study of Molecule 
 
The veda 4f program was used for calculate theoretically IR values of compound. The obtained scala vibration 
values of compound were  compared with data in literatüre (Jamróz, 2004). Theoretically IR details and 
experimentally IR values were listed in Table 2.  
 

Table 2. Significant vibrational frequencies (cm-1) 
Vibrational 
frequencies 

Experimental Scaled 
IR B3LYP 

ν (OH) 3161 3707 
ν (NH) 3118 3565 
ν (C=O) 1714 1747 
ν (C=N) 1608,1598 1613 
1,4-Disübstitüe-benzen 839 860 

 
 
Molecular Geometric Parameter 
 
The bond lenght data of Schiff base were calculated by using B3LYP/ 6-311++G(d,p) basis set and then 
interpreted by using experimental data (Çoruh et al., 2003; Köysal et al., 2006; Ustabaş, et al., 2007). The 
theoretically values were given in Tablo 3.  
 

Table 3. Bond legths theoretical and experimental 
Bond Lenght (Å)  B3LYP (Å) Literatüre (Å) 
N(37)-C(3) 1.28  1.28  
N-C  1.36  1.47  
C2=O39 1.21  1.21  
N-N  1.37  1.35  
Fenil halkasındaki C-C  1.40  1,40  
Fenil halkasındaki C-H  1.08  1.08  

 
Table 4. The calculated bond legths (A0) theoretical data 

bond lengths DFT bond lengths DFT 
C(1)-N(34) 1.29 C(15)-C(16) 1.38 
C(1)-N(36) 1.38 C(16)-H(30) 1.08 
C(1)-C(10) 1.49 N(37)-C(3) 1.28 
N(34)-N(35) 1.37 C(3)-H(19) 1.08 
N(35)-H(18) 1.00 C(3)-C(4) 1.46 
N(35)-C(2) 1.36 C(4)-C(5) 1.40 
C(2)-N(36) 1.41 C(5)-H(20) 1.08 
C(2)-O(39) 1.21 C(5)-C(6) 1.38 
N(36)-N(37) 1.37 C(6)-H(21) 1.08 
C(10)-H(25) 1.09 C(6)-C(7) 1.40 
C(10)-H(26) 1.09 C(7)-O(41) 1.36 
C(10)-C(11) 1.52 O(32)-H(26) 0.96 
C(11)-C(12) 1.39 C(7)-C(8) 1.39 
C(12)-H(27) 1.08 C(8)-H(22) 1.08 
C(12)-C(13) 1.39 C(8)-C(9) 1.39 
C(13)-H(28) 1.08 C(9)-H(23) 1.08 
C(13)-C(14) 1.39 C(4)-C(9) 1.40 
C(14)-C(15) 1.40   
C(15)-H(29) 1.08   

 
 
MEP Analysis 
 
The molecular electrostatic potential (MEP) data of compound  (Süleymanoğlu et al., 2022) were obtained  with 
the B3LYP/6-311++G(d,p) basis set. Negative and positive regions of the molecule were detected. The positive 
potential regions are nearby the hydrogen and  in blue but the negative potential region are  on electronegative 
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oxygen, nitrogen atoms and in red. In our compound, the electronegative atom, oxygen, is surrounded by red, 
while the acidic N-H proton is blue (Mathammal et al., 2016). The MEP map of the title compound are 
displayed in Figure 5.  
 

 

 
Figure 5. MEP and surface contour maps 

 
Table 5. The calculated dipole moments and total energy data of the molecule 

   Dft 
μx 0.9190 
μy -1.4469 
μz 1.1203 
μToplam 2.0477 
Total energy -1102.36299926 

 
 
Mulliken Charge 
 
Mulliken atomic charges  of  atoms in molecule were  detected by same method. It is important for quantum 
chemical calculations because atomic charges have an effect on the reactivity and electrostatics of molecules 
(Mulliken et al., 1955).  

 
Table 6. The calculated mulliken charges datas of the molecule 
NO DFT NO DFT 
C1 0,371 H20 0,108 
C2 0,532 H21 0,107 
C3 0,131 H22 0,093 
C4 -0,17 H23 0,1 
C5 -0,013 H24 0,25 
C6 -0,095 H25 0,148 
C7 0,165 H26 0,137 
C8 -0,127 H27 0,088 
C9 -0,058 H28 0,102 
C10 -0,178 H29 0,102 
C11 -0,131 H30 0,097 
C12 -0,054 H31 0,111 
C13 -0,14 H32 0,11 
C14 0,175 H33 0,129 
C15 -0,088 N34 -0,222 
C16 -0,035 N35 -0,312 
C17 -0,132 N36 -0,383 
H18 0,249 N37 -0,212 
H19 0,138 O39 -0,392 
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Figure 6. The mulliken charge data 

 
The results of calculating the Mulliken atomic charge distributions of the compound in the gas phase were given 
in Table 5 and also shown the mulliken charge data graphic in Figure 6. According to data of the B3LYP 
program, "C4, C5, C6, N35, N36, N37, O39" atoms are negatively charged, "H18-H33" and "C1, C2-C13" are 
positively charged. 
 
 
Frontier Molecular Orbitals 
 
The energy values and combinations of HOMO and LUMO of compound were measured with DFT (B3LYP) 6-
311++G (d,p) basis set. (Fukui, 1982). All electronic parameters have been determined using "ΔEg" value 
obtained of the Schiff base (Table 7). 
 

 
Figure 7. Homo-Lumo energy 

 
 

Investigation of Thermodynamics Properties of Compound 
 
Thermodynamic parameters such as Enthalpy "H0", Heat capacity "CV0" and Entropy "S0" of molecule were 
calculated 298.044 K and 1 atm of pressure. The obtained thermodynamic parameters at the B3LYP were given 
in the table 7 (Kotan et al., 2022). 
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Table 7.  The calculated thermodynamic parameters of the molecule 
Rotational temperatures (Kelvin) DFT 
A 0.01168 
B 0.00711 
C 0.00481 
Rotational constants (GHZ)  
A 0.24347 
B 0.14820 
C 0.10029 
Thermal Energies E(kcal/mol)  
Translational 0.889 
Rotational 0.889 
Vibrational 206.892               
Total 208.670 
Thermal Capacity CV(cal/mol-K)  
Translational 2.981 
Rotational 2.981 
Vibrational 74.597              
Total 80.559             
Entropy S(cal/mol-K)  
Translational 43.223 
Rotational 35.739 
Vibrational 
Total 

79.543 
158.506 

Zero-point correction (Hartree/Particle) 0.311533 
Thermal correction to Energy 0.332536 
Thermal correction to Enthalpy 0.333480 
Thermal correction to Gibbs Free Energy 0.258169 
Sum of electronic and zero-point Energies -1102.051466 
Sum of electronic and thermal Energies -1102.030463 
Sum of electronic and thermal Enthalpies 
Sum of electronic and thermal Free Energies 

-1102.029519 
-1102.104830 

Zero-point vibrational energy (Kcal/mol) 195.49012 
 

 
Conclusions 
 
The 13C and 1H-NMR, IR spectroscopic properties and structual parameters of compound were calculated by 
DFT method with the 6311G++(d,p) basis set. The results of teorical study were compared with the 
experimental data. The 13C/1H-NMR and IR chemical shifts values of molecule were determined. According to  
these data , it can be said that obtained results are approixmate same as the experimental data. Experimental and 
theoretical 13C chemical shifts ratios between acording to R2 lineer a correlation were calculated and it' s 
graphics were obtained .When we evaluated data we can said that,  R2 chemical shifts values for  1H-NMR was 
deviated due to acidic proton. In addition, nucleophilic and electrophilic regions were determined from the 
molecular surfaces for title compound.  
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Abstract: The objective of this study is to examine the relevance of treatment with the antibiotic ciprofloxacin 
by heterogeneous solar photocatalysis. The efficiency of the catalyst (ZnO) synthesized by the precipitation 
method is also determined. The solid- visible UV analysis showed that the spectrum reveals an absorption peak 
at 364 nm, which can be attributed to the band gap with of ZnO, in the case of the electron transition from the 
band of valence towards the conduction band (2p 3d) [3] and [4]. Under optimal conditions, initial ciprofloxacin 
concentration 10 ppm, ZnO dose 0.1 g/L and free pH (6) ; treatment by solar photocatalysis in the presence of 
ZnO showed a ciprofloxacin elimination yield of 87% is obtained after 240 min of treatment. The total 
degradation of ciprofloxacin is observed, by the disappearance of the ciprofloxacin absorption peak during the 
treatment time. Analysis by infrared spectroscopy showed that only two groups are obtained O-H and C=O at 
3500 cm-1 and 1600 cm-1, respectively after 240 min of oxidation. The BOD5/COD ratio increased from 0.005 
initially to 2.13 after 240 min of ciprofloxacin treatment by solar photocatalysis. The relevance of the solar 
photocatalytic process is shown. At the end of these results, the relevance of the treatment of ciprofloxacin 
antibiotic by solar photocatalysis in the presence of the semiconductor ZnO is shown. 
 
Keywords: Semicoductor sythesis, Ciprofloxacin, Heterogeneous photocatalysis, Biodegradability, Depollution 
 
 
Introduction 
 
Thousands of tons of antibiotics are used in human and veterinary medicine to treat diseases, bacterial 
infections, etc.. However, their use is often partially metabolized by the body, so these substances or their 
metabolizes are continuously discharged into sewage treatment plants. The latter are the main sources of 
dispersion of antibiotics in the environment. (Balakrishna et al., 2017; Madikizel et al., 2017). 
 
Thus, the presence and accumulation of antibiotics on natural waters constitute an emerging pollution leading to 
the disruption of ecosystems. In order to remove antibiotics from wastewaters, advanced oxidation processes has 
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attracted great attention through generation of reactive oxygen species (ROS) (Miklos et al. 2018; Lado Ribeiro 
et al., 2019).  
 
Among these processes, photocatalysis has been widely used in order to remove organic compounds in 
contaminated waters. This process involves irradiation of semiconductor, such as TIO2 and ZnO,  when energy 
photons are greater than the width of semiconductor band gap, electronic gaps (commonly called holes and 
noted h+ and electron overload noted e‾) are created (Zaviska et al., 2009; Miklos et al., 2018). These charges 
migrate to the surface, act as electron donors or electron acceptors and initiate the redox reactions, generating 
radical species (Zaviska et al., 2009). ZnO is considered as an environmentally friendly catalyst due to its non-
toxic nature coupled with low cost (Sordello et al., 2019). 
 
The aim of this study is to examine the relevance of treatment with the antibiotic ciprofloxacin by heterogeneous 
solar photocatalysis. The efficiency of the catalyst (ZnO) synthesized by the precipitation method is also 
determined. 
 
 
Method 
 
The zinc oxide (ZnO) used in this study was synthesized chemically (Figure 1). The semiconductor obtained is 
considered in order to depollute the solution loaded with ciprofloxacin antibiotic. Several analytical techniques 
were carried out in order to characterize and identify the semiconductor produced, namely scanning electron 
microscopy (SEM), UV-visible spectroscopy and Fourier transform infrared spectroscopy (FTIR). 
 

 
Figure 1. Zinc oxide synthesis steps 

 
The degradation of ciprofloxacin was carried out in a photocatalytic reactor in Batch mode. A solution of 
ciprofloxacin with a dose of ZnO at free pH is treated in the presence of solar irradiation with magnetic stirring. 
Several analytical techniques were used to determine and follow the evolution of the residual concentration, the 
chemical oxygen demand, the biological oxygen demand over 5 days of the antibiotic ciprofloxacin during the 
treatment by heterogeneous photocatalysis. 
 
 
Results and Discussion 
 
Characterization of the Photocatalyst 
 
The main physicochemical characteristics of the photocatalyst used in this study are determined by UV-Visible 
spectrophotometry of the solid, by infrared and by scanning electron microscopy (SEM). 
 
 
Characterization by UV-Visible Spectroscopy and Infrared Spectrophotometry of Zinc Oxide 
 
The Figure 2 shows the UV-Visible absorption spectrum of ZnO nanoparticles. The spectrum reveals an 
absorption peak at 364 nm, which can be attributed to the band gap width of ZnO, in the case of electron 
transition from valence band to conduction band (2p       3d) (Chen et al., 2002; Fujita et al.,2014). The figure 3 
show the infrared spectrum recorded for ZnO powder. It appears that the ZnO spectrum presents a band at λ= 
420 cm-1 which is attributed to the stretching vibrations of the Zn-O bonds. 
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Figure 2. UV-Visible absorption spectrum of   ZnO     Figure 3. Infrared spectroscopy of ZnO 

 
 
Characterization by Scanning Electron Microscopy (SEM) 
 
The SEM image shows that the powder is composed of particles of spherical shape and small sizes of the 
nanometric order. 
 

 
Figure 4. SEM micrograph of ZnO powder 

 
 

Treatment by Photocatalysis of the Antibiotic Ciprofloxacin in the Presence of ZnO 
 
Figures 5 and 6 show the photodegradation of ciprofloxacin under solar radiation in the presence of ZnO 
catalyst. Under optimal conditions (C0=10 ppm, free pH (6) and the dose of  ZnO=0.1g/L). An elimination yield 
of 87.44% is observed for ciprofloxacin, after 240 minutes of treatment.  
 

 
Figure 5. Degradation of ciprofloxacin by                   Figure 6. Spectral evolution of ciprofloxacin 

                photocatalysis under optimal condition                        during treatment under optimal conditions  
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The degradation of ciprofloxacin showed the disappearance of the absorption peak of the antibiotic during the 
treatment. The relevance of the treatment by solar photocatalysis in the presence of ZnO is confirmed. Before 
treatment, the ciprofloxacin solution has several functional groups such as –C-H,=C-H, O-H, C=C, C=O, N-H, 
Figure 7. After treatment only two groups were observed during analysis by infrared spectroscopy. 

 
Figure 7. The infrared spectrum of solution                              Figure 8. The infrared spectrum of 

ciprofloxacin before treatment                                     solution ciprofloxacin  after treatment 
 
These O-H and C=O groups are obtained at 3500 cm-1 and 1600 cm-1, respectively figure 8. This can probably 
be explained by the fact that the antibiotic ciprofloxacin was completely mineralized into H2O and CO2 during 
the treatment by solar photocatalysis in the presence of the ZnO catalyst. 
 
 
Biodegradability Test  
 
The BOD5/COD ratio increased from 0.005 initially to 2.13 after 240 min of ciprofloxacin treatment by solar 
photocatalysis. The relevance of the solar photocatalytic process is shown. 
 
 
Conclusion  
 
At the end of these results obtained during this study, the treatment of recalcitrant pollutants by solar 
photocatalysis proves to be very effective and therefore a very useful technique for reducing water pollution 
while reducing the energy cost of treatment. 
 
 
Recommendations 
 
In this context, the exploitation of solar radiation is very interesting, particularly in a country like Algeria where 
the solar potential is very important, so it is interesting to apply the results obtained on a large scale and this, 
through the design a pilot fixed-bed photoreactor for the treatment of biorecalcitrant pharmaceutical effluents. 
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Abstract: Pandemics are large-scale outbreaks of contagious disease that can significantly raise ill health and 
promote death. Pandemics can spread through, wide range of geographical areas across the globe and capable of 
disrupting social and economic status of the countries affected. With the scientific testimony available it is 
evidenced that the rate of occurrence of pandemics has been drastically increased over the last two decades and 
presently witnessing the impact of COVID-19 disease globally. Anthropogenic activities such as urbanization 
conditions, increased global travel, abnormal land usage, exploitation of natural environment, are some of the 
significant causative factors that promote the rate of occurrence of pandemics. Rapid spread of SARS-CoV-2 
virus highlighted the importance such as, be ready for any imminent event, need of detecting new bacterial & 
viral pathogens at initial stages of contagion and focus on the risk elements that promote the occurrence & 
spread of the outbreaks to humankind. It is evidenced from the literature that, there is a great demand to institute 
the methodological process using smart approaches such as Insilco based studies to investigate the emergence of 
future pandemics. Globally there is a great demand for the robust and efficient procedures to develop novel 
biomolecule in quick period. With this significance, the present paper aimed to survey the occurrence of global 
pandemics and the applications of Insilco methods in identifying newer routes to develop novel biomolecules in 
challenge the existing, newly emerging, resurging, deliberately emerging global outbreaks. 
 
Keywords: Global outbreaks, Emerging, Resurging, Deliberately emerging pandemics, Insilco approaches, 
Novel biomolecules. 
 
 
Introduction 
 
Humankind witnessed fighting against numerous diseases caused by the deadliest pathogenic microorganisms 
from the centuries. Pandemics question not only the health but also the economics of the affected countries at 
exceptionally large scale. Noticeable number of pandemics are re-emerging after a certain period, different 
countries at global level owing the history of occurrence and spread of more than two pandemics at similar time 
period. Certain number of Pandemics that have occurred in past few centuries globally have been mentioned in 
the Fig 1 (Piret and  Boivin, 2021). COVID-19 disease is caused by the virus severe acute respiratory 
syndrome–corona virus 2 (SARS-CoV2) (WHO). The disease found to be transmitted from the person-to-person 
in the form of droplet aerosols. COVID-19 disease has enormous impact on the global economy. In the year 
2019 GDP of the globe was calculated as 87.55 trillion U.S. dollars, indicates a 4.5% decline in the economic 
growth. This causes the loss of 3.94 trillion U.S. globally. As on today more that 230 million people are tested 
positive and reported more than 4.7 million deaths globally against the COVID-19 pandemic. Pandemics 

- This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 4.0 Unported License, 
permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 
- Selection and peer-review under responsibility of the Organizing Committee of the Conference 

© 2022 Published by ISRES Publishing: www.isres.org 

http://www.isres.org/


International Conference on Basic Sciences and Technology (ICBAST), November 16-19, 2022, Antalya/Turkey 

influenced several people across the globe and caused the loss of their families. Existing, newly emerging, 
resurging and deliberately emerging global pandemics was discussed in the Table 1. 
 

Table 1. Details about pandemics occurred in past few centuries 
SL 
No 

Continent Newly Emerging Resurging Deliberately 
Emerging 

1.  North 
America 

Enterovirus D68, Heartland virus, 
Cryptosporidiosis, 3N2v Influenza, 
Cyclosporiasis, E. coli O 157:H7, 
Bourbon virus, H1N1 Influenza 
Hanta Pulmonary Syndrome 

Powassan Virus, West Nile Virus, 
Measles, Human Monkey Pox, 
Listeriosis, Lyme Disease, Adeno 
Virus, Chikungunya, Acute Flacid 
myelitis, Dengue, Cholera, 
Tuberculosis 

Anthrax 
Bioterrorism 

2.  South 
America 

Hanta Pulmonary Syndrome Zika Virus, Yellow Fever, Cholera - 

3.  Asia Cryptosporidiosis, vCJD, Akhmeta 
Virus, MERS Cov, SFTSV 
bunyavirus, E. coli O 157:H7, H5N6 
Influenza, H10N8 Influenza, H5N1 
Influenza 

Enteno Virus, Cholera, Plague, 
Tuberculosis 

- 

4.  Australia Hendra Virus Yellow fever, Human, African 
Trypanosomiasis, Marburg Virus 

- 

5.  Africa Hepatitis C, HIV, Human Monkey 
pox 
Ebola Virus 

Rift Valley Fever, Typhoid Fever, 
Cholera, Tuberculosis 

- 

 

 
Figure 1. Distribution of pandemics on a global scale  

 
Pandemics are also responsible for the economic loss caused due to the preventive measures such as lockdown. 
The total estimated economics of earlier outbreaks was mentioned in the literature (Jones et al., 2008; Jing et al., 
2021)  
 

• SARS has caused a loss of more than $40 billion US dollars connected to productivity.  
• Influenza pandemic (H1N1) has Caused $45-55 billion dollars’ loss 
• Ebola outbreak has caused $53 billion loss from the economic and social impact of West Africa. 

 
Earliest Pandemics that terrorized people was recorded during 540BC. After 540BC, many pandemics have 
been recorded. Vector is the medium that plays  an important role in transmitting diseases. The vectors that are 
responsible for spreading different pandemic was represented in the Figure 2. Duration of pandemic depends on 
pathogen and vector type responsible for causing and spreading disease. Some pandemics such as third cholera 
pandemic lasted for 17 years while pandemic such as Swine Flu lasted only for 1 year. Details regarding the 
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duration, of pandemic along with the pathogen responsible for causing the pandemics were shown in the Figure 
2.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. List of pandemics showing period of outbreak, causative pathogens, and vectors 
 
 
Insilco Approaches to Develop Novel Biomolecules against Pandemics 
 
Epidemiology is essential study to fight against any pandemic, locking down the countries, imposing quarantine 
and maintaining social distancing and wearing mask some of the very significant preventive measures that are 
learn from the epidemiological studies (Queralt-Rosinach et al., 2021). The novel coronavirus that became a 
global pandemic was named COVID-19 by WHO. COVID-19 was one of the potential Zoonotic diseases with a 
low mortality rate. Transmission of disease from infected to healthy via droplet or contact because of the 
absence of precautionary measures was indicated as a major health threat to the medical workers. Drugs with the 
potential to treat COVID-19 were still in the process of being tested for efficacy and safety. Data regarding the 
travel history of patients with COVID-19 symptoms was a great tool for physicians to control the spread of the 
disease (Wu Y C et al., 2020). IoT connected sensor technology played prominent role in controlling COVID-19 
pandemic providing detailed information on breakdown of the outbreak, tracking of positive cases, quarantining 
positive cases  and in the prevention of viral spread to others. Sensors connected through IoT helped efficiently 
in the summarization and assessment of data representing the most recent COVID-19 pandemic situation. IoT-
connected sensor-based assessment studies of the COVID-19 pandemic data played a major role in preventing 
the spread of COVID-19, by helping in the process of quarantining the positive cases using a systematic 
identification system (Sharma & Ahmed 2021).  

Vibrio cholerae 

 

Plague of 
Justinian  

(541 to 543 BC) 
 

Black Death 
(1347 to 1351) 
 

Cholera (First 
to Fifth wave)  
(1817 to 1824) 
 

Russian Flu 
(1889 to 1893) 
 

Cholera (Sixth 
wave)  

(1899 to 1923) 
 

Spanish Flu 
(1918 to 1923) 

 

Asian  
Flu (1957 to 

1959) 
 

Hong Kong  
Flu  

(1968 to 1970) 
 

Severe Acute 
Respiratory 
Syndrome 

(SARS)  
(2002 to 2003) 

Swine  
Flu (2009 to 

2010) 

Middle East 
Respiratory 
Syndrome 

(MERS) (2015) COVID-19 
(2019) 

Vector: Wild rodents associated fleas 
Pathogen: Yersinia pestis 

 

Vector: Contaminated water 
Pathogen: Vibrio cholerae 

 

Vector: Contaminated water 
Pathogen: Influenza A/ 

 

 Vector: Contaminated water 
Pathogen: Vibrio cholerae 

Vector: Avian 
Pathogen: Influenza A/ H1N1 

Vector: Avian 
Pathogen: Influenza A/ H2N2 

Vector: Avian 
Pathogen: Influenza A/ 

H3N2 

Vector: Bats, Palm Civets 
Pathogen: SARS-CoV 

Vector: Pigs 
Pathogen: Influenza A/ 

H1N1 

Vector: Bats, Dromedary camels 
Pathogen: MERS-CoV 

Vector: Bats, Pangolins 
Pathogen: SARS-CoV-2 
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Vaccines designed to fight against SARS-CoV-2 virus are responsible for the development of several SARS-
CoV-2 viral strains. New SARS CoV-2 variant reported in South Africa displayed more resistance to vaccines 
in comparison to other strains of SARS CoV-2 virus. A research group developed a multi-epitope vaccine to 
fight against novel strain of SARS-CoV-2 virus. Machine learning and ABCpred tool were used to design the 
vaccine selecting both T and B cell epitopes that boost potential immunity against structural proteins of SARS 
CoV-2 virus. Selected epitopes were utilized to develop multi-epitope vaccines and the structure of vaccine was 
predicted through Raptor tool. Human Receptor Tool Like Receptor (TLR-3) plays a vital role in conferring 
immune responses against infections. Receptor TLR-3 was docked with a designed multi-epitope vaccine. A 
stable complex of MEV-TLR3 was formed with binding score of 363.18 kJ/mol. Molecular dynamics studies  
was carried out on Human Receptor TLR3 and multi-epitope vaccine complex. Results displayed the potential 
application of MEV against novel strains of SARS-CoV-2. Multiepitope vaccines can be the key in fighting 
novel strains of SARS-CoV-2 virus (Humayun et al., 2022).  
 
After the initial COVID-19 cases, many vaccines were developed to fight against SARS-CoV-2 infection and 
halt spreading of COVID-19 cases. A research study aims to develop a vaccine based on a coherent 
immunogenic peptide from the structural proteins of the SARS-CoV-2 virus. Sequences of four structural 
proteins of SARS CoV-2 virus namely envelope protein (E), nucleocapsid protein (N), membrane protein (M), 
or spike protein (S) were obtained from databases to develop immunogenic peptides against SARS CoV-2 virus. 
14,441 protein sequences collected from the database were used to design 68 epitopes of E protein, 174 epitopes 
of M protein, 245 epitopes of N protein, and 833 epitopes of S protein. The designed epitopes were aligned with 
Major Histocompatibility Complex (MHC) or B-cell receptors (BCR) and epitopes displaying highest binding 
probability were selected. Insilco antigenicity studies conducted on selected epitopes yielded 16 antigenic 
epitopes and were further subjected screened for physiochemical properties and allergenicity, one epitope for E, 
N, and M protein and two  epitopes for S protein were selected based on the results. Molecular modelling was 
utilized to determine the coordinates of epitopes in the 3D protein structure. Allelic protein sequences of MHC-I 
and MHC-II were docked with selected epitopes. Compared to other epitope-MHC complexes, epitope-Human 
Leucocyte Antigen (HLA)-B*3501(MHC-I allele) and epitope-HLA-DRB1*04:01(MHC-II allele) complexes 
conceded better results. The selected epitope displayed conserved sequences of novel SARS CoV-2 which can 
be used for developing different types of the vaccine in the future (de Araújo et al., 2022).  
 
A novel process was developed utilizing Immunoinformatic tools to design an epitope-based vaccine with spike 
protein as the target to fight against SARS Cov-2. viral infection. The said vaccine was safe for people with 
immunocompromised conditions situated globally (Chukwudozie et al., 2021). A polyvalent vaccine was 
developed testing multiple combinations of T and B cell epitopes against the disease COVID-19, and the 
vaccine developed is predicted to stimulate both humoral and cell-mediated immune responses in the human 
system against the virus SARS Cov2. The study reported that the multivalent vaccine developed own utmost 
viability due to the distinctive features like responsiveness, safety, and efficacy (Sarkar et al., 2021). In last two 
decades, world witnessed the frequent occurrence of viral pandemics. Pandemics such as SARS occurred in the 
year 2003 and the most recent COVID 19, both outbreaks emerged from the wildlife market of the country china 
(Daszak et al., 2020). An unsupervised feature extraction (FE) method implemented through Tensor 
decomposition (TD) technique was applied to screen the impact of selected drugs on the gene expression pattern 
of Covid-19 infected lung cancer cell lines. The therapeutic candidate i.e. Ivermectin discovered through the TD 
method yielded a change in the expression pattern of 163 genes that were chosen for the study. Ivermectin in 
comparison with other repurposed drugs screened shown very promising results as a therapeutic candidate in the 
treatments of the disease COVID-19 (Taguchi & Turki 2020). 
 
The outbreak of Coronavirus was declared a pandemic by World Health Organization (WHO). The response to 
the virus outbreak varied from country to country. Delay in detecting and responding to pandemic cases was a 
burden on local paramedics in China and other countries. During the early pandemic period, some nations have 
maintained lower pandemic cases by following proper quarantine policies.  Strategies like quarantine, city 
lockdown, detection of infected cases, isolation of infected cases, contact tracking, and isolating persons 
exposed to infection were observed to be effective measures in controlling the disease spreading rate. The 
different responses of various countries in controlling pandemics yielded diverse results studied in this paper. 
Responses provided by other countries towards the pandemic were the basis for India’s response to the 
pandemic. The above measures were useful in preventing the spread of the pandemic. Efficient detection of 
disease symptoms can prevent the pandemics in future (Khanna et al., 2020). Vaccine development was required 
to control SARS-CoV-2 infection which led to COVID-19 pandemic. Vaccines based on T-cell epitopes were 
more effective against SARS-CoV-2 infection. Many strategies were analyzed to improve the prediction of T-
cell epitopes. Incorporating the reaction of T-cell against SARS-CoV-2 virus in process of designing vaccine 
was vital to understand full potential of T-cell immunity against SARS-CoV-2 virus. Discovery of binding 
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motifs of HLA class I for T-cell antigens have yielded algorithm development for epitope identification. 
Restricted Epitopes of HLA class I molecules were predicted through in-silico method to develop vaccine 
against infectious pathogens. Vaccine candidates developed against SARS-CoV-2 virus through above 
mentioned method was in developmental stages. Apart from the development of prediction algorithms, many 
factors limit growth of such approaches. Overcoming the limitations of algorithms can become key of designing 
more efficient vaccines (Silva et al., 2020).  
 
COVID-19 was caused by SARS-CoV-2 virus in early 2019. As a result, many vaccines were developed to fight 
against SARS-CoV-2 virus. Vaccines designed against SARS-CoV-2 virus initiates the production of antibodies 
inside human body. Immunocompromised person fails to produce sufficient antibodies; hence general vaccine is 
less effective against SRAS-CoV-2 infection. Immunodeficiency can be caused due to conditions such as 
Diabetes. Present paper discuses development of vaccine against SARS-CoV-2 virus for people with low 
immunity against infections. Several vaccines developed against SARS-CoV-2 virus were undergoing clinical 
trials (Aghbash et al., 2020). 
 

Table 2. Review pertaining to the prediction strategies of global pandemics 
Sl 
NO 

Authors  Highlights Prospects 

1.  Sharma & 
Ahmed, 2021 

Internet of things (IoT) and sensors have played an essential 
role in visualization of COVID-19 pandemic information, 
breakdown of the epidemic, virus spread and controlling 
infection in real time tracking of confirmed cases and tracking 
of prevention level.  

Novel Drugs, & 
vaccine 
development 

2.  Queralt-
Rosinach et al. 
2021 

Epidemiology is essential to fight against any pandemic, 
locking down the countries, imposing quarantine and 
maintaining social distancing and mask wearing are learn from 
epidemiological studies. 

Study of New 
strains of SARS 
CoV. 

3.  Chukwudozie 
et al. 2021 

Discussed novel approaches in predicting SARS-CoV-2 epitope 
peptide-based vaccine targeting the spike protein, utilizing 
immune informatics tools and immune simulation measures. 
The protective vaccine for immuno compromised patients 
globally  

Limited to only  
SARS-CoV-2 

4.  Thoradeniya 
and 
Jayasinghe, 
2021 

Insights on conceptualizing and understanding the generation of 
pandemics and addressing their determinants help for 
prevention strategies against occurrence of future events 

Early treatment 
option using novel 
drugs 

5.  Sarkar et al. 
2021 

Represented epitope based polyvalent vaccine containing 
multiple T & B-cell epitopes expected to provoke both humoral 
and cell mediated immune responses within the body. 
Developed polyvalent vaccines were quite safe, effective, and 
responsive.  

Limited to HCoV 

6.  Daszak et al. 
2020 

SARS emerged in 2002-2003, again SARS nCov in 2019, both 
disease outbreaks originating in china significantly linked to 
wildlife markets, an obvious target for control programme to 
prevent future epidemics and pandemics 

Need of prediction 
strategies to prevent 
future epidemics 

7.  Khana et al. 
2020 

A delay in detection and response leads to overspreading of the 
pandemic globally. Some restrictions like social distancing, 
lockdown, case detection, isolation, contact tracking,  and 
diagnosis of quarantine of exposed had revealed the most 
efficient actions to control the disease spreading 

Need of prediction 
strategies to prevent 
future epidemics 

8.  Taguchi and 
Turki, 2020 

Study applied tensor decomposition (TD) based unsupervised 
feature extraction (FE) method to gene expression profiles of 
multiple lung cancer lines infected with SARS-CoV2.  
They identified drug candidate compounds that significantly 
altered the expression of the 163 genes selected by TD-based 
unsupervised FE. Numerous drugs were successfully screened, 
Ivermectin is one of the drugs screened and identified. 

Need much focus 
on novel vaccine 
development 
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Discussion 
 
The frequency of occurrence of global pandemics in last two decades alarm the importance of finding novel 
drugs to handle particularly viral outbreaks. It is evidenced from the literature that there is a great demand to 
institute the methodological process using smart approaches such as ML- based data mining methodologies to 
study the emergence of future pandemics. Globally there is a requirement for the robust and efficient procedures 
to develop novel biomolecule in short period of time.   
 

• There have been an increasing number of high threat pathogens emerging and reemerging in recent 
years, the latest being SARS-CoV-2,  

• There is no sophisticated research to predict the frequency and occurrence of pandemics.  
• There is significant need in robust surveillance and early actions for rapid detection as well as rapid 

drug or vaccine development.  
• There is no efficient therapeutics, which can address the pandemics.  
• Vaccines and drugs can be available, but the process of development is time consuming. 

 
To address these points, it advised to focus more on applying ML based data mining methods and Insilco 
methods in conducting through research on  
 

• Epidemiology studies of Pandemics 
• ML based Datamining approaches to predict the occurrence of global pandemics  
• Epitope mapping studies of deadliest Pandemics  
• Epitope-focused vaccine design to develop novel drugs  

 
Detailed literature study envisaged the most important points such as, epidemiology studies of pandemics 
(Morabia, 2020), ML based data mining approaches to predict the global pandemics (Muhammad et al. 2021, 
Fadhil & Jaleel, 2022), epitope mapping of viral pandemics (Sikora et al. 2021, Colitti et al. 2022), Epitope-
focused vaccine design to develop novel drugs (Correia et al. 2014 & Hussein et al. 2021) is the possible 
approach to develop novel drugs to fight against the global pandemics  
 
 
Conclusion  
 
Present paper aimed to survey for a robust prediction method to assessment the global pandemic and further to 
use Insilco methods to find novel epitopes in order to identify the new routes to develop a novel biomolecules in 
challenging the existing, newly emerging, resurging, deliberately emerging global outbreaks 
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Abstract: In this paper, we present an approximate analytic solution of the Riccati equation with fractional 
order of multi-parameters. The fractional order of Caputo types with generalized Mittag–Leffler kernel is 
adaptive, this kind of fractional derivative has three fractional parameters. Several properties of the fractional 
derivative and integral are studied. We use the homotopy analysis method to generate the approximate analytic 
solution to the problem. The effect of the fractional parameters on the behavior of the solution is studied, each 
parameter of the fractional derivative can change not only the solution behaviors but also the existence of the 
solution. Two examples are presented to demonstrate the efficiency of the method. Comparisons of the exact 
solution and the approximate solution in the case of the standard derivative are made. For the fractional case, we 
calculate the residual error of the approximate solution. In all cases, the solution is accurate and simply applies.   
 
Keywords: Fractional calculus, Riccati equation, Homotopy analysis method. 
 
 
Introduction 
 
Fractional calculus becomes one of the most interesting subjects in the area of applied mathematics. Several 
definitions of the fractional derivatives were introduced in terms of the local and the memory of the functions. 
Applications of fractional calculus appear in the differential equations which almost describe a real-live 
phenomenon. 
 
The Riccati equation is utilized in many branches of mathematics, including physics, algebraic geometry, and 
conformal mapping theory. It also shows up in a lot of practical issues. The Count Jacopo Francesco Riccati of 
Italy is honored by having his name attached to the Riccati differential equation (RDE) (1676-1754). The 
foundational theories of the Riccati equation are covered in the book by Reid (Reid, 1972), which also includes 
applications to random processes, optimal control, and diffusion issues. A well-known nonlinear differential 
equation, the Riccati equation has numerous uses in the fields of engineering and science, including resilient 
stabilization, stochastic realization theory, network synthesis, optimal control, and financial mathematics.  
 
The Riccati differential equation (RDE) of fractional order has been explored by numerous authors; for instance, 
(Momani & Shawagfeh, 2006), the authors created the Adomain decomposition method for the solution of RDE 
of fractional order. Some analytical methods for the resolution of RDE are provided (Pala & Ertas, 2017). The 
authors (Biazar & Eslami, 2010) used the differential transform approach to arrive at the RDE solution. The 
author (Tsai, 2010) created a Laplace-transform Adomain decomposition technique for the resolution of (RDE). 
An analytical approach based on the homotopy analysis method (HAM) is suggested to resolve nonlinear (RDE) 
with fractional order (Cang et. al., 2009). Using the homotopy approach, Odibat and Momani devised an 
algorithm for the quadratic Riccati differential equation of fractional order (Odibat & Momani, 2008). 
Recently, Abdeljawad (Abdeljawad, 2019) introduced a generalized Atangana-Baleanu Caputo (GABC) 
fractional derivative based on the Mettag-Lefller function kernel which contains three parameters. Srivastava et. 
- This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 4.0 Unported License, 
permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 
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al. investigated the definition with Legendre polynomials for solving several physical models (Srivastava et. al., 
2021). Moreover, the fractional parabolic differential equation under the GABC fractional derivative is solved 
by the HAM (Alomari et. al., 2020). To the best of our knowledge, this paper will introduce the solution of RDE 
using GABC for the first time. The Riccati differential equation in fractional case using generalized Atangana-
Baleanu Caputo (GABC) definition can be written as: 

 
 0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝑡𝑡

𝛼𝛼,𝜇𝜇,1𝑦𝑦(𝑡𝑡) = 𝑝𝑝(𝑡𝑡) + 𝑞𝑞(𝑡𝑡)𝑦𝑦(𝑡𝑡) + 𝑟𝑟(𝑡𝑡)𝑦𝑦2(𝑡𝑡), (1) 
 subject to 𝑦𝑦(0) = 𝑎𝑎.  
 
The following results for the GABC fractional derivative can be found in (Abdeljawad, 2019). 
 
Definition 1 The generalized  Atangana-Baleanu Caputo (GABC) fractional derivative with Mittag-Leffler 
kernel of  three parameters   𝐸𝐸𝛼𝛼,𝜇𝜇

𝛾𝛾 (𝜆𝜆, 𝑡𝑡), is defined by  
 

 (𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,𝛾𝛾𝑓𝑓)(𝑥𝑥) = 𝑀𝑀(𝛼𝛼)
1−𝛼𝛼 ∫  𝑥𝑥𝑎𝑎 𝐸𝐸𝛼𝛼,𝜇𝜇

𝛾𝛾 (𝜆𝜆, 𝑥𝑥 − 𝑡𝑡)𝑓𝑓′(𝑡𝑡)𝑑𝑑𝑡𝑡, (2) 
 
where 0 < 𝛼𝛼 < 1, 𝑅𝑅𝑅𝑅(𝜇𝜇) > 0, 𝛾𝛾 ∈ ℝ, 𝜆𝜆 = −𝛼𝛼

1−𝛼𝛼
, 𝐸𝐸𝛼𝛼,𝜇𝜇

𝛾𝛾 (𝜆𝜆, 𝑧𝑧) = ∑  ∞
𝑘𝑘=0

𝜆𝜆𝑘𝑘(𝛾𝛾)𝑘𝑘𝑧𝑧𝛼𝛼𝑘𝑘+𝜇𝜇−1

𝑘𝑘!𝛤𝛤(𝛼𝛼𝑘𝑘+𝜇𝜇)
, and (𝛾𝛾)𝑘𝑘 = 𝛾𝛾(𝛾𝛾 + 1)⋯ (𝛾𝛾 +

𝑘𝑘 − 1) is the Pochhamme function.  
 
For γ = 1,2,3,⋯, the AB fractional integrals of order 0 < α,μ ≤ 1  can be written as 

(𝑎𝑎𝐴𝐴𝐴𝐴𝐼𝐼𝛼𝛼,𝜇𝜇,𝛾𝛾𝑓𝑓)(𝑥𝑥) = ��
𝛾𝛾
𝑖𝑖
�

𝛼𝛼𝑖𝑖

𝑀𝑀(𝛼𝛼)(1 − 𝛼𝛼)𝑖𝑖−1 (𝑎𝑎

𝛾𝛾

𝑖𝑖=0

𝐼𝐼𝛼𝛼𝑖𝑖+1−𝜇𝜇𝑓𝑓(𝑥𝑥). 

 
Theorem 2 For 0 < 𝛼𝛼 < 1, 𝜇𝜇 > 0, 𝛾𝛾 ∈ ℕ , and 𝜆𝜆 = −𝛼𝛼

1−𝛼𝛼
, we have  

 (𝑎𝑎𝐴𝐴𝐴𝐴𝐼𝐼𝛼𝛼,𝜇𝜇,𝛾𝛾𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,𝛾𝛾𝑓𝑓)(𝑥𝑥) = 𝑓𝑓(𝑥𝑥) − 𝑓𝑓(𝑎𝑎)∑  𝛾𝛾
𝑘𝑘=0 (−1)𝑘𝑘𝜆𝜆𝑘𝑘𝐸𝐸𝛼𝛼,𝛼𝛼𝑘𝑘+1

𝛾𝛾 (𝜆𝜆, 𝑥𝑥 − 𝑎𝑎) 
 = 𝑓𝑓(𝑥𝑥) − 𝑓𝑓(𝑎𝑎). (3) 

 
 
HAM Solution 
 
The homotopy analysis method provides an approximate analytical solution for various nonlinear problems. In 
this chapter, we extend the applications of the homotopy analysis method to the general form of the time-
fractional partial differential equation: 
 

 0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,𝛾𝛾𝜂𝜂(𝜉𝜉) = 𝑁𝑁[𝑢𝑢(𝑡𝑡)],        0 < 𝛼𝛼 ≤ 1, 𝜇𝜇 > 0, (4) 
 
subject to the initial condition: 𝜂𝜂(0) = 𝑎𝑎, where 𝑁𝑁 is a non-linear operator, 𝜉𝜉 denotes an independent variable, 
and 𝜂𝜂(𝜉𝜉) is an unknown function. Firstly, we construct the homotopy map (Alomari et. al. 2020):  
 

 (1 − 𝑞𝑞)𝐿𝐿[𝜙𝜙(𝜂𝜂(𝜉𝜉); 𝑞𝑞) − 𝜂𝜂0(𝜉𝜉)] = ℏ𝑞𝑞(0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,𝛾𝛾𝜙𝜙(𝜂𝜂(𝜉𝜉); 𝑞𝑞) − 𝑁𝑁[𝜙𝜙(𝜂𝜂(𝜉𝜉); 𝑞𝑞)]), 
 (5) 

where 𝑞𝑞 ∈ [0,1] is an embedding parameter, ℏ is a nonzero convergent control parameter, 𝐿𝐿 is an auxiliary 
linear operator, 𝜂𝜂0(𝜉𝜉) denotes an initial approximation of the solution, and 𝜙𝜙(𝜂𝜂(𝜉𝜉); 𝑞𝑞) is an unknown function. 
When 𝑞𝑞 = 0 and 𝑞𝑞 = 1, it holds  
 

 𝜙𝜙(𝜂𝜂(𝜉𝜉); 0) = 𝜂𝜂0(𝜉𝜉),        𝜙𝜙(𝜂𝜂(𝜉𝜉); 1) = 𝜂𝜂(𝜉𝜉). (6) 
 
Thus, as 𝑞𝑞 increases from 0 to 1, 𝜙𝜙(𝜂𝜂(𝜉𝜉);𝑞𝑞) varies from the initial guess 𝜙𝜙(𝜂𝜂(𝜉𝜉); 0) to the exact solution 
𝜙𝜙(𝜂𝜂(𝜉𝜉); 1). For succinctness, equation (5) is called the zero-order deformation equation. 
 
According to HAM, we have the freedom to choose the auxiliary parameter ℏ, the initial approximation 𝜂𝜂0(𝜉𝜉), 
and the auxiliary linear operator 𝐿𝐿. we can assume that all of them are properly chosen so that the solution 
𝜙𝜙(𝜂𝜂(𝜉𝜉); 𝑞𝑞) of the zero-order deformation equation (5) exists for 0 ≤ 𝑞𝑞 ≤ 1, and besides, the 𝑖𝑖th-order 
deformation derivative. Define 

 𝜂𝜂𝑖𝑖(𝜉𝜉) = 1
𝑖𝑖!
𝜕𝜕𝑖𝑖𝜙𝜙(𝜂𝜂(𝜉𝜉);𝑞𝑞)

𝜕𝜕𝑞𝑞𝑖𝑖
|𝑞𝑞=0. (7) 
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Expanding, 𝜙𝜙(𝜂𝜂(𝜉𝜉); 𝑞𝑞) in Taylor’s series with respect to 𝑞𝑞, we have 

 𝜙𝜙(𝜂𝜂(𝜉𝜉); 𝑞𝑞) = 𝜙𝜙(𝜂𝜂(𝜉𝜉); 0) + ∑  ∞
𝑖𝑖=1

1
𝑖𝑖!
𝜕𝜕𝑖𝑖𝜙𝜙(𝜂𝜂(𝜉𝜉);𝑞𝑞))

𝜕𝜕𝑞𝑞𝑖𝑖
|𝑞𝑞=0𝑞𝑞𝑖𝑖 . (8) 

From equations (6) and (7), the above power series can be written as:  

 𝜙𝜙(𝜂𝜂(𝜉𝜉); 𝑞𝑞) = 𝜂𝜂0(𝜉𝜉) + ∑  𝜂𝜂𝑖𝑖(𝜉𝜉)𝑞𝑞𝑖𝑖 .∞
𝑖𝑖=1    (9) 

Substitute the value of 𝜙𝜙(𝜂𝜂(𝜉𝜉); 𝑞𝑞) into equation (5), and we get  

 (1 − 𝑞𝑞)𝐿𝐿[∑  ∞
𝑖𝑖=1 𝜂𝜂𝑖𝑖𝑞𝑞𝑖𝑖] = ℏ(0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,𝛾𝛾 ∑  ∞

𝑖𝑖=0 𝜂𝜂𝑖𝑖𝑞𝑞𝑖𝑖+1 − 𝑞𝑞𝑁𝑁[∑  ∞
𝑖𝑖=0 𝜂𝜂𝑖𝑖𝑞𝑞𝑖𝑖]). (10) 

By equating like powers of 𝑞𝑞 from both sides in Eq.(10), we get 

𝑞𝑞1:𝐿𝐿[𝜂𝜂1(𝜉𝜉)  − 0] =  ℏ(0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,𝛾𝛾 𝜂𝜂0 (𝜉𝜉)   − 𝑅𝑅1), 

𝑞𝑞2: 𝐿𝐿[𝜂𝜂2(𝜉𝜉) − 𝜂𝜂1(𝜉𝜉)] =  ℏ(0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,𝛾𝛾 𝜂𝜂1 (𝜉𝜉)  − 𝑅𝑅2), 

⋮ 

𝑞𝑞𝑛𝑛: 𝐿𝐿[𝜂𝜂𝑛𝑛(𝜉𝜉) − 𝜂𝜂𝑛𝑛−1(𝜉𝜉)] =  ℏ(0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,𝛾𝛾 𝜂𝜂𝑛𝑛−1 (𝜉𝜉)  − 𝑅𝑅𝑛𝑛), 

where  

 𝑅𝑅𝑛𝑛 = 1
(𝑛𝑛−1)!

𝜕𝜕𝑛𝑛−1𝑁𝑁[Φ(𝜂𝜂(𝜉𝜉),𝑞𝑞)]
𝜕𝜕𝑞𝑞𝑛𝑛−1

|𝑞𝑞=0. (11) 

The initial conditions define as Φ(𝜂𝜂(0); 𝑞𝑞) = 𝜂𝜂0(0) + ∑  ∞
𝑖𝑖=1 𝜂𝜂𝑖𝑖(0)𝑞𝑞𝑖𝑖 = 𝑎𝑎. Thus 𝜂𝜂0(0) = 𝑎𝑎 and 𝜂𝜂𝑖𝑖(0) = 0, 

where 𝑖𝑖 = 1,2,3,⋯. Assume that the auxiliary linear operator 𝐿𝐿, the initial guess 𝜂𝜂0(𝑡𝑡), and the auxiliary 
parameter ℏ is selected such that the series (9) is convergent at 𝑞𝑞 = 1, then due to (6) we have  
 

 𝜂𝜂(𝜉𝜉) = 𝜂𝜂0(𝑡𝑡) + ∑  ∞
𝑖𝑖=1 𝜂𝜂𝑖𝑖(𝜉𝜉). 

 
Additionally, the values of the auxiliary parameter ℏ have a significant impact on the convergence and rate of 
approximation for the HAM solution. It is simple to select an appropriate value for ℏ that will guarantee that the 
solution series is convergent. Finding the valid region of ℏ, which relates to line segments almost parallel to the 
horizontal axis, is simple. This indicates that during this region, the solution is independent of ℏ. Therefore, by 
selecting an appropriate value for this auxiliary parameter, the convergence region and pace of the solution 
series can be significantly increased. To get the ideal value of ℏ, we first fixed α = μ and used the least square 
approach. Now,  consider the residual error.  
 

 𝑅𝑅𝑅𝑅𝑅𝑅(𝜉𝜉) = 0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,𝛾𝛾𝜂𝜂(𝜉𝜉) − 𝑁𝑁[𝜂𝜂(𝜉𝜉)], (12) 

and the average residual error function  

 𝜁𝜁(ℏ) = 1
(𝑁𝑁1+1)

∑  𝑁𝑁1
𝑗𝑗=0 𝑅𝑅𝑅𝑅𝑅𝑅

2(𝜉𝜉𝑖𝑖), (13) 

 where 𝜉𝜉𝑗𝑗 = 𝑗𝑗𝑗𝑗
𝑁𝑁1

. Therefore, we will use the averaged residual error (13) to find the optimal values of the 
unknown convergence-control parameter ℏ. Note that 𝜁𝜁(ℏ) contains unknown convergence-control parameter ℏ. 
The more quickly 𝜁𝜁(ℏ) decreases to zero, the faster the corresponding homotopy-series solution converges. So, 
the optimal values of the convergence-control parameter ℏ are given by the minimum of 𝜁𝜁(ℏ), corresponding to 
a set of a nonlinear algebraic equation. 𝜕𝜕𝜁𝜁(ℏ)

𝜕𝜕ℏ
= 0. Using the symbolic computation software Mathematica, we 

directly employ the command Minimize to get the optimal convergence-control parameter ℏ. 
 
Applications 
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In this section, we introduce the solution of two examples; linear and nonlinear Riccati fractional differential 
equation with three parameters.  
 
Example 1  Consider the linear problem:  

 0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝑡𝑡
𝛼𝛼,𝜇𝜇,1𝑦𝑦(𝑡𝑡) = 𝑦𝑦(𝑡𝑡), (14) 

 
subject to the initial condition:  

 𝑦𝑦(0) = 1. (15) 
 
At 𝛼𝛼 = 𝜇𝜇 = 1 the exact solution is 𝑦𝑦(𝑡𝑡) = 𝑅𝑅𝑡𝑡 which will be useful for the comparison of different 
approximations. By choosing 𝑦𝑦0(𝑡𝑡) = 𝑦𝑦(0), and the linear operator 𝐿𝐿 = 0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝑡𝑡

𝛼𝛼,𝜇𝜇,1, the zero-order of 
deformation (5) becomes  
 

 (1 − 𝑞𝑞)0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝑡𝑡
𝛼𝛼,𝜇𝜇,1[∑  ∞

𝑖𝑖=0 𝑦𝑦𝑖𝑖(𝑡𝑡)𝑞𝑞𝑖𝑖 − 𝑦𝑦0(𝑡𝑡)] =
                                                                                                             ℏ𝑞𝑞(0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝑡𝑡

𝛼𝛼,𝜇𝜇,1 ∑  ∞
𝑖𝑖=0 𝑦𝑦𝑖𝑖(𝑡𝑡)𝑞𝑞𝑖𝑖 − ∑  ∞

𝑖𝑖=0 𝑦𝑦𝑖𝑖(𝑡𝑡)𝑞𝑞𝑖𝑖), (16) 
 
 
 0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝑡𝑡

𝛼𝛼,𝜇𝜇,1[∑  ∞
𝑖𝑖=1 𝑦𝑦𝑖𝑖(𝑡𝑡)𝑞𝑞𝑖𝑖 − ∑  ∞

𝑖𝑖=1 𝑦𝑦𝑖𝑖(𝑡𝑡)𝑞𝑞𝑖𝑖+1] =
                                                                                                        ℏ(0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝑡𝑡

𝛼𝛼,𝜇𝜇,1 ∑  ∞
𝑖𝑖=0 𝑦𝑦𝑖𝑖(𝑡𝑡)𝑞𝑞𝑖𝑖+1 − ∑  ∞

𝑖𝑖=0 𝑦𝑦𝑖𝑖(𝑡𝑡)𝑞𝑞𝑖𝑖+1), (17) 
 

 where  
 

 Φ(𝑦𝑦(𝑡𝑡), 𝑞𝑞) = 𝑦𝑦0 + ∑  ∞
𝑖𝑖=1 𝑦𝑦𝑖𝑖𝑞𝑞𝑖𝑖 . 

 
Balancing the coefficients of equal powers of 𝑞𝑞, we have the following set of infinite linear fractional 
differential equations: 
 
 0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝑡𝑡

𝛼𝛼,𝜇𝜇,1[𝑦𝑦𝑛𝑛(𝑡𝑡) − 𝜒𝜒𝑛𝑛𝑦𝑦𝑛𝑛−1(𝑡𝑡)] = ℏ�0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝑡𝑡
𝛼𝛼,𝜇𝜇,1𝑦𝑦𝑛𝑛−1(𝑡𝑡) − 𝑦𝑦𝑛𝑛−1(𝑡𝑡)�, 

where 𝜒𝜒𝑛𝑛 = � 0,𝑛𝑛 ≤ 1
1,𝑛𝑛 > 1 . 

 
For the initial condition, we have  
 

 Φ(𝑦𝑦(0), 𝑞𝑞) = 𝑦𝑦0(0) + ∑  ∞
𝑖𝑖=1 𝑦𝑦𝑖𝑖(0)𝑞𝑞𝑖𝑖 = 1,        thus, 𝑦𝑦0(0) = 1, 𝑦𝑦𝑖𝑖(0) = 0, i=1,2,3,. 

 
By applying the integral operator 0𝐴𝐴𝐴𝐴𝐼𝐼𝛼𝛼,𝜇𝜇,𝛾𝛾 on both sides with 𝛾𝛾 = 1, and using equation (3), we achieve the 
general form of the infinite linear fractional differential equations given by  
 

 𝑦𝑦𝑛𝑛(𝑡𝑡) = (𝜒𝜒𝑛𝑛 + ℏ)𝑦𝑦𝑛𝑛−1(𝑡𝑡) − (𝜒𝜒𝑛𝑛 + ℏ)𝑦𝑦𝑛𝑛−1(0) − ℏ0𝐴𝐴𝐴𝐴𝐼𝐼𝛼𝛼,𝜇𝜇,1[𝑦𝑦𝑛𝑛−1(𝑡𝑡)]. (18) 

 Thus, the N-th order HAM approximate solution is given by  

 𝑦𝑦(𝑡𝑡) = 𝑦𝑦0(𝑡𝑡) + ∑  𝑁𝑁
𝑖𝑖=1 𝑦𝑦𝑖𝑖(𝑡𝑡). (19) 

The explicit expression given by (19) contains the auxiliary parameter ℏ. This parameter determines the 
convergence region. Thus the solution depends on the fractional parameters 𝛼𝛼 and 𝜇𝜇. We fixed 𝜇𝜇 = 0.5 and vary 
𝛼𝛼 = 0.2,0.5,0.9.  The optimal value of ℏ can be determined by minimizing the 𝜁𝜁(ℏ) as given in Figure 1. The 
effect of varying the fractional parameters α and μ the 𝑦𝑦(𝑡𝑡) is presented in Figure 2. Similarly, we plot the 
residual error 𝑅𝑅𝑅𝑅𝑅𝑅(𝑡𝑡) with different values of fractional derivative in Figure 3.  
 
Table 1 gives the convergent control parameter ℏ and its ARE for several values of 𝛼𝛼 and 𝜇𝜇 using a 6-order of 
approximation. Now, we fixed 𝑡𝑡 = 0, and calculate the solution for several values of α and  𝜇𝜇 as in Table 2, for 
𝜇𝜇= 1 the only case that 𝑦𝑦(0) = 1 happened if ℏ = 0 which is a contradiction with the HAM framework. So, 
equation (14) has no solution in the case of  μ = 1 which means this equation has no solution in the ABC 
fractional type.  
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Figure 1. Average residual error with ℏ  for α = 0.9 (Left), 0.5(Right).  

  
Figure 2. y(t) for example 1 with different values of α (Left), and μ (Right). 

  
Figure 3. Residual error with optimal ℏ given in table 3.1 for α = 0.3, 0.5, 0.9, respectively. 

    
Table 1. ARE and its optimal ℏ  for example 1 at μ=0.5, vary α, and α=0.5, vary μ. 

𝛼𝛼 ARE ℏ 𝜇𝜇 ARE ℏ 
 0.1   8.32917 × 10−7   -1.35798   0.1   3.08439 × 10−12   -1.0527  
 0.3   1.28684 × 10−7   -1.2891   0.3   1.72733 × 10−10   -1.10178  
 0.5   6.33778 × 10−9   -1.19928   0.5   6.33778 × 10−9   -1.19928  
 0.7   8.01290 × 10−11   -1.11493   0.7   1.48121 × 10−6   -1.38789  
 0.9   8.36700 × 10−14   -1.04322   0.9   0.00128426   -1.64569  

 
Table 2. α, μ, and initial condition for example 1 

  𝛼𝛼   𝜇𝜇   Initial condition 
  0.9   1   1. - 0.1 ℏ + 0.01 ℏ2 - 0.001 ℏ3 + 0.0001 ℏ4 - 0.00001 ℏ5 + 1.∗ 10−6ℏ6  
  0.9, 0.5  1 
 0.5  1  1.−0.5ℏ + 0.25ℏ2 − 0.125ℏ3 + 0.0625ℏ4 − 0.03125ℏ5 + 0.015625ℏ6 
  0.9, 0.5  1  
 
 
Example 2  Consider the following ABC fractional Riccati equation:  

  0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,1𝑦𝑦(𝑡𝑡) + 𝑦𝑦(𝑡𝑡) − 𝑦𝑦2(𝑡𝑡) = 0, (20) 

 with the initial condition,  

 𝑦𝑦(0) = 0.5. (21) 

The exact solution in the standard case is 
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 𝑦𝑦(𝑡𝑡) = 𝑒𝑒−𝑡𝑡

𝑒𝑒−𝑡𝑡+1
. (22) 

 The homotopy expression for (20) will be,  

  0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,1[𝑦𝑦𝑛𝑛(𝑡𝑡) − 𝜒𝜒𝑛𝑛𝑦𝑦𝑛𝑛−1(𝑡𝑡)] =
ℎ[0𝐴𝐴𝐴𝐴𝐴𝐴𝐷𝐷𝛼𝛼,𝜇𝜇,1𝑦𝑦𝑛𝑛−1(𝑡𝑡) + 𝑦𝑦𝑛𝑛−1(𝑡𝑡) −
                                                                                                      ∑  𝑛𝑛−1

𝑗𝑗=0 𝑦𝑦𝑛𝑛−1−𝑗𝑗(𝑡𝑡)𝑦𝑦𝑗𝑗(𝑡𝑡)], (23) 

 for 𝑛𝑛 = 1,2,3,⋯, we choose the initial guess 𝑦𝑦0(𝑡𝑡) = 0.5, then applying 0𝐴𝐴𝐴𝐴𝐼𝐼𝛼𝛼,𝜇𝜇,1 In the above equation, the 𝑛𝑛-
order can be written as:  

 𝑦𝑦𝑛𝑛(𝑡𝑡) =
(𝜒𝜒𝑛𝑛 + ℏ)𝑦𝑦𝑛𝑛−1(𝑡𝑡) − (𝜒𝜒𝑛𝑛 + ℏ)𝑦𝑦𝑛𝑛−1(0) + ℏ[0𝐴𝐴𝐴𝐴𝐼𝐼𝛼𝛼,𝜇𝜇,1[𝑦𝑦𝑛𝑛−1(𝑡𝑡) −
                                                                                                                            ∑  𝑛𝑛−1

𝑗𝑗=0 𝑦𝑦𝑛𝑛−1−𝑗𝑗(𝑡𝑡)𝑦𝑦𝑗𝑗(𝑡𝑡)]]. (24) 

Applying analysis steps, we find the other 𝑁𝑁-terms. In Figure 4, we plot the behavior of the solution by varying 
the new fractional parameters 𝜇𝜇 and  𝛼𝛼. The residual error of the solutions for several values of α is plotted in 
Figure 5. Table 2 gives the convergent control parameter and it’s ARE for several values of 𝛼𝛼 and 𝜇𝜇 using 6-
order of approximation. We observed that if 𝜇𝜇 = 1 and varies 0 < 𝛼𝛼 < 1 (standard ABC derivative) the initial 
condition will not satisfy (i.e 𝑦𝑦(0) =  0.5 +  0.025 ℏ −  0.0000625 ℏ3 +  3.125 × 10−7ℏ5and ( ℏ ≠ 0)); 
which means that it may have no solution. 

   

 

 

 

 

 

Figure 4. y(t) for example 2  with different values of α (Left), and μ (Right). 

    

Figure 5. 

Residual error with optimal ℏ  given in table 2  for α = 0.3, 0.5, 0.9 respectively. 
 

Table 3. ARE and its optimal ℏ  for example 2 with different values of α with μ=0.5, and different values of μ with α=0.5. 
  α   ARE   ℏ    μ   ARE   ℏ  

 0.1   2.43308 × 10−7   -0.814443   0.1   9.29851 × 10−10   -0.911501  
 0.3   1.49506 × 10−7   -0.826851   0.3   8.28239 × 10−9   -0.882866  
 0.5   4.73852 × 10−8   -0.850767   0.5   4.73852 × 10−8   -0.850767  
 0.7   5.75513 × 10−9   -0.88488   0.7   1.66378 × 10−7   -0.81843  
 0.9   1.28970 × 10−10   -0.927909   0.9   3.39087 × 10−7   -0.790958  

 
 
Conclusion 
 
In this study, we implemented fractional integrals of any order and the fractional operator Caputo type (ABC) 
with Mittag Leffler kernels in three parameters to analyze the Riccati equation using the homotopy analysis 
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method.  Approximate solutions to linear and nonlinear fractional differential equations are calculated using this 
method. Unlike all other analytic methods, it allows us to easily adjust and control the convergence region of the 
series solution. The accuracy of the approximate solutions was validated by computing the solution's residual 
error. The employed method is used to analyze and solve the well-known fractional Riccati equation, which is 
based on rapidly convergent series with easily compatible components. With a few terms, the HAM is effective 
and reveals the existence of the solution, and the amount of error is small. We recommend this method for 
dealing with such issues. The method is straightforward, and it is the first approach to dealing with such issues. 
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Abstract: The study of CAT(0) spaces plays a crucial role not only in Reimann Geometry but also in 
Functional Analysis, Numerical Analysis, ect. The applications of Fixed Point Theory under some conditions in 
CAT(0) spaces have been on focus of many research papers. Their goals are in generalizing the expansive or 
contractive function, or giving new iteration which improves the convergent conditions for a function to its 
fixed points. The goal of this paper is the study of some convergence aspects of modified hybrid maximal 
functions in a complete CAT(0) space. There are given some sufficient conditions which guarantee the 
convergence of a sequence  based on a new iteration for modified hybrid maximal function or hybrid partial 
maximal function using Fixed Point Theory. 
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Introduction 
 
The CAT(0) space concept was introduced for the first time by Alexandrov as geodesic spaces with zero 
curvature. Gromov in 1987 (Gromov, 1987) studied CAT(0) spaces as geodesic spaces where every geodesic 
triangle has a comparison tringle in Euclidian plane E2. They satisfy the property that the geodesic distance for 
every two points in the geodesic triangle is smaller or equal to Euclidian distance of reciprocal points in 
Euclidian plane. Kirk (Kirk, 2003), (Kirk, 2004) proved some fixed point results in CAT(0) space. Many 
authors have published on this field. The study of contractive functions in these spaces has given a new theory 
which is applicated in Numeric Analysis.   Mann in 1953 (Mann, 1953) has studied for the first time the 
convergence of a sequence based on an iteration in Banach spaces. Many researchers have studied the 
convergence of an iterative sequence in various spaces (Ishikawa, 1974), (Ullah et al., 2018), (Uddin et al., 
2018). In this paper, there are given some convergence results for modified hybrid maximal functions in a 
complete CAT(0) space. A sequence is defined based on a new iteration. There is proved that this sequence 
converges to a fixed point of the modified hybrid maximal function or modified hybrid partial maximal 
function.  
 
 
Preliminaries 
 
Definition 1 (Bridson & Haefliger, 1999)  Let  be metric space and . The map  is 
called a geodesic curve if it completes the following conditions:  
 

1.  
2.  
3. , for every . 
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4.  
The image of  is called geodesic segment that joins the point . 

 
The couple  is called (unique) geodesic metric space if for every two points in  there exists a (unique) 
geodesic curve that joins them.  
 
It is denoted .  
 
A subset Y X⊆  is called convex if for every geodesic segment that joins two points is included in .  
 
Definition 2 (Bridson & Haefliger, 1999) Let  be a geodesic space. A geodesic triangle consits of three 
points  and three geodesic segments. It is denoted . 
 
Definition 3 (Bridson & Haefliger, 1999) Let  be a geodesic space and  be a geodesic 
triangle. A comparison triangle for geodesic triangle  is the triangle in 
Euclidian plane  such that , for . 
 
Definition 4 (Bridson & Haefliger, 1999) The geodesic space  is called CAT(0) space if for every triangle  

 and , the inequality , for  , holds. 
 
Proposition 5 (Nanjaras, 2010) Let  be a CAT(0) space.  
 
Then  

 
where  .  
 
Proposition 6 (Dhompongsa, 2008) Let  be a CA/T(0) space. Then the following inequality is true 
 

 
 
for every .  
 
In 1953 Mann (Mann, 1953) presented the iteration  where  and  is a 
Banach space. 
Schu (Schu, 1991) modified this Mann’s iteration by defining the sequence as follows: 
 

  
 
Definition 7 The function , where   is a CAT(0) space is called modified hybrid maximal if for 
each  and   it satisfies the following condition: 
  

. 
 
Definition 8 The function , where   is a CAT(0) space is called modified hybrid partial maximal 
if for each  and   it satisfies the following condition: 
 

 
 
 
Main results 
 
The following result show a convergence result for a generalized hybrid maximal function. 
Theorem 1 Let  be a complete CAT(0) space and  a nonempty, closed convex subset of  and  

  be a function that satisfies the condition: 
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For ,  is a natural number,  is a continuous function such that 
 for each . Suppose that the set of fixed points of the given mapping  is 

nonempty. Let  be a point in  and the sequence  a sequence defined by the iteration 
, for every , and the sequence  is convergent. Then 

, where  is the unique fixed point of . 

 
Proof. Since of fixed points of the function  is nonempty, there exists a point  such that  

  
Now we see  

 
 
Now we discuss the following cases: 
 
If , we have  

 
 
Furthermore,  
 

 and  

 for every . 

If , we have  

 
 
In addition,  
 

 and  

 for every  since . 

If , we have  

 
From this inequality, we have 
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and,  for every  since . 

 
Consequently, we have proved that the sequence  is decreasing and bounded from above from zero. 
As a result, it converges to its infimum . Suppose that . 
So,  

 
Taking the limit when , we have  

. 

As a result,   which is a contradiction because . It yields that . 
 
Theorem 2 Let  be a complete CAT(0) space and  a nonempty, closed convex subset of  and  

  be a function that satisfies the condition: 

 

For ,  is a natural number,  is a continuous function such that 
 for each . Suppose that the set of fixed points of the given mapping  is 

nonempty. Let  be a point in  and the sequence  a sequence defined by the iteration 
, for every , and the sequence  is convergent. Then 

, where  is the unique fixed point of . 

 

Proof:  
 
We have that  

  

 
And we are in the same scheme of proof of Theorem 1. As a result, we have that . 

 
Corollary 3 Let  be a complete CAT(0) space and  a nonempty, closed convex subset of  and  

  is a modified hybrid maximal function. Suppose that the set of fixed points of the mapping  is 
nonempty. Let  be a point in  and the sequence  a sequence defined by the iteration 

, for every , and the sequence  is convergent. Then 
, where  is the unique fixed point of . 

 
Proof: Taking , for , we have that the hybrid maximal function satisfies the conditions of 
Theorem 1. Consequently, the result of Corollary 3 is immediately proved.  
 
Corollary 4 Let  be a complete CAT(0) space and  a nonempty, closed convex subset of  and  
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  is a modified hybrid partial maximal function. Suppose that the set of fixed points of the mapping  
is nonempty. Let  be a point in  and the sequence  a sequence defined by the iteration 

, for every , and the sequence  is convergent. Then 
, where  is a fixed point of . 

 
 
Conclusion  
 
In this paper there are studied some convergence results for a sequence which is defined by a new iteration. This 
sequence converges to the fixed point of the respective function (given in Theorem 1, Theorem 2, Corollary 3, 
Corollary 4).  
 
 
Recommendations 
 
The authors suggest as further study the comparison between the convergence of Mann’s iterative sequence and 
Schu’s sequence with the one given in this paper to the fixed point of modified hybrid maximal functions and 
modified hybrid partial maximal functions respectively. 
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Abstract: The high rates of restoration work carried out in the territories of Azerbaijan recently liberated from 
the occupation and the technological requirements for the projected power plants and electric grids of modern 
design and high power require the use of reliable and effective methods of control and protection of these 
facilities from failures and damage, as well as possible cyberattacks. In this regard, the article analyses the 
actual questions of the use of modern technologies and developments for the protection of power systems, 
provides the best options for the management and protection of electrical networks, which are most suitable for 
long-term plans for the development of the region on the principle of smart cities. 
 
Keywords: Power plant, Automation, Microprocessor, Relay, Busbar, Transmission line 
 
 
Introduction 
 
Large-scale projects are being implemented in Azerbaijan to restore infrastructure in the territories recently 
liberated from occupation on the principle of smart cities.  This includes, among other things, the construction of 
new modern power plants and electrical networks of modern design and high capacity. This, in turn, requires the 
application of reliable and effective safety methods and the protection of these systems from any failures or 
damage.  
 
Changing the management structure of the electric power industry and the process of its reform requires paying 
increasing attention to the development and modernization of systems for collecting, transmitting, and 
displaying information at control points, which play a significant role in ensuring the controllability and 
reliability of the energy system (Papkov, 2021). The introduction of modern digital technologies in the electric 
power industry makes it possible to generate large amounts of data on the state of connections, equipment at 
substations and the power system. The article Antamoshin et al. (2016) analyzes the prospects for using methods 
based on multiple modeling, statistical processing of results and machine learning, in relay protection and 
automation of electrical networks.  At the same time, the problems of collecting information not only about the 
position of the equipment and the values of the mode parameters should be considered as much as possible, but 
also the issues of maintenance, the tasks of technical and commercial electricity metering, registration of 
emergency events and processes, determining the place of damage, diagnosing the main equipment, organizing a 
single time system (Tsypkin, 2017). The study conducted in Ilyushin (2019). proves the possibility of using 
parameters calculated in offline mode to implement a system of daily and emergency control for the further 
transition to online software calculations of established and transient processes. 
 
It should be noted the need to ensure the cybersecurity of automatic control systems, such as relay protection 
devices, mode control and emergency control devices, automated control systems. In the article [6], the authors 
propose a methodical approach to the analysis of the structure of automatic means of regime and emergency 
control from the point of view of their impact on the reliability and survivability of power systems, taking into 
account the known cybersecurity. The authors of the article (Makarov et al.,2018) analyzed methodological and 
model developments on the study of energy security problems and describe the features of new challenges in 
energy security research at present, emphasizing the need to develop modern methods, models and tools. In this 
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regard, this article examines a set of aspects of the use of modern technologies and developments to protect 
energy systems and analyzes the optimal concepts for managing the electric networks of Azerbaijan in the 
context of accelerated restoration work on the lands liberated from occupation. 
 
 
Qualitative Analysis of the Electric Power Systems of Azerbaijan, Their Reliability and Safety 
 
Along with long-existing power plants and substations, (Azerbaijan Thermoelectric Power Plant, Mingachevir 
Hydroelectric Power Plant, Sumgait, Northern, Southern Power Plants, Khachmaz, Absheron, Ganja Electric 
Substations), the country has many reconstructed and new stations of medium and small power. New 
hydroelectric power plants and substations are being designed in the recently liberated territories of the 
Karabakh and East Zangezur economic regions of Azerbaijan, where the most modern electrical equipment and 
technologies of foreign manufacturers will be used. It is also planned to use alternative energy sources in the 
construction of smart cities in these territories.  
 
The country's electricity economy includes not only a wide network of hydro- and thermoelectric power plants, 
but also intensive energy exchange systems with neighboring countries such as Turkey, Georgia, Russia and 
Iran, which plays an important role in providing the country with sustainable electricity and is an important 
element of its stability and security. For the effective management of this extensive network, high-quality 
electrical equipment of foreign manufacturers such as AREVA, ABB, GE, Schneider, Siemens, NR-China, etc., 
as well as modern technologies of international energy companies from Turkey, Japan, Russia, Ukraine, Italy, 
Germany, and others are used. All this increases the professional level of the local specialists, playing an 
important part of reliable management and maintenance of large-scale energy systems. 
 
Despite the introduction of modern technology, intervals appear in the supply of electrical energy at times 
(unexpectedly). The appearance of these intervals is accompanied by accidents in the power system. It is 
especially important to carry out frequent monitoring during operation, when the probability of such failures is 
high.  The main means of improving reliability are: 
 
- Application of high-quality materials, structures and manufacturing technology, 
- Wide application of automation of regulation of normal modes, 
- Correct selection and installation of emergency automation devices, 
- Ensuring correct and uninterrupted operation of relay protection devices.. 
 

Table 1. Failure flow / Recovery time 
Elements  

 
Failure flow 

ω 1/year 
Time of recovery 

Tr , hour/ 1 
Power units 
250-300 MB 
500 MW 

8.26 
21.36 

45 
70 

Transformers 
110 kV 
220 kV 
330 kV 

0.075 
0.025 
0.053 

95 
60 
45 

Air switches 
110/220 kV 
330 kV 

Per connection 
0.02 
0.03 

 
45/122 
161 

Busbar 
110 kV 
- 
500 kV 

 
0.013 
 

 
5 
 

Power 
transmission line 
110 kV 
220 kV 
330 kV 
500 kV 

Per 100 km 
Length 
0.66 
0.36 
0.3 
0.15 

 
11 
9.3 
15.3 
13 

 
Parameters and characteristics of reliability of the main elements of the system are determined by probabilistic 
statistical methods. Here it is necessary to take into account the presence of random processes of the functioning 
of the power system, that is: 
- Various normal operating states and pre-emergency mode parameters 
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- Probability of failure of an element 
- The duration of equipment repair and the likelihood of an emergency in the repair scheme, when part of the 

equipment of the power plant or substation is disconnected for repair. 
 
The main indicators of reliability of a complex electric power system are: 
- Emergency loss frequency or failure flow parameter (specific damage, ω 1/year) 
- The average duration of emergency repair of the failed element (average recovery time, Tr). 
 
As an example, it can be cited data on some electrical engineering equipment. For power transmission lines it is 
necessary to consider the coefficient of unstable failures (Siemens smart process instrumentation tutorials for 
scaling and calibration, 2015. 
 
Taking them into account, the number of expected outages of overhead systems should be made as shown in 
Table 2: 

 
Table 2. Transmission line failures 

 
 
 
 

 
 
 
For busbar of 110-500 kV with at least six connections, the failure flow will be ω'=n·ω=6·0,013=0,078 1/year. 
The necessary technical measures are taken in the power system in accordance with a certain value of the 
probabilities. For example, all high voltage air circuit breakers have been replaced by German circuit breakers 
(SF6) in the country power system (Aleksandrovskaya, 2018). 
 
Increasing the short-circuit currents and capacities require special measures to limit them not only in size, but 
also in duration. The increase in short-circuit current levels imposes an increase in the requirements in relation 
to the electrodynamic and thermal resistance of the elements of the devices of the energy system, - for example, 
the increase in the levels of short-circuit current is one of the main reasons for the decrease in the operational 
reliability of power transformers and can cause their damage. Thus, it is necessary to: 
 
- Improve the performance of traditional switching equipment 
- Introduce new ultra-fast switching devices capable of limiting and disabling the short-circuit current during 

the first half of the period 
- Use non-inertial and inertial current-limiting devices. 

 
The conditions of flow, limitation, and shutdown of the short-circuit current presented in the Figure 1 below: 
 

 
Figure 1. Relay response in case of short-circuit current 

 
Shutdowns occur after 4-5 periods t = 0.,8 – 0,1 seconds, depending on the speed of relay protection moment A. 
Reducing the shutdown time to 2 periods t = 0.04 sec will allow to disable the short circuit at time B. Sine wave 
characterizes the processes of limiting the short-circuit current to non-inertial current-limiting devices. The 
curve shows the limitation of the short-circuit current by the current-limiting switching apparatus and the 
current shutdown at the moment C. 
 
Thermal resistance switch is defined as 
 

Power 
transmission 

ω 
 Coefficient ω'= ω/k (per 

100 km) 
110 0.66 0.24 2.75 
220 0.36 0.25 1.44 
330 0.3 0.25 1.2 
500 0.15 0.36 0.42 
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BT=Jp0
2 (toff +Ta)          (1) 

 
where,  
 
Jp0 - periodic component of the short-circuit current (initial values) 
toff - shutdown time Ta is the damping time of the aperiodic component. 
 
Electrodynamic resistance of the switch is defined as  
 

Вd =isc
2=2 ksc

2 ·Jp0
2                (2) 

 
where, isc is the shock current, ksc is the impact coefficient. 
 
Total exposure to current 
 

ВΣ=ϕ1(ВТ) + ϕ2 (Вd)              (3) 
 

where, φ1,2 - is the phase angle of the current 
 
Thus, by reducing the shutdown time and the amount of shock current, it is possible to increase the reliability of 
the switching apparatus. 
 
However, in this case, in each case, an analysis of the sensitivity of the relay protection to the short-circuit 
current in the constraint mode is necessary. This may lead to the need to develop fundamental new relay 
protection and automation devices (Thomas et al.,2020). 
 
Currently, to limit short-circuit currents, the following are used: 
- Permanent and automatic network division 
- Current-limiting reactors and resistances  
- Power transformers with a winding of lower voltage. 
- Parts of power transformers of 110 kV network grounded to neutral. 
 
 
Solutions Provided by Integration of Microprocessor Protection Relays into the SCADA Power Grid 
System  
 
The reliability of the electricity transmitted to the consumer should be at a high level. With the growing need for 
electricity supply in Azerbaijan, there is a constant increase in the load, which requires the expansion and an 
increase in the capacity of the systems. Currently, modern computer technology allows to fully automate the 
main functions of electric power systems (production, transmission, distribution). 
 
SCADA system technology with most modern standard functions, as well as remote terminals at various 
substations and power plants, is necessary for the economical and reliable operation of Azerbaijan's power grids. 
The disadvantage of the existing system is poor coordination of relay protection and automation, which causes 
interruptions that can be avoided. Therefore, it is recommended to use contactless microprocessor digital relays 
together with old electromechanical ones, (Kovalevet al.,2018). 
 
The main operational functions of the SCADA system, necessary for reliable monitoring and control of the 
power systems of Azerbaijan, include: 
 
- Monitoring of all thermal and large hydroelectric power plants, all high-voltage lines in the system (all lines 

of 500 kV, 330 kV, 220 kV and most lines of 110 kV, etc.)  and electrical substations. 
- Control of generating means at economical operation (economical load division, monitoring of reserve, 

calculation of production cost) and reliable operation (adjustment in order to match the production of load) 
- Monitoring and control of electrical system components such as switches, transformers, relays and reactive 

devices 
- Alarms, event logging and storage of statistical data files for subsequent access to them and all kind of 

requests 
- Load forecast for short-term operational requirements and analysis of the design of the load schedule of the 

units  
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- Analysis of the operation of the power grid in present and designed conditions with standard applications 
such as dispatching energy flow, network sensitivity, optimal energy flow analysis, emergency analysis, 
short circuit analysis and safety analysis, etc. 
 

Microprocessor relay protection performs the following measurement and control functions: 
 

- Control of phase rotation direction measurement of phase currents and zero wire, 
- Measurement of phase stresses relative to grounding, 
- Measurement of active, reactive and full power, 
- Measurement frequency, 
- Control of switches operation time, and so on.   

 
One of the advantages of microprocessor devices is the development of diagnostic devices themselves. 
Communication processors and servers ensure the joint operation of all devices, as well as information 
processing, calculations, record keeping and archives.  For diagnostics of generators and other station 
equipment, it is necessary to use non-electric co-meter, pressure, temperature, consumption.  
 
Each terminal allows communication with the highest level of the Automated Control System (ACS) of 
substation, while being its lower level. Unlike conventional ACS of Technological Process, where a relatively 
long response time is allowed (industry, thermal part of power plants, etc.), these terminals have high computing 
characteristics and their own "intelligence", i.e., autonomously perform the functions of protection and 
automatic control of electrical equipment with an impact on switching elements.  Terminal microprocessor of 
relay protection as part of ACS TP can also be used to collect current information about the electrical 
parameters of the protected equipment (currents, voltage, power, frequency) and switching equipment. 
 
The internal terminal database stores information about any changes in input and internal logical signals. 
Additionally, if the power grid is damaged, a digital record of emergency waveforms of analog and discrete 
signals in indestructible memory, i.e. a database of oscillograms of emergency processes, is formed.  This 
database is used for the analysis of accidents.  These databases can be made available in the local relay network 
and operational personnel with the help of special software. Access to information and changing terminal 
settings is governed by the Administration Rights of each registered user.  
 
The reliability of the terminal is ensured by continuous functional control and self-diagnostics of the hardware 
and software part of the device. The controlled area begins with the conversion of the analog and ends with the 
windings of the output relay. The device uses small, closed, not decipherable, output electromechanical relays 
with guaranteed parameters that do not require periodic adjustment and cleaning of contacts. Reduce circuit and 
voltage power consumption, allowing to use modern, small, software-controlled current and voltage sources to 
configure and test devices. An important feature of the protection of domestic MP terminals is that developers 
have the opportunity to respond quickly to customer requirements that are not taken into account in standard 
protection options. 
 
 
Conclusion  
 
Diagnostics of the main equipment was carried out. The issues of reliability are considered, and the failure rate 
is estimated, as well as the conditions for the flow, limitation, and shutdown of the short-circuit current are 
analyzed. 
 
Qualitative analyses show that to ensure the stability of the power system and improve the reliability of power 
supply to the consumer, it is necessary to perform the following measures: 
 
- Quick shutdown of short circuits  
- Automatic re-activation of all kinds. 
- Automatic frequency unloading  
- Automatic power on 
- Emergency automation 
- Integration of microprocessor protection relays into the SCADA system of the global power network for 

operational control of emergency modes 
 

Notes 
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* This article was presented as an oral presentation at the International Conference on Basic Sciences and 
Technology (www.icbast.net) conference held in Antalya/Turkey on November 16-19, 2022.  
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