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A B S T R A C T   

The Schiff base was synthesized using the m-bromosalicylaldehyde and ethylenediamine in 1:1 mole ratio. Using 
the infrared, UV, fluorescence and 1H-13CNMR spectral analysis the m-bromosalicylaldehyde derivative structure 
was confirmed. Using DFT study the compound structure was optimized. Local energy decomposition (LED) 
analysis calculated binding energy is -9.19 kcal/mol. The molecule 5BRSET is a optical material, its wavelength 
is 512 nm and 784 nm respectively. We used three different solvents to calculate the non-linear optical, HOMO- 
LUMO and molecular electrostatic potential studies, when compared to other solvent the water is showed good 
activity. Using topological analysis we confirms the localization and delocalization electrons from the synthe
sized compound. The non-covalent interaction study confirms the intermolecular and intermolecular hydrogen 
bondings. The natural bond orbital analysis calculation showed the interactions between and within the mole
cule. A docking study was done on the molecule, and the results show that 5BRSET interacts well with the crystal 
structure of hypothetical protein (PDB ID: 2EA9). The molecule is moderate activity, which is confirmed by 
antimicrobial activity.   

Introduction 

The Schiff base was made when combination of amine with aldehyde 
or ketone. Schiff bases are formed through the condensation reaction 
between primary amines and carbonyl compounds [1]. In biological 
function the Schiff base such as -CH––N- (imine) group is the very 
important role [2]. In a Schiff base molecule, an alkyl or aryl group is 
linked to a nitrogen atom. The azomethine compound play identical 
significant character in pharmacological activity, because present in 
nitrogen atom [3]. The pharmacological properties of this substance 
contain antibacterial, antifungal, antiviral, antihelmintic, anticonvul
sant, antitumor, anti-inflammatory, anti-HIV, anticancer, antimalarial, 
antitubercular, and corrosion-inhibiting activities. The formation of 
Schiff bases was shown to arise from the reaction between ethylenedi
amine and 5-bromosalicylaldehyde [4]. DNA is the most important drug 

target for anticancer drugs. 
In addition to their use in the clinical setting, Schiff base complexes 

also find use in the analytical sector. In oxygen transport systems, some 
Schiff bases model cellular oxygen carrier molecules. It is common 
knowledge that tetradentate Schiff bases can combine to create stable 
complexes, and the mechanism through which this coordination occurs 
is the N2O2 donor set. Transition metal ions complexed with polydentate 
Schiff bases containing nitrogen and oxygen donor atoms play a crucial 
role in biological processes. These complexes also serve as intriguing 
models for metalloenzymes involved in the reduction of dinitrogen and 
dioxygen. Biological systems feature transition metal ion-polydentate 
Schiff base complexes with nitrogen and oxygen donor atoms. Anisha 
Bharduraj et.al, recently reported the organotellurium (IV) complex 
derived from Schiff base ligand [5]. In this study reported the various 
characterization, antimicrobial, antioxidant, DFT, docking and ADMET 
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properties. The Mamtra et.al, reported the in vitro cytotoxicity of man
ganese (II) Schiff base metal complex, in cytotoxicity study the used 
HeLa and MCF7 cell lines [6]. Mst. Sabina Begum et.al, recently studied 
synthesis and characterization of Ni (II) Schiff base complex, including 
antimicrobial and DFT studies [7]. Kalarani et.al, recently studied the 
antimicrobial and DNA binding studies on Co (II), Cu (II) and Zn (II) 
metal complexes [8]. Shehnaz et.al synthesis a Cu (II) and Zn (II) metal 
complexes derived from sulphonamide Schiff base [9]. 

In this paper we focus to synthesis a new Schiff base. The experi
mental characterization studies compared by the simulated 

characterization studies. Electrophilic and nucleophilic attacking sites 
confirmed using MEP studies. In solvation study we used DLPNO–CCSD 
(T) auxiliary basis set. The titled compound antimicrobial activity tested 
against S. aureus, S. pneumoniae and E. coli and candida albicans. The 
docking study also done using autodock software. 

Experimental 

Materials and instrumentation 

5-bromosalicylaldehyde and ethylenediamine both purchased from 
Sigma Aldrich. Solvents are purchased at local chemical shops and it is 
used directly. The range between 4000 and 400 cm− 1 the infrared 
spectrum were recorded, using KBr pellet model. Using Burker Avance- 
400 MHZ FT-NMR spectrophotometer the NMR was recorded in chlo
roform solvent. Using LS-45 spectrophotometer and Perkin Elmer 
Lambda-35 spectrophotometer, the fluorescence and Uv-Visible spectra 
were recorded. 

Synthesis of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene))bis 
(methaneylylidene))bis(4-bromophenol) (5BRSET) 

The 5-bromosalicylaldehyde (4.02 mg, 0.02 mm) and ethylenedi
amine (6 ml, 0.02 mm) were mixed. The above reaction mixture was 

Fig. 1. Synthesis of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol) (5BRSET).  

Fig. 2. Optimized structure of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol).  

Table 1 
Local energy decomposition (LED) energy studies of 2,2′-((1E,1′E)-(ethane-1,2- 
diylbis (azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol) with 
water.  

Formula Energy (kcal/ 
mol) 

Eint = Eopt
dimer - Eopt

monomer − 9.19 
DEgeo-prep = Efixed

monomer - Eopt
monomer 1.11 

DEC-(T)
int = EC-(T)

dimer - EC-(T)
water-fixed - EC-(T)

carbene-fixed − 0.08 
DEref

el-prep = Eref
intra - EX-fixed 30.01 

DEC-CCSD
no-disp = EC-CCSD

no-disp - ECorr-X - ECorr-Y − 2.74 
DE = DEgeo-prep + DEref

el-prep + Eref
elstat + Eref

exch + DEC-CCSD
no-disp + EC-CCSD

disp 

+ DEC-(T)
int 

− 9.19  
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Fig. 3. Non-covalent interaction of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol) with water complex.  

Fig. 4. FTIR spectrum (experimental and calculated) of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol).  

C.G. Priya et al.                                                                                                                                                                                                                                 



Chemical Physics Impact 7 (2023) 100323

4

Table 2 
FTIR spectral analysis and PED analysis of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol).  

B3LYP/cc-pVDZ Observed  

Mode Unscaled Scaled IRI RA IR Assignment (% PED) 

102 3217.84 3105.54 1.1672 292.71  CH(98) 
101 3217.83 3105.53 10.441 49.652  CH(98) 
100 3200.42 3088.73 0.9923 78.919  CH(97) 
99 3200.41 3088.72 0.7703 37  CH(97) 
98 3188.89 3077.6 5.4146 0.9144 3064 CH(98) 
97 3188.86 3077.57 0.3316 64.879  CH(98) 
96 3061.96 2955.1 42.157 500.27  CH(93) 
95 3059.98 2953.19 21.166 64.159  CH(78) 
94 3037.41 2931.4 43.77 6.2116  CH(99) 
93 3036.48 2930.51 0.3762 106.21 2923 CH(99) 
92 2992.37 2887.94 23.233 22.764  CH(74) 
91 2986.79 2882.55 13.693 280.2 2872 CH(99) 
90 2956.47 2853.29 432.51 53.613 2852 OH(93) 
89 2950.91 2847.92 514.96 41.529  OH(93) 
88 1668.32 1610.1 229.72 444.77  CC(58) 
87 1665.46 1607.34 171.09 302.08  CC(60) 
86 1661.05 1603.08 83.68 41.357 1634 NC(52)+HOC(11) 
85 1659.48 1601.56 46.796 73.329  NC(44)+HOC(10) 
84 1604.33 1548.34 22.102 53.717 1567 CC(47)+HOC(16) 
83 1603.79 1547.82 59.681 41.997 1512 CNC(12)+OC(14)+HOC(14) 
82 1525.79 1472.54 33.92 23.302 1475 HCH(66)+HCNC(15) 
81 1520.17 1467.12 136.69 17.672  HCH(75) 
80 1514.94 1462.07 96.916 2.973  HOC(17)+HCC(33) 
79 1513.14 1460.33 35.03 20.193  HOC(12)+HCC(24)+HCH(14) 
78 1496.33 1444.11 17.828 159.83  OC(12)+HOC(23) 
77 1495.79 1443.59 10.644 200.13  HOC(10) 
76 1436.93 1386.78 6.7273 8.2315 1391 CC(16)+HOC(11)+HCC(11)+HCN(26) 
75 1434.8 1384.73 14.948 4.6427  CC(23)+HOC(13)+HCC(12)+HCN(24) 
74 1410.79 1361.55 53.631 32.795 1361 CC(10)+HCH(10)+HCNC(41) 
73 1407.52 1358.4 29.537 35.733  CC(12)+HCC(11)+HCN(15)+HCNC(18) 
72 1396.16 1347.43 49.984 9.4827  CC(11)+HCN(35)+HCNC(11) 
71 1380.39 1332.21 5.1043 31.681  HCN(23)+HCH10+HCNC(43) 
70 1355.07 1307.78 2.7613 46.849 1305 CC(67) 
69 1354.68 1307.4 1.0612 79.586  CC(15) 
68 1303.25 1257.77 116.78 2.1265 1291 CC(34)+HCC(13)+HCN(11) 
67 1302.73 1257.26 162.84 0.4124  OC(25)+HCC(12) 
66 1290.84 1245.79 1.1269 50.355  HCN(48)+HCNC(12) 
65 1287.43 1242.5 2.0623 5.3507 1240 CC(10)+OC(16)+HCN(43) 
64 1277.02 1232.45 1.0012 82.338  CC(21)+HCC(22) 
63 1262.33 1218.27 26.144 53.109 1217 HCN(51) 
62 1240.9 1197.59 40.81 42.387  CC(46)+HCC(10) 
61 1237.52 1194.33 83.436 29.642 1184 CC(53)+HCC(13) 
60 1170.05 1129.22 13.004 3.5997  CC(18)+HCC(29) 
59 1164.65 1124 10.841 1.6471 1114 CC(16) 
58 1136.42 1096.76 5.0752 0.3457 1079 CC(10)+HCN(17)+HCNC(23) 
57 1098.27 1059.94 17.913 5.59  CC(49)+HCN(10)+HCC(10) 
56 1096.63 1058.36 7.7148 13.551  CC(29)+HCC(12)+HCC(14) 
55 1065.32 1028.14 14.478 0.1531 1033 NC(25)+HCC(30)+CCN(12)+HCNC(26) 
54 1060.34 1023.33 20.346 55.505  CC(71) 
53 1012.31 976.98 8.5834 1.2086 978 NC(20)+HCNC(49) 
52 1011.28 975.986 2.0743 12.44  HCNC(62) 
51 997.38 962.571 0.6344 0.0488  HCCC(72)+CCCC(11) 
50 996.84 962.05 0.1768 0.9267 952 HCCC(64) 
49 957.39 923.977 66.421 0.1785 913 NC(10)+CCC(19)+HCNC(30) 
48 923.05 890.836 68.324 4.4289 895 HCCC(39) 
47 921.75 889.581 5.9961 0.5786  HCCC(69) 
46 920.21 888.095 0.002 12.815  CCC(19) 
45 919.45 887.361 68.403 1.6953  HOCC(37)+HCCC(25) 
44 916.2 884.225 64.396 0.1981  HOCC(85 
43 904.62 873.049 57.396 3.0366  HOCC(44) 
42 889.37 858.331 10.067 3.8926  CC(53)+HCNC(17) 
41 858.87 828.895 30.731 1.3931  HCCC(76) 
40 858.65 828.683 93.443 0.6231 825 HCCC(74) 
39 790.75 763.153 6.6577 6.1118 776 CC(17)+OC(14)+CCC(24) 
38 789.41 761.86 0.0188 38.395  OC(32)+CCC(26) 
37 738.14 712.379 2.481 0.1892  HCCC(10)+CCCC(14)+OCCC(46) 
36 737.7 711.954 1.5321 1.129 691 CCCC(42) 
35 692.34 668.177 21.08 0.3142  CCC(31) 
34 690.88 666.768 18.544 2.0176  CC(10)+CCC(21) 
33 638.21 615.936 40.707 0.0446 628 BrC(14)+CCC(39) 
32 636.05 613.852 21.118 3.0322  OC(14)+BrC(18)+CCC(38) 
31 600.39 579.436 14.637 0.1386  CCN(10)+CCCC(39) 
30 588.02 567.498 6.1161 0.4407 557 CCCC(36) 

(continued on next page) 
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transferred in to RB flask, using methonal (25 ml) the mixture was 
stirred 5 h in water bath. After completed reaction the reaction mixture 
is filtered and washed in methanol and recrystalled in chloroform [10, 
11]. The final product 5BRSET dried and stored in vacuum desiccator. 
The scheme of the reaction we presented in Fig. 1. 

Antimicrobial action 

The antibacterial activity of the synthesised compound 5BRSET was 
assessed using the disc diffusion method. The antibacterial activity was 
assessed against gram-negative bacterium E. coli and gram-positive 
bacteria Staphylococcus aureus and Streptococcus pneumoniae, 
respectively [12]. We take a 5BRSET molecule that was 1 mg/ml and 
mixed it with DMSO solvent. After 24 h, the inhibition zone (mm) was 
used to measure the area of inhibition. Amoxicillin was used as a 

positive control [13]. Antifungal activity was tested against 5BRSET 
compound using potato dextrose agar diffusion method. We used 
candida albicans microorganism [14]. Initially, the test strain was inoc
ulated into a culture medium known as potato dextrose broth (PDB) and 
incubated at a temperature of 30 ◦C. The plates were kept at 30 ◦C and in 
the light for 24 h. 

Computational methods 

The titled compound structure was optimized with Gaussian soft
ware, and optimized structure was visualized in Gauss View-6 [15]. In 
LED study using ORCA software the interaction energy were calculated 
using DLPNO–CCSD(T) auxiliary basis set [16,17]. The VEDA pro
gramme was employed for the examination of the analysis of PED [18]. 
The TD-DFT method used for figure out the simulated UV–Visible 

Table 2 (continued ) 

B3LYP/cc-pVDZ Observed  

Mode Unscaled Scaled IRI RA IR Assignment (% PED) 

29 553.47 534.154 2.8268 0.8848  CCN(34) 
28 486.72 469.733 3.3842 0.6153 489 CCN(11)+CCO(23)+CCCC(19) 
27 483.02 466.163 0.1624 2.0117  CCN(10)+CCO(66)+CCCC(14) 
26 482.58 465.738 3.8148 1.0626 478 CCCC(10) 
25 473.84 457.303 9.0173 1.6388  CCO(10)+CCCC(16) 
24 451 435.26 0.0023 2.2316  CCN(22)+CCO(16) 
23 402.33 388.289 3.2652 5.1275  CCC(44) 
22 378.3 365.097 4.0239 2.5299  CCN(16) 
21 367.26 354.443 7.1229 0.2378  CC(10)+CCC(37) 
20 357.96 345.467 0.6754 2.0713  CCCC(50) 
19 356.97 344.512 2.4683 0.0609  OCCC(19) 
18 338.68 326.86 0.0649 4.9949  CCN(30) 
17 285.14 275.189 1.2858 0.3235  CCCC(56) 
16 282.68 272.814 16.725 0.0938  CCCC(67) 
15 269.91 260.49 3.5764 6.5485  BrC(57)+CCC(11) 
14 268.81 259.429 3.4993 9.086  BrC(48)+CCBr(12) 
13 249.01 240.32 4.8153 1.8954  CCC(10)+CCN(37) 
12 230.25 222.214 0.4537 1.1366  CCBr(64) 
11 173.39 167.339 1.1177 5.1995  CCCC(33) 
10 172.57 166.547 0.4735 0.478  CCBr(45)+CCCC912) 
9 130.4 125.849 4.0294 1.9412  CCBr(79) 
8 122.88 118.591 1.7923 3.5561  CCCC(45) 
7 111.81 107.908 3.9813 0.4561  CCCC(72) 
6 92.5 89.2718 0.116 7.4066  CCCC(53) 
5 63.22 61.0136 0.2289 1.3859  CCC(37)+CCN(14) 
4 59.4 57.3269 0.0076 3.5604  CCCC(71) 
3 16.55 15.9724 0.1613 8.4939  NCCN(77) 
2 10.08 9.72821 0.8253 3.7669  CCCC(11)+CCCN(73) 
1 7.04 6.7943 0.0031 3.9335  CCN(10)+CCCC(16)+CNCC(64)  

Fig. 5. 1HNMR spectra of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol).  
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spectrum using IEFPCM solvation model and different types of solvents 
like chloroform, DMSO, water and gas phase [19]. The general GIAO 
method was used to find out the simulated 1HNMR and 13CNMR spectra, 
both are calculate from chloroform solvent [20]. The Multiwfn pro
gramme is used to find out quantum chemistry-related LOL, ELF, and 
RDG studies [21]. The docking was done using autodock software with 
X, Y, Z centres are 60 × 60 × 60, with grid size is 1.0. Before docking the 
protein was prepared using discovery studio visualizer. We used genetic 

alothrium, we do four docking studies each docking studies we set 10 
confirmations. 

Results and discussions 

Structural analysis 

Vconf software was used for the conformational analysis, after 

Fig. 6. 13CNMR spectra of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol).  

Fig. 7. UV–Visible spectrum of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol).  
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conformational analysis we choose the highest energy, because highest 
energy values structure is the most stable [22,23]. Based on the 
conformational analysis we find the probable energy value and ring 
energy vale, which is 31.1857 kcal/mol and 24.202 kcal/mol respec
tively [24]. All of the DFT calculations we used B3LYP/cc-pVDZ basis 
set, with gas phase [25]. The synthesized compound best optimized 
structure was presented in Fig. 2, and structural analysis are presented in 
Table.S1 [26]. In this study we discussed highest bond length bond angle 
and dihedral angle only, the highest bond angles are C17-Br22 (1.9175 
A◦), N13-C14-C15 (122.1325 A◦) and C4-C3-C5-H24 (179.9979 A◦) 
respectively. The remaining structural parameters are presented in 
Table.S1. 

Solvation study 

The LED is important study to find the hydrogen bond (non-covalent) 
interaction. The water (H2O) was placed near the -OH functional group. 

Water molecule is more possible to form a hydrogen bond [27]. The 
5BRSET-water complex structure was optimized using ORCA-5 soft
ware, with PBE0/D3/def2-TZVP basis sets. After optimization the opti
mized structure is calculated by local energy decomposition analysis. 
The calculated solvation study energies are presented in Table 1 [28]. 
The Schiff base with water molecule hydrogen bond interaction shown 
in Fig. 3. In Fig. 3 represent the colour blue is non-covalent interaction, 
red is stirric effect and colour green is Vander Wall interaction [29]. We 
used ORCA software for LED calculation, which is free software. In the 
first step, we use the formula Eint = Eoptdimer - Eoptmonomer to figure out 
the interaction energy. Lastly, we find out the final interaction energy, 
using this formula, DE = DEgeo-prep  + DErefel-prep + Erefelstat + Erefexch +

DEC–CCSDno-disp + EC–CCSDdisp + DEC-(T)int. The final interaction en
ergy is − 9.19 kcal/mol. 

Vibrational analysis 

The simulated vibrational analysis we used B3LYP/cc-pVDZ basis set 
level of theory. Infrared spectrum (simulated and experimental) are 
shown in Fig. 4. The compound 5BRSET has 36 atoms and shows 102 
different types of vibrations [30]. According to the C1 point group, it has 
35 modes of stretching, 34 modes of bending, and 33 modes of torsion 
vibrations. The scale factor 0.9651 is used to compare the simulated and 
experimental spectra [31,32]. The VEDA4 software was used to calcu
lated the PED analysis. In Table 2 presented detailed simulated and 
experimental FTIR spectral analysis and also PED analysis [33]. In this 
synthesized compound the -OH stretching frequency is observed at 
2852 cm− 1 in experimental and calculated part -OH stretching fre
quency is 2853 and 2847 cm− 1, with PED contributions are 93 % and 93 
% respectively. 

The -HC––N- stretching vibration normally present between the 
range of 1680 and 1640 cm− 1, but in this case the -HC––N- str vibration 
is observed in 1634 cm− 1 for experimental and related computational 
part is 1603 and 1601 cm− 1, PED is 52 % and 44 % respectively [34]. 
The experimental -HC- str are presented at 3064, 2923 and 2872 cm− 1, 
and related are 3106, 3105, 3089, 3088, 3078, 3077, 2955, 2953, 2931, 
2930, 2887 and 2882 cm− 1, with PED involvement of 98 %, 98 %, 97 %, 
97 %, 98 %, 98 %, 93 %, 78 %, 96 %, 99 %, 74 % and 99 % respectively. 
The -HC- in-plane bending vibrations are experimentally observed in the 
rage of 1305, 1291, 1240, 1217, 1184, 1114, 1079 and 1033 cm− 1. The 
out-plane bending is 978, 913, 895, 825 and 776 cm− 1 respectively [35]. 
The titled compound -CBr stretching vibrations is observed in the rage of 
628 cm− 1 in experimental and related computational part is 615, with 
PED contribution is 14 % respectively. 

NMR analysis 

The NMR spectroscopy is most important one to confirm the 

Table 3 
Electronic transitions of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol) with gas phase and different solvents.  

Media Wavelength (nm) Band Gap eV Energy (cm-1) Oscillator strength Contribution  

391.3   0.056  
Experiment 329.45   0.354   

220.55   4   
337.7648313  29,606.39792 0.1019 HOMO->LUMO (94 %), H-1->L + 1 (4 %) 

Gas 332.6179387  30,064.524 0.0222 H-1->LUMO (95 %), HOMO->L + 1 (2 %)  
322.3109071  31,025.94352 0.019 HOMO->L + 1 (95 %), H-1->LUMO (3 %)  
330.1380286  30,290.3608 0.1432 HOMO->LUMO (91 %), H-1->L + 1 (7 %) 

Chloroform 324.691205  30,798.4936 0.0435 H-1->LUMO (88 %), HOMO->L + 1 (8 %)  
313.6674593  31,880.89712 0.0208 H-1->LUMO (10 %), HOMO->L + 1 (89 %)  
326.443751  30,633.1488 0.1447 HOMO->LUMO (91 %), H-1->L + 1 (7 %) 

DMSO 320.8927625  31,163.05872 0.0436 H-1->LUMO (87 %), HOMO->L + 1 (9 %)  
310.2453185  32,232.55728 0.021 H-1->LUMO (10 %), HOMO->L + 1 (88 %)  
325.9202877  30,682.34896 0.1395 HOMO->LUMO (91 %), H-1->L + 1 (6 %) 

Water 320.3538232  31,215.48512 0.0401 H-1->LUMO (88 %), HOMO->L + 1 (8 %)  
309.9738403  32,260.78688 0.0208 HOMO->L + 1 (89 %), H-1->LUMO (9 %)  

Fig. 8. Fluorescence spectra of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylyli
dene)) bis (methaneylylidene)) bis(4-bromophenol). 
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synthesized compounds structure. Through NMR analysis the range 
between 0 and 5 ppm the aliphatic proton is presented and 6–12 ppm 
aromatic proton is presented [36]. The synthesized compound 1HNMR 
and 13CNMR analysis was done with 400 MHz in chloroform solvent. To 
figure out the 1HNMR and 13CNMR shifts, DFT calculation was done 
[37]. The three different peaks that were seen in the 1HNMR spectrum 
such as singlet, doublet, and multiplet. The 1HNMR were displayed in 
Fig. 5. In the experimental section, the singlet chemical shift of the 
azomethine group (-HC––N-) was determined to be 8.58 (s,1H) ppm, 
while the calculated value was found to be 8.48 (26H, 32H) ppm [38]. 
The chemical shift of OH was measured to be 13.45 (s,1H)ppm, and the 
related simulated chemical shift was estimated to be 13.12 (27H, 36H) 
ppm. The experimental shift of the ethyl group (-H2C) is 3.93 (s,2H) 

ppm, and the calculated shifts are 4.01 (28H, 31H) and 4.75 (29H, 30H) 
respectively. 

The chemical shift in 13CNMR for carbon that has an aromatic group 
is between the 110 and 170 ppm [39]. In Fig. 6 we presented the 
13CNME chemical shift. The -HC––N- chemical shift of this compound 
was measured to be 166.20 ppm and computatational parts to be 155.79 
(C7, C14) ppm respectively [39]. The ethyl group was experimentally 
observed at 58.93 ppm, and related computational part is 54.09 (C11, 
C12) ppm respectively. The hydroxyl (-OH) group at 160.48 ppm, and 
related simulated chemical shift is 150.65 (4C, 20C) ppm respectively. 

NLO properties 

In organic materials may have significant nonlinear optical proper
ties due to the spread out electrons in the n–π* orbitals [40]. The 
polarizability and hyperpolarizability are used as quantitative ways to 
connect the structure. The DFT method was used to figure out the NLO 
properties of the organic compound [41]. It was found that these 
properties change based on the solvent used [42]. The 5BRSET had a 
bigger dipole moment value, when compared to urea. The gas phase 
dipole moment value of the synthesized molecule was 3.435000 D. Also, 
the dipole moment of chloroform is 4.350400 D, the dipole moment of 
DMSO is 4.721300 D, and the dipole moment of water is 4.740700 D 
respectively. Due to the solvent effect the water dipole mement value is 
higher. 

Electronic spectra 

By analysing the UV–vis spectrum, the electronic transition features 
of 5BRSET were found (through experiment and simulated). The titled 
compound simulated UV spectrum created by Gaussian software using 
B3LYP/cc-pVDZ basis set [43]. In this study we calculate synthesized 
compound anti-bonding, bonding and non-bonding characteristics [44]. 
UV light absorption causes large orbital shifts from HOMO to LUMO in 
all characteristics [45]. In Fig. 7 we presented the synthesized com
pound UV–Visible spectrum with experimental, gas phase and different 
solvent phase. The titled compound simulated absorption wavelength, 
oscillator strength, energy and bond gap are presented in Table 3. In 
experimental section predicted absorption wavelength is 391 nm, 329 
nm and 320 nm with oscillator strength is 0.0560, 0.3540 and 4.0000, 
which is recorded from chloroform solvent [46]. The water solvent 
simulated is 325.920287688 nm, 320.35382316 and 309.973840291 
nm, with oscillator strength of 0.1395, 0.0401 and 0.0208 respectively. 
The gas phase is 337.764831339, 332.617938671, and 322.310907114 
nm respectively. Furthermore the chloroform and DMSO solvent ab
sorption peaks are presented at 330.138028597, 324.691205027, 
313.667459305 nm and 326.443751026, 320.89276248, 
310.245318519 nm respectively. The wavelength is 337.764831339 
nm, and energy is 29,606.39792 cm− 1, with the band gap is 4.1563 eV 
were observed in gas phase, the major contribution of this wavelength is 
HOMO->LUMO (94 %), H-1->L + 1 (4 %) respectively. The main con
tributions of solvents like chloroform, DMSO, and water are: HOMO-
>LUMO (91 %), H-1->L + 1 (7 %), HOMO->LUMO (91 %), H-1->L + 1 
(7 %) and HOMO->LUMO (91 %), H-1->L + 1 (6 %) respectively. 
Table 3 also shows the other major contributions of HOMO and LUMO. 

Emission (fluorescence) spectrum 

Electrons shift from ground to an excited state in light that is either 
visible or ultraviolet. Because the atom is unstable, it will emit ultravi
olet or visible light, returning it to its singlet ground state [47]. Fluo
rophores emit light as they transition from their excited to their ground 
states [48]. The 5BRSET fluorescence spectrum (Fig. 8) displays two 
peaks at 512 nm and 784 nm. These spots illustrate the molecule 
emitting light, and absorption light was emitted at 329 nm [49]. Fluo
rescence takes place when a molecule absorbs light and emits it with a 

Fig. 9. HOMO-LUMO surface map of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(aza
neylylidene)) bis (methaneylylidene)) bis(4-bromophenol). 
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longer wavelength. The structure of this molecule can absorb 329 nm 
light and emit 512 nm light. Two fluorescence peaks indicate that the 
substance is stimulated in two ways. Both states degrade differently and 
emit different light [50]. The molecule electrons may be in different 
places or shapes, changing its energy levels and how it flows between 
them. The fluorescence radiation spectrum reveals molecular and elec
trical characteristics. 

FMO study 

FMO analysis are mainly used to identify the intramolecular charge 
transfer. The Gauss view-6 programme was used to figure out the global 
variables, which are shown in Fig. 9 and listed in Table S2 for analysis in 
different solvents (chloroform, DMSO and water) [51]. The difference in 
energy between the HOMO and LUMO states proves that the molecule 
has both soft and hard qualities. In general, the smaller a molecule en
ergy gap, the softer and more polarizable it is, the more chemically 
reactive it is, and the less stable it is in motion. When molecules were put 
in solvents, it was found that the energy gaps controlled in one direction 
[52]. The named chemical has an energy gap of 4.16 eV in gas phase, 
4.28 in chloroform, 4.33 in DMSO, and 4.33 in water. Generally, higher 
the energy gap value, compounds exhibit low chemical reactivity and 
high kinetic stability and lower the energy gap values compounds 
exhibit higher chemical reactivity and lower kinetic stability. In this 
titled compound the energy gap value is higher, it means the titled 
compound lower chemical reactivity and higher kinetic stability [53]. 
When compared to gas phase and other solvent DMSO has the highest 
energy gap value. The gas phase electronegativity is calculated to be 
3.77 eV and the electron affinity is calculated to be 1.70 eV [54]. These 
numbers are very low compared to the gas phase ionisation potential, 

which is 5.85 eV [55]. The synthesized compound gas phase electro
philicity index is 3.85 eV, this values identify the toxic and reactive sites 
of the compound. This shows that the chemical isn’t harmful. Based on 
the determined global descriptors, the 5BRSET molecule has great bio
logical properties in terms of pharmacology. 

Molecular electrostatic potential 

In this study we identify the electrophilic and nucleophilic attacking 
sites, molecular structure surrounding hydrogen bonding, and electron 
density [56]. The Molecular Electrostatic Potential (MEP) refers to the 
determination of the energy of interaction between the charge distri
bution of a molecule and a unit positive charge [57]. Using DFT and the 
B3LYP/cc-pVDZ method, the 5BRSET molecular electrostatic potential 
was calculated [58]. Fig. 10 MEP shown in which place electrophilic and 
nucleophilic interactions are presented [59]. In the gas phase, the mo
lecular electrostatic potential range from –4.567 e− 2 to 4.567 e− 2. Also, 
the electrostatic potential ranges of − 4.794 e− 2 to 4.794 e− 2 for chlo
roform, − 4.877 e− 2 to 4.877 e− 2 for DMSO, and − 4.881 e− 2 to 4.881 e− 2 

for water. When compare to other solvents the water electrostatic po
tential range is higher. The colour blue show in -OH group, it repre
sented at the electrophilic attack. The yellow colour shown from the 
carbon in the benzyl ring. 

Mulliken population study 

Charge distribution analysis influences charge communications, 
structure electrostatic potential, and chemical reactions. The NPA and 
MPA provide information about the electron distribution within a 
molecule [60]. Atoms gain the electrons to become negatively charged. 

Fig. 10. MEP surface map of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol).  
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Table 4 
Natural bond orbital analysis of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol).  

Donar Type ED/e Acceptor Type ED/e E(2)a E(j-i)b F(i,j)c 

C 1 - C 2 σ 1.97924 C 1 - C 6 σ* 0.02727 3.84 1.29 0.063    
C 2 - C 3 σ* 0.02203 3.24 1.3 0.058    
C 2 - H 23 σ* 0.01471 1.78 1.18 0.041    
C 3 - C 7 σ* 0.02711 3.24 1.23 0.056    
C 6 - H 25 σ* 0.01349 2.39 1.19 0.048 

C 1 - C 2 π 1.72107 C 5 - C 6 π* 0.30869 21.27 0.31 0.072 
C 1 - C 6 σ 1.97928 C 1 - C 2 σ* 0.02435 3.98 1.31 0.064    

C 2 - H 23 σ* 0.01471 2.76 1.17 0.051    
C 5 - C 6 σ* 0.01499 2.69 1.31 0.053    
C 5 - H 24 σ* 0.01287 2.45 1.18 0.048    
C 6 - H 25 σ* 0.01349 1.42 1.18 0.037 

C 1 -Br 9 σ 1.98402 C 2 - C 3 σ* 0.02203 3.61 1.22 0.059    
C 5 - C 6 σ* 0.01499 3.21 1.24 0.056 

C 2 - C 3 σ 1.96257 C 1 - C 2 σ* 0.02435 3.66 1.28 0.061    
C 1 -Br 9 σ* 0.03433 5.35 0.78 0.058    
C 2 - H 23 σ* 0.01471 1.07 1.14 0.031    
C 3 - C 4 σ* 0.04 3.71 1.24 0.061    
C 3 - C 7 σ* 0.02711 2.74 1.19 0.051    
C 4 - O 8 σ* 0.02019 3.61 1.08 0.056    
C 7 - N 10 σ* 0.00978 1.82 1.29 0.044 

C 2 - H 23 σ 1.97675 C 1 - C 2 σ* 0.02435 1.01 1.11 0.03    
C 1 - C 6 σ* 0.02727 4.53 1.08 0.063    
C 2 - C 3 σ* 0.02203 0.83 1.09 0.027    
C 3 - C 4 σ* 0.04 4.74 1.07 0.064 

C 3 - C 4 σ 1.97151 C 2 - C 3 σ* 0.02203 3.68 1.26 0.061    
C 2 - H 23 σ* 0.01471 2.34 1.14 0.046    
C 3 - C 7 σ* 0.02711 2.8 1.2 0.052    
C 4 - C 5 σ* 0.02541 3.42 1.27 0.059    
C 5 - H 24 σ* 0.01287 2.28 1.16 0.046    
C 7 - H 26 σ* 0.03525 1.76 1.12 0.04 

C 3 - C 7 σ 1.97085 C 1 - C 2 σ* 0.02435 2.66 1.27 0.052    
C 2 - C 3 σ* 0.02203 2.97 1.25 0.054    
C 3 - C 4 σ* 0.04 2.71 1.23 0.052    
C 4 - C 5 σ* 0.02541 2.65 1.25 0.051    
C 7 - N 10 σ* 0.00978 1.86 1.28 0.044    
N 10 - C 11 σ* 0.02374 4.57 1.04 0.062 

C 4 - C 5 σ 1.97515 C 3 - C 4 σ* 0.04 3.51 1.25 0.059    
C 3 - C 7 σ* 0.02711 3.61 1.2 0.059    
C 4 - O 8 σ* 0.02019 0.53 1.08 0.021    
C 5 - C 6 σ* 0.01499 2.53 1.29 0.051    
C 5 - H 24 σ* 0.01287 1.12 1.16 0.032    
C 6 - H 25 σ* 0.01349 2.56 1.16 0.049    
O 8 - H 27 σ* 0.08298 2.41 1.1 0.047 

C 4 - O 8 σ 1.99389 C 2 - C 3 σ* 0.02203 1.85 1.49 0.047    
C 3 - C 4 σ* 0.04 0.9 1.48 0.033    
C 4 - C 5 σ* 0.02541 0.94 1.5 0.034    
C 5 - C 6 σ* 0.01499 1.67 1.52 0.045 

C 5 - C 6 σ 1.96895 C 1 - C 6 σ* 0.02727 3.43 1.26 0.059    
C 1 -Br 9 σ* 0.03433 5.09 0.79 0.057    
C 4 - C 5 σ* 0.02541 2.43 1.27 0.05    
C 4 - O 8 σ* 0.02019 3.51 1.09 0.055    
C 5 - H 24 σ* 0.01287 1.37 1.17 0.036    
C 6 - H 25 σ* 0.01349 1.19 1.16 0.033 

C 5 - C 6 π 1.70047 C 1 - C 2 π* 0.37242 16.5 0.28 0.061 
C 5 - H 24 σ 1.97595 C 1 - C 6 σ* 0.02727 4.52 1.07 0.062    

C 3 - C 4 σ* 0.04 4.71 1.06 0.063    
C 4 - C 5 σ* 0.02541 0.57 1.08 0.022    
C 4 - O 8 σ* 0.02019 0.95 0.89 0.026    
C 5 - C 6 σ* 0.01499 0.83 1.11 0.027 

C 6 - H 25 σ 1.97775 C 1 - C 2 σ* 0.02435 4.48 1.11 0.063    
C 1 - C 6 σ* 0.02727 0.72 1.08 0.025    
C 4 - C 5 σ* 0.02541 4.24 1.09 0.061    
C 5 - C 6 σ* 0.01499 0.82 1.11 0.027 

C 7 - N 10 σ 1.98812 C 2 - C 3 σ* 0.02203 2.19 1.46 0.051    
C 3 - C 7 σ* 0.02711 1.75 1.39 0.044    
C 7 - H 26 σ* 0.03525 0.63 1.31 0.026    
O 8 - H 27 σ* 0.08298 1.38 1.29 0.038    
N 10 - C 11 σ* 0.02374 1.44 1.26 0.038    
C 11 - C 12 σ* 0.02397 0.57 1.26 0.024 

C 7 - N 10 π 1.94236 C 11 - C 12 σ* 0.02397 3.51 0.71 0.045    
C 11 - H 29 σ* 0.01540) 2.85 0.78 0.043 

C 7 - H 26 σ 1.98637 C 3 - C 4 σ* 0.04 4.34 1.09 0.062 
O 8 - H 27 σ 1.98379 C 4 - C 5 σ* 0.02541 6.01 1.29 0.079    

N 10 - C 11 σ* 0.02374 0.85 1.09 0.027 

(continued on next page) 
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Table 4 (continued ) 

Donar Type ED/e Acceptor Type ED/e E(2)a E(j-i)b F(i,j)c 

N 10 - C 11 σ 1.98246 C 3 - C 7 σ* 0.02711 4.22 1.23 0.065    
C 7 - N 10 σ* 0.00978 1.48 1.33 0.04    
C 12 - H 30 σ* 0.0154 1.34 1.18 0.035 

C 11 - C 12 σ 1.96512 C 7 - N 10 σ* 0.00978 1.52 1.22 0.039    
C 7 - N 10 π* 0.15883 2 0.62 0.033    
N 13 - C 14 σ* 0.00978 1.52 1.22 0.039    
N 13 - C 14 π* 0.15883 2 0.62 0.033 

C 11 - H 28 σ 1.98298 C 3 - C 7 σ* 0.02711 0.55 1 0.021    
C 12 - N 13 σ* 0.02373 0.51 0.87 0.019    
C 12 - H 31 σ* 0.02584 3.11 0.94 0.048 

C 11 - H 29 σ 1.96567 C 7 - N 10 σ* 0.00978 2.18 1.1 0.044    
C 7 - N 10 π* 0.15883 2.84 0.51 0.035    
C 12 - N 13 σ* 0.02373 4.23 0.87 0.054 

C 12 - N 13 σ 1.98246 C 11 - H 29 σ* 0.0154 1.34 1.18 0.035    
N 13 - C 14 σ* 0.00978 1.48 1.33 0.04    
C 14 - C 15 σ* 0.02711 4.22 1.23 0.065 

C 12 - H 30 σ 1.96567 N 10 - C 11 σ* 0.02374 4.23 0.87 0.054    
N 13 - C 14 σ* 0.00978 2.18 1.1 0.044    
N 13 - C 14 π* 0.15883 2.84 0.51 0.035 

C 12 - H 31 σ 1.98298 N 10 - C 11 σ* 0.02374 0.51 0.87 0.019    
C 11 - H 28 σ* 0.02584 3.11 0.94 0.048    
C 14 - C 15 σ* 0.02711 0.55 1 0.021 

N 13 - C 14 σ 1.98812 C 11 - C 12 σ* 0.02397 0.57 1.26 0.024    
C 12 - N 13 σ* 0.02373 1.44 1.26 0.038    
C 14 - C 15 σ* 0.02711 1.75 1.39 0.044    
C 14 - H 32 σ* 0.03525 0.63 1.31 0.026    
C 15 - C 16 σ* 0.02203 2.19 1.46 0.051    
O 21 - H 36 σ* 0.08298 1.38 1.29 0.038 

N 13 - C 14 π 1.94236 C 11 - C 12 σ* 0.02397 3.51 0.71 0.045    
C 12 - H 30 σ* 0.0154 2.85 0.78 0.043 

C 14 - C 15 σ 1.97085 C 12 - N 13 σ* 0.02373 4.57 1.04 0.062    
N 13 - C 14 σ* 0.00978 1.86 1.28 0.044    
C 15 - C 16 σ* 0.02203 2.97 1.25 0.054    
C 15 - C 20 σ* 0.04 2.71 1.23 0.052    
C 16 - C 17 σ* 0.02435 2.66 1.27 0.052    
C 19 - C 20 σ* 0.02541 2.65 1.25 0.051 

C 14 - H 32 σ 1.98637 C 15 - C 20 σ* 0.04 4.34 1.09 0.062 
C 15 - C 16 σ 1.96257 N 13 - C 14 σ* 0.00978 1.82 1.29 0.044    

C 14 - C 15 σ* 0.02711 2.74 1.19 0.051    
C 15 - C 20 σ* 0.04 3.71 1.24 0.061    
C 16 - C 17 σ* 0.02435 3.66 1.28 0.061    
C 16 - H 33 σ* 0.01471 1.07 1.14 0.031    
C 17 -Br 22 σ* 0.03433 5.35 0.78 0.058    
C 20 - O 21 σ* 0.02019 3.61 1.08 0.056 

C 15 - C 20 σ 1.97151 C 14 - C 15 σ* 0.02711 2.8 1.2 0.052    
C 14 - H 32 σ* 0.03525 1.76 1.12 0.04    
C 15 - C 16 σ* 0.02203 3.68 1.26 0.061    
C 16 - H 33 σ* 0.01471 2.34 1.14 0.046    
C 19 - C 20 σ* 0.02541 3.42 1.27 0.059    
C 19 - H 35 σ* 0.01287 2.28 1.16 0.046 

C 16 - C 17 σ 1.97924 C 14 - C 15 σ* 0.02711 3.24 1.23 0.056    
C 15 - C 16 σ* 0.02203 3.24 1.3 0.058    
C 16 - H 33 σ* 0.01471 1.78 1.18 0.041    
C 17 - C 18 σ* 0.02727 3.84 1.29 0.063    
C 18 - H 34 σ* 0.01349 2.39 1.19 0.048 

C 16 - C 17 π 1.72107 C 18 - C 19 π* 0.30869 21.27 0.31 0.072 
C 16 - H 33 σ 1.97675 C 15 - C 16 σ* 0.02203 0.83 1.09 0.027    

C 15 - C 20 σ* 0.04 4.74 1.07 0.064    
C 16 - C 17 σ* 0.02435 1.01 1.11 0.03    
C 17 - C 18 σ* 0.02727 4.53 1.08 0.063 

C 17 - C 18 σ 1.97928 C 16 - C 17 σ* 0.02435 3.98 1.31 0.064    
C 16 - H 33 σ* 0.01471 2.76 1.17 0.051    
C 18 - C 19 σ* 0.01499 2.69 1.31 0.053    
C 18 - H 34 σ* 0.01349 1.42 1.18 0.037    
C 19 - H 35 σ* 0.01287 2.45 1.18 0.048 

C 17 -Br 22 σ 1.98402 C 15 - C 16 σ* 0.02203 3.61 1.22 0.059    
C 18 - C 19 σ* 0.01499 3.21 1.24 0.056 

C 18 - C 19 σ 1.96895 C 17 - C 18 σ* 0.02727 3.43 1.26 0.059    
C 17 -Br 22 σ* 0.03433 5.09 0.79 0.057    
C 18 - H 34 σ* 0.01349 1.19 1.16 0.033    
C 19 - C 20 σ* 0.02541 2.43 1.27 0.05    
C 19 - H 35 σ* 0.01287 1.37 1.17 0.036    
C 20 - O 21 σ* 0.02019 3.51 1.09 0.055 

C 18 - C 19 π 1.70047 C 16 - C 17 π* 0.37242 16.5 0.28 0.061 
C 18 - H 34 σ 1.97775 C 16 - C 17 σ* 0.02435 4.48 1.11 0.063    

C 17 - C 18 σ* 0.02727 0.72 1.08 0.025 

(continued on next page) 
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Positively charged atoms lose the electrons. This study shows that the 
molecule can operate as an electrophile and a nucleophile using the MPA 
and NPA [61]. Table S3 shows the Mulliken atomic charges, whereas 
Table S4 looks at the natural population analysis [62]. The 27H 
(0.144671) atom is most positive charge and 10 N (− 0.28494) atom is 
most negative charge in MPA analysis. Every atom of carbon and 
hydrogen has both positive and negative charges [63]. The electroneg
ative atom O, Br and N have the negative charge only for MPA analysis. 
The atom with the most positive charge in NPA is 27H, which has a 
charge of 0.50884. The atom with the most negative charge is O21, 
which has a charge of − 0.70647 respectively. The atom N and O is 
electronegative, which means it has negative charge. The carbon atom 
have both positive and negative charge. Hydrogen and bromine has 
positive charge only in NPA analysis. 

NBO analysis 

Natural bond orbital analysis can be used to study the inter and intra 
molecular bond properties. The computational study of NBO analysis 
were done by B3LYP/ccp-VDZ basis set using Gaussian software [64,65]. 
Both Lewis and non-Lewis NBO orbitals delocalize electron density [66]. 
Non-Lewis NBOs eliminate the bonds, while Lewis NBO make bonds. 
Solid electron delocalization is shown through Lewis structure donor-
acceptor interactions [67]. In this investigation, we found that mole
cules interact and electrons travel and mix within the molecules. Table 4 
shows how the NBO study of the titled molecule. In a conjugated system, 
single and double bond electron densities allow for measuring molecular 
distance. The NBO result shows that 205.17203 205.17203 (97.701 % of 
210) in the molecule are in the Lewis structure and 4.82797 (2.299 % of 
210) are in the non-Lewis structure [68]. 

The NBO study (Table 4) found that the s(C1–C2) bond appears in 

Table 4 (continued ) 

Donar Type ED/e Acceptor Type ED/e E(2)a E(j-i)b F(i,j)c    

C 18 - C 19 σ* 0.01499 0.82 1.11 0.027    
C 19 - C 20 σ* 0.02541 4.24 1.09 0.061 

C 19 - C 20 σ 1.97515 C 14 - C 15 σ* 0.02711 3.61 1.2 0.059    
C 15 - C 20 σ* 0.04 3.51 1.25 0.059    
C 18 - C 19 σ* 0.01499 2.53 1.29 0.051    
C 18 - H 34 σ* 0.01349 2.56 1.16 0.049    
C 19 - H 35 σ* 0.01287 1.12 1.16 0.032    
C 20 - O 21 σ* 0.02019 0.53 1.08 0.021    
O 21 - H 36 σ* 0.08298 2.41 1.1 0.047 

C 19 - H 35 σ 1.97595 C 15 - C 20 σ* 0.04 4.71 1.06 0.063    
C 17 - C 18 σ* 0.02727 4.52 1.07 0.062    
C 18 - C 19 σ* 0.01499 0.83 1.11 0.027    
C 19 - C 20 σ* 0.02541 0.57 1.08 0.022    
C 20 - O 21 σ* 0.02019 0.95 0.89 0.026 

C 20 - O 21 σ 1.99389 C 15 - C 16 σ* 0.02203 1.85 1.49 0.047    
C 15 - C 20 σ* 0.04 0.9 1.48 0.033    
C 18 - C 19 σ* 0.01499 1.67 1.52 0.045    
C 19 - C 20 σ* 0.02541 0.94 1.5 0.034 

O 21 - H 36 σ 1.98379 C 12 - N 13 σ* 0.02373 0.85 1.09 0.027    
C 19 - C 20 σ* 0.02541 6.01 1.29 0.079 

LP (1) C 3 1.09906 C 1 - C 2 π* 0.37242 84 0.14 0.111 
LP (1) O 8 1.96999 C 3 - C 4 σ* 0.04 7.88 1.11 0.084 
LP (1) Br 9 1.99356 C 1 - C 2 σ* 0.02435 1.56 1.57 0.044 
LP (2) Br 9 1.97584 C 1 - C 2 σ* 0.02435 3.01 0.88 0.046 
LP (3) Br 9 1.94784 C 1 - C 2 π* 0.37242 9.01 0.31 0.051 
LP (1) N 10 1.85459 C 3 - C 7 σ* 0.02711 2.17 0.87 0.04 
LP (1) N 13 1.85459 C 12 - H 30 σ* 0.0154 0.63 0.81 0.021 
LP (1) C 15 1.09906 N 13 - C 14 π* 0.15883 63.45 0.13 0.101 
LP (1) O 21 1.96999 C 15 - C 20 σ* 0.04 7.88 1.11 0.084 
LP (1) Br 22 1.99356 C 16 - C 17 σ* 0.02435 1.56 1.57 0.044 
LP (2) Br 22 1.97584 C 16 - C 17 σ* 0.02435 3.01 0.88 0.046 
LP (3) Br 22 1.94784 C 16 - C 17 π* 0.37242 9.01 0.31 0.051  

Fig. 11. ELF and LOL surface map of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol).  
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carbon sp1.53 hybrid orbital (60.40 % p-character) interacts with a car
bon sp1.78 hybrid (63.97 % p-character) [69]. The s(C1 - Br9) established 
in carbon sp3.64 hybrid orbital (76.09 % p-character) contacted with 
bromine sp5.95 (85.31 % p-character). The s(C2–H23) bond developed 
when carbon sp2.51 hybrid orbital (71.50 % p-character) reacted with 
hydrogen sp0.00 hybrid orbital (0.07 % p-character). The s(C4–O8) bond 
was generated in the sp2.90 hybrid orbital of carbon (74.18 % p-char
acter) connected with the sp1.85 hybrid orbital (64.8 %). NBO analysis 
found that the s(C7–N10) bond appears in a carbon sp2.05 hybrid orbital 
(67.18 % p-character) contacts with a nitrogen sp1.47 hybrid orbital 
(59.42 % p-character) respectively. 

The stabilisation energy 63.45 kcal/mol is the highest, which is 

observed at LP(1) C15 to anti-bonding (N13-C14) with occupancy is 
1.09906. furthermore the highest stabilization energies are observed at 
bonding (C16-C17), (C5-C6) and (C1-C2) to anti-bonding π*(C18-C19), 
π*(C1-C2) and π*(C5-C6), with occupancy are 1.72107, 1.70047 and 
1.72107 and stabilization energies are 21.27, 16.50 and 21.27 kcal/mol 
respectively. 

Topology analysis 

The topological analysis explains the synthesized compound local
ized and delocalized orbital locations. The ELF and LOL are the 
measured lengths between molecule electron pairs that match the co
valent bonds [70]. Extreme localised and delocalized orbital overlap 
(LOL and ELF) and calculated from orbital slopes [71]. The ELF and LOL 
colour filled map were generated in Multiwfn software, and presented in 
Fig. 11. The colours go from blue to crimson. The ELF exhibits a range 
covering from 0.000 to 1.000, while the range for the LOL goes from 
0.000 to 0.800 [66]. The coloured bands visually represent the bonding 
orbitals. When the value of the colour range is less than 0.5, it is referred 
to as delocalized in terms of the electronic area. Conversely, when the 
value exceeds 0.5, it is referred to be localized. The majority of the 
electrons involved in bonding and non-bonding interactions have a red 
coloration. The red region corresponds to hydrogen atoms, whereas the 
blue region corresponds to carbon atoms. The colour pale blue is 
indicative of the charge and quantity of electrons present in the inner 

Fig. 12. Antimicrobial activity of 2,2′-((1E,1′E)-(ethane-1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol).  

Table 5 
Antibacterial and antifungal activity inhibition zone of 2,2′-((1E,1′E)-(ethane- 
1,2-diylbis(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol).  

Sample Bac name 1 mg/ 
ml 

1.5 
mg/ 
ml 

2 mg/ 
ml 

2.5 
mg/ 
ml 

Amoxicillin 

5BRSTE S. aureus 11 13.5 16 17.5 21.5 
5BRSTE S. 

pneumoniae 
11 13.5 12 13.5 14.5 

5BRSTE E.coli 12 14 16.5 17.5 16.5 
5BRSTE C. albicans 11 12.5 13 14.5 15.5  
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shell. 

NCI (non-covalent interaction) study 

The NCI study is very helpful way to figure out the covalent, 

intramolecular, and intermolecular hydrogen bonds. In Fig. 12 we rep
resented the titled compound NCI analysis colour filled map [72]. The 
titled molecule non-covalent interaction were identified and explained 
[73]. The Fig. 3 we observed three different colours. In colour blue 
represented the non-covalent (hydrogen bond) interaction, colour red 
mention the steric effect. Furthermore, the colour green identify the 
Vander Wall interaction [74]. The NCI plot could interact with 5BRSET 
through HB interactions between ions and dipoles, interactions between 
dipoles, interactions between hydrophobic groups, pi-stacking, and van 
der Waals forces. 

Antibacterial action 

In this study, Mueller Hinton agar plates were employed to assess the 
antibacterial activity. In this study, the bacterial strains selected for 
analysis are Staphylococcus aureus, Streptococcus pneumoniae, and E. coli. 
At a concentration of 2.5 mg/ml, the 5BRSET compound was better to 
control the E. coli. Compare the other organisms the E. coli is the better 
antimicrobial activity [75]. Amoxicillin was employed as the reference 
(standard), and upon comparison, it was found that the synthesized 
compound exhibited a superior zone of inhibition against E. coli when 
compared to the standard. The standard zone of inhibition is typically 
observed at a concentration of 16.5 mg/ml. However, the zone of inhi
bition for our synthesized molecule was found to be 17.5 mg/ml [76]. 
The antimicrobial activity test were done by four different concentra
tions like 1, 1.5, 2, and 2.5 mg/ml. The antimicrobial activity of E. coli is 
12, 14, 16.5 and 17.5 mg/ml, for the concentration of 1, 1.5, 2, and 2.5 
mg/ml respectively. The results did not support against S. aureus and 
S. pneumoniae, when compared to standard and E. coli [77]. E. coli (gram 
negative) microorganism are more activity against our synthesized 
compound. On the other hand, the 5BRSET not much to better activity 
against S. aureus, S. pneumoniae. The antibacterial activity is shown in 
Fig. 12 and Table 5. 

Antifungal action 

The Candida albicans, is in antifungal microorganism, has also been 
linked to several illnesses. But in this study, we used microorganisms 
from the Candida albicans [78]. Fig. 12 shows that different concentra
tions of synthesized compound and Tble.5 listed the zone of inhibition. 
Here, C. albicans was used to test the antifungal activity against 5BRSET 
compound [79]. As an antifungal results the synthesized compound 
5BRSET is a moderate antifungal activity against Candida albicans. We 
can used four different concentrations such as 1 mg/ml, 1.5 mg/ml, 2 
mg/ml, and 2.5 mg/ml, and zone of inhibition was measured at 11, 12.5, 

Table 6 
Protein-ligand interaction binding energy of 2,2′-((1E,1′E)-(ethane-1,2-diylbis 
(azaneylylidene)) bis (methaneylylidene)) bis(4-bromophenol) 5BRSET with 
4LEB, 4WJY, 8BXA, 2WMF proteins.  

Protein Rank Run Binding 
energy 

Cluster 
RMSD 

Reference 
RMSD  

1 10 − 4.69 0 12.6  
2 7 − 4.19 0 25.39  
2 2 − 3.87 1.54 25.41  
3 5 − 3.76 0 14.22 

4LEB 4 6 − 3.75 0 26.36  
5 1 − 3.46 0 21.48  
6 9 − 3.18 0 31.58  
7 4 − 2.83 0 26.36  
8 3 − 2.58 0 32.97  
9 8 − 2.34 0 21.42  
1 6 − 4.85 0 57.95  
2 3 − 3.38 0 75.15  
3 8 − 3.37 0 72.35  
4 9 − 3.19 0 46.09 

4WJY 5 4 − 3.03 0 26.42  
6 1 − 2.87 0 83.07  
7 5 − 2.54 0 22.22  
8 10 − 2.47 0 30.9  
9 2 − 1.97 0 74.26  
10 7 − 1.78 0 55.92  
1 1 − 5.36 0 14.39  
2 2 − 5.13 0 10.52  
3 8 − 4.31 0 16.83  
4 3 − 4.22 0 19.56 

8BXA 5 4 − 3.82 0 9.68  
6 6 − 3.55 0 15.25  
7 5 − 2.71 0 17.46  
8 7 − 2.42 0 31.24  
9 9 − 2.41 0 30.9  
10 10 − 1.9 0 34.41  
1 10 − 5.13 0 63.05  
2 1 − 3.59 0 48.1  
3 6 − 3.23 0 48.21  
4 5 − 3.17 0 48.75 

2WMF 5 7 − 2.94 0 62.7  
6 8 − 2.88 0 49.46  
7 3 − 2.78 0 43.83  
8 4 − 2.37 0 70.5  
9 2 − 2.16 0 58.43  
10 9 − 1.9 0 76.84  

Fig. 13. Protein-ligand interaction sites of 5BRSET with 4LEB protein.  
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13 and 14.5 mg/ml respectively. But the standard zone of inhibition is 
15.5 mg/ml, compared to standard our synthesized compound moderate 
antifungal activity. 

Molecular docking study 

The physicochemical and drug-like properties of the compound 
5BRSET are being studied, which will give us useful knowledge. Lip
inski’s rule of five was the basis for the identify the chemical compounds 
physical properties [80]. The Table S5 present the physicochemical 
properties of the titled compound [81]. Using Swiss ADME online tool 
the synthesized compound physicochemical properties are calculated 
[82]. The experimental antimicrobial and antifungal study, who 
observed our synthesized compound moderate activity. In theoretical 
study (docking study) also confirmed our synthesized compound lower 
binding affinity score. In this study we choose four different proteins 
such as 4LEB (candida albicans), 4WJY (E.coli), 8BXA (S.aureaus), and 
2WMF (S.pheumoniae). In the experimental antimicrobial section, we 
studied four different microorganisms, so we can choose four different 

proteins [83]. Autodock software was used to run the MD simulation. 
The 4LEB, 4WJY, 8BXA, 2WMF proteins crystal structure was found 
with the help of the RCSB-PDB online data base. After downloading 
protein we removed the heatatom and water molecule using discovery 
studio [84]. The highest binding energy is observed at − 4.69, − 4.85, 
− 5.36 and − 5.13 kcal/mol for 4LEB, 4WJY, 8BXA, and 2WMF respec
tively [85]. The highest binding energy inhibition constant ki is 36.78, 
279.66, 116.92 and 175.03 µm respectively. The protein-ligand inter
action binding energy is listed in Table 6. Figs. 13, 13(a), 13(b) and 13(c) 
shows protein-ligand interaction binding sites. In 4LEB protein docked 
with 5BRSET and showed two conventional hydrogen bonds such as 
Lys132 and Cys133 respectively. The titled compound interacted with 
4WJY protein and showed two conventional hydrogen bonds named as 
Gly93 and Glu62. Furthermore, the proteins 8BXA and 2WMF interacted 
with 5BRSET, the 8BXA is showed one conventional hydrogen bond and 
2WMF is showed two conventional hydrogen bonds such as Asn445 and 
Asp37, Glu7 respectively. 

Fig. 13(a). Protein-ligand interaction sites of 5BRSET with 4WJY protein.  

Fig. 13(b). Protein-ligand interaction sites of 5BRSET with 2WMF protein.  

C.G. Priya et al.                                                                                                                                                                                                                                 



Chemical Physics Impact 7 (2023) 100323

16

Conclusion 

The local energy decomposition analysis (LED) calculated final 
binding energy is − 9.19 kcal/mol. The emission (fluorescence) spec
trum confirms the wavelength at 512 nm. In UV-visible spectrum show 
three different wavelength such as 391 nm, 329 nm and 320 nm. The 
simulated absorption spectrum highest wavelength is 325 nm, which is 
recorded from water solvent. The titled compound nucleophilic and 
electrophilic attacking sites confirmed by MEP study. Water solvent 
showed highest electrostatic potential range, which is − 4.881 e− 2 – 
4.881 e− 2. In FMO study water solvent have the highest energy gap 
value (4.33 eV). The localized and delocalized orbitals are confirmed by 
using topological analysis. The synthesized compound has better anti
bacterial activity against E. coli. The molecular docking study results 
shows the highest binding affinity score is − 5.36 kcal/mol. When 
compare to other proteins the 8BXA-5BRSET complex have the highest 
binding affinity score. 
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