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A novel phenoxo-bridged zinc complex, [Zn2(L)µ(O-O)2H2OCl2] [L= deprotonated salen 

ligand, 2,2'-((1E,1'E)-((2,2-dimethylpropane-1,3-

diyl)bis(azaneylylidene))bis(methaneylylidene))diphenol), was reported. The title 

complex was characterized by elemental analyses, single crystal X-ray crystallography, 

spectroscopic studies, and thermogravimetric analysis. The X-ray structure analysis 

reveals the coordination of Zn1 atom to two imine nitrogen atoms, two phenolic oxygen 

atoms, and the oxygen atom of aqua ligand, giving it a distorted square pyramidal 

geometry, whereas the Zn2 atom is bonded to the same phenoxide anions, and two 

chloride ions, resulting in a distorted tetrahedral geometry. In addition, TD-DFT and 

NBO analyses were investigated to obtain bonding information insights into the structure. 

Furthermore, Hirshfeld surface analysis was used to determine various intermolecular 

interactions in the complex. Furthermore, a docking analysis was performed on the B-

DNA [sequence d (CGCGAATTCGCG)2dodecamer] (PDB ID:1BNA) using the 

AutoDockvina (scripps) software package.  The fluorescence property of the title 

complex was also carried out, and revealed it to be excellent photoluminescent material.   

Keywords 

Binuclear zinc complex; TD-DFT calculations; Hirshfeld surface analysis; Molecular 

docking analysis; Fluorescence behavior 

Introduction  

Coordination compounds with 3d transition metal ions have recently gained a lot of 

interest for their crucial roles in the chemistry of metallo-enzymes, biology and material 

science because of their widespread availability and low cost[1-3].  Zinc, one of most 

important bio-metals in nature, has excellent opto-electronic, luminous, biological, and 
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catalytic properties, making it one of the most intriguing candidate in the field of 

advanced materials[4-7]. Enzymes having more than one zinc atom in the active site, 

such as phospholipase C(PLC) and nuclease P1(NPI), have attracted lot attention in 

recent years [8]. In the active site, crystal structural analysis reveals three zinc atoms, two 

of which are joined by a bridging hydroxide group or water molecule, and a third 

carboxylate functional groups[8]. Transition metal complexes containing oxygen and 

nitrogen donor Schiff bases are widely used as functional materials because of their 

interesting topology, structural lability, and sensitivity to molecular environments[9-11]. 

Furthermore, Schiff bases with diverse coordination modes may encapsulate large 

number of metal ions, allowing for the   successful synthesis of several coordination 

compounds with wide range of stereochemistry[9-12]. However, among the various 

Schiff bases, salen-type Schiff bases have been reported to form their metal complexes 

with unique coordination, high thermodynamic stability, and kinetic inertness[12-14]. In 

addition, size of the metal ion influences the geometry of the metal complexes, the 

intrinsic stiffness of the ligand due to the presence of aromatic rings and repulsion 

between various atoms[15, 16]. In literature, the deprotonated salen ligands or its related 

derivate as an ONNO tetradentate chelating ligand are known to form polynuclear 

complexes[17, 18]. Furthermore, a ligand with similar characteristics has also been 

reported to produce mononuclear complexes in literature[19-22]. Moreover, phenoxide 

anion of the salen ligand can form binuclear complexes by bridging another metal ion[23, 

24]. They can also form trinuclear complexes; however, additional efficient bridging 

ligands, such as acetate, formate, and nitrate, are required to produce a stable trinuclear 

structure[8, 20, 25]. However, carboxylato ligands are of great importance because they 
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can act as bridging ligands for metal ions in a number of ways[8, 20]. Binuclear metal 

complexes have received a lot of attention in recent years due their biological 

features[26]. In addition, binucleating Schiff base ligand, such as N,N'-bis(salicylidene)-

1,3-propanediamine and its derivatives are of particular interests among the ligands that 

produce µ-alkoxido bridging complexes because of the ease in the preparation of 

binuclear complexes mostly with the elements of first transition series [17, 27]. Zinc-

containing Salen complexes have been shown to have optoelectronic, antibacterial, 

insulin-mimetic, and anticancer properties[28-31]. In light of the numerous applications 

of salen ligands, we, herein, investigate a novel binuclear Zn(II) salen complex, and its 

structural studies by single crystal X-ray crystallography, infrared and NMR studies, and 

thermogravimetric analysis. TD-DFT and NBO analyses are also carried out to provide 

various bonding interactions insight into the structure of the complex. Hirshfeld surface 

analysis is also carried out in order to determine the various intermolecular interactions in 

the molecule. In addition, molecular docking analysis using AutoDockvina (scripps) 

software package was carried out against the B-DNA [sequence d 

(CGCGAATTCGCG)2dodecamer] (PDB ID:1BNA). Moreover, the fluorescence 

behavior of the studied complex was also studied.   

Experimental 

Material and methods 

All chemicals used in the experiment were purchased commercially. 2,2-dimethyl-1,3-

diaminopropane, salicylaldehyde, and hydrated zinc chlorides were used as obtained.  All 

of the other chemicals used in the experiment were of reagent AR grade.  

Physical measurements  
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The C, H, and N analyses were reported using an elementar Varrio EL analyzer. Perkin 

Elmer 621 was used to measure FT-IR (4000–400 cm
-1

 as KBr pallet) spectra in 

methanol. The 
1
H- and 

13
C NMR spectral data were collected in d6-DMSO using SiMe4 

as a chemical change reference with a JEOL 400 Spectrometer.  Thermal study was 

carried out on an SDTQ-600 (TA) up to 800 ℃ in an argon atmosphere at a rate of 10 

°C/min. Fluorescence studies were recorded on a RF600 spectrofluorometer.   

Synthesis of binuclear complex 

The Schiff base ligand, H2L, 2-(1E,1E)-(2,2-dimethylpropane-1,3-

diyl)bis(azanylylidene) bis(methanylylidene)diphenol (0.322 mol, 100 mg), was prepared 

as described[32] and dissolved in methanol before being added in a 1:2 molar ratio to the 

methanolic solution of the hydrated zinc chloride (88 mg). In addition, triethylamine was 

also added to the reaction mixture in the same equivalent ratio, which was subsequently 

stirred for 10 hours. A small amount of turbidity developed, which was eliminated by 

filtration. The filtrate provides yellow crystals appropriate for X-ray diffraction in a week 

duration.   

Yield, 68%, color, Yellow; Mp. 270℃; Chemical Formula: C19H26Cl2N2O4Zn2; Anal. 

Cal.: C, 42.89; H, 4.68; N, 5.00 %; Found: C, 42.81; H, 4.61; N, 4.91%.  
1
H-NMR 

(DMSO-d6): ∂(ppm): 8.55 (2H, s, -CH=N), 6.88 -7.46 7.25 (m, 8H, Ph-H), 3.49 (s, 4H, -

CH2), 0.99 (s, 6H, (-C(CH3)2). IR (KBr, cm
-1

): 1626 ν(-CH=N); 1292 ν(C-O); 3449 ν(H2O-Zn). 

 X-ray structural analysis  

The data for the title complex was collected at room temperature using Stoe IPDS-2T 

diffractometer [λ(Mo-Kα) = 0.71073 A
◦
, ω scan]. SHELXS-97[33] was used to solve the 

structure, and SHELXL-97[34] was used to refine it using full-matrix least squares 
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methods on F2. Supplementary Information Table S1 list the most important 

crystallographic parameters, where the bond lengths and angles are given in 

Supplementary Information Table S2 and S3. The residual electron density peaks of O-

bound H atoms were found as residual electron density peaks and refined isotropically 

without bond length limitations[35]. 

Computational Details 

The title complex was optimized using the Gaussian 16 suite of program[36] at 

DFT/B3LYP[37, 38] level of theory. Two different basis sets; LanL2DZ[39-42] for the 

transition metal atom (Zn) and 6-31G[43]  for other elements (C, O, N, Cl, H) were used. 

The true minima of the optimized geometries were confirmed by the positive values of 

the harmonic vibrational frequencies.  We used the fragmentation[44] 
 
technique to 

improve the efficiency of optimization and used the ORCA software to perform time-

dependent density functional theory (TD-DFT) analysis of the electronic transitions[45].  

The hydrogen atoms are not shown in the figures for the sake of clarity. We used the 

Conductor-like Polarizable Continuum Model (CPCM) to incorporate methanol as a 

solvent [46] with a dielectric constant (epsilon) of 32.63 and a refractive index of 1.329.    

 

Results and Discussion 

The molecular structure and atomic labeling of the title complex is shown in Figure 1.   

Crystallographic information, selected bond lengths, and angles are given in Table 1-3. 

The title complex with two zinc centres crystallizes in the monoclinic system, and has 

P21/n space group. The asymmetric unit of the structure comprises one methanol 

molecule. Its OH group points towards the Cl atom of the ZnCl2 moiety. The five 

coordinate Zn1 centre exists in distorted square pyramidal environment and bonded to 
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two imine nitrogen (N(1) and N(2)), two phenoxide anions  (O(1) and O(2)) in the basal 

equatorial plane, and the axial position is bonded to oxygen atom (O(3)) of the aqua 

ligand. However, the coordination geometry of Zn2 is described as distorted tetrahedral 

geometry, formed by two phenoxide anions (O(1) and O(2)),  and two chloride anions 

(Cl(1)1 and Cl(2)) [Figure 2a]. Thus, both the phenoxide anions (O(1) and O(2))  acts as 

a bridge between Zn1 and Zn2 atoms. The typical bond lengths for Zn–O (phenoxo) and 

Zn–N (imine) are 2.0473 Å and 2.049 Å, respectively, which are comparable to bond 

lengths in other such type of system[23, 47]. The bond length for Zn1-O(1) is slightly 

longer than that of Zn1-N. The bond angles of O(2)-Zn(1)-N(2) and N(1)-Zn(1)-O(1) are 

nearly identical. N(2)-Zn(1)-O(1) and O(2)-Zn(1)-N(1) have bond angles of 150.09(8)◦ 

and 156.79(8)◦, respectively. The observed angle for O(3)-Zn(1)-O(1) is 106.44(10)◦. 

The observed angle for N(2)-Zn(1)-Zn(2) is 122.57(6)◦, while it is 38.14(5)◦ for O(2)-

Zn(1)-Zn(2). Crystallographic Information File (CIF) was used to perform all the DFT 

calculations for this complex in the present study.   

Both the metal centers are 3.103 Å apart from each other. The computed bond lengths 

between Zn1-N1, Zn1-N2, Zn1-O1, Zn1-O2 and Zn1-O3water are 2.094 Å, 2.098 Å, 2.057 

Å, 2.072 Å and 2.078 Å while Zn2-O1, Zn2-O2, Zn2-Cl1 and Zn2-Cl2 are 2.043 Å, 

2.047 Å, 2.419 Å and 2.325 Å.  The selected bond angles around Zn1 metal center, N1-

Zn1-O2, N2-Zn1-O1, N1-Zn1-O3, N2-Zn1-O3, O1-Zn1-O3, O2-Zn1-O3 are computed to 

be 152.4⁰ , 155.4⁰ , 108.5⁰ , 104.5⁰ , 97.2⁰  and 97.0⁰ , respectively, showing the 

distorted square pyramidal geometry, whereas the prominent bond angles around Zn2 

metal atom, O1-Zn2-Cl1, O1-Zn2-Cl2, O2-Zn2-Cl1, O2-Zn2-Cl2 are 100.6⁰ , 120.0⁰ , 

104.2⁰ , 118.3⁰ , respectively, exhibit the distorted tetrahedral geometry.  
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Metal-ligand charge-transfer interaction (MLCTI)  

The molecular natural charge distribution, as well as the nature and strength of charge 

delocalization interactions between metal atoms and coordinated ligands, were studied 

using Natural Bond Orbital (NBO) and Natural Population Analysis (NPA).  The NBO-

NPA framework is the most appropriate approach for the atomic charge computations. 

The presence of coordinated ligands such as oxygen, nitrogen, and chlorine provides an 

opportunity to further investigate electron donation property. Natural atomic charges and 

valence electron configurations on coordinated atoms bound to metal atoms, as well as 

Zn metal ions, are summarized in Supplementary Information Table S4. 

Furthermore, the net natural charges present on Zn1, Zn2 metal cations are 1.407 e, 1.327 

e, respectively. These values are considerably lower than the metal atom formal charge, 

which is +2, indicating that the charge on metal centers was significantly reduced due to 

electron transfer from the coordinated ligand. The net natural charges at N1, N2, O1, O2, 

O3, Cl1 and Cl2 atoms are -0.542, -0.544, -0.858, -0.854, -0.977, -0.741 and -0.742 e, 

respectively.  These results revealed the transfer of significant amount of electron density 

to the metal atom by 0.458, 0.456, 0.142, 0.146, 0.023, 0.259 and 0.258 e from N1, N2, 

O1, O2, O3, Cl1 and Cl2 atoms, respectively. Furthermore, it is shown that the water 

molecule, which is coordinated by the O3 atom, has a negligible ability to donate 

electrons to the Zn1
2+

 metal cation. 

Although both the metal centers had d
10

 valence electron arrangements, the analysis on 

orbital population show [4S
0.26

3d
9.99

4p
0.35

] and [4S
0.36

3d
9.99

4p
0.38

] valence electron 

configurations for Zn1 and Zn2 metal centers, respectively. The valence electron 

arrangement of all coordinated atoms with metal cations is slightly different than 

                  



9 
 

expected (Supplementary Information Table S5). Therefore, the title complex can be 

classified as a ligand-to-metal charge-transfer (LMCT) complex since the ligand to metal 

charge donation is substantially larger than the back donation The occupancies, 

hybridizations and energy of these orbitals are shown in Supplementary Information 

Table S5. The interactions of metal atoms with all coordinated ligand atoms were also 

carefully examined using NBO-Second-order perturbation theory. All the second order 

perturbative energies corresponding to donor-acceptor interactions between ligand donor 

orbitals (NBO(i)) and the metal acceptor orbitals (NBO(j)) are listed in Supplementary 

Information Table S6. We first noticed that there is no bond (electron pairs centered on 

two atoms) between metal cations and ligated atoms (O, N, Cl) in the title complex, 

indicating that the metal-ligand interactions are caused by electron delocalization 

between the coordinated atoms N/O/Cl-lone pairs filled orbitals LP(N/O/Cl) and the 

empty anti-bonding orbitals LP*(Zn) of the metal cations (Supplementary Information 

Figure S1 and S2). All LP donor NBOs, with the exception of LP(3)Cl1 and LP(2)Cl2, 

have  a mixed s/p character, which is a pure p-orbital. The only pure p-orbitals are 

LP*(7)Zn1 and LP*(9)Zn2, while the rest of the anti-bonding orbitals of metal cations 

have a hybridized character (Supplementary Information Table S6). The net stabilization 

energies for all the interacting ligand atoms with metal centers are given in 

Supplementary Information Table S5. The Zn1-O1, Zn1-O2, Zn1-O3, Zn1-N1, and Zn1-

N2 have 47.14, 46.31, 43.8, 57.45 and 56.71 kcal/mol energies, respectively. Significant 

charge shifts in the energies and occupancies of the interacting orbitals occur as a result 

of charge transfer phenomenon (Supplementary Information Table S4). The Cl1 atom has 

a shaky connection with the Zn2 centre. In comparison to other donor orbitals, the 
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LP(2)Cl1 NBO has a lower energy (-0.28467) and occupancy (0.99465). In addition, the 

Zn2-Cl1 interaction has a longer calculated bond length (2.432 Å), which supports the 

loose coordination of Cl1 with the Zn2 cation. Furthermore, the NBO analysis revealed 

that electron delocalizations of coordinated O, N, and Cl atoms from lone pairs filled 

orbitals (LP) and anti-bonding LP* orbitals to some RY* orbitals (where RY* designates 

the 1-center Rydberg non-Lewis NBOs) occur even at lower energies. 

Hirshfeld surface and enrichment ratio 

Hirshfeld surface analysis[48, 49] of the title complex was performed using Crystal 

Explorer 3.0[50] to investigate supramolecular non-covalent interactions, with the 

surfaces mapped over a dnorm of range -0.674 to 1.494 Å . The surrounding environment of 

the complex in the crystal has a direct impact on the geometry and nature of the surface. 

In the Supplementary Information Figure S3, the shape index varies from −1.000 to 1.000 

Å , the curvedness ranges from −4.000 to 4.000 Å , di ranges 0.695 to 2.857Å  and de 

ranges 0.695 to 2.745Å .  

The H‐ bonding contacts are identified by the deep red impressions[51] visible on the 

dnorm surfaces. In this study, we mainly focused on the O···H interactions as well as of the 

carbon atom (C-H···π) interactions. The plot of 2-D fingerprint[52], which is displayed in 

Figure 3, can provide quantitative information about numerous intermolecular 

interactions that are present in crystal structure. Figure 3b depicts all the non-covalent 

contacts (100%).  Figures 3(c) and (d) illustrate that the O···H and C···H interactions 

both have a minor contribution. 

Molecular Electrostatic Potential (MEP) 
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MEP mapping is used to investigate the positive and negative charged electrostatic 

potential of compounds, after which nucleophilic and electrophilic areas of the molecule 

can be exploited. Negative electrostatic potential is prone to electrophilic attack in 

concentrated electron density regions, whereas positive electrostatic potential is prone to 

nucleophilic attack in low electron density regions[53, 54]. Color grading is used to 

depict electrostatic potentials, with red equating to the most negative potential, blue 

relating to the most positive potential, and green and yellow corresponding to a potential 

halfway between the two extremes. Figure 4 depicts the electropotential map for the 

complex. The molecule, as shown in Figure 4, comprises a large number of reactive 

centers. Two chlorine atoms contribute negative potential (-8.285 x 10-2 a.u.), while the 

area around the metal atoms is portrayed as a little blue sphere, which corresponds to 

positive potential. Green regions reflect the ligand framework (mostly phenyl ring). 

Frontier Molecular Orbitals (FMO) analysis  

The energy of the frontier molecular orbitals HOMO and LUMO plays a vital role in 

describing the chemical reactivity and chemical behavior of every chemical molecule. 

The highest occupied molecular orbital (HOMO) is delocalized mainly over the O1, O2, 

and carbon atoms of the phenyl ring of the deprotonated ligand, whereas the lowest 

unoccupied molecular orbital (LUMO) is delocalized around the nitrogen and carbon 

atoms. Figure 2(b) shows that the calculated energy gap between the HOMO and LUMO 

energies is 3.91 eV. This huge energy gap indicated the high kinetic stability and 

chemical hardness of the title complex[55, 56].  

TD-DFT Studies 

We used TD-DFT simulations to get insight into the electronic absorption transitions of 

title complex. Here only two peaks may be seen at 282 and 320 nm [Figure 5]. 
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Intraligand charge transfer (ILCT) transitions were assigned to both bands. The absence 

of metal to ligand charge transfer (MLCT) and d-d transitions in this combination is due 

to the fact that both metal centers are diamagnetic and have complete d
10 

configurations[57, 58]. 

Molecular Docking 

Molecular docking was used to investigate the interaction mechanism between the title 

complex and B-DNA [sequence d (CGCGAATTCGCG)2dodecamer] (PDB ID:1BNA). 

The protein data bank (http://www.rcsb.org./pdb) was used to obtain the crystal structure 

of the B-DNA dodecamerd (CGCGAATTCGCG)2. Docking investigations were carried 

out using MGL tools 1.5.6 and AutoDockvina (scripps)[59]. The Pymol software 

((http://pymol.sourceforget.net/)molecular graphics applications were used to visualize 

the docked pose[60]. The active site of the enzyme was defined to within A grid size of 

20 x 20 x 20 Å for B-DNA protein to contain residues of the active site defining the 

active site of the enzyme. Docking investigations demonstrated that the title complex has 

no bonding interactions with 1BNA. The grid size was also enlarged to further investigate 

potential biological interactions, but none were discovered in the system. Figure 6 depicts 

the docked pose of title complex with 1BNA. 

The docking studies revealed no bonding interaction of compound 1 with 1BNA. The 

grid size was also increased to further study any biological interaction, but no such 

interaction was found in the system. The docked pose of 1 with 1BNA is shown in Figure 

6. 

NMR spectroscopy 
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The structure of the complex is consistent with the 
1
H NMR spectrum, which reveals all 

sets of aliphatic and aromatic protons signals associated to the ligand.  The azomethine 

proton causes a singlet at 8.55 ppm in the 
1
H NMR spectrum. Aromatic protons have 

resonance shifts between 6.88 and 7.46 ppm. The methyl protons of the aliphatic moiety 

are shown by a sharp singlet at 0.99 ppm. However, there is a broad peak attributed to -

CH2 protons are noticed at 3.49 ppm [Figure 7]. As a result, it's obvious that the ligand is 

binding as dianion, with the phenolic protons causing signal loss, and that the ligand is 

binding as a tetradentate N2O2 species, utilizing two phenoxide oxygen and two imine 

nitrogen. 

IR spectroscopy 

The IR spectra of the complex under investigation revealed a variety of fascinating 

binding characteristics [Figure 8]. The title complex has a prominent band at 1626 cm
-1

, 

which is attributed to ν(C=N) vibrations[23, 61]. The coordinated water molecule in the 

title complex has been assigned a medium intensity broad vibration band at 3449 cm
-1

[23, 

61]. The deprotonated phenoxy group in the complex is attributed to the vibrations 

occurring at 1292 cm
-1

, and assigned to ν(C-O) vibrations[23, 61]. The aromatic ring 

vibrations are also linked to bands emerging at around 660, 1074, and 1478 cm
-1

[23, 61]. 

The symmetric and asymmetric bending vibrations of methyl groups are represented by 

the bands at 1560 and 1466 cm
-1

, respectively.  

Thermal studies 

The Thermogravimetric analysis of the complex was performed under nitrogen 

atmosphere at a heating rate of 20 K min
-1

 at temperatures ranging from 20 to 800°C to 

investigate the thermal stability of the title complex [Figure 9]. The TG curve reveals that 
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the coordinated water molecule, which represents 3.4 % of the total weight of the 

complex, is eliminated by temperature 300 ℃.  The complex shows that the title complex 

is decomposed into two distinct steps, the first of which involves the elimination of one 

zinc atoms, two chloride ions at temperature 472 ℃, accounting for 28.5 % of the total 

weight of the complex. The second, and most prominent thermogravimetric step, involves 

the loss of whole organic moiety, which accounts 44.9 % of the total weight of the 

complex, and results in the formation of stable ZnO at temperature 635 ℃.  

Fluorescence properties 

It is reported in literature that d
10

 metal complexes usually have a wide range of luminous 

characteristics[62]. In this study, fluorescence investigations also exhibit as an 

independent evidence of the coordination of ligand to zinc ion. Figure 10 displays the 

fluorescence spectra of the ligand and its zinc complex in methanol at room temperature.  

When the ligand is excited at 320 nm, it emits a luminous emission band at 458 nm. The 

title zinc complex emits luminous emission bands at 493 nm. The luminous behavior of 

the title complex is red shifted when compared to the emission peak of the ligand, H2L, 

which is probably attributed to ligand-to-metal charge transfer (LMCT)[62, 63]. The 

findings reveal that the title complex has a significant fluorescence property. 

Fluorescence enhancement by complexation is of great interests because it opens the door 

to photochemical used of metal complexes[64, 65]. The rise in photoluminescence is 

attributed to factors such as ligand coordination to d
10

 metal ions[65], structure of the 

investigated compounds[66], and restriction in photoinduced electron transfer (PET)[62, 

67].     

Conclusion 
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Here in this work, we constructed a novel binuclear phenoxo-bridged binuclear zinc 

complex from a salen ligand. Single crystal X-ray crystallography and other 

spectroscopic studies and DFT and TD-DFT calcualtions were used to determine the 

structure of the complex. The DFT study on the geometry of this complex reveals that the 

Zn1 metal cation has distorted square pyramidal while Zn2 metal cation has distorted 

tetrahedral geometries. The bond lengths and the bond angle of the constituent atoms 

ligated with the metal atom further support this finding. The NBO-second order 

perturbation theory analysis demonstrates that a two-center bonding composition is 

missing between Zn
2+

 cations and the O/N/Cl atoms. The Zn-O/N/Cl interactions are 

made up from electronic delocalization between the anti-bonding LP*(Zn) metal NBOs 

and filled nonbonding orbitals of coordinated atoms (O/N/Cl). The molecular 

electrostatic potential (MEP) analysis displays the electrophilic and nucleophilic spots in 

the title complex. Mainly, we have found the positive (blue) spots at metal atoms and 

negative (red) sites at Cl atoms. The HOMO-LUMO energy gap indicates a good stability 

of this compound. The TD-DFT computations demonstrate the ILCT transitions and 

absence of MLCT and d-d transitions. There is no bonding interaction of title complex 

with 1BNA. Fluorescence study has also been performed to study the luminous activity 

of the complex. We believe that these findings from our combined theoretical and 

experimental studies will help to design and synthesize new Zn(II) complexes in coming 

future. 
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 Figure captions 

 
Figure 1: Ortep diagram for binuclear zinc complex with atom level schemes (Hydrogen 

atoms have been eliminated for clarity).    
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Figure 2. B3LYP optimized a) structure and b) frontier molecular orbitals (HOMO and 

LUMO) of the binuclear Zn(II) complex. (Bond lengths are given in Å) 

 
Figure 3. The fingerprint plots demonstrate quantitative non-covalent interactions and 

the Hirshfeld surface of plotted over dnorm.  
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Figure 4. Molecular electrostatic potential (MEP) map of the title complex. 

 
Figure 5. B3LYP – TD–DFT simulated electronic absorption spectra of title complex 

and its corresponding orbitals involved in the transitions. 
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Figure 6.  Docked pose of complex with 1BNA (showing no biointeractions), 1a) with 

grid box 20 x 20 x 20 Å 1b) with grid box 30 x 30 x 30 Å. 

 
Figure 7. 

1
H-NMR spectrum of the title complex 
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Figure 8. FT-IR spectrum of the title complex 

 
Figure 9. Thermogram of the title complex 
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Figure 10: Fluorescence spectra of zinc complex 
 

                  


