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Abstract: The present work describes the synthesis and characterization of a Schiff base 5-((3,4-

dimethoxybenzylidene)amino)-4H-1,2,4-triazole-3-thiol (L) derived from 5-amino-4H-1,2, 4-triazole-

3-thiol and 3,4-dimethoxy benzaldehyde and its Co(II), Cu(II), Ni(II) and Zn(II) complexes in 2:1 molar 

ratio (L:M). All the compounds were characterized using mass spectroscopy, 1H NMR, IR 

spectroscopy, UV-Visible spectroscopy, and TGA. In addition to theses spectral studies, DFT 

calculations have done. The Schiff base ligand and its complexes were assessed for their in vitro 

antibacterial activity against nine food pathogens, and their potential activity was qualitatively and 

quantitatively assessed by the presence/absence for the zone of inhibition and MIC values by taking 

standard antibiotic amoxicillin as positive control and DMSO as a negative control. The free radical 

scavenging ability of all the samples was assessed by employing a series of in vitro assays viz., DPPH, 

ABTS, and Superoxide, whereas BHA was used as a positive control and results were expressed as 

EC50 values. In vitro α-amylase, inhibitory studies revealed that complexes had effective inhibitory 

potential than the ligand. The synthesized compounds were virtually sketched, and the Docking 

operation was performed by using the SERFLEXDOCK program as a part of the SYBYL-X 2.1.1 

software package (Tripos, USA).  

Keywords: Triazole; DFT calculations; Antibacterial studies; Antioxidant studies; Molecular 

Docking. 
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1. Introduction 

Due to their straightforwardness of synthesis and high yields, Schiff bases have been 

extensively used as ligands [1-2]. Schiff base ligands containing nitrogen and oxygen donors 

are exclusive and comprehensive, known for their selectivity and sensitivity towards the metal 

ions. They exhibit greater properties for many areas, such as important intermediates in organic 

synthesis, industrial, biological, coordination chemistry, pharmacological, catalytic, and 
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optical properties [3–6]. A lot of Schiff base complexes with metals have also concerned 

immense consideration Since of their broad range of biological and medicinal functions, such 

as antitumor [7], antioxidant, antiviral, antimicrobial, and antineoplastic functions, several of 

the Schiff base complexes with metals have often become of tremendous concern [8]. 

Significant attention has also been granted to the synthesis and analysis of Schiff bases 

and their transition metal complexes. The Schiff base transition metal complexes are not only 

biologically involved, but they have also been used in many industrial applications such as 

catalysis of oxidation and polymerization, dyes and pigments, etc.[9-13]. The flexible 

properties of these compounds have led them to be used in several research areas, including 

the medicine [14], pharmaceutical [15], electronics [16], dyestuffs [17] and interesting 

antimicrobial activity [18] studies. Schiff bases, an important class of organic compounds, 

attract much attention since they are used as models for many biological systems. The 

biological activity of these compounds is not only dependent on the molecular structure of the 

compounds. Transition metal complexes of imine ligands are also very precise because the 

applications of the organic imine ligands have highly developed in coordination with metal 

ions. The transition metal complexes of the imine ligands are habitually shown more biological 

activity than the corresponding Schiff bases.  The present analysis documents the synthesis 

accompanied by the characterization of Co(II), Cu(II), Ni(II), and Zn(II) complexes derived 

from 5-amino-4H-1,2, 4-triazole-3-thiol, and 3,4-dimethoxy benzaldehyde, taking into account 

the aforementioned details of the Schiff base ligands and their metallic complexes. 

2. Materials and Methods 

 2.1. Materials and methods. 

5-amino-4H-1,2, 4-triazole-3-thiol, and 3,4-dimethoxy benzaldehyde were purchased 

from Sigma Aldrich and were used as received. The solvents were purchased from Merck and 

were dried by standard methods before use. The completion of the reaction was monitored by 

spotting the reaction mixture on pre-coated silica-gel plates (Merck, India) by thin-layer 

chromatography (TLC) method, and spots were visualized by UV irradiation. FT-IR spectral 

measurements were recorded on the Perkin-Elmer spectrometer type 1650 spectrophotometer 

in the region 4000–400 cm-1 using KBr pellets. The 1H NMR and 13C NMR spectra were 

recorded with a Varian 300 MHz in DMSO-d6 as a solvent against tetramethylsilane as an 

internal standard. Mass spectra were recorded on Agilent technology (HP) 5973 mass 

spectrometer operating at an ionization potential of 70 eV. The electronic absorption spectra 

were recorded using the UV1800 spectrophotometer (Shimadzu). Thermogravimetric analysis 

(TGA) was carried out on a Universal TGA Q50 instrument at a heating rate of 2 °C/min 

between 30 and1000°C. 

2.1.1. Antibacterial activity. 

To evaluate the antibacterial activity of the ligand and its complexes, the antibacterial 

agar well diffusion assay was employed [19-20].  

2.1.2. Antioxidant assays. 

In this study, three standard methods viz., DPPH free radical, ABTS cation radical and 

superoxide anion radical scavenging activities were determined and measured [21]. Radical 
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scavenging activities were expressed as EC50 values. EC50 signifies 50% of free, cation and 

anion radicals scavenged by the samples tested. The standard antioxidant, Butylated hydroxyl 

anisole (BHA), was used as a positive control. 

2.1.3. Inhibition of α – amylase, and α – glucosidase. 

The α-amylase (EC 3.2.1.1, categorized as type-VI B porcine pancreatic α-amylase) 

inhibition was assayed using soluble starch (1%) as a substrate. The yeast α-glucosidase (EC 

3.2.1.20, categorized as type-1 α-glucosidase) inhibition was assayed using the substrate pNPG 

according to the modified method [22]. 

Acarbose has been used as a positive control. The inhibitory behavior of α-amylase & α-

glucosidase was expressed in percentage inhibition and measured with the formulation below 

inhibition (%) = (A control-A sample)/ A control ×100 

IC50 values were determined from a curve relating the % inhibition of each sample to 

the concentration of the sample. Each experiment was performed in triplicates, along with 

appropriate blanks. The concentration required to inhibit 50% of the α-glucosidase activity 

under the specified assay conditions was described as the IC50. 

2.1.4. Docking studies. 

The synthesized compounds were virtually sketched, and the Docking operation was 

performed by using the SERFLEXDOCK program as a part of the SYBYL-X 2.1.1 software 

package (Tripos, USA) and necessary calculations were performed. The overall procedure of 

the DOCKING program includes ligand preparation, protein preparation, protocol generation, 

and docking of ligands. Adaptation of Docking protocol and validation of the same was 

performed by comparing the binding poses of the co-crystallized ligand with amino acids of 

target protein α-glucosidase (PDB ID: 1G7P) before and after the docking study. 

2.1.5. Statistical analyses. 

The experiments were performed in triplicates, and the results were expressed as Mean 

± SE. Graph pad PRISM software (version 4.03) was used for calculating EC50 values and 

considered statistically significant if the ‘p’ values were 0.05 or less. Results were subjected to 

a one-way analysis of variance (ANOVA), followed by Duncan's multiple range test, and the 

mean comparisons were performed by Duncan's multiple range test using SPSS (version 21.0, 

Chicago, USA). 

2.2. Chemical synthesis. 

2.2.1. Synthesis of 5-((3,4-dimethoxybenzylidene)amino)-4H-1,2,4-triazole-3-thiol (L). 

Scheme 1 shows the step involved in the synthesis of Schiff base ligand. An equimolar 

mixture of 5-amino-4H-1, 2, 4-triazole-3-thiol, and 3,4-dimethoxy benzaldehyde was taken in 

a round bottom flask. To this reaction mixture, few drops of glacial acetic acid were added, 

which acts as a catalyst during the reaction. The reaction mixture was then refluxed at 60-65 

°C for 6-8 hours. The precipitate formed was filtered and washed several times with methanol 

to obtain the final pure product. 
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Yield: 62%; FT-IR (Nujol, ν/cm-1): 1588 (C=N); 1294 (C-O); 1442 (-OCH3); 1593 

(C=C); 759 (C-S); 1H-NMR (400 MHz, DMSO-d6) δ: 8.61 (N=CH-), 7.12-7.61ppm (Ar-H), 

Mass (m/z): 264. 

 
Scheme 1. Synthesis of 5-((3,4-dimethoxybenzylidene)amino)-4H-1,2,4-triazole-3-thiol (L). 

2.2.2. Synthesis of complexes (1-4). 

2:1 molar ratio of ligand (L) and metal salts (Cu, Co, Ni, and Zn) were reacted in order 

to form the series of metal complexes. The ligand and metal salts were dissolved in methanol 

separately. To the ethanolic solution of the ligand, metal salt solutions were added dropwise, 

followed by a few drops of sodium acetate solution to maintain the pH of a solution. After 

stirring for 4 hours, the precipitate was formed. The obtained precipitate was filtered off, 

washed with warm ethanol, and dried. 

3. Results and Discussion 

The Schiff base ligand (L) was obtained according to Scheme 1. The proposed 

structural details were elucidated by FT-IR, 1H NMR, and mass spectral analysis.  

3.1. 1H NMR spectroscopy.  

In the proton NMR spectrum (Fig. 1), the multiplet signals observed in the region 

between 7.12-7.61ppm corresponds to aromatic protons, and a singlet observed at 8.61 ppm 

corresponds to imine proton (CH=N-).  

 
Figure 1. 1H NMR spectrum of ligand (L). 
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3.2. Mass spectrometry. 

Further, the mass spectrum of L confirmed its formation (Fig. 2). The molecular ion 

peak was observed at m/z =264 consistent with the molecular weight of L and confirm the 

formation of L. 

Similarly, the mass spectra of Co(II), Cu(II), Ni(II) and Zn(II) complexes were shown 

in Fig. S1-S4. In the mass spectrum of complexes, the molecular ion peaks at m/z = 585, 590, 

585, and 591 affirms the coordination of Co, Cu, Ni, and Zn ions with the ligand, L. 

 
Figure 2. ESI-MS spectrum of 5-((3,4-dimethoxybenzylidene)amino)-4H-1,2,4-triazole-3-thiol (L). 

3.3. FT- IR spectroscopy. 

The presence of C=N group in the ligand was further confirmed by infrared spectral 

studies. As shown in Fig. 3, a sharp band at 1588 cm-1 corresponds to imine group stretching 

vibration. Similarly, the formation of metal complexes was confirmed by comparing the IR 

spectra of L and their complexes. The FT- IR spectra of all the complexes were shown in Fig. 

S5 - S8. The IR stretching frequencies of free ligand and its complexes groups have been 

reported in Table 1. These stretching frequencies support the formation of L. 

Table 1. IR spectral data of ligand L and its complexes in cm-1. 

Compounds with formula C=N -OCH3 C=C C-S M-N M-S 

C11H12N4O2S (L) 1588 1437 1502 756 - - 

L-Cu 1587 1433 1506 746 423 356 

L-Co 1596 1439 1509 756 442 361 

L-Ni 1579 1433 1503 750 425 355 

L-Zn 1580 1420 1484 731 423 342 

3.4. UV-visible spectra. 

The UV-Visible spectra of ligand and their metal complexes were recorded in DMSO 

solutions between 200 and 700 nm at room temperature. The  UV-Visible spectra of ligand 

were shown in Fig. 4. In ligand, two bands were observed at 292 and 308 nm, which are 

attributed to π – π* transition of the heterocyclic moieties [23] and n – π* transition of the 

azomethine group of the ligand, respectively. The  UV-Visible spectra of ligand were shown 

in Fig. S9 – S12. In the metal complexes π – π* and n – π* transitions were shifted to longer 

wavelenghts as a consequences of coordination to metal centre [24]. In Cu(II) complex, the 
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bands were shifted from 292 to 303 for π – π* transition and 308 to 317 nm for n – π* transitions. 

Similarly, for other metal complexes also π – π* and n – π* transitions were shifted to longer 

wavelengths. This indicates the formation of M-L coordination bond. 
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Figure 3. The FT-IR spectrum of ligand (L). 

 
Figure 4. UV-Visible spectrum of ligand (L). 

3.5. Thermal studies. 

In the Zn(II) complex, the decomposition takes place in three steps. In the first step of 

decomposition up to 220.89°C was probably due to loss of water molecule. The second step 

begins from 220.89°C to 464.35°C indicates the decomposition of an organic moiety of a 

molecule. The third decomposition step starts at 464.35°C. It terminates at about 642.47°C, 

corresponding to the decomposition of L (found 43%), leaving behind metal oxide as the end 

product. 
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Figure 5. TG and DTA curves of Zn(II) complex. 

3.6. Biological activities. 

3.6.1. Antibacterial activity. 

In the present study, various complexes and ligand were assessed for their in vitro 

antibacterial activity against nine food pathogens and their potential activity were qualitatively 

and quantitatively assessed by the presence/absence for the zone of inhibition and MIC values. 

The standard antibiotic amoxicillin was used as a positive control. Impregnated paper discs 

containing only DMSO used as negative control did not show a zone of inhibition. As shown 

in Tables 2 and 3, the test samples (ligand & its complexes)exhibited antibacterial activity on 

different tested strains with variable sensitivity against the six complexes. The Zn(II) complex 

and the Co(II) complex were found to be sensitive to almost all the tested microorganisms. 

While the other complexes and the ligand was not active against all the tested microorganisms. 

Among the complexes tested for antibacterial activity, Zn(II) complex was found to be a 

potential compound followed by Co(II)  complex. On the whole, the MIC values ranged from 

3.10 mg/ml up to 4.50 mg/ml(Table 3). All the complexes exhibited higher antibacterial effects 

than the corresponding ligand. Our results exhibited that all the compounds tested exhibit a 

broad range of antibacterial activity by inhibiting the growth of foodborne pathogens (Gram-

positive and Gram-negative), thereby providing a baseline for future study on potentials of 

complexes as antibacterial contributors. 

3.6.2. Antioxidant activity. 

The free radical scavenging ability of test samples was assessed by employing a series 

of in vitro assays viz., DPPH, ABTS, and superoxide, whereas BHA was used as a positive 

control. Results expressed as EC50 values (mg of tests per ml) are summarized in Table 4, 

revealed that ligand was comparatively lower (p<0.05) than complex compounds in radical 

scavenging activities. In all the assays used in this study, Zn(II)  complex and Co(II)  complex 

were ~2.0 – 2.5-fold effective than other complexes, and activities ascended in the order BHA 

>Zn >Co >Cu>Ni>ligand. In general, Zn(II) complex, followed by Co(II)  complex, exhibited 

a higher free radical scavenging activity in three antioxidant assays. The results revealed that 

Zn(II) complex possesses strong antioxidant ability and significantly lower (p<0.05) than the 

positive control. 
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Table 2. Antibacterial activity by disc diffusion for the ligand and its complexes. 

* Values are expressed as mean ± SE. (Std.): Amoxicillin; (–): inactive 

Table 3. The minimum inhibitory concentration (MIC) of ligand and its complexes. 

* Values are expressed as mean ± SE. (Std.): Amoxicillin; (–): inactive; (NT): not tested since the ligand and its 

complexes showed inhibitory effect with inhibition zone ≤05 mm by disc diffusion method. 

Table 4. Antioxidant activity of the ligand and its complexes. 

 EC50
*,#(mg/ml) 

Test Compounds 
Radical scavenging activities 

DPPH ABTS Superoxide 

Ligand 15.05 ± 0.78f 20.08±0.20e 18.00±0.55e 

Co 06.45 ± 0.84c 05.60±0.30b 04.06±0.16b 

Cu 12.08 ± 1.24d 10.02±0.78c 11.34± 0.46c 

Ni 13.80 ± 0.24e 12.50± 0.54d 13.54± 0.29d 

Zn 05.45 ± 0.60b 05.05 ± 0.15b 3.33±1.27b 

Standard ^ 0.60 ± 0.10a 0.55 ± 0.35a 0.75 ± 0.45a 

* Values are expressed as mean ± SE. Means in the same column with distinct superscripts are significantly 

different (p ≤ 0.05) as separated by Duncan's multiple range test. 
# TheEC50 value is defined as the effective concentration of the test samples to show 50% of antioxidant activity 

under assay conditions. 
^ Standard: Butylated hydroxyanisole (BHA - positive control). 

3.6.3. Inhibitory effects on yeast α-glucosidase and α-amylase. 

In vitro α-amylase, inhibitory studies revealed that complexes had effective inhibitory 

potential than the ligand. The IC50 values were found to be 3.25 and 3.75mg/ml for Zn(II) and 

Co(II), respectively. Acarbose, investigated under the same conditions, had IC50 value of 

0.50mg/ml. In terms of IC50 values, it is evident that diverse complexes tested possessed a 

strong inhibition of α-amylase and were significantly lower (p <0.05) than acarbose and higher 

than ligand(Table 5). The inhibition ascended in the order: Acarbose > Zn >Co >Cu>Ni> 

ligand. 

Furthermore, similar studies were performed to assess whether ligand and its complexes 

also inhibited α-glucosidase, another key carbohydrate hydrolyzing enzyme. The 50% 

inhibition of α-glucosidase by ligand and its complexes is detailed in Table 5. Results revealed 

that Zn(II) (IC50: 3.0mg/ml) possessed the highest inhibitory activity followed by Co(II) (IC50: 

3.30mg/ml) complex as compared to other complexes, whereas ligand (IC50: 11.20mg/ml) had 

 Zone of inhibition* (in “mm”) 

Std. Ligand Co Cu Ni Zn 

Gram-

positive 

Bacillus cereus 12.50 ± 0.19 – 02.35 ± 0.42 – – 03.50 ± 0.78 

Micrococcus luteus 15.50 ± 0.11 03.01 ± 0.35 06.60 ± 0.50 04.75± 0.45 – 05.00±1.32 

Staphylococcus aureus 18.50 ± 0.19 02.90 ± 0.33 07.50± 0.47 – 04.12± 0.68 06.05±1.47 

Gram-

negative 

Klebsiella pneumoniae 11.00 ± 0.74 – 03.50 ± 1.05 – – 04.02 ± 0.45 

Enterobacter aerogenes 14.00 ± 0.43 04.90± 0.50 13.06± 0.80 05.50±1.25 04.00± 0.89 16.60± 0.75 

Escherichia coli 26.00 ± 0.52 04.25 ± 0.50 14.90±1.25 04.62 ± 0.79 06.00±1.47 15.50±1.01 

Pseudomonas fluorescens 16.50 ± 0.10 – 04.80±0.54 – – 05.00± 0.63 

Pseudomonas aeruginosa 21.00 ± 0.84 – 03.10 ± 0.10 – – 04.50± 0.75 

Salmonella enteritidis 09.00 ± 1.03 – – – – 03.00± 0.65 

 MIC* (in “mg/ml”) 

Std. Ligand Co Cu Ni Zn 

Gram-

positive 

Bacillus cereus 1.50 ± 1.26 – NT – – NT 

Micrococcus luteus 2.75 ± 0.85 NT 4.00±1.05 NT – 03.50±0.52 

Staphylococcus aureus 3.25 ± 1.50 NT 04.50 ±0.59 – NT 04.10±2.02 

Gram-

negative 

Klebsiella pneumoniae 4.00 ± 0.51 – NT – – NT 

Enterobacter aerogenes 2.00 ± 0.48 NT 3.50±1.24 03.75±0.45 NT 03.10±1.05 

Escherichia coli 1.00 ± 0.50 NT 3.25±0.40 NT 04.75±0.84 03.25±0.45 

Pseudomonas fluorescens 3.25 ± 0.95 – NT – – 04.50± 0.35 

Pseudomonas aeruginosa 2.50 ± 0.66 – NT – – NT 

Salmonella enteritidis 2.00 ± 0.15 – – – – NT 
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the lowest inhibitory effect. The yeast α-glucosidase inhibitory effect (based on IC50 values) of 

ligand & its complexes were comparatively higher (p <0.05) than the therapeutic drug acarbose 

(IC50:0.50mg/ml). 

Table 5. Inhibitory activities of the ligand and its complexes on α-amylase and α-glucosidase enzymes. 

 IC50
x, y (mg/ml) 

Test Compounds 
Enzymes  

α-amylase α-glucosidase 

Ligand 13.00 ± 0.75e 11.20±0.48e 

Co(II) complex 03.75 ± 0.64b 03.30±0.09b 

Cu(II) complex 08.06 ± 1.12c 07.08±0.51c 

Ni(II) complex 13.45 ± 0.10e 10.00± 2.01 d 

Zn(II) complex 03.25 ± 0.56b 03.00 ± 0.14b 

Standard ^ 0.60 ± 0.02a 0.50 ± 0.40a 
x Values are expressed as mean ± SE. Means in the same row with distinct superscripts are significantly different 

(p ≤0.05) as separated by Duncan's multiple range test. 
y The IC50 value is defined as the inhibitor concentration to inhibit 50% of enzyme activity under assay conditions. 
^ Standard: Acarbose (positive control). 

3.6.4. Molecular docking studies. 

A molecular docking study fundamentally defines the binding modes of ligand 

interaction at the active site of the receptor.  

Table 6. Docking scores of compounds with respect to α-glucosidase (PDB ID: 1G7P) enzyme. 

Metal complex Total score Crash score Polar score 

Co(II) complex 5.16 -1.15 2.03 

Zinc(II) complex 5.80 -2.75 1.14 

 

Figure 6. Binding pose of Cobalt with α-glucosidase (PDB ID: 1G7P) enzyme before (2D) and after (3D) 

Docking studies. 

 
Figure 7. Binding pose of Zinc with α-glucosidase (PDB ID: 1G7P) enzyme before (2D) and after (3D) 

Docking studies. 
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In our study, the two compounds with notable α-glucosidase inhibitory activity were 

subjected to docking studies against α-glucosidase (PDB ID: 1G7P), and the results are shown 

in Table 6. The inhibition of α-glucosidase (carbohydrate metabolizing enzyme) protein 

prevents hyperglycemia, and hence it is a striking target for antidiabetic research. The Zn(II) 

and Co(II) complexes showing α-glucosidase inhibitory activity were subjected to bind the 

active site of an α-glucosidase protein. The binding interactions with the compounds revealed 

that almost the two compounds were interacting with threonine, tyrosine, and lysine amino 

acids (Fig. 4 and 5). 

4. Conclusions 

 To summarize this work, a Schiff base ligand 5-((3,4-dimethoxybenzylidene)amino)-

4H-1,2,4-triazole-3-thiol (L) and its Co(II), Cu(II), Ni(II) and Zn(II) complexes were 

synthesized and characterized using spectroscopic methods. A Schiff base ligand and its all the 

metal complexes were assayed for antibacterial studies, and the results revealed that among the 

complexes tested for antibacterial activity, Zn(II) complex was found to be potential compound 

with the MIC values ranged from 3.10 mg/ml up to 4.50 mg/ml. The free radical scavenging 

ability of test samples was assessed by employing a series of in vitro assays viz., DPPH, ABTS, 

and superoxide using BHA as a positive control. Results revealed that ligand was 

comparatively lower (p<0.05) than complex compounds in radical scavenging activities. In all 

the assays used in this study, Zn(II)  complex and Co(II)  complex were ~2.0 – 2.5-fold 

effective than other complexes, and activities ascended in the order BHA >Zn >Co 

>Cu>Ni>ligand. In general, the Zn(II) complex, followed by Co(II)  complex, exhibited a 

higher free radical scavenging activity in three antioxidant assays. In vitro α-amylase, 

inhibitory studies revealed that complexes had effective inhibitory potential than the ligand. 

The IC50 values were found to be 3.25 and 3.75mg/ml for Zn(II) and Co(II), respectively. In 

terms of IC50 values, it is evident that diverse complexes tested possessed a strong inhibition of 

α-amylase and were significantly lower (p <0.05) than acarbose and higher than ligand. The 

inhibition ascended in the order: Acarbose > Zn >Co >Cu>Ni> ligand. The yeast α-glucosidase 

inhibitory effect (based on IC50 values) of ligand & its complexes were comparatively higher 

(p <0.05) than the therapeutic drug acarbose (IC50:0.50mg/ml). The molecular docking studies 

reveal that the yeast α-glucosidase inhibitory effect (based on IC50 values) of ligand & its 

complexes were comparatively higher (p <0.05) than the therapeutic drug acarbose 

(IC50:0.50mg/ml). 
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Supplementary files 

 

Figure S1:Mass spectrum of Co(II) complex. 

 

Figure S2. Mass spectrum of Cu(II) complex. 
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Figure S3. Mass spectrum of Ni(II) complex. 

 

Figure S4. Mass spectrum of Zn(II) complex. 

 

Figure S5. FT-IR spectrum ofCo(II) complex. 
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Figure S6. FT-IR spectrum of Cu(II) complex. 

 

Figure S7. FT-IR spectrum of Ni(II) complex. 

 

Figure S8. FT-IR spectrum of Zn(II) complex. 
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Figure S9. UV-Visible spectrum of Co(II) complex. 

 

Figure S10. UV-Visible spectrum of Cu(II) complex. 

 

Figure S11. UV-Visible spectrum of Ni(II) complex. 
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Figure S12. UV-Visible spectrum of Zn(II) complex. 
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