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        Abstract



        
          Introduction:


          The interest in the antioxidant materials increased due to their free radical scavenging properties avoiding various pathologies. Tannic Acid (TA) is known to have high free radical scavenging activity, but its application is still limited.


          This paper had the objective of synthesis, characterization and evaluation of free radical scavenging activity of TA associated with Cu (II) and Zn (II) ions, in a buffered aqueous medium.

        


        
          Methods and Materials:


          Techniques of FTIR, simultaneous TG-DSC characterized the obtained compounds, and the evaluation of free radical scavenging activity was made using 2,2–diphenyl–1–picrylhydrazyl (DPPH) radical. The FTIR analysis of the compounds showed significant displacement of the main bands in the TA spectrum (νC=O, δO-H, σO-H), suggesting an association of metal ions with the oxygen of the hydroxyl group of TA. TG-DSC curves showed information about the thermal stability, stoichiometry, hydration water, and residues formation.

        


        
          Results and Conclusion:


          The TA association with the metal ions Cu(II) and Zn(II) decreased the antioxidant activity of the molecule significantly, showing that these compounds could be potentially used as pro-oxidant agents.
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      1. INTRODUCTION


      The imbalance of oxidant compounds and antioxidants cause the formation of reactive species responsible for various damages in our body, which can result in irreversible pathological processes such as degenerative diseases, cancer, cardiovascular diseases, as well as the aging of cells and tissues [1, 2]. The research for new antioxidant materials is growing with the purpose of benefiting human health.


      Sungur and Uzar [3] described the efficiency of Tannic Acid (TA) as an antioxidant compound. This compound can act in radical species, blocking the increase of the oxidative damage. Some authors have been suggested that the structural characteristics of TA, which are important in the antioxidant mechanisms, can be better used in pro-oxidant activities [3]. This compound can act in radical species, blocking the increase of the oxidative damage. Some authors have suggested that the structural characteristics of TA, which are important in the antioxidant mechanisms, can be better used in pro-oxidant activities [4].


      The TA, due to the presence of a significative number of Hydroxyl groups, can complex with several metals as Aluminium [5], Copper [6-9], Iron [3, 10, 11], Cobalt [11] and Zinc [12]. The metal ions can act as an intra/ inter chelating agent with TA [3, 6, 7, 9, 13]. Few studies report the free radical scavenging activity of TA associated with metal ions [14].


      The knowledge of the properties of TA and the importance of developing new antioxidant or pro-oxidant agents motivated the development of this work. Therefore, the antioxidant properties of TA were studied after its association with bivalent copper and zinc ions, in a redox system with DPPH.

    


    
      

      2. MATERIALS AND METHODS


      Tannic Acid (TA), C76H52O46 (99% purity), used for the synthesis of TA-Cu (II) and TA-Zn (II), was from Carlo-Erba company. Other used reagents were of analytical grade.


      Solutions with 0.1 mol L-1 concentration were prepared by direct weighing of TA and the salts Cu(NO3)2.3H2O and ZnCl2. The solution´s pH was set to 5.5 (Zn (II) and Cu (II)) and 8.0 (TA solution) with a buffer solution 2.0 mol L-1, respectively, of ammonium acetate and NH3/NH4Cl.


      The compounds TA-Cu (II) and TA-Zn (II) were prepared by adding the solution of the ligand to the respective metal solution, in the ratio of 1:1 and 1:5 (metal: TA), using continuous stirring. The resulting systems were filtered on Whatman n. 40 filter paper and washed with distilled water until elimination of the chloride (or nitrate) ions. The obtained products were dried on a heater at 50ºC and kept in a desiccator over anhydrous calcium chloride.


      The TA-Cu (II) compounds in a buffer solution at pH 5.5 with the 1:1 stoichiometric metal:TA ratio were called as A1, and 1:5 were called as A2. The compounds prepared in a buffer solution at pH 8.0 with the 1:1 stoichiometric metal:ligand ratio were called as A3 and 1:5 were called as A4.


      The TA-Zn (II) compounds prepared in a buffer solution at pH 5.5 with the 1:1 stoichiometric Metal:TA ratio were called as A5, and 1:5 were called as A6. The compounds prepared in a buffer solution at pH 8.0 with the 1:1 stoichiometric metal:ligand ratio were called as A7 and 1:5 were called as A8.


      
        

        2.1. Characterization Technique


        Infrared analysis (FTIR) of the TA, as well as the synthesized compounds, were made on a PerkinElmer Spectrum 100 spectrometer, with a resolution of 4 cm-1, in 4000-600 cm-1 region, using the Attenuated Total Reflectance (ATR) technique.


        Simultaneous TG–DSC curves were obtained on a TG/DSC-1 from Mettler Toledo. The purge gas was air flow with the flow rate of 60 mL min-1. A heating rate of 20 ºC min-1 was adopted, with sample weighing about 7 mg in the temperature range of 30-1000 ºC. Alumina crucibles were used for this analysis.

      


      
        

        2.2. Antioxidant Activity


        
          

          2.2.1. Solubility Tests


          The solvents used in the analysis of antioxidant potential with DPPH were chosen according to the qualitative solubility analysis of the synthesized compounds. The solvents were the following: ethyl acetate-ethanol, petroleum ether, hexane and methanol.


          The activity of antioxidant was estimated with the stability of free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH), using a modified methodology based on the one described by [12].


          The UV-Vis spectroscopy was performed on a Lambda 25 Perkin Elmer UV-Vis spectrometer using the selected wavelength of 515 and 517 nm. The evaluation of scavenging free radical activity was expressed as the percentage (%) of TA amount.

        


        
          

          2.2.2. Analytical Curve for DPPH


          The methanolic stock solution of DPPH100 µg mL-1 was prepared and kept under cooling at 5 ºC, in the absence of light. Working solutions (60, 50, 40, 30, 20, 10 and 5 μg mL-1) were prepared from the stock solution immediately before to use in the assays.


          The analytical curve was obtained by measurements of absorbance values of the diluted solutions(5 to 60 μg mL-1) in the wavelength of 515 nm, using a quartz cuvette with an optical depth of 1 cm-1, and methanol as blank. Measurements were made in triplicates for each sample for 3 minutes. This procedure was used to verify if there was any degradation of the sample during the absorbance analysis [13]. This procedure was repeated using ethanol and ethyl acetate as solvents, using the maximum absorbance value at 517 nm.

        

      

    


    
      

      3. EXPERIMENTAL


      
        3.1. Absorbance Measures from Samples


        For the synthesized compounds analysis, solutions of TA-Cu (II) and TA-Zn (II) were prepared using the concentrations of 0.16; 0.12; 0.08 and 0.04 g L-1 using for each set of experiments a different solvent (Ethyl acetate, methanol and ethanol). The solutions were kept for 30 minutes on water-bath under 60ºC, to increase the solubility of the compounds. The resultant solution was transferred to a 25 mL volumetric flask. For each 2.50 mL of sample, 1.00 mL of DPPH solution (60 µg mL-1) was added.


        A negative control was prepared using the same procedure, without the addition of DPPH. This solution was used as a blank and its absorbance values were obtained by triplicate analysis.


        A DPPH solution was left resting for 20 minutes, protected from light, to evaluate a possible degradation of the sample over time. The absorbance measures were made at 515 nm for methanol and 517 nm for ethanol and ethyl acetate, for each sample. The measures were realized 31 minutes after the preparation of the sample, and it was repeated after 35, 40, 50, 60, 70, 80 and 90 minutes, after the preparation of the samples [13].


        From the analytical curve equation and data obtained from the proposed times for each evaluated concentration, the percentage and concentration of the reminiscent DPPH (%DPPHREM), were calculated according to equation 1 [13].


        
          
            	

            	[image: ]

            	(1)
          

        


        [DPPH]T=t represents DPPH concentration after the reaction with the sample and [DPPH]T=0 is the initial concentration of DPPH (60 µL mL-1) [12].


        The absorbance values for all concentrations in 30, 60 and 90 minutes were converted in antioxidant activity % (%AA), according to equation 2 [13, 15].


        
          
            	

            	[image: ]

            	(2)
          

        


        Abscontrol represents the initial absorbance of the DPPH solution, and Abssample represents the reactional mixture absorbance (DPPH + sample) [13, 15].

      

    


    
      

      4. RESULTS AND DISCUSSIONS


      
        4.1. Fourier Transform Infrared Spectroscopy (FTIR)


        The FTIR spectra were made to characterize the compounds of TA-Cu (II) and TA-Zn (II). The obtained spectra were suggesting some vibrational bands of the compounds, and they allow to evaluate the types of interactions between the metal ion and TA.


        The FTIR spectrum of the TA, (Fig. 1), indicate that the main vibrational bands on TA are: C=O, OH, C-O, H-C and C=C stretch, as well as C-O-H in-plane and out-of-plane bending. A wide band between 2870-3670 cm-1 was assigned to O-H stretch from hydrogen bonds. The in-plane bending of C-O-H group occurs at 1610-1535 cm-1, and the out-of-plane bending was assigned to 872 cm-1. The characteristic peak at 1708 cm-1 was assigned to the Carbonyl vibrations of TA. The attributions of the vibrational bands of TA agree with the literature [10].


        The FTIR of the TA-Cu (II) and TA-Zn (II) in 1:1 and 1:5 ratios, in buffered pH of 5.5 and 8.0 are shown in Fig. (2).


        For all FTIR spectra of TA-Cu (II) shown in Fig. (2), were observed a significant shift in the bands assigned to C=O stretching and O-H in-plane and out-of-plane bending. The C=O stretch shifted to 1567 cm-1 (A1), 1591 cm-1 (A2), 1583 cm-1 (A3) and 1594 cm-1 (A4). The C-O-H in-plane bending shifted to 1486-1423 cm-1 (A1), 1400-1309 cm-1 (A2), 1423-1345 cm-1 (A3) and 1425-1300 cm-1 (A4), and the C-O-H out-of-plane bending to 877 cm-1 of the TA to 751 cm-1 (A1), 826 cm-1 (A2), 690 cm-1 (A3) and 823 cm-1 (A4).


        [image: ]
Fig. (1)

        FTIR spectrum from TA. Where A: O-H stretching, B C=O stretching, C: O-H in-plane bending e D O-H out-of-plane bending.

        [image: ]
Fig. (2)

        FTIR spectra of the synthesized compounds in buffered media. TA: Tannic acid; A1: TA-Cu(II), pH 5,5, in 1:1 ratio; A2: TA-Cu(II), pH 5,5 in 1:5 ratio; A3: TA-Cu(II), pH 8,0 in 1:1 ratio; A4: TA-Cu(II), pH 8,0 in 1:5 ratio; A5: TA-Zn(II), pH 5,5, in 1:1 ratio; A6: TA-Zn(II), pH 5,5 in 1:5 ratio; A7: TA-Zn(II), pH 8,0 in 1:1 ratio and A8: TA-Zn(II), pH 8,0 in 1:5 ratio.

        The evaluation of the C=O stretch indicates a direct rate of its intensity with the amount of Cu (II) added in buffered pH of 5.5 and an inverse proportional in buffered media of pH 8.0 causing a band with high intensity in A3.


        The bands assigned to the in-plane bending were shifted when more metal ions were added. A reduction in the band related to the O-H stretch is observed, suggesting an attenuation of the strength of the intermolecular hydrogen bonds with water. These shifts indicate a new interaction of oxygen of the TA with Cu (II).


        In TA-Zn (II) compounds in buffered pH of 5.5, in 1:1 and 1:5 ratio (A5 and A6), only the C-O-H in-plane bending (1579-1483 cm-1 for A5 and 1564-1483 cm-1 for A6) and out-of-plane bending, (826 cm-1 in A5 and A6 compounds) bands were shifted. Differently, the same compounds in buffered pH of 8 (A7 and A8), showed that the C=O stretch when compared with the FTIR spectrum of TA, shifted from 1696 cm-1 to 1549 cm-1 (A7) and 1597 cm-1 (A8), in-plane bending of C-O-H shifted to 1477-1390 cm-1 (A7) and 1477-1342 cm-1 (A8). Out-of-plane bending in C-O-H takes on wavenumber at 829 cm-1 (A7) and 690 cm-1 (A8). For this compound, using 1:1 ratio (A7) it was observed an increase in the relative intensity of the C=O stretching and A8 a higher intensity in O-H stretching region in 3670-2870 cm-1.


        The TA and the synthesized compounds FTIR spectra suggest coordination between the ligand and the metal ion. Distinct alterations are observed in the region assigned to the carbonyl group which was shifted to a lower wavenumber in the synthesized compound in comparison with the TA. This observation can indicate a coordination metal-TA occurs between metal ion and oxygen of the carbonyl group and hydroxyl groups.

      


      
        

        4.2. Thermal Analysis


        The TG-DSC was used to evaluate the stoichiometric ratio of the metal ion to the TA, as well as the water content and the thermal behavior of the compounds TA-Cu (II), TA-Zn (II) and TA.


        The simultaneous TG-DSC curves of TA are shown in Fig. (3). These curves show 4 steps of mass loss, with its thermal events shown in the DSC curve. The first mass loss occurs between 20 and 210 ºC, corresponding with the endothermic peak at 110 ºC, and assigned to the thermal dehydration of 11 molecules of water (ΔmTG=10.52%; ΔmCalcd.=10.43%). The second step of thermal decomposition corresponds to the dehydroxylation of TA between 210-266 ºC (ΔmTG=23.50%; ΔmCalcd.=22.37%). The third and fourth steps of mass loss are assigned to the oxidative degradation of TA between 266-330 °C and 330-640 °C (ΔmTG=65.98%; ΔmCalcd.=66.20%), with two exotherms between 420-590 °C and an exothermic peak at 640 ºC.


        [image: ]
Fig. (3)

        Simultaneous TG-DSC curve of TA.

        The thermoanalytical results for the synthesized compounds are shown in Table 1. The results suggest that the stoichiometry of the compounds are according to the general formula (M)xLn.H2O, where M is the metal ion, L is TA and n is the hydration water number. The stoichiometry of these compounds shows that the relationship M-L of the precipitate is not related to the initial concentration of the metal solution, but is related to a maximum amount of metal for each ligand molecule.


        
          Table 1 Thermoanalytical data from the Cu(II) and Zn(II) compounds in buffered pH of 5.5 and 8.


          
            
              
                	

                	

                	Metal Oxide %

                	Ligand%

                	Water%

                	Final Residue
              


              
                	

                	Compound

                	Calc

                	TG

                	Calc

                	TG

                	Calc

                	TG

                	
              

            

            
              
                	TA

                	TA.11 H2O

                	-

                	-

                	100%

                	99,26

                	10,43

                	10,52

                	-
              


              
                	A1

                	Cu10.5L.15H2O

                	31.65

                	31.40

                	58.10

                	58.00

                	10.20

                	10.20

                	CuO
              


              
                	A2

                	Cu9.5L.11H2O

                	30.20

                	30.50

                	61.90

                	61.50

                	7.92

                	8.05

                	CuO
              


              
                	A3

                	Cu7.5L.20H2O

                	23.50

                	24.10

                	62.30

                	62.00

                	14.20

                	13.92

                	CuO
              


              
                	A4

                	Cu5.5L.10H2O

                	19.61

                	19.53

                	72.31

                	72.30

                	8.07

                	8.18

                	CuO
              


              
                	A5

                	Zn6.5L.15H2O

                	22.08

                	21.70

                	66.60

                	67.10

                	11.30

                	11.19

                	ZnO
              


              
                	A6

                	Zn8L.9.5H2O

                	27.19

                	27.70

                	65.70

                	65.20

                	7.15

                	7.18

                	ZnO
              


              
                	A7

                	Zn14L.21 H2O

                	38.05

                	38.10

                	49.30

                	49.30

                	12.60

                	12.55

                	ZnO
              


              
                	A8

                	Zn25L.28.5H2O

                	52.85

                	53.20

                	33.80

                	33.60

                	13.30

                	13.22

                	ZnO
              

            
          


        


        In comparison with the literature results, it can be observed that the buffered system (pH = 5.5 and 8.0) helped in the formation of zinc compounds, which was not obtained in other papers, due to the formation of zinc hydroxide [10].


        Although the proportions of 1:1 and 1:5 were controlled in the experiments, a stoichiometric relation up to 5 times was observed for zinc compounds and up to 10 times in copper compounds in comparison with the pre-established quantities. This fact is due to the presence of 10 carboxylic and 20 hydroxyl groups in each TA, increasing the coordination sites of TA.


        The increase of the pH improved the stoichiometric relationship between zinc and TA, on the other hand the same relationship decreased for copper compounds, as the pre-established relationship in pH 8.0, maintained its values close to the ones obtained for other situations, indicating that the copper interaction with TA is stronger than the other studied compounds. The TA dehydroxylation in metal-compounds could not be calculated, due to the presumable interaction with the hydroxyl group with the metal, which increases its thermal stability and causes this event to overlap with the oxidative degradation of the remaining TA molecule.


        Each compound has shown a very characteristic TG – DSC profile. Although final temperatures of the thermal decomposition of the compounds have been different, the final residue formed was the same, as indicated in Table 2 and Fig. (4).


        
          Table 2 Thermal decomposition results of AT-Cu (II) and AT-Zn (II) compounds obtained at pH 5.5 and 8.


          
            
              
                	Compounds

                	Temperature Range (°C)

                	Eventsa

                	Compounds

                	Temperature Range (°C)

                	Eventsa
              

            

            
              
                	

                	50-100

                	1

                	

                	40-150

                	1
              


              
                	A1

                	100-160

                	2,3

                	A5

                	150-280

                	2,3
              


              
                	

                	160-300

                	3

                	

                	280-450

                	3
              


              
                	

                	300-380

                	3

                	

                	

                	
              


              
                	

                	

                	

                	

                	40-120

                	1
              


              
                	

                	50-160

                	1

                	

                	120-290

                	2,3
              


              
                	A2

                	160-325

                	2,3

                	A6

                	290-320

                	2,3
              


              
                	

                	325-440

                	3

                	

                	320-400

                	3
              


              
                	

                	440-465

                	3

                	

                	400-495

                	3
              


              
                	

                	

                	

                	

                	495-590

                	3
              


              
                	

                	50-100

                	1

                	

                	

                	
              


              
                	

                	100-310

                	2,3

                	A7

                	45-135

                	1
              


              
                	A3

                	310-480

                	3

                	

                	135-355

                	2,3
              


              
                	

                	480-535

                	3

                	

                	335-580

                	3
              


              
                	

                	535-594

                	3

                	

                	

                	
              


              
                	

                	68-225

                	1,2

                	

                	45-140

                	1
              


              
                	

                	225-405

                	3

                	A8

                	140-300

                	2,3
              


              
                	A4

                	405-525

                	3

                	

                	300-500

                	3
              


              
                	

                	525-630

                	3

                	

                	500-590

                	3
              

            
          


          
            a 1= thermal dehydration; 2= dehydroxylation; 3= Oxidative degradation.
          


        


        The A1 compound has shown the molecular formula of Cu10.5L.15H2O and has shown that the thermal decomposition occurs in four consecutive steps (Table 2). DSC curve showed three exothermic peaks at 235 °C, 293 °C and 344 °C relative to TA oxidation.


        The A2 compound had its molecular formula determined as Cu9.5L.11H2O, and it has shown a similar thermal decomposition in comparison with A1. The thermal decomposition of A2 shows the same number of steps of A1 but final temperature higher than A1, besides an exothermic peak at 450 ºC which indicates the oxidation of the organic matter.


        The A3 has the molecular formula of Cu7.5L.20H2O, has shown that the thermal decomposition occurs consecutively in five steps of mass losses with an exothermic peak at 515 ºC. The compound synthesized in buffered pH of 8.0 (A4) with the molecular formula of Cu5.5L.10H2O had its thermal decomposition in five steps more defined in comparison with the compound synthesized at buffered pH of 5.5. The DSC curve of A4 was observed four exothermic peaks at 208 ºC, 424 ºC, 505 ºC and 630 ºC.


        [image: ]
Fig. (4)

        Simultaneous TG-DSC curves of TA-Cu(II) and TA- Zn(II).

        The TA-Zn compound with 1:1 ratio and buffered pH of 5.5 (A5) had its molecular formula determined as Zn6.5L.15H2O and had its thermal decomposition in three consecutive steps of mass loss with an exothermic peak at 290 ºC and an exotherm between 400-490 ºC, indicating the oxidation of the organic matter. The A6 presented the molecular formula of Zn8L.9.5H2O and had shown a different behavior, with its thermal decomposition in 6 steps of mass loss with exothermic peaks at 140 °C, 335 °C and 390 °C and two endothermic peaks at 332 °C, 385 ºC and 476 °C.


        The TA-Zn compound with 1:5 ratio and buffered pH of 5.5 (A7) with the molecular formula of Zn14L.21.H2O had its thermal decomposition in three steps of mass loss with an endothermic peak at 219 ºC and two exothermic peaks at 391 ºC and 391 ºC. This compound synthesized in buffered pH of 8.0, with the molecular formula of Zn25L.28.5H2O, had its thermal decomposition in four steps of mass loss with an endothermic peak at 160 ºC.


        The interpretation of each thermal event in these curves is shown in Table 2.


        The dehydration are related to the elimination of hydration water, decomposition and oxidative degradation are observed in Table 2. The dehydroxylation/thermal decomposition and oxidative burn are related to the organic matter in TA.

      


      
        

        4.3. Quantitative Analysis of the Antioxidant Activity


        
          4.3.1. TA-Cu (II) and TA-Zn (II) Solubility


          Although the tests had as the priority the solvents that are compatibles with TA and DPPH, the synthesized compounds were only partially soluble in the used solvents. Thereby the A2 and A4 compounds were partially soluble in ethyl acetate; A3, A5 and A8 in ethanol and A1, A6 and A7 in methanol.

        


        
          4.3.2. Analytical Curve of DPPH


          The analytical curves equations obtained from DPPH analysis were y = 0.0113x – 0.0063, with a correlation coefficient of r2 = 0.9993, in ethyl acetate solution; y = 0.0102x – 0.0019, with a correlation coefficient of r2 = 0.9988, in ethanolic solution; and y = 0.0144x – 0.0562, with a correlation coefficient of r2 = 0.9949, in methanolic solution. In the DPPH curve axis x is the DPPH concentration and axis y is the absorbance in the wavelength of 515 and 517 nm.

        


        
          

          4.3.3. Antioxidant Activity of the Synthesized Compounds


          A lower percentage of DPPHREM was observed in the experiment using ethyl acetate as solvent. This behavior was significant in all used concentrations. In ethanol, this percentage were about 3% (m/v) in 0.16 g L-1 and in methanol, with same concentration the percentage were about 7% (m/v). Values related to the kinetics of the reminiscent DPPH were observed. This behavior was observed in compounds that have good antioxidant activity. Fig. (5) shows the percentage of DPPHREM of TA for the used solvents.


          Fig. (6) shows the kinetic behavior of TA-Cu(II) for A1 and A2 compounds, which are representative of all compounds. The A1 compound shows a lower concentration of DPPHREM, except for 0.04 g L-1 (C4). In concentrations of 0.12 (C2) and 0.08 (C3), it was observed a significant decrease in the concentration over time. In all used concentrations in the A2 compound, were observed an increase in the concentration of DPPHREM after 70 to 80 minutes of analysis.


          [image: ]
Fig. (5)

          DPPHREM percentage for TA in ethyl acetate (TA-Ac), ethanol (TA-Et) and methanol (TA-Me) in the following concentrations: 0.16 g L-1 (C1); 0.12 g L-1 (C2); 0.08 g L-1 (C3) and 0.04 g L-1 (C4).

          [image: ]
Fig. (6)

          Kinect behaviour of TA-Cu(II) in buffered pH of 5.5 and 8.0 using 1:1 (A1) and 1:5 (A2) ratio in the following concentrations: 0.16 g L-1 (C1); 0.12 g L-1 (C2); 0.08 g L-1 (C3) and 0.04 g L-1 (C4).

          A3 and A4 compounds have shown concentrations of DPPHREM lower than 25% over 30 minutes. However, the A4 compound showed a %DPPHREM, over time, lower than A3 in all concentrations except in 0.04 g L-1 (C4) where it had an interception after 70 minutes. Therefore, we can suggest that the A4 compound under the concentration of C1 has higher antioxidant activity in comparison with the other compounds in the same pH, due to a lower DPPHREM percentage over time.


          The TA-Zn (II) compounds in 5.5 buffered pH have shown better antioxidant behavior in comparison with the other studied tannates. This indication can be observed in Fig. (7). The 1:1 proportion (A5) presented the lowest percentage values of DPPHREM for all studied concentrations, yet in 0.16g L-1 concentration (C1), it showed less than 2.5% of DPPH.


          [image: ]
Fig. (7)

          Kinetic behavior of TA-Zn in a buffer solution at pH 5.5 and 8 in 1:1 (A5) and 1:5 (A6) ratio in the following concentrations: 0.16 g L-1 (C1); 0.12 g L-1 (C2); 0.08 g L-1 (C3) and 0.04 g L-1 (C4). A5 and A6 are representative of all compounds.

          In TA-Zn(II) compounds, the values related to the kinetic of DPPH reaction in pH 8 has shown a higher percentage of DPPH, under the proportion of 1:1, after 30 minutes of analysis. However, it was observed a decrease over time. This behavior suggests instability in A7 as well as in the proportion of 1:5 (A8).


          The antioxidant percentage (%AA) of TA and its metallic compounds were studied and compared. The results are shown in Table 3.


          
            Table 3 Antioxidant activity percentage of TA in ethyl acetate, Ethanol and Methanol.


            
              
                
                  	Compound

                  	Concentration

                  	%AA

                  (30min)

                  	%AA

                  (60min)

                  	%AA

                  (90 min)
                

              

              
                
                  	

                  	C1

                  	99.35

                  	99.35

                  	99.35
                


                
                  	TA in ethyl acetate

                  	C2

                  	98.05

                  	98,05

                  	98.05
                


                
                  	

                  	C3

                  	95.45

                  	95.45

                  	95.45
                


                
                  	

                  	C4

                  	94.15

                  	94.15

                  	94.15
                


                
                  	

                  	C1

                  	90.00

                  	90.00

                  	89.37
                


                
                  	TA in Ethanol

                  	C2

                  	88.00

                  	88.00

                  	88.12
                


                
                  	

                  	C3

                  	83.75

                  	83.75

                  	82.50
                


                
                  	

                  	C4

                  	81.90

                  	81.90

                  	80.62
                


                
                  	

                  	C1

                  	98.30

                  	98.30

                  	98.30
                


                
                  	TA in Methanol

                  	C2

                  	96.60

                  	96.60

                  	96.60
                


                
                  	

                  	C3

                  	95.45

                  	95.45

                  	95.45
                


                
                  	

                  	C4

                  	94.90

                  	94.90

                  	94.90
                

              
            


          


          Initially, the reaction of TA with DPPH shows a high percentage of antioxidant activity (%AA), being more apparent in ethyl acetate medium (99.35-94.15%).


          The coordination between TA and the Copper ions decreased the antioxidant activity in comparison with free TA. It was observed a high activity in A4 compound which presented 60% in 30 minutes. Over time the antioxidant activity tends to increase, as shown in Table 4.


          
            Table 4 Antioxidant activity percentage of TA-Cu(II) and TA-Zn(II) in buffered pH of 5.5 and 8.


            
              
                
                  	Compound

                  	Conc.

                  	%AA (30min)

                  	%AA (60min)

                  	%AA (90 min)

                  	Compound

                  	Conc.

                  	%AA (30min)

                  	%AA (60min)

                  	%AA (90 min)
                

              

              
                
                  	

                  	C1

                  	5.60

                  	12

                  	13

                  	

                  	C1

                  	93.20

                  	97.30

                  	98.00
                


                
                  	A1

                  	C2

                  	3.10

                  	21

                  	30

                  	A5

                  	C2

                  	72.90

                  	79.73

                  	83.80
                


                
                  	

                  	C3

                  	1.88

                  	15

                  	26

                  	

                  	C3

                  	58.10

                  	73.00

                  	80.40
                


                
                  	

                  	C4

                  	0

                  	0

                  	0

                  	

                  	C4

                  	29.10

                  	46.00

                  	57.43
                


                
                  	

                  	C1

                  	3.60

                  	1.2

                  	0

                  	

                  	C1

                  	78.90

                  	93.15

                  	94.74
                


                
                  	A2

                  	C2

                  	1.79

                  	3

                  	1.8

                  	A6

                  	C2

                  	45.26

                  	61.60

                  	72.1
                


                
                  	

                  	C3

                  	5.39

                  	4.2

                  	3.6

                  	

                  	C3

                  	46.31

                  	49.50

                  	50.00
                


                
                  	

                  	C4

                  	7.20

                  	6.6

                  	6

                  	

                  	C4

                  	11.58

                  	8.90

                  	7.90
                


                
                  	

                  	C1

                  	9.40

                  	12

                  	15

                  	

                  	C1

                  	5.20

                  	26.01

                  	33.53
                


                
                  	A3

                  	C2

                  	11.20

                  	18

                  	24

                  	A7

                  	C2

                  	9.80

                  	48.00

                  	64.74
                


                
                  	

                  	C3

                  	11.80

                  	19

                  	20

                  	

                  	C3

                  	4.62

                  	17.30

                  	45.70
                


                
                  	

                  	C4

                  	12.40

                  	25

                  	26

                  	

                  	C4

                  	1.16

                  	4.63

                  	6.360
                


                
                  	

                  	C1

                  	60.60

                  	69

                  	72

                  	

                  	C1

                  	0

                  	0

                  	0
                


                
                  	A4

                  	C2

                  	48.10

                  	51

                  	51

                  	A8

                  	C2

                  	0

                  	0

                  	4.90
                


                
                  	

                  	C3

                  	34.40

                  	37

                  	38

                  	

                  	C3

                  	0

                  	0

                  	2.11
                


                
                  	

                  	C4

                  	10.60

                  	11

                  	13

                  	

                  	C4

                  	0

                  	0

                  	0
                

              
            


          


          The zinc compound in buffered pH of 5.5 has shown a high percentage of antioxidant activity (%AA), but in pH 8 this percentage was negligible. An increase of the antioxidant activity (%AA) over time was observed for this compound too.


          It was observed that the coordination between TA and Cu (II) and Zn (II) metallic ions decrease the antioxidant activity of the TA molecule. This reductive inefficiency of DPPH is due to the coordination of the metal ions with the hydroxyl groups of TA, which are the main responsible for the antioxidant effect [16].


          The coordination between copper and zinc in TA reduces the number of the available hydrogen donors, due to the complexation, which consequently turns this mechanism unavailable and decreases the antioxidant activity of the TA in comparison with the uncomplexed molecule.

        

      

    


    
      CONCLUSION


      The pH influence very much in the coordination between TA and a metal ion (Cu (II) and Zn (II)). The thermal analysis, spectroscopic studies, and the antioxidant evaluation indicated the coordination between the metal ions with TA and had shown unreported data about the dehydration, thermal stability, thermal decomposition, as well as residues formation.


      The experiments indicate that the metal ions in solution contribute to the reduction of the antioxidant activity as the antioxidant effect over the DPPH radicals occurs due to their capacity of donating hydrogen. The characterization of the synthesized compounds proves them as pro-oxidant agents.
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