DEVELOPMENT OF UV/VISIBLE SPECTROSCOPIC METHODS
FOR DETERMINATION OF ZINC METAL BY COMPLEXING WITH MONOSODIUM GLUTAMATE, EDTA AND 1,10 PHENANTHROLINE




Abstract: In this study, a UV-Visible Spectroscopic technique was used to determine Zinc metal (Zn) in solution with monosodium glutamate (MSG), EDTA solution and phenanthroline as the ligands to form complexes. Ultraviolet-Visible spectroscopy refers to absorption spectroscopy in the ultraviolet visible spectral region. The wavelength of maximum absorbance (λmax) of the metal and Metal-Ligand Ratio of the complexes formed were determined. The λmax was determined at different pH values ranging from 2,4,6,7,10,12 and varying wavelengths ranging from  from 200nm-700nm from the prepared standard solution of the metal and ligand. The results obtained indicated optimum conditions at pH 10. The metal-ligand λmax for Zn2+ was 290 nm. The molar ratios of Zn with both MSG and EDTA ligands for the highest absorbance were 6:4. Similarly, for the Zn/O-Phen, the molar ratio was 4:6. Hence, this method seems viable for the determination of this transition metal in solution with ligands.
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1. Introduction
The term transition metal as an element is one that has partially filled d sub-shell or which can give rise to cations with an incomplete d sub-shell (Scerri, 2021). Transition metals as an element in the d-block of the periodic table which include group 3 to 12 on the periodic table. In actual practice, the f-block, lanthanide and actinide series are also considered transition metals and are called inner transition metals (Scerri. 2011)

Heavy metals are metals, metalloids or any metallic element with relatively high density, toxic, even at low concentration, and they have harmful effects examples of the common encountered ones produced water are load, cadmium, copper, zinc, chromium, cobalt etc. Naturally heavy metals are element on the earth crust which can neither be degraded nor destroyed (Adam et al., 2018). Heavy metals hare also classified based on density, atomic weight, and chemical toxicity in relations to living organisms (Bello, et al., 2020). Chemical composition are naturally present in biological world in acceptable quantities but increase of the composition through anthropogenic contribution has since the last century been known to have human and environmental effects (Ibrahim et al., 2012). Heavy metals are known to pose serious health problems to human, affect plant growth and general damage to ecosystem (Bagudo et al., 2009).
A number of trace elements protect the cell from oxidative damage as these minerals are the cofactor of antioxidant enzymes, Zinc, copper, and manganese are necessary for superoxide dismutases in both cytosol and mitochondria (Machlin and Bendich, 1987).

Zinc (Zn) is indispensability for the appropriate function of a few enzymes and a necessary micro-nutrient for the function of the brain, nervous system and normal bone growth, Zinc is a necessary trace element which can be appeared in several food varieties such as tea, grain, rice, soya bean and cereal (Prasetyo et al., 2019). Determination of the trace amount  in environmental sample or biological sample is very difficult due to many kinds of influence factors. UV-visible spectrophotometry is a useful analytical method for the determination trace amounts of element in environmental matrices samples.

Uv-Vis Spectrometry: is an important analytical method for identifying and quantifying a large variety of chemical species (Skoog et al 2007). In Uv-Vis Spectrometry, a sample is exposed to spectrum of light ranging from approximately 200-800nm in wavelength and the instrument records the molecular absorption at each wavelength verse the blank (Surendra, 2017).
Monosodium Glutamate (MSG) is a flavouring food addictive that can add flavour and aroma to the food . MSG was first isolated in the form of crystals and identify as glutamic acid (Mustafa et al., 2015). Excessive use of MSG can interfere with the health such as dizziness and accelerate the growth of cancer cell. (Mustafa et al 2005). The maximum dose of MSG allowed in human is 60mg/kg of body weight (Walker and Lupein 2000).
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Figure 1. Structure of monosodium glutamate or MSG
Ethylenediaminetetraacetic acid (EDTA) also called acetic acid after its own abbreviation, is an aminopolycarboxylic acid with the formula {CH2N(CH2CO2H)2}2. This white water soluble solid is widely used to bind to iron and calcium, forming water soluble complexes even at neutral pH. Recent study has indicated that chemical amendments, such as synthetic organic chelates, can enhance phytoextraction by increasing heavy metals bioavailability in soil thus enhancing plant uptake, and translocation of heavy metals from one part of a system to another (Huang et al., 1997; Epstein et al., 1999). Of the chelates tested,  in that study, ethylene diamine tetraacetic acid (EDTA) was often found to be the most effective (Blaylock et al., 1997). Ethylenediaminetetraacetic acid is the most commonly used chelate because of its strong chelating ability for different heavy metals (Norvell, 1991). Laboratory studies have shown that EDTA is effective in removing Pb, Zn, Cu, and Cd from contaminated soils, although extraction efficiency depends on many factors such as the libility of heavy metals in soil, the strength  of EDTA, electrolytes, pH, and soil matrix (Sun et al., 2001).
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Figure 2. Chemical Structure of EDTA  

1,10 Phenanthroline (C12H8N2, or tho-phenanthroline or o-phen) is a trycyclic nitrogen hetrocyclic compound that react with metals such as iron, nickel, ruthenium, and silver to form strongly colored complexes. This property provides an excellent and sensitive method for determining these metal ion in aqueous solution for example o-phen react with ferrous ion to produce a deeply colored red complex. (Skoog et al., 2005)
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Figure 3. Chemical Structure of o-phen  

The main purpose of this research work is to determine the wavelength of maximum absorbance (ʎmax) and Metal-Ligand Ratios for the complexation of zinc metal with monosodium glutamate (MSG), EDTA solution and 1,10-Phenanthroline as ligands.


2. Materials and Methods
2.1 Instrument, glasswares and chemicals
The instrument used was Shimadzu UV-Vis Spectrophotometer, Model UV-1601 type: for measuring absorbance during the analysis. All the glasswares used were washed with detergent and water mixture, and then with chromic acid solution, finally dried in an oven. All chemicals used in the experiment were of analytical grade.
2.2 Determination of Highest Wavelength of Absorption

A 1000ppm stock solution of metals M was prepared by dissolving an appropriate mass of primary standard and analytical grade reagent of the salt of the metal in 5 ml of concentrated sulphuric acid (98%, s.g. = 1.84).  The resultant solution was transferred to a 1-dm3 volumetric flask and then diluted to mark with de-ionized water. Working solutions was prepared by appropriate dilutions into 25ml volumetric flasks and the pH was adjusted  to 2,4,6,7,10 and 12 by adding 1M HCl or 1M NaOH solution, buffered with appropriate buffer solution. Then 2ml of 5% aqueous solution of the ligand (Monosodium glutamate or MSG) was added to the flask and the mixture diluted to the mark with de-ionized water and homogenized.
The wavelength of maximum absorbance (ʎmax) was determined for the ligand at various pH values. The highest ʎmax value was chosen and used for the determination of the metal.  This procedure was repeated for each metal and for the ligand in triplicate and the mean value recorded.
2.3 Determination of Metal-Ligand Ratio
	Stock solution of 1000ppm was prepared from which 2.5cm3 was measured and transferred into 25cm3 beaker and diluted to the mark with distilled water. Thereafter, 5g of the salt (ligands) each was dissolved in 30cm3 of distilled water and later transferred into 100cm3 volumetric flask and diluted to mark.
The solution of both the metal and ligand was mixed in ratios ranging from 2:8, 4:6, 5:5, 6:4 and 8:2 respectively and vice versa. The wavelength of the highest absorbance for each metal-ligand ratio was determined. Absorbance measurement was performed at wavelength ranging from 200nm-700nm.
3. Results and Discussion
3.1 Determination of highest wavelength of absorption
In tables 1 – 3, the results for MSG, EDTA and O-Phenanthroline highest wavelengths at pH 10 UV-Visible Spectrophotometric analysis for zinc metal are shown. The pH was varied for Zn2+ ranging from pH 2,4,6,7,10 and 12 with the ligands (MSG, EDTA and O-Phen.). Ultraviolet-Visible spectroscopy refers to absorption spectroscopy in the ultraviolet visible spectral region. The UV-Vis absorption spectra of the metal and the three ligands with optimum pH of 10 as the best for the complexes are shown in the tables which has a considerable effect as the presence of protons in solution hinder complex formation as is shown by decreasing in colour intensity at low pH. Similar findings were made by other authors such as Abdul Rauf et al. (2017), Al-shahri et al. (2003), Sani et al. (2016) and Mohamed et al. (2009). This is also similar to the findings of pH by other authors such as Itnawita et al. (2012), Omar et al. (2012) and Leandro et al. (2017). In order to determine the optimum wavelength at which absorbance was maximized, a standard solution was prepared. Absorbance measurements were performed at wavelength ranging from 200nm-700nm. The correlation between wavelength and absorbance (absorption spectra) of the metal to ligand complex was determined. The table indicated that at 290 nm, the metal ion complexes with the ligands absorb maximum respectively.



TABLE 1. Results for Monosodium glutamate (MSG) highest wavelength at pH 10
Cation		Wavelength of maximum absorbance in nm (ʎmax) at pH 10
Zn2+				290
	



TABLE 2. Results for EDTA highest wavelength at pH 10
Cation		Wavelength of maximum absorbance (ʎmax) pH 10
Zn2+				290
	



TABLE 3. Results for 1,10- Phenanthroline highest wavelength at pH 10
Cation		Wavelength of maximum absorbance (ʎmax) pH 10
Zn2+				290
	



The Figures below from 4 to 6 show the absorbances at λmax of the selected transition metal with the ligand MSG, EDTA and Phenanthroline at pH 10.



Figure 4: Zn/MSG λmax determination chart





Figure 5: Zn/EDTA λmax determination chart




Figure 6: Zn/ o-phen λmax determination chart

3.2 Determination of Metal-Ligand Ratio
In table 4, the results for Metal-Ligand ratio between zinc (II) and Monosodium glutamate (MSG) at highest wavelength at pH 10 using UV-Visible Spectrophotometric analysis for the sample is shown. To determine the effect of MSG to the absorbance of the complex, a series of working solutions were made. Glutamate concentrations in the working solutions were varied so that the molar ratio of glutamate to the metal (Zn) changes. The ratio of highest absorbance for maximum wavelength and molar ratio of glutamate to metal is shown in the table. The table indicated that the addition of MSG does affect the absorbance at ʎmax for Zn2+ which could be due to change in coordination number of the zinc (II) complexes. Several authors in the literature have given their explanations on how ligand ratio affects the absorbances of complexes which could be due to change in coordination number leading to difference in geometry and change in wavelength of absorption of the different complexes. Some of these authors such as Kallay et al.(2005), Hamada et al.(2009), Bastug et al.(2011), Bottari et al.(2001) and Erik et al.(2012) have shown 6:4 as the ratio that affects the absorption of complexes in their studies. Similar to those studies, a 6:4 ratio was also obtained in this study. Also, tables 5 and 6 show the results for Metal-Ligand ratio between zinc (II) and EDTA and phenanthroline ligands at highest wavelength at pH 10 using UV-Visible Spectrophotometric analysis. A 6:4 ratio between Zn2+ and EDTA and a 4:6 ratio for Zn2+ and phenanthroline respectively. 
TABLE 4. Results for Metal-Ligand ratio between Metal and Monosodium glutamate (MSG) at highest wavelength at pH 10
Cations 	Ratio of (M:L)	Wavelength of maximum absorbance (ʎmax) pH10
Zn2+			6:4			290


The chart in Figure 7 shows the molar ratio of Zn with MSG ligand for the highest absorbance at 6:4 ratio. 





Figure 7: Molar ratio Zn/Glu 





TABLE 5. Results for Metal-Ligand ratio between Metal and EDTA at highest wavelength at pH 10
Cations	Ratio of (M:L)	Wavelength of maximum absorbance (ʎmax) pH10
Zn2+		6:4			290


The chart in Figure 8 shows the molar ratio of Zn with EDTA ligand for the highest absorbance at 6:4 ratio. 


                           






                           Figure 8: Molar ratio Zn/EDTA 




                          

TABLE 6. Results for Metal-Ligand ratio between Metal and o-phen at highest wavelength at pH 10
Cations 	Ratio of (M:L)	Wavelength of maximum absorbance (ʎmax) pH10
Zn2+		4:6			290


The chart in Figure 9 shows the molar ratio of Zn with o-phen ligand for the highest absorbance at 4:6 ratio. 






                           Figure 9: Molar ratio Zn/ o-phen 









4. Conclusion
UV-Visible Spectroscopic technique has been successfully applied for the determination of zinc metal, Zn. The results show that pH 10 gives the optimum condition for the analysis which has a considerable effect as the presence of protons in solution hinder complex formation as is shown by decrease in colour intensity at low pH. The metal-ligand λmax for Zn2+ was 290 nm. Also, the ratio for optimum complex formation of the highest absorbance of the wavelength for the metal to ligand has been successfully determined at pH 10. A 6:4 metal/ligand ratio was the best for optimum formation for the determination of Zn with both MSG and EDTA respectively. For Phenanthroline/metal ratio; 4:6 is best for Zn. Hence, this method as developed is a viable approach to the determination of transition elements in a solution of their complexes with ligands using UV-Visible Spectroscopy. 
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MSG 
Absorbance 	700	600	500	400	300	200	5.80000000000001E-2	6.3000000000000014E-2	7.1000000000000021E-2	9.4000000000000264E-2	0.14600000000000021	3.4209999999999998	Wavelength

Absorbance


EDTA 
Absorbance 	700	600	500	400	300	200	5.9000000000000434E-2	6.5000000000000002E-2	7.3999999999999996E-2	9.2000000000000026E-2	0.15100000000000041	2.7290000000000001	Wavelength

Absorbance


1, 10 Phenotrolein 
Absorbance 	700	600	500	400	300	200	5.8000000000000003E-2	6.7000000000000004E-2	7.1999999999999995E-2	8.9000000000000065E-2	2.4159999999999977	2.718	Wavelength

Absorbance


Molar Ratio Zn/MSG
Abs	2	4	5	6	8	7.8000000000000014E-2	7.5000000000000011E-2	8.2000000000000003E-2	2.64	7.8000000000000014E-2	Zn-MSG

Absorbance


Molar Ratio Zn/EDTA
Abs	2	4	5	6	8	0.20600000000000004	0.21900000000000044	0.18800000000000044	1.0469999999999902	0.77000000000000546	Zn-EDTA

Absorbance


Molar Ratio Zn/Phenothroline
Abs	2	4	5	6	8	0.15400000000000041	0.71600000000000064	0.70600000000000063	0.67800000000000582	8.8000000000000064E-2	Metal-Ligand Ratio

Absorbance
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