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Spectrophotometric Determination Of Hg(II) By Using 2,2/-[(1,1/-Biphenyl)-4,4/-Diyl Bis-(Azo)]-Bis-[4,5-Diphenyl Imidazole] (Bbai)
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Abstract

The name of reagent 2,2/-[(1,1/-Biphenyl)-4,4/-diyl bis-(azo)]-bis-[4,5-diphenyl imidazole] (Bbai) is proposed as a new sensitive reagent for spectrophotometric determination of mercury (II). This heterocyclic azo compound reacts with mercury (II) in the pH range (8 - 10) to form red colored complex. The absorbance value of Hg(II) – (Bbai) complex was measured at different intervals of time at (582) nm, to ascertain the stability of the complex. It was observed that the colour development was instantaneous and stable for more than 24hrs. The system obeyed Beer's law upto (0.1-8) μg mL-1 of Hg(II). The molar absorptive and Sandell's sensitivity of the species is 2.62 X 104  L mol-1 cm-1 and 7.6 X 10-3  μg cm-2 at 582 nm. The composition of the Hg(II) complex with( Bbai) was studied by Job's continuous variation and molar ratio method.   

الخلاصة

يتضمن البحث تقدير الطيفي للزئبق الثنائي باستعمال الكاشف (Bbai) 2,2/-[(1,1/-Biphenyl)-4,4/-diyl bis-(azo)]-bis-[4,5-diphenyl imidazole] ، يتفاعل الكاشف (Bbai) مع الزئبق الثنائي ليكون معقدا عند مدى من الدالة الحامضية (8-10) احمر اللون عند الطول الموجي 582 نانوميتر.وجد ان المعقد مستقرا مع الزمن ولايتغير لونه لاكثر من 24 ساعة، تم بناء منحني المعايره عند مدى من التراكيز تراوحت بين (0.1-8 جزء بالمليون) ووجد ان قيمة معامل  الامتصاص المولاري هي ( 2.62 x104 L mol-1 cm-1  ) ، اما حساسية ساندال فبلغت (7.6 x 10-3 μg cm-2  ) عند الطول الموجي 582 نانوميتر تم تحديد نسبة الفلز الى الكاشف وتركيب المعقد باستخدام طريقتي التغيرات المستمرة والنسب المولية.
Introduction

           Azo dyes constitute the largest group of colorants used in industry; it is do not occur in nature but produced only through chemical synthesis (H. Zollinger 1987, C. Arijit  2010) .The synthesis and properties of azo compounds and their metal complexes have been investigated earlier (A. El-Dissouky 2001, A.F. Shoair  2000, A.A. El-Bindary 2002).  The emergence of diverse classes of synthetic dyes including azo-dye occurred due to constant effort to find specific dye or a particular class of dye for application on diverse materials of industrial importance mainly textile fibers, aluminum sheet, leather, electro optical devices, ink –jet printers (S.C. Catino 1985, C. Lorenzo 2010).  They are employed as coloring agents in the food, pharmaceutical, and textile industries, the popularity and widespread use of azo dyes is due to several factors,  azo dyes are typically amenable to structural modification, and can be made to bind to most synthetic and natural textile fibers ,in addition this kind of organic compounds were used as chemical agents in analytical chemistry (A.A. Abdulsahib 2010), D. Wesenberg 2003, L.C. Visentin 2009, B. Binotti 2004), In recent years, a lot of publications deal with the investigations of the mechanism of azo-dyes adsorption onto the solid supports, such as ion-exchangers, PVC, fabrics, silica gel or cellulose(A.M. Ali 2008) Mercury is accumulated by fish, invertebrates, mammals, and aquatic plants and the concentration tends to increase with increasing trophic level (J.M. Andre 1991). The fate of mercury in the environment depends on the chemical form of mercury released and the environmental conditions. Elemental mercury, inorganic mercury, and methyl mercury are the three most important forms of mercury in natural aquatic environments, most mercury is released into the environment as inorganic mercury, which is primarily bound to particulates and organic substances and may not be available for direct uptake by aquatic organisms (H.U. Riisgard 1988, K.E. Biesinger 1982, P. Bjerregaard 1993).In general, toxic effects occur because mercury binds to proteins and alters protein production or synthesis, toxicological effects include reproductive impairment, growth inhibition, developmental abnormalities, and altered behavioral responses (J.J. Bonzongo 1996, J.H. Gentile 1983).This work describe the determination of mercury (II) by using  2,2/-[(1,1/-Biphenyl)-4,4/-diyl bis-(azo)]-bis-[4,5-diphenyl imidazole  ( Bbai ).

Experimental
Apparatus
      A model UV-Probe spectrophotometer (Schematize-Germany) and model 21spectrophotometer single beam   with 1 cm cells (Japan) was used for all absorbance measurements, pH measurements were  made with a model Knick-Digital pH meter (England), Digital Balance, Sartorus, (BP,3015- Germany), Water Bath, Gesellschaft Fur Labortechnik (Germany).   
Chemicals
All chemicals were used of analytical – reagent grade unless other wise stated, all solutions were prepared using de-ionized water.
Hg(II) solution (100 ppm) was prepared by dissolving (0.0338 g) of  HgCl2 in 100 ml distilled water.

Bbai solution (1x10-3 M) was prepared by dissolving (0.0299g) of pure reagent in 50 ml of absolute ethanol, worker solution were prepared freshly appropriate dilution of the stock solution.
Synthesis Of Bbai
The diazo dye ligand ( Bbai ) was prepared following the procedure as describe for the 2-(aryl azo) imidazoles (S. Shibata 1976).The tetrazonium solution was prepared by dissolving (1.8400g, 0.01mol) of binzidene in 50 ml of water and 4 ml of concentrated hydrochloric acid. The solution was treated with 8 ml of aqueous (1M) sodium nitrite drop wise, and stirred for 30 min. at 0 ºC 4,5-diphenyl imidazole (2.2000g, 0.02 mol) was dissolved in 200 ml of ethanol, and 80 ml of 10% sodium hydroxide was added, the totrazonium chloride solution prepared above was then added drop wise for coupling after the mixture had been stirred for 3h at 0-5 ºC, it was acidified with dilute hydrochloric acid to (pH=5).The precipitated was filtered, air dried and recrystallized twice from hot ethanol and then dried in the oven at 100 ºC for several hours, m.p. (140-142 ºC), C.H.N values are show in table (1)

Table(1) C.H.N values of the reagent (Bbai)
	
	C%
	H%
	N%

	Theoretical value 
	78.01
	4.64
	17.33

	Practical value 
	78.15
	4.56
	17.19


Procedure
        Into a 5 ml calibrated flask, transfer (1 ml) of sample solution containing not more than 1 ml (1 ppm) of Hg(II) and (1 ml) of 1x10-4 M ethanolic (Bbai) solution dilute to volume with distilled water, mix well and after 10 min measure the absorbance at 582 nm in a 1 cm cell against a reagent blank prepared in a similar way but without Hg(II). 
Physical and chemical properties of (Bbai)
The reagent is a reddish brown powder which is sparingly soluble in water. It is soluble in most organic solvents such as ethanol, methanol, acetone, chloroform and ether.  It is red in alkaline solution, yellow in weakly and strong acidic solution.

Results & Discussion
Effect of pH

The effect of acidity function on the absorbance value of complex was studied, figure (1) show this effect
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Fig.(1) Effect of acidity function on the absorbance of (Hg(II)-Bbai) complex.
Figure (1) demonstrated that the maximum absorbance of complex it was in the range (8-10) but pH (9) was fixed; the decrease in absorbance at pH value below (8) is due to form azolium cation, and higher than (10) the decrease in absorbance is due to precipitate of Hg(II)as Hg(OH)2  
Stability of complex with the time
The complex system reaches a maximum value of absorbance from (5) min. to (24) h., this study product that this complex was very stable.  
Effect of temperature.

The effect of temperature on the absorbance of (Hg(II)-Bbai) complex was studied; figure
(2) show this effect
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Fig.(2) Effect of temperature on the absorbance of (Hg(II)-Bbai)  complex.

The study was performed at temperature between 5 ºC and 60 ºC; the maximum absorption was reach at temperature 10 ºC.

The decrease of absorbance value is due to dissociation of the complex.

Composition of the complexes
The composition of the complex predicts by continuous variation and mole ratio methods were showed in figures (3&4).
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Fig.(3) Continuous variation method for (Hg(II)-Bbai) complex
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Fig.(4) Mole ratio method for (Hg(II)-Bbai) complex.

From two methods above and figures (3&4) the ratio between Hg(II) to (Bbai) is (2:1), stability constant was calculated (W.C. Vosburgh 1941, A. Skooge 1983), it was equal to 5.07x105 L.mol-1, the shape of ( Hg(II)-Bbai) complex is shown in   figure (5)
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Fig. (5) The shape of (Hg(II)-Bbai) complex

Calibration curve and analytical parameters   
      Calibration curve was applied in the concentration range between (0.1-8) ppm of Hg(II), calibration curve was shown in figure (6).
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Fig.(6) Calibration Curve for Hg(II).
Calibration curve was applied in the range (0.1-8) ppm, linearity ( R2 ) was (0.9991), correlation (r)  was (0.9995) and molar absorpitivty (ε) was  2.62 x 104 L.mol-1.cm-1.

Precision and accuracy of the analytical parameter R.S.D % was  (2.40) %, (Erel. Re) % were  (-2.27, 97.73) %, detection limit was  (0.072) ppm
Effect of interferences ions
The effect of interferences ions on the selectivity of (Hg(II)-Bbai) complex was studied under optimum condition  ( by taking a known concentration of the metal under study in presence of interferences ions) (C.B. Ojeda 1987), these ions are reacts with (Bbai) during it is reaction with Hg(II), table (2) show effect of interference ions.
Table (2) Effect of interference ions 

	Interference ions 
	Concentration (ppm)
	Hg2+

(ppm)
	Interferences

	Cd2+
	1
	1
	+3.89

	Ag1+
	1
	1
	+2.42

	Cu2+
	1
	1
	+0.64

	Hg1+
	1
	1
	+0.001

	Pb2+
	1
	1
	+4.30

	Mn2+
	1
	1
	+6.11

	Co2+
	1
	1
	+1.25

	Ca2+
	1
	1
	+1.85

	Mn2+
	1
	1
	+6.11

	Mg2+
	1
	1
	+1.29

	Fe3+
	1
	1
	+1.55

	Ni2+
	1
	1
	+2.23

	Zn2+
	1
	1
	+3.67


Effect of masking agents
To increase the selectivity of complex, effect of masking agents was studied, many masking agents were used (Oxalic acid, Citric acid, Ascorbic acid, Tartaric acid and NaF) to increase selectivity and sensitivity of analytical method in presence of all interferences ions , all experiments proved that Ascorbic acid is better masking for interferences ions
Absorption spectra
The absorption spectra of the ligand and the complex are shown in figure (7 & 8) under optimum conditions
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Figure (7) The absorption spectra of ligand
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Figure (8) the absorption spectra of complex
Absorption spectrum show the λ max of ligand at 500 nm and  (Hg(II)-Bbai) complex at 582nm this red shift in spectrum caused by the formation of complex. 

FTIR spectrum 
The FTIR spectrum of  ligand show the characteristic bands to the    functional group which is have a changing in intensity, position and shape in spectrum of Hg(II)-Bbai complex, these spectrums are shown in fig. (9 &10). 

Figure (9) FTIR spectrum of ligand.


Figure (10) FTIR spectrum of complex
Figures (9&10) shown maim important bands that is predict the formation of complex, these bands are; a broad band at 3460 cm-1 in the spectrum of the ligand may be attributed to the ν(N─H) of imidazole ring (N. Koji 1977)  , this band remains in the same region in free ligand and in complex this is a good indicator for noninvolvement in coordination of the ligand to the metal ions,  the spectrum of the ligand shows absorption band at 1600   cm-1 due to ν(C═N) of the imidazole ring     (C. Lorenzo 2010), The ν(N═N) stretching vibration appears at 1440 cm-1 in the free ligand spectra, but in complex this band appear in 1435 cm-1 with different in shape and intensity, due to complex formation (A. M. Ali 2010, R. Silverstein 2006), The bands in 1600-1590 cm-1 were assigned to the aromatic ν(C=C) vibrations (L.V. Gavali 2007). The new band at 470-410 cm-1 can be assigned to ν(Hg–N) this band was observed in the spectrum of the complex, and did not appear in the spectrum of ligand (J. R. Ferraro 1971, A. M. Ali 2008). A sharp band at 400 cm-1, which is typical of ν(Hg–Cl) vibrations (C. Lorenzo 2010) .
Conclusions
Hg(II) can be determine in presence of Hg(I).

This methods have high sensitivity, accuracy and precession.

High stability constant of complex make this method as useful method in both colorometric and gravematric analysis.      
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