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ABSTRACT

A sensitive colorimetric determination of fluoride in drinking water has been developed using a polymeric zirconium
complex of 5-(2-Carboxyphenylazo)-8-Hydroxyquinoline as fluoride reagents. The method allowed a reliable determination
of fluoride in range of (0.0-1.5) mg L™. The molar absorptivity of the complex formation is 7695 + 27 L mol™ cm™ at 460
nm. The sensitivity, detection limit, quantitation limit, and percentage recovery for 1.0 mg L™ fluoride for the proposed
method were found to be 0.353 + 0.013 pyg mL™, 0.1 mg L™, 0.3 mg L™, and 101.7 + 4.1, respectively.

Key wo rds: Colorimetric method; Drinking groundwater; Fluoride; Polymeric zirconium azo dye complex.
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1. INTRODUCTION

According to World Health Organization (WHO) 2006, ! fluoride can cause S|gn|f|cant effects in people through drinking
water. There is a narrow margin between the desired and harmful doses of fluoride.? Low concentration of fluoride in
drinking water have been considered beneficial to prevent dental carries,®* but excessive exposure to fluoride can give
rise to a number of adverse effects such as fluorosis.">®° WHO has set a limit value of 1.5 mg L™ of fluoride in drinking
water.'®** Therefore, an accurate, simple, rapid and cost effective analytical method is of high importance. 12

Spectrophotometric methods, which are widely used in the determination of fluoride, are based on the reaction of fluoride
with colored metal chelate complexes, producing either a mixed—ligand ternary complex or replacement of the ligand by
fluoride to give a colorless metal—fluoride complex and the free ligand with a color different of the metal-ligand complex

The present work aimed to use the polymeric zirconium complex of 5-(2- carboxyphenylazo) -8-hydroxyquinoline (LH>)
Ilgand for colorimetric determination of fluoride in in the range 0.0-2.0 mg L* , compatible with the WHO limit value of 1.5
mg L™

2. MATERIALS AND METHODS
2.1. Apparatus

Beckman DU-7500 single beam spectrophotometer with 1.0 cm quartz cells was used for wavelength scanning and for
spectral studies. Hitachi U- 1500 UV/Vis single beam spectrophotometer with 1.0 cm quartz cells was used for the
absorbance measurements at fixed wavelength.

2.2. Reagents and chemicals

8—Hydroyquinoline provided by Mallinckrodt (ACS reagent, 4969), anthranilic acid provided by Aldrich (98 %, A89855),
and Zirconium (IV) oxide chloride (p. a, 108917) provided by Merck were used without any further purification. All the
chemicals were of analytical reagent grade except where stated otherwise. Solutions were prepared using double distilled
water. 5-(2-Carboxyphenylazo)-8-hydroxyquinoline (LH») ligand solution and the polymeric zirconium complex solution
were prepared using methanol from Carl Roth GmbH (99.9% p. a., ACS, ISO, 46275). Standard fluoride stock solution
was prepared by dissolving 0.1382 g of sodium fluoride provided by Merck (ACS reagent, 106449) in 250 ml water. The
stock solution was further diluted as needed.

2.3. Preparation of the azo dye (LH2) and metal complexes solutions

LH, azo dye was prepared using anthranilic acid as a source of diazonium salt, and 8-hydroxyquinone as a coupler. Job’s
method of continuous variation was adopted for the determination of the composition of the colored complex.***
Zirconium to LH; ligand ratio was also studied by preparing complexes with the most common molar ratios (1:1, 1:2, 1:3,
2:1, 3:1, 2:3, and 3:2) to enable comparison between the spectra of these different complexes. The blank was prepared by
the same procedure using the solvent instead of zirconium ionic solution.

Zirconium to ligand ratio was found to be 1:1. Thus, the complex solutions for the spectrophotometric measurements were
prepared as 1:1 ratios from 2|rcon|um and ligand of 4x10™ M in methanol solutions, and the solutions were then diluted to
the concentration of (= 5. 25%x107 M) suitable for the spectrophotometric measurements.

2.4. Reaction of fluoride with the prepared complex solutions

Various amounts of fluoride in the range of 0 — 2 mg L™t were added to 25 ml volumetric flask containing the polymeric
zirconium complex solution of LH; in methanol (5. 25x10° M, 24.5 ml). The solution was made up to volume with water.
The absorbance was measured at the wavelength of maximum difference 491 nm in the electronic spectra between the
ligand and the complex. The spectra for the reaction of different amounts of fluoride with the complex were compared.

2.5. Determination of fluoride in real drinking groundwater samples

The method under investigation was tested using three real drinking water samples which had been collected and
analysed by the Central Public Health Laboratory of the Ministry of Health, Palestine, which is responsible for managing
water quality.

Samples were collected in September 2012 from two groundwater wells in Jenin District (Yamoon well and Saadeh well)
and one groundwater well in Tulkarm District (Tulkarm well). Fluoride was analysed colorimetrically using SPADNS as
fluoride reagent and Hack — DR/2010 as spectrophotometer. Nitrate, sulfate, chloride, and other characteristic data of the
three samples are given in table 1. Because of the low content of fluoride in the West Bank groundwater resources,
fluoride was measured after spiking the samples by 0.5 mg L™ fluoride. Finally, the obtained results were compared with
that reported by the Central Public Health Laboratory using SPADNS method (table 1 and table 2).
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Table 1. Analytical data of the three water samples analysed by Ministry of Health laboratories

Well pH Conductivity | Fluoride Nitrate Chloride Sulfate TDS
Micro.scm™ | ™9 L mg L™ mg L™ mg L™ Mg L™
Sample 1 Yamoon 7.28 841.00 0.46 4.50 186.00 54.00 420.00
Sample 2 Saadeh 7.52 636.00 0.38 10.68 101.77 37.30 318.00
Sample 3 Tulkarm 7.30 648.00 0.26 14.66 89.44 41.00 401.97

Table 2. Sensitivity, detection limit, quantification limit, and recovery of the proposed spectrophotometric

method.
Parameter Values at 491 nm

Sensitivity [ug mL™] 0.353+0.013

Detection limit [mg L] 0.1

Quantification limit [mg L™ 0.3

Recovery of 1.0 mg L™ % 101.7 £ 4.1

Recovery of 1.5 mg L™ % 1049 +5.1

Recovery of sample 1 + 0.5 mg L™ Fluoride % 102.3+4.6

Recovery of sample 2 + 0.5 mg L™ Fluoride % 105.1 +3.8

Recovery of sample 3 + 0.5 mg L™ Fluoride % 103.1+£3.2

3. RESULTS AND DISCUSSION

Through the search for the best fluoride reagent, ligands containing groups capable of holding metals in stable
combination were examined. This includes four main types: 1, 2-dihydroxyanthraqunion and its analogs; 0,0'-dihydroxyazo
compounds; azosalicylic acids; and o-nitrosophenols or o-quinone monoximes.™® The best results were obtained with LH
ligand. The polymeric zirconium complex of this ligand is described in this study.

3.1. LH;ligand and its polymeric zirconium complex

LH, ligand was prepared and characterized.'"® Its electronic absorption spectra displays three bands (figure 1). The two

small bands observed at 289 and 348 nm may be ascribed to the excitation of the 1 -electrons, which are localized on the
quinoline ring. While the third band at 489 nm maybe assigned to charge transfer within the molecule through —N=N—
linkage. The molar absorptivity of the LH at 489 nm is 29990 L mol™ cm™.

The molar ratio of zirconium to LH; ligand in the complex was determined by both of Job’s method of continuous variations
and by spectrophotometrical comparison between the most common metal to ligand ratios (1:1, 1:2, 1:3, 2:1, 3:1, 2:3, and
3:2). The obtained results indicated that zirconium to LH; ligand ratio can be 1:1, 1:2, or 1:3. The reaction of zirconium LH;
1:1, 1:2, or 1:3 complexes with fluoride showed that the maximum difference in the absorption spectra was occurred with
the polymeric 1:1 complex. Therefore, the further discussion will be focused on this complex.

Zr(LH2) complex is light orange. The light orange color is due to both of the hypsochromic shift (blue shift) and the
hypochromic shift (decreasing in the absorbance) that take place after the complexation with zirconium (figure 1). These
two shifts - in the wavelength and in the absorbance - are responsible for the changes in the color between the ligand and
its zirconium complex. Indeed, there is a decrease in the wavelength of the maximum absorption of the complex by 29 nm
less than that of the ligand. This leads to a change in the color from red to light orange.

The absorption spectra of Zr(LH,) 1:1 complex displays two bands at 259 and 460 nm as shown in figure 1. The molar
absorptivity at these two bands is 7490 + 127 and 7695 + 27 L mol™ cm™ respectively. In the present work, Zr(LH,)
complex was dissolved in methanol. The stability of the Zr(LH>) complex in methanol solution was examined by measuring
the absorbance of the solution at different time intervals during two weeks and the complex remained stable.
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Fig. 1. Absorption spectra of LHzligand and its polymeric zirconium complex in methanol at 5.25 x 10° M.

3.2. Reaction with fluoride

Fluoride ions, which form very stable complex ions with zirconium, react to displace the dye molecules. Quantitative
determination are made by measuring the ratio of displaced free dye to the color of the unchanged lake.® In this work,
fluoride reacts with the light orange zirconium LH; complex to produce a colorless zirconium fluoride complex by
replacement of the LH; by fluoride and liberating of the free ligand. This leads to a change in the color from that of the
complex, light orange to the color of the free ligand, red according to the equation below.

ZT(LHz) light orange + 6F— ZrF6_3 colorless LH2 red

The conversion of the color and the absorption spectra from that of the complex to the color and spectra of the ligand is
will illustrated in figure 2 which reflects the changes in the spectra of the complex in the course of the titration of fluoride.
The absorption spectra of the reaction of fluoride with the zirconium LH> complex showed that fluoride interacts to cause
an increase in absorbance of the zirconium complex at 491 nm, and a decrease in absorbance at 263 and 383 nm due to
the formation of zirconium fluoride complex and releasing of the free ligand. The absorbance of the zirconium complex is
related linearly at 491 nm to the concentration of fluoride in the range 0.0 to 1.5 mg I, the squared correlation coefficient
R?, is 0.998. The equation of the linear calibration curve at 491 nm is (y = 0.3533x + 0.3968). On the other hand, the
absorbance of the zirconium LH, complex is not related linearly at 263 and 383 nm to the concentration of fluoride.
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Fig. 2: Changes in the absorption spectra of the complex due to addition of various amounts of fluoride.
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The proposed spectrophotometric method was tested by measuring fluoride contents in water samples which had been
already analysed by the Central Public Health Laboratory. The recovery of fluoride by the proposed method (table 2) is in
good agreement with that reported by the Central Public Health Laboratory using SPADNS colorimetric method (table 1).

The sensitivity, detection limit, limit of quantification, and the recovery of 1.0, 1.5 mg L™ fluoride of the Zr(LH2) 1:1 complex
for the spectrophotometric determination of fluoride at 491 nm are given in table 2. The sensitivity was taken as the
average of the slope of the calibration curve for five replicates. The detection limit and the limit of quantification were
calculated as (3.30/S) and (100/S) respectively, where o is the standard deviation of response and S is the slope of the
calibration curve. The recovery was measured as the average of 10 replicate.

The interference studies were done by measuring the influence of the anions such as chlorlde nitrate, and sulfate in such
concentration commonly found in the natural water on the determlnatlon of1.0and 1.5mg L ! fluoride. Chloride and nitrate
which were added in the range of 100 — 500 and 5 — 100 mg Lt respectively do not interfere with the determination of
fluoride. Sulphate interferes with the most visual and photometric methods for determination of quorlde by its competition
with fluoride to form a complex with the metal and therefore it results in higher concentrations.?®%* In the present work,
when the amount of sulfate is higher than 100 mg L™, it interferes with determination of fluoride by causing a positive error
of about 20%. This error can be overcome by prempntating sulphate in cold by the addition of aqueous barium chloride
solution and aqueous agar-agar solution, then to separate the precipitate by filtration.?

Interferences may also be referred to the presence of metal ions such as aluminium, iron, or magnesium that give a colour
with the dye. The possibility of this type of interferences is low.">"” However, when the sample solution is expected to
contain a large amount of these cations, it is recommended to mask the metals interferences by adding complexing agents
such as DCTA (trans- 1,2- aminocyclohexane- N,N,N",N'- tetraacetic acid)*> or EDTA (ethylenediaminetetraacetic acid.

4. CONCLUSIONS

Zirconium complexes of LH, ligand were examined as spectrophotometric reagent for fluoride determination. The
polymeric Z|rc0n|um complex was used successfully as colorimetric reagent for determination of fluoride in the range 0.0
to 1.5 mg L™. Due to its simplicity and high sensitivity, the proposed method can be recommended as new reagent for
controlling the amount of fluoride in drinking water.
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