Spectrophotometric determination of fluoride in drinking water
using aluminium complexes of triphenylmethane dyes
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Abstract
A sensitive spectrophotometric determination of fluoride in drinking water has been developed using aluminium complexes
of triphenylmethane dyes (chrome azurol B and malachite green) as spectrophotometric reagents. The method allowed a
reliable determination of fluoride in the range of 0.5–4.0 mg∙ℓ-1 for chrome azurol B and 0.0–2.0 mg∙ℓ-1 for malachite
green. The molar absorptivity for the complexes of chrome azurol B at 582 nm and malachite green at 622 nm is 1.44
× 104 and 2.56 × 104 ℓ∙mol-1∙cm-1, respectively. The sensitivity, detection limit, quantitation limit, and percentage recovery
for 1.5 mg∙ℓ-1 fluoride for the method using chrome azurol B were found to be 0.125 ± 0.003 μg∙mℓ-1, 0.2 mg∙ℓ-1, 0.5 mg∙ℓ-1,
and 97.1 ± 4.2, respectively, and for malachite green were 0.143 ± 0.002 μg∙mℓ-1, 0.1 mg∙ℓ-1, 0.3 mg∙ℓ-1, and 97.9 ± 4.1,
respectively.
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Introduction
Fluoride (F-) occurs in almost all waters from trace to high concentration (Dar et al., 2011). It has been shown to cause significant effects in humans through drinking water (WHO, 2006).
Low concentrations of fluoride in drinking water have been
considered beneficial to prevent dental carries (Maliyekkal et
al., 2008; Quin et al., 2009), but excessive exposure to fluoride
in drinking water can give rise to a number of adverse effects
(WHO, 2006; Armienta and Segovia, 2008; Aldrees and
Al-Manea, 2010; Arveti et al., 2011; Dunne and Verrel, 2011).
WHO has set a limit value of 1.5 mg∙ℓ-1 for fluoride in drinking water (WHO, 2004; Rafique et al., 2008). There is a narrow margin between the desired and harmful doses of fluoride
in drinking water (Czarnowski et al., 1996; Jha et al., 2011).
Therefore, an accurate, simple, rapid and cost-effective analytical method is of high importance.
Spectrophotometric methods are widely used in the determination of fluoride because of advantages such as simplicity,
convenience, accuracy and reproducibility (Zolgharnein et al.,
2009). They are based on the reaction of fluoride with coloured
metal chelate complexes, producing either a mixed-ligand
ternary complex or replacement of the ligand by fluoride to
give a colourless metal-fluoride complex and the free ligand
with a colour different to the metal-ligand complex (Einaga and
Iwasaki, 1981).
Triphenylmethane (TPM) dyes of most value today
are those with auxochromic and bathochromic groups like
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amino and hydroxyl in para position to the methane carbon
(Witterholt, 1969). TPM dyes with groups capable of holding
metals in stable combination, such as eriochrome cyanine R
and azurol S, have been used successfully as spectrophotometric reagents for fluoride determination (Thrun, 1950; Macnulty
et al., 1956; Sarma, 1964; Dixon, 1970; Einaga and Iwasaki,
1981; Kiernan, 1984). TPM dyes absorb strongly in the visible
region to produce intense, brilliant shades of red, violet, blue,
and green (Witterholt, 1969). They are characterised by high
molecular extinction coefficients and by 2 bands in the visible
absorption spectra. The longer wavelength (X band), which
corresponds to an oscillation of the charge in the X direction,
is of greater intensity than the shorter-wavelength (Y band),
which corresponds to an oscillation of the charge in the Y
direction (Witterholt, 1969; Zollinger, 2003).
The present study aimed to develop spectrophotometric
methods for determination of fluoride in the range of 0.0–2.0
mg∙ℓ-1, compatible with the WHO limit value of 1.5 mg∙ℓ-1,
using aluminium complexes of TMP dyes such as chrome
azurol B and malachite green as fluoride spectrophotometric
reagents, due to their spectrophotometric properties described
above.

Experimental
Instrumentation
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.
Reagents
Chrome azurol B provided by Fluka, malachite green carbinol
base provided by Aldrich, and aluminium chloride hexahydrate
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