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ABSTRACT

KEYWORDS

A simple, sensitive, rapid and economical spectrophotometric method for
the determination of fluoride is developed. The method is based on the
bleaching action of fluoride on the intense yellow colour of Al (111)-GPPH
complex with proportional decrease of absorbance. Therefore, in principle
the decrease in colour intensity of the absorbing medium is proportional to
the concentration of fluoride. At first, aluminiumisdetermined spectropho-
tometrically by measuring the absorbance at 375nm. The system obeyed
Beer’slaw upto 2.0ppm of Al. The molar absorptivity and Sandell’s sensitiv-
ity of theAl (111) -GPPH complex are 1.34x10*1. mole*cm®. and 0.002ug cn
2 respectively. The stoichiometry of the complex isfound to be 1:1 by both
Job’s continuous variation and molar ratio methods. The stability constant
of the complex is 3.197x10° at 30°C. The effect of diverse ions has been
studied. Based on the above principle, the method is employed for the
determination of fluoride in water samples. The results of the proposed
method are in close agreement with the values obtained fromAAS.
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The use of hydrazonesfor the spectrophotomet-
ric determination of aluminium (111) isvery limited.
For exampl e, hydrazones such as o-hydroxy benzal -
dehydeisonicotinoylhydrazong, pyridoxd sdicyloyl
hydrazone3, gall acetophenone i sonicotinoylhydra-
zone (GAPINH)® have been employed for the spec-
trophotometric determination of Al (111). The addi-

tion of fluorideion to Al (111)-GAPINH complex
causes proportional decreasein the absorbance and
hence the bleaching of colour hasbeen utilized for
theindirect determination of fluoride. Inthe present
investigation, gallacetophenone phenylhydrazone due
toitsgood chromophoric properties hasbeen intro-
duced asan analytical reagent for both the spectro-
photometric determination of Al (111) and theindirect
determination of fluoride.
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EXPERIMENTAL

Reagents

All thechemicasused are of AndaR grade. Stan-
dard aluminium (111) solution-0.025M ammonium au-
minium sulphate solution is prepared by welghing ex-
actly about 2.834g of the salt. The solution ismade
upto 250ml and standardized by EDTA™. Sodium fluo-
ride solution-0.025M sodium fluoride solutionispre-
pared by dissolving 0.525g of the salt in 500ml.
Gallacetophenone phenylhydrazone-1t is prepared as
per thestandard procedure given by Blat®™ and Curniss
et al.!9. The reagent solution (3.706x10°M) is pre-
pared in 95% ethanol just before use. Sodium acetate-
acetic acid buffer of pH 5.0 isprepared.

Apparatus

Recording spectrophotometer modd SHIMADZU
UV-240, Hitachi Atomic absorption/flame spectropho-
tometer model 170-30 and Elicodigita pH meter model
L1-120 areused in the present investigation.

Procedure

Andiquot of 2.0ml of 9.265x10*M aduminium(IIl)
olutionistransferred into a20ml standard flask. 5.0ml
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of 3.706x10*M gl acetophenone phenylhydrazone
solution and 5.0ml of sodium acetate-acetic acid buffer
of pH 5.0 are added and the contents of theflask are
made upto themark with distilled water. The a cohol
concentration ismaintained at 25% v/v and then the
spectrum of the complex isrecorded against there-
agent blank (Figure 1). It isobserved that the complex
has?,__ at 375nm. The absorbance of the reagent at
thiswavel ength isminimum. Hence absorbance mea-
surements of the complex are madeat 375nm.

RESULTSAND DISCUSSIONS

Beer’slaw range, sensitity

A linear plot passing through theoriginisobtained
intherange0.1to 2.0ug/ml, thusobeying Beer’slaw.
The Ringbom plot drawn between log C and (1-T)
where Cisconcentration of Al(I11) and T istransmit-
tance hasasigmoid shapewith alinear ssgment at in-
termediate concentration values0.5-1.75g of Al/ml.

Themethod hasagood reproducibility. For a set
of ten measurements of 1.0ug/ml of Al(111), the stan-
dard deviationis0.03ug/ml. Themolar absorptivity of
the complex is 1.34x10*1.mole*.cn. The Sandell’s
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Figurel: A.Absorption spectraof GPPH and B.A1(111)-GPPH  Figure2: Composition of A1 (l11) - GPPH complex by Job’s
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TABLE 1: Effect of foreignionson thedeter mination of 2.0ug
of Al(I11)

lon Tolerance lon Tolerance
added limit. pg/ml added limit. pg/ml
Be(ll) 10 W(VI) None
ca(ll) 100 Zn(l) 50
Cd(1n) 50 Zr(1V) None
Co(Il) 50 Ascorbate 50
Cr(VI1) None Br- 100
Cu(ll) None Cl- 100
Fe(ll) None Citrate None
Fe(I11) None C,0% None
Mg(l1) 100 EDTA None
Mn(ll) 50 F- None
Mo(VI) None I~ 100
Ni(I1) 50 H,PO, - None
Pb(I1) 50 SCN - 50
Ti(1V) None S0, % 100
U(VvI) None S,05% 50
V(V) None Tartrate None
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Figure3: Decreasein absorbanceof Al (111)— GPPH complex
vsamount of fluoride

sengitivity of thecomplex isfound to be0.002ug.cm?,
Composition of thecomplex

Thecomposition of theAl(111)-GPPH complexis
arrived at by Job’scontinuous variation and molar ratio
methods. In Job’s method, the graph (Figure 2) plotted
between mol efraction of the reagent and absorbance
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TABLE 2: Determination of fluroidein water samples

Fluoride determined (ppm)

Sample Sour ce
Proposed method AAS
Madanapalli 1.27 1.22
Thambal lapalli 1.29 1.25
Somala 1.09 1.01
Kalikiri 1.15 1.16

showsthat each mole of the metal ionreactswith one
moleof thereagent. Inmolar ratio method aplot drawn
between the molarity of the reagent and absorbance
reveal theformation of 1:1 complex betweenAl(lI1)
and GPPH which is in conformity with the above
method. Thestability constant of the complex calcu-
lated from Edmonds and Birnbaum’s method isfound
to be 3.197x10° at 30°C.

Effect of foreignions

Theeffect of foreignionsin the determination of
2.0ug/ml of Al(I11) isstudied. Thetolerancelimitistaken
astheamount required to cause +2% error in the ab-
sorbance. Thetolerancelimitsof theionsaregivenin
theTABLE 1.

A number of metal ions such as Mg(ll), Ca(ll),
Ni(I1), Mn(11), Cd(ll) and Zn(Il) do not interfereinthe
determination of Al(111), Be(ll) doesnot interferewhen
present in 10-fold excess. However, Mo(V1), U(VI),
V(V), W), Ti(IV), Cr(V1), Fe(Il), Fe(lIT) and Cu(ll)
interfereserioudy. Titanium (1V) interferesinthe deter-
mination of Al(I11) whereasAl(l11) doesnot interferein
thedetermination of Ti(IV), sinceit doesnot forma
complex at lower pHs.

Among theanionstested fluoride, oxaate, citrate,
tartrate, phosphateand EDTA interfere serioudy inthe
determination of Al(111) by bleaching thecolor.

Indirect deter mination of fluoride

Addition of fluorideionstotheAl(l11)-GPPH com-
plex resultsin aproportiona decrease of the absor-
bance. The bleaching action of fluoride has been uti-
lized for itsindirect spectrophotometric determination.

To 1.0ml portions of auminium (1.48x10°M) so-
lution takenin each of aset of 20ml volumetric flasks,
5.0ml of pH 5.0 buffer solution and 4.0ml reagent
(3.706x10°M) solution areadded. Known and varied
amountsof fluoride (0.0-7.0ug/ml) areadded to each
of theseflasksand the contents are made upto to mark
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with distilled water. The absorbances of the solutions
aremeasured at 375nm against the reagent blank. A
plot (Figure3) drawn between theamount of fluoride
and decreasein absorbancereveal ed alinear decrease
in the absorbance with increase of fluoride upto the
inflexion point which correspondsto nearly 1:2 ratio
(AL:F). Onthebasisof thestoi chiometry, thefollowing
reaction is proposed for the bleaching action.
[AI-GPPH]? + 2F > AIF," + GPPH

The method isuseful inthe determination of fluo-
rideinwater samples. Thiswasusedto determinefluo-
ride in samples of drinking water collected from
borewelIsin different partsof Chittoor District, A.P.
Theresultsobtainedinthe proposed method areinclose
agreement with the values derived from Atomic Ab-
sorption Spectroscopy asgivenin TABLE 2.

CONCLUSIONS

The spectrophotometric determination of Al(I11)
employing most of the organic reagentsinvolveslake
formation and then dissol ution of precipitatesin suit-
able solvents. Onthe other hand, the present method is
adirect and rapid one. Thesengitivity and selectivity of
the method iswell comparablewith the other related
hydrazones containing pyridinering. Themethodisaso
useful intheindirect determination of fluoridepresentin
water samples.
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