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Synthesis and characteristics of a new chromogenic
reagent, 4-(2'-thiazolylazo)-6-formyl-resorcinol
(TAFR) has been reported. The optimum conditions
for spectrophotometric determination of lead (II) using
TAFR is present. At pH 7.5-8.0, TAFR forms a 1:1
red complex with lead (II) with molar absorptivity
1.62 x 10* I mol™' em™' at 565 nm. Beer’s law is ob-
eyed in the range of 0-8 ug/25 ml Pb (II). The meth-
od has been applied for the direct determination of
lead (II) in water samples.

Although lead is toxic to human beings, analytical
methods for spectrophotometric determination of
lead (II) are relatively rare. Some of recently re-
ported methods'* for determination of lead (II)
involve reagents such as hexaoxacyclicazo com-
pound, porphyrin derivative, ethyl violet and 4(2-
pyridylazo)-resorcinal.  4-(2'-thiazolylazo)-resor-
cinol (TAR) is one of thiazolylazonol reagents
which forms coloured complex and can be
used for estimation of metal ions. However, it is
not very selective®. In order to improve the analy-
tical properties of such reagents, we have synthes-
ized a new reagent, substituting 2,4-dihydroxyben-
zaldehyde for resorcinol in TAR. The new rea-
gent 4-(2’-thiazolylazo)-6-formyl-resorcinol
(TAFR), is highly sclective for the determination
of lead (II). The synthesis and characteristics of
TAFR and the optimum condition of colour reac-
tion with Pb(Il) are reported for the first time.
The proposed method has been successfully ap-
plied to the determination of lead (Il) in environ-
mental waste water samples.

Experimental

A UV-240 spectrophotometer (Shimadzu, Ja-
pan) and PHS-2 model pH-meter (Shanghai, Chi-
na) were used.

Standard solution of lead(Il) (10.0 x#g/ml) was
prepared by dissolving Pb(NO,), (0.1599 g) in

15 ml distilled water containing 1 ml of HNO,
(1:1)in a 100 m! standard flask and diluting to
the mark. Stock solution 1.0 mg/ml Pb, working
solution 10.0 xg/ml. Working solution (10.0 ug/
ml) was prepared by suitable dilution.

Synthesis of 4-(2'-thiazolylazo)-6-formyl-resorcinol

Concentrated H,SO, (9 ml) was added slowly
to distilled water (40 ml), and cooled. To this
2-aminothiazole (5.0 g) was added and the mix-
ture was cooled to below 5°C in ice-water. Then
aqueous sodium nitrite solution (35 ml, 10%) was
added with stirring over 30 min. 2,4-Dihydroxy-
benzaldehyde (6.9 g) was dissolved in 20 ml etha-
nol in a 500-ml beaker and cooled to 0°C. Then
the diazonium salt was added to the beaker with
constant stirring. After 30 min, the mixture was
added to 170 ml water. The precipitated crystals
were filtered off, washed with water and dissolved
in ethanol. The orange reddish crystals were rec-
rystallized from water. [Found: C, 50.3%; H,
3.07%; N, 18.8%. C,;H;N;0,;S requires: C,
48.18%; H, 2.84%; N, 16.84%). The purity was
tested by thin-layer chromatography using petro-
leum ether-ethyl ether-ethanol (10:10:1) as sol-
vent. The orange reddish crystals were recrystal-
lised from ethanol.

Infrared spectrum (KBr pellets) showed stretch-
ing vibration bands at 3430 cm™! (—OH asso-
ciated with —CHO), 1622 cm™~! (C=0), 1492
cm ' (C=C), 1238 cm ™' (— OH).

The NMR spectrum in deuterated chloroform
showed bands at 6=6.55, 7.42-7.92, 8.17-8.19
and 9.87 ppm.

Based on the above observations, structure is
proposed for the reagent as follows:

The dissociation constants are pK,, =4.80:
PK,,=9.00.

General procedure for estimation of Pb(II)

To 4 ml of standard solution of Pb(II) (10 ug/
ml), were added 1 ml of TARF-ethanol solution
(0.02%) and S ml of sodium tetraborate buffer so-
lution (pH="7.7). The volume was made up to the
mark with distilled water and mixed well. The ab-
sorbance was measured at 565 nm after 5 min
against reagent blank.

Results and discussion
The absorption of TAFR and the complex are
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Table 1 —Determination of Pb(Il) in water samples

Sample Pb(II}, ppm Error Coeff. of
(r'yo‘] var.("/o]
Cert. value Found'
1 1.34 £ 0.07 1.38 3.0 2.83
i 1.20 £0.06 1.25 4.2 4.87

'mean of seven determinations.

maximal at 480 and 565 nm respectively. The ab-
sorbance of the complex was found to be maxi-
mum and constant in the pH range 7.5-8.0, there-
fore, pH 7.7 was selected for all further experi-
ments.

It was found that surfactants like cetyltrimethyl-
ammonium bromide (CTAB), cetylpyridimium
bromide (CPB), sodium dodecylbenzene sulpho-
nate (SDS), sodium dodecylbezene sulphate. Tri-
ton X-100, Tween-20 did not enhance the colour
of the complex or improve the solubility of TAFR
or the complex.

For complete complex formation, 0,6-1.4 ml of
0.02% TAFR was required. For further studies,
1.0 ml ot V.02% TAFR was used. The colour
development was maximum in S min at room
temperature. The complex was stable for at least
2 h. Beer’s law was obeyed in the range 0-80 ug/
25 ml Pb(II). The molar absorptivity is 1.62 x 10*
1 mol~! cm ™. The linear correlation and absorb-
ance were 0.9990 and 0.01002 respectively. The
molar-ratio and slope-ratio methods showed ratio
of TAFR : Pbtobe 1 : 1 in the complex.
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Effect of diverse ions

The effect of nearly 35 diverse ions on the de-
termination of 40 ug Pb(II) was studied. A
change of 5% in absorbance was set as the toler-
ance limit. The following metal ions (amounts giv-
en in mg) interferred senously K* (30) at

(30), Mg?* (5), Ba** ( ( (5 ) o(VI1 ) (3)
Ca?* (1), AI(III) (1), Cr m V(V) (0.7), Cr(VI)
(0.4), Zr(IV) (0.2), Fe(III) (0 03), In(I) (0.03),

NH; (160), CI- (300), SO2- (100), NO; (80),
SCN- (29), SO3~ (10), Br~ (10), F~ (10), CN~
(4), C,03~ (2), thiourea (100), tartrate (10), citrate
(10), phenanthroline (10). Cu(II), Co(Il), Zn(II),
Mn(1I), Hg(II), Ni(IT) and Cd(IT). When 50 mg thi-
ourea and 2 mg phenanthroline were added to
the solution, Co(II) (0.03), Zn(II) (0.03), Mn(II)
(0.03), Hg(Il) (0.03), Cu(Il) (0.02), Ni(II) (0.01)
and Cd(IT) (0.01) did not interfere.

Analysis of Pb(Il) in the waste water

The proposed procedure was applied for the
determination of Pb(II) in the environmental wa-
ter samples. The results are in agreement with
certified values (Table 1).
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