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a b s t r a c t

2,2′,3,4-Tetrahydroxy-3′,5′-disulphoazobenzene (tetrahydroxyazon 2S) has been synthesized for the first
time. This reagent has been used for the spectrophotometric determination of aluminium and indium ions.
The method is very sensitive and selective for the direct determination of aluminium and indium. The opti-
mum pH and absorbance of complexes formed of tetrahydroxyazon 2S with aluminium and indium are
5; 500 nm and 495 nm for Al and In, respectively. The system obeys Beer’s law at 0.05–1.6 �g mL−1 of alu-

−1 4 −1 −1
eywords:
,2′ ,3,4-Tetrahydroxy-3′ ,5′-
isulphoazobenzene
etrahydroxyazon 2S
luminium

ndium

minium and 0.06–2.1 �g mL of indium concentration. The molar absorptivity is 6.42 × 10 L mol cm
for aluminium and 7.70 × 104 L mol−1 cm−1 for indium. The molar compositions of the complexes are 1:1
at optimum conditions. Alkaline and alkaline earth elements, halogens, thiourea, ascorbic acid, Cd(II),
Pb(II), Mn(II), Zn(II), Co(II), Ni(II), Cr(III), Bi(III), La(III), Si(IV) do not interfere this method. The method can
be applied to the direct spectrophotometric determination of trace amounts of aluminium in steel, alloys,
waste water, river waters, spring water and ground water. The method was also successfully applied to
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. Introduction

The development of the new determination methods is among
he subject of the analytical chemists. For this reason extensive
esearch has been focused on the developing sensitivity, relative
implicity, accurate, speed and costly effective methods for deter-
ination of metals which have industrial importance and affect

uman health. Although, none of the Group 13 elements qualifies
s essential to life, aluminium and indium are of large biological
nterest.

Aluminium is of great concern due to its large natural abun-
ance and its possible toxic effects [1–7]. Aluminium is the third
ost abundant element at the Earths crust. It is commonly found in

iving organism consumed as food by human beings. The naturally
ccurring forms are usually stable and do not interfere with biolog-
cal processes. Although, excessive use of aluminium preparations
nfluences negatively the human organism causing disturbances in
alcium and phosphate metabolism and resulting in damage to the

one system. In addition, accumulation of considerable aluminium
mounts in the brain is observed in Alzeheimer disease, as well
enescence symptoms and amnesia of young people [8]. There-
ore, the determination of trace aluminium is very important and

∗ Corresponding authors.
E-mail address: ahuseyinli@yahoo.com (A.A. Huseyinli).
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uring the last 20 years, there are many investigations in this area
9–16].

Indium is of interest for their widespread medical and radiodi-
gnostic applications [17–19]. Indium is used as a semiconductor
nd because of its high plasticity, low melting point and relative sta-
ility, it is extensively used in non-ferrous metallurgical industries
20]. Increasing interest and importance of these metals in differ-
nt fields has made it necessary to develop simple and selective
ethods for their determination [20].
Several techniques such as atomic absorption, atomic fluores-

ence, X-ray fluorescence, voltammetric, electrothermal atomic
bsorption or inductively coupled plasma mass spectrometry, gas
hromatography have been used for the determination of alu-
inium in different samples [21–26]. Spectrophotometric methods

re widely used due to their simplicity, rapidity, low costs and wide
pplications [27–29]. UV spectrophotometry amongst the optical
ethods seems to be most appropriate analytical approach for the

etermination of toxic metals, as it provides sensitive, precise and
ccurate measurement of suitable analytes. Besides, visible spec-
rophotometric detection is much more viable as useful technique
o develop a portable, on-line or at-line system [30].
Many spectrophotometric methods have been proposed using
arious azo dyes and other chromogenic reagents such as alumi-
on, xylenol orange, stilbazo, chlorophosphonazo I, methylthymol
lue, erichrome cyanine R, chrom azurol KS, pyrocatechol violet,
-hydroxyquinoline and alizarine [31–39] for the determination

http://www.sciencedirect.com/science/journal/03043894
http://www.elsevier.com/locate/jhazmat
mailto:ahuseyinli@yahoo.com
dx.doi.org/10.1016/j.jhazmat.2008.07.055
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Fig. 1. 2,2′ ,3,4-Tetrahydroxy-3′ ,5′-disulphoazobenzene (tetrahydroxyazon 2S).

f aluminium. However, most of these methods lack sensitivity
r selectivity, the procedures are sometimes rather complicated
ecause of the need for extraction to separate interfering ions or
xpensive surfactants. Similarly, bromo-oxine, pyridylazoresorci-
ol (PAR), 1-(2-pyridylazo)-2-naphtol (PAN) have been used for
pectrophotometric determination of indium. But, these reagents
re less sensitive (ε = 8.8 × 103, 4.3 × 104, 1.9 × 104, respectively)
32].

Monoazo systems were successfully used for the determination
f some metals [32,40–43]. These reagents enhance the stability of
he formed band with the metals, because of high electron den-
ity between the –OH groups ortho to azo group and nitrogen
tom of the azo group. For this purpose, the new method has been
eveloped for the determination of aluminium and indium with
etrahydroxyazon 2S which have synthesized by us and the method
as been applied to the determination of aluminium in certified
teel, alloys, waste water, river waters, spring water and ground
ater samples.

The structure of the reagent is given in Fig. 1.

. Experimental

.1. Apparatus
The absorbance spectra were taken by Shimadzu 2101 Double
eam UV–Visible spectrophotometer equipped with a quartz cell of
.0 cm path length. The pH measurements were taken by Corning
50 pH meter.

ig. 2. The UV–vis spectra of (1) the tetrahydroxyazon 2S (blank water),
2) aluminium–tetrahydroxyazon 2S (blank water), and (3) aluminium–
etrahydroxyazon 2S complex (blank reagent); CAl = 2.0 × 10−5 M, CL = 1.2 × 10−4 M,
H 5.

2

f
2
t
w
c
s
t
t
s
u
i
t
w
i
fi
t
o
p
a
p
T
p
C
M

ig. 3. The UV–vis spectra of (1) the tetrahydroxyazon 2S (blank water), (2)
ndium–tetrahydroxyazon 2S (blank water), and (3) indium–tetrahydroxyazon 2S
omplex (blank reagent); CIn = 1.2 × 10−5 M, CL = 1.2 × 10−4 M, pH 5.

.2. Chemicals

All the reagents employed were analytical grade and the solu-
ions were prepared with bi-distilled deionized water.

Aluminium and indium solutions (ICP 1000 mg L−1, Merck) were
sed as a stock solution. All the working solutions were prepared
y diluting appropriate volumes of the stock solution.

Tetrahydroxyazon 2S was synthesized by us and this procedure
s given in “Section 2.3”. The reagent solution was prepared by dis-
olving 0.2032 g tetrahydroxyazon 2S in 500 mL deionized water.
he solution is stable for a month, at ambient temperature.

pH 3–9 buffer solutions were prepared by ammonia and acetic
cid solutions while pH 1–2 solutions were made with 0.1 and
.01 M HCl.

.3. Synthesis of tetrahydroxyazon 2S

The synthesis of tetrahydroxyazon 2S reagent was carried out as
ollows: In a three-necked 500 mL flask was placed 26.9 g (0.1 mol)
-aminophenol-4,6-disulphonic acid and dissolved by the addi-
ion of 10 mL HCl (d = 1.19 g mL−1) and 50 mL water. The mixture
as stirred mechanically in an ice/water bath until its temperature

ame down to 0 ◦C. Meanwhile 6.9 g (0.1 mol) NaNO2 salt was dis-
olved in 10 mL water and added dropwise to this flask at 0 ◦C in a
ime span of 40–50 min. After completion of the addition, the mix-
ure was stirred for 2 h. The degree of diazonation was checked with
tarch paper. The excess NaNO2 was removed by the addition of
rea crystals. 13.9 g (0.11 mol) pyrogallol was dissolved separately

n 50 mL water in a three-necked 25 mL flask to azotization reac-
ion. The pH of the solution was adjusted to 3 with HCl. The mixture
as cooled down to 0 ◦C in an ice bath, and diazonium salt contain-

ng mixture was added to it in 30 min as shown in Scheme 1. The
nal mixture was stirred with a mechanical stirrer for 2 h. The mix-
ure was transferred into a 500 mL beaker and after the addition
f 10 mL concentrated HCl it was kept on the bench for 12 h. The
recipitate formed was filtered off with a Buchner funnel, dried in
ir, recrystallized from ethanol twice and kept in a desicator. The

urity of the ligand was checked with thin layer chromatography.
he yield of the reaction with regard to pyrogallol was 72%, decom-
osed at 188 ◦C, elemental analysis for C12H10O10S2N2: found (%)
34.78; H 2.64; N 7.01; calculated (%) C, 35.46; H, 2.48; N, 6.89.
oreover, ultraviolet spectrum, infrared spectrum, 1H NMR and
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Scheme 1. Synthesi

3C NMR were also applied to study on the structure of the reagent,
he results confirmed the proposed structure of tetrahydroxy 2S

olecule.

.4. General procedure

Transfer 1.25–40 �g Al3+ solution into a 25 mL calibrated flask.
dd 3 mL 1.0 × 10−3 M tetrahydroxyazon 2S and dilute to the mark
ith pH 5 buffer solution. Measure the absorbance at 500 nm

gainst the reagent blank.
Transfer 1.5–52.5 �g In3+ solution into a 25 mL calibrated flask.

dd 3 mL 1.0 × 10−3 M tetrahydroxyazon 2S and dilute to the mark
ith pH 5 buffer solution. Measure the absorbance at 495 nm in a

.0 cm cell against the reagent blank.

. Results and discussion

.1. Absorption spectra

The UV–vis spectra of aluminium–tetrahydroxyazon 2S and
ndium–tetrahydroxyazon 2S complexes were given against water
nd ligand (Figs. 2 and 3). The aluminium–tetrahydroxyazon
S complex gave maximum absorbance at 500 nm, and
ndium–tetrahydroxyazon 2S complex gave maximum absorbance
t 495 nm. The reagent showed a minimum absorbance at max-
mum absorbance of the complexes. Therefore, all the spectral

easurements of the complexes have been carried out at 500 nm
nd 495 nm.

3

e

Fig. 4. Diagram of tetrahydroxyazon
trahydroxyazon 2S.

.2. Determination of tetrahydroxyazon 2S dissociation constants

pH-metric titration in an aqueous solution was used to deter-
ine the dissociation constant of the reagent. The volume of

.5 × 10−3 M solutions in the analysis was 50 mL. The ionic strength
I = 0.1) was maintained at a constant by adding a calculated amount
f NaCl. A 0.1795 M solution of NaOH, free of carbon dioxide, was the
itrant. The dissociation constants of the reagent were calculated
y the equation presented in Ref. [44]. Tetrahydroxyazon 2S has six
cidic groups in aqueous solution. However, the zero proton level
as chosen as the disulfonate (H4L2−) because of the very weak

cidity of the phenolic –OH group. According to the calculations,
K1 = 3.23 ± 0.05, pK2 = 6.18 ± 0.07, pK3 = 9.04 ± 0.03. pK4 has not
een measured. This could be attributed to fourth dissociation of
he reagent may be very weak. Based on these data, a diagram of
he reagent distribution in the solution was plotted (Fig. 4).

It is known that the reagent form in the solution depends on
he medium acidity. To determine the reagent form involved in the
omplexation, we used the known equations presented in Ref. [45].

It can be seen from Fig. 4 that in complexation with tetrahy-
roxyazon 2S, the reactive forms of the reagent are H4L2−, H3L3−

nd H2L4−; their concentrations at pH 5 are 1.6, 92.3 and 6.1%,
espectively.
.3. Effect of pH

It is well known that the acidity of the medium has an important
ffect on complexation. The variations of the absorbances of the

2S distribution in the solution.
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Fig. 5. The variation of the absorbance of the aluminium–tetrahydroxyazon 2S
and indium–tetrahydroxyazon 2S complex vs. pH at 500 and 495 nm, respectively,
CAl = 2.0 × 10−5 M, CIn = 1.2 × 10−5 M, CL = 1.2 × 10−4 M, blank reagent.

Table 1
Comparison of effect of interfering ions on the determination of aluminium and
indium with tetrahydroxyazon 2S at pH 5, 500 nm and 495 nm, respectively

Interfering species (I) Limiting mass ratio (Al:I) Limiting mass ratio (In:I)

K+ 1:3000 1:1700
Na+ 1:3000 1:1700
Mg2+ 1:3000 1:800
Be2+ 1:3000 1:800
Sr2+ 1:740 1:800
Ba2+ 1:740 1:250
Zn2+ 1:540 1:400
Pb2+ 1:250 1:400
Ni2+ 1:450 1:400
Fe2+ 1:678 1:400
Mn2+ 1:250 1:400
Cu2+ 1:540 1:400
Cr3+ 1:260 1:370
Hg2+ 1:470 1:90
Sb5+ 1:92 1:100
Ge5+ 1:61 1:20
Zr4+ 1:23 1:20
W6+ 1:30 1:25
F− 1:4000 1:800
Cl− 1:4000 1:800
Br− 1:4000 1:800
I− 1:4000 1:800
Si4+ 1:170 –
Sn2+ 1:100 –
Co2+ 1:300 –
V5+ 1:28 –
Bi3+ 1:200 –
La3+ 1:200 –
Cd2+ 1:500 –
Nb2+ – 1:20
Mo6+ – 1:25
Sulphosalicilic acid – 1:750
Urea – 1:1000
SCN− 1:2500 –
Thiourea 1:2500 –
Thiosulphate 1:2500 –
Ascorbic acid 1:4000 1:1500
Fe3+ + ascorbic acid 1:602 1:412
Fe3+ 1:0.5 1:0.4

CAl = 2.0 × 10−5 M, CIn = 1.2 × 10−5 M, CL = 1.2 × 10−4 M.

Table 2
Determination of aluminium in water samples (n = 5, p = 0.95), pH 5, 500 nm

Sample Aluminium (mg/L) R.S.D.%a AAS method, X̄ ± (ts/
√

n)

Added Found, X̄ ± (ts/
√

n)

Waste water 0.150 ± 0.007 0.038 0.156 ± 0.005
River water-1 4.000 4.080 ± 0.004 0.031 4.110 ± 0.006
River water-2 0.120 ± 0.005 0.028 0.130 ± 0.007
Spring water 6.000 6.250 ± 0.003 0.039 6.210 ± 0.006
Ground water 0.018 ± 0.003 0.042 0.021 ± 0.005

a R.S.D.% = s
X̄

× 100.

Table 3
Determination of aluminium in standard steel and alloy samplesa (n = 5, p = 0.95) pH
5, 500 nm

Steel samples Aluminium (%) R.S.D.%b

Certified Found, X̄ ± (ts/
√

n)

Medium carbon steel 221 0.036 0.035 ± 0.005 0.043
Steel 223a 0.420 0.450 ± 0.004 0.032
Steel 380 0.024 0.026 ± 0.005 0.045
Steel 102 0.229 0.228 ± 0.003 0.034
Alloy 951 0.050 0.057 ± 0.007 0.038
Alloy M223x 1.360 1.354 ± 0.005 0.026

a Medium carbon steel 221: C: 0.37; Si: 0.282; Mn: 0.67; S: 0.005; P: 0.013; Cr:
0.189; Cu: 0.14; Ni: 0.202; N: 0.0105; Co: 0.014; Sn: 0.012, Steel 223a: Mn: 0.34; Ni:
0.17; Cr: 1.68; Cu: 0.15; W: 0.33; V: 0.17, Steel 380: Mn: 0.266; Ni: 0.042; Cu: 0.102;
Cr: 0.037; Si: 0.058; P: 0.0046; S: 0.017, Steel 102: P: 0.022; As: 0.012; S: 0.031; C:
0.217; Cr: 0.212; V: 0.006; Mn: 0.917; Ni: 0.105; Ti: 0.002; Cu: 0.243; Mo: 0.018, Alloy
951: Fe: 0.005; Pb: 0.006; Cd: 0.002; Cu: 0.003; Sb: 0.002; Sn: 0.001, Alloy M223x:
P
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: 0.022; As: 0.012; S: 0.031; C: 0.217; Cr: 0.212; V: 0.006; Mn: 0.917; Ni: 0.105; Ti:
.002; Cu: 0.243; Mo: 0.018.
b R.S.D.% = s

X̄
× 100

luminium–tetrahydroxyazon 2S and indium–tetrahydroxyazon 2S
omplexes were investigated in a wide pH range. The obtained
esults are given in Fig. 5. These two complexes give a maximum
bsorbance at pH 5

.4. Effect of the ligand concentration

In the case of the addition of the increased concentrations of
etrahydroxyazon 2S to aluminium solution, the absorbance of
luminium–tetrahydroxyazon 2S complex increased and became
onstant in the 1.2 × 10−4 M of tetrahydroxyazon 2S at 500 nm. For
his reason, the present study was carried out with the 1.2 × 10−4 M
f tetrahydroxyazon 2S concentration. Indium complex also gave
aximum absorbance in 1.2 × 10−4 M of ligand concentration.

.5. Effect of the temperature and standing time

The aluminium immediately formed the complex with tetrahy-

roxyazon 2S, and the absorbance of this complex remained
onstant for 24 h and the complex was stable up to 80 ◦C. The
ndium–tetrahydroxyazon 2S complex remained constant for 12 h
nd the complex was stable up to 60 ◦C.

able 4
etermination of indium in artificial mixture (n: 5, p: 0.95) pH 5, 495 nm

ample Composition of mixture �g/25 mL Indium, �g/25 mL

Added Found, X̄ ± (ts/
√

n)

In 10.000 9.960 ± 0.030
Asc. Ac.a + In + (300) Pb2+ + (300) Fe3+ 10.000 10.030 ± 0.040

I Asc. Ac.a + In + (500) Ni2+ + (500) Fe3+ 10.000 10.060 ± 0.060

a Asc. Ac. = Ascorbic acid.
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Table 5
Comparison of some reagent characteristics for spectrophotometric determination of aluminium reported in the literature

Reagent pH �max (nm) ε (L mol−1 cm−1) L. R. (�g/mL) Remarks Ref.

Bis-(2,3,4-
trihydroxyphenylazzo)benzidine

4.8–5.3 445 11.2 × 103 0.054–0.648 (1) Cu2+, Zr4+, V5+, F− , thiourea are interfere; (2) required adding
another reagent for increasing selectivity

[12]

Eriochrome cyanine R 5.0 584 1.19 × 105 0.004–0.400 (1) Required using cationic surfactant for increasing sensitivity [39]
Tetrahydroxyazon SN 4.0 479 5.46 × 104 0.005–1.079 (1) Ni+2, Zn+2, Co+2 are interfere [41]
Semi-xylenol orange 2.6 526 3.30 × 104 0.080–0.800 (1) Required adding another reagent for increasing selectivity; (2)

temperature influence on the reaction rate
[48]

Trimethoxyphenylfluorone10.9 506 2.02 × 104 0.002–0.050 (1) Required using cationic surfactant for increasing sensitivity; (2)
time influence on the reaction rate

[49]

3,5-
Ditertbutylsalicylfluorone

5.0–10.0 542 3.52 × 106 NR (1) Required doing extraction for increasing sensitivity and selectivity;
(2) required using cationic surfactants for increasing sensitivity

[50]

Chrome azurol S 6.0 380 NR 0.003–0.100 (1) Required using cationic surfactants for increasing sensitivity [51]
Tetrahydroxyazon 2S 5.0 500 6.42 × 104 0.050–1.600 (1) Do not required using cationic surfactants; (2) do not require doing

extraction; (3) temperature and time do not influence on the reaction
PM
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M: present method, NR: not reported.

.6. Calibration curve

Under the optimum conditions given in Section 2.4. Absorbances
f the complexes obey Beer’s law in the aluminium ion concen-
ration range of 0.05–1.6 �g mL−1 and indium ion concentration
ange of 0.06–2.1 �g mL−1. The molar absorption coefficients of
luminium and indium were found as 6.42 × 104 L mol−1 cm−1and
.70 × 104 L mol−1 cm−1, respectively.

.7. Effect of interfering species

In order to assess the possible analytical applications of these
olor reactions, the effect of some foreign ions is examined, by
arrying out determinations of 2.0 × 10−5 M (0.54 �g mL−1) of alu-
inium(III) and 1.2 × 10−5 M (1.38 �g mL−1) indium(III) with a

nown amount of foreign ion solution, using the recommended
nalytical procedure. An error of ±4% in absorbance reading is con-
idered tolerable. The results are given in Table 1. Fe(III) interference
as masked by using ascorbic acid.

.8. Composition of the complex

The molar compositions of the complexes were studied using
ob’s method of continuous variation, Asmus method [46] and

ole-ratio methods. These methods indicated a 1:1 ratio of
omplexes may be formed aluminium and indium with tetrahy-
roxyazon 2S.

. Applications

.1. Determination of aluminium in industrial waste water

A 200 mL of industrial waste water sample was evaporated up
o the 10–15 mL in sand bath and then 10 mL concentrated HCl
dded. This solution was cooled down and diluted to 50 mL with
eionized water. A 2–6 mL of it was taken into 25 mL graduated
ask for analysis. After additions of 3 mL of 0.1 M ascorbic acid
in order to reduction of Fe3+ into Fe2+) and 3 mL of 1.0 × 10−3 M
etrahydroxyazon 2S reagent, the solution was neutralized and

iluted to mark with pH 5. The absorbance of the solution was
easured at 500 nm. Analysis of results of aluminium in water sam-

les are given in Table 2. The results are in reasonable agreement
ith those determined by the atomic absorption spectrometry

AAS).

t

(

rate; (4) highly sensitive and selective

.2. Determination of aluminium in water samples

The river, spring, ground and sea water samples (1000 mL) were
vaporated nearly to dryness with mixture of 1 mL concentrated
2SO4 and 5 mL HNO3 in a fume cupboard and was then heated
ith 10 mL of deionizied water in order to dissolve the salts. The

olution was then cooled and neutralized with dilute NH4OH. The
esulting solution was then transferred into a 25 mL calibrated flask
nd diluted with deionized water.

An aliquot 2 mL of this preconcentrated water samples was
ipetted into a 25 mL calibrated flask and the aluminium content
as determined. The sample solutions were appropriately diluted

or spectrophotometric determination. Interference of Fe(III) could
e eliminated by masking with ascorbic acid. Table 2 shows that
here is no significant difference between proposed method and
AS method.

.3. Determination of aluminium in steels and alloys

In order to evaluate the accuracy of the developed procedure,
luminium was determined in a reference material, supplied by
aku of Steel Company. A 0.5003 g of aluminium based alloys or
teels were taken into a 250 mL beaker and the method proposed
y Mendham et al. [47] was applied to dissolve these samples.
hese solutions are prepared as in literature [43]. A 2–6 mL of these
olutions were taken into 25 mL graduated flask for analysis. After
dditions of 3 mL of 0.1 M ascorbic acid (in order to reduction of Fe3+

nto Fe2+) and 3 mL of the aqueous solution 1.0 × 10−3 M tetrahy-
roxyazon 2S reagent, the solution was neutralized and diluted to
ark with pH 5. The absorbance of the solution was measured at

00 nm. The amount of Al(III) in the certified alloys or steels was
etermined by the use of the calibration curves. The result is sum-
arized in Table 3 and no significant difference between achieved

esults by the proposed method and certified values was found. It
emonstrated also that there is no significant difference among the
chieved results and the certified values for a confidence level of
5%.

.4. Determination of indium in artificial mixture

The method was successfully applied to the indium determina-

ion in artificial mixture. The mixtures were prepared as follows:

(I) Ascorbic acid + (10 �g) indium + (300 �g) Pb2+ + (300 �g) Fe3+

II) Ascorbic acid + (10 �g) indium + (500 �g) Ni2+ + (500 �g) Fe3+



1 ardou

d
s
m

5

t
d
l
a
C
M
a
t
o
0

o
c

e
n
c

s
s
s

A

U

R

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

006 A.A. Huseyinli et al. / Journal of Haz

These mixtures were transferred into 25 mL calibrate flask and
iluted with pH 5. The absorbances of colored solutions were mea-
ured at 495 nm. The results were given in Table 4. The proposed
ethod has high accuracy and precision.

. Conclusion

In this work, a new azo dye, tetrahydroxyazon 2S, was syn-
hesized, and a new UV–vis spectrophotometric method was
eveloped for the determination of aluminium and indium. Alka-

ine, earth alkaline elements, rare earth elements, halides, ascorbic
cid, Cu2+, Co2+, Pb2+, Ni2+, Zn2+, Fe2+, Cr3+, Mn2+, Hg2+, Sn2+,
d2+, Bi3+, La3+, Si4+ and Sr2+, did not interfere in this method.
olar absorptivities of the complexes are 6.42 × 104 L mol−1 cm−1

nd 7.70 × 104 L mol−1 cm−1, for aluminium and indium, respec-
ively. The stoichiometries of complexes were found 1:1 in the
ptimum conditions. The system obeys Beer’s law in the range of
.05–1.6 �g mL−1 for aluminium and 0.06–2.1 �g mL−1 for indium.

The proposed method has a very high selectivity, and nearly all
f the anions and most of the cations do not interfere with the
hromogenic reaction.

This new reagent does not need to use some surfactants for
nhancement of selectivity and sensitivity of the method and does
ot require using some separation techniques like extraction. When
ompared to the reported spectrophotometric methods in Table 5.

As conclusion the proposed simple, reproducible, easy and
ensitivity method for the determination of aluminium different
amples such as water, certificated steels and alloys can be used
uccessfully.
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