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ABSTRACT

Anovel spherical 5-amino-2-benzotriazol-2-yl-phenol (ABP) chelating sorbent is synthesized simply
and rapidly from 2-nitroanilin and 3-nitrophenol characterized (IR, "H NMR spectra and scanning
electron microscopy) and studied for the preconcentration and determination of trace Zn(II) ion
from aqueous solution samples. The concentration of metal ion in the solution was determined by
flame atomic absorption spectrometry (FAAS). The optimum pH value for sorption of the metal
ion was 6.5. The sorption capacity of ABP for Zn(II) was determined. The chelating ABP can be
reused for 20 cycles of sorption-desorption without any significant change in sorption capacity. A
recovery of 86% was obtained for the metal ion with 0.5 M HNO, as eluting agent. The equilibrium
adsorption data of Zn(II) on sorbent were analyzed by the Langmuir and Freundlich models. Based
on equilibrium adsorption data the Langmuir and Freundlich constants were determined 0.0074

and 1.200 at pH 6.5 and 25°C.
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1. Introduction

Zinc is considered as an essential micronutrient for
humans, plants and animals. It plays an important role
in several biochemical processes [1]. Zinc(II) deficiency
slows the growth and development of the neonate.
Zinc(Il) deficiency also leads to cognitive defects and
impairs the immune system [2]. However, if it is in excess,

* Corresponding author.

it can also play an important role in the progression of
several damages to human body, including disturbances
in energy metabolism or increasing in oxidative stress
[3]. Therefore, it is of great importance and significance
for the environment science and life science to separate
and determine trace zinc(II) in water samples. Although
very sensitive analytical techniques such as FAAS [4,5],
ICP-MS [6] and ICP-AES [7] are used for the determina-
tion of trace zinc(1I), it is impossible to directly determine
the amount of zinc(Il) in water samples owing to the low
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concentration of zinc(Il). In order to achieve accurate
and reliable results, a preconcentration step is necessary
when the concentration of zinc(II) is too low to be directly
determined. The procedures for separation and precon-
centration of zinc(Il) had been reported extensively [4-15].
Various preconcentration techniques including solvent
extraction [16], coprecipitation [17-19], cloud point ex-
traction [20,21], ion-exchange [22] and electroanalytical
techniques [23] have been used for the enrichment and
separation of heavy metals at trace levels in various envi-
ronmental samples including foods and natural waters by
the researchers around the world. Solid phase extraction
is an attractive separation—preconcentration technique
for heavy metal ions with some important advantages:
simplicity, flexibility, economic, rapid, higher enrichment
factors, absence of emulsion, low cost because of lower
consumption of reagents, more importantly environment
friendly [24].

This paper proposes a novel method of preconcen-
tration of trace zinc(Il) in environmental water sample
using 5-amino-2-benzotriazol-2-yl-phenol. 5-amino-2-
benzotriazol-2-yl-phenol is an organic compound which
is used in this research as chelating sorbent. This synthetic
organic compound with having close N, O groups can
chelate the metal ions like Zn(I). The purpose of the pres-
ent study is to indicate the feasibility of using 5-amino-2-
benzotriazol-2-yl-phenol as a solid-phase extractant for
preconcentration of trace zinc(Il) in environmental water
samples. Trace zinc(II) can be retained on the surface of
5-amino-2-benzotriazol-2-yl-phenol and then desorbed
with 0.5 M acid nitric prior to determination by FAAS.
This proposed method has advantages of good accuracy,
high recovery and preconcentration factor. It has been
applied to the preconcentration and determination of
trace zinc(Il) in seawater.

2. Experimental
2.1. Instruments

A flame atomic absorption spectrometer of the GBC
Awanta, 932 plus, equipped with air-acetylene flame (air
and acetylene flow rate: 8 and 1.7 L.min™, respectively)
and inductive couple plasma (ICP), Varian, model Vista
were used for measuring the concentration of metal ions.
The pH measurements were made with Metrohm model
744 (Switzerland). IR spectra and NMR spectra were re-
corded on a FT-IR spectrometer Perkin Elmer Spectrum
GXby KBr pellet method and Brucher 500, respectively. A
pump (DV-42 N-250) was used control the flow of liquid
through column. The sorption and desorption studies
of metal on the chelating matrix were generally carried
out on columns of 14 mm diameter and 7.8 cm in length.

2.2. Reagents and solutions

CH,COOH, NaH,PO,, Na,HPO,, ZnCl,, SnCl,, HC,

H,SO,, HNO,, NaNO2, NaOH, 2-nitro aniline, 3-nitro
phenol, MeOH, Sn powder were products of Merck
(Darmstadt, Germany).

All the solutions were prepared in deionized water
using analytical grade reagents.

The stock solution (1000 mg.L™) of Zn(II), were pre-
pared by dissolving appropriate amounts of ZnCl,, in
deionized water. 10 mL, 0.01 M acetic acid—acetate buf-
fer (pH 3-6.5), 0.01 M phosphate buffer (pH 6.5-9) were
used to adjust the pH of the solutions, wherever suitable.

3. Method

3.1. Synthesis of 5-amino-2-benzotriazol-2-yl-phenol (6) as
chelating agent

Diazonium salt 2 was prepared by addition of (0.03
mol) HCI/NaNGQO, to (0.03 mol) 2-nitroanilin 1 at 0°C. This
salt was stirred with solution of 0.03 mol 3-nitrophenol
3 in 30 mL water at pH 8 and produced azo compound
4. Mixture of 5-nitro-2-((2-nitrophenyl)diazonyl)phenol
4 and 2 g zinc dust in 30 mL water, were added drop
wise to a 25% w/w aqueous NaOH solution. The reaction
mixture was stirred at 90°C for 1 h. The reaction mixture
was acidified by concentrated HCl to pH 2-3 to remove
unreacted zinc, and then filtered. The solid (5-nitro-2-ben-
zotriazol-2-yl-phenol 5) was recrystallized in methanol
and then 0.01 mol of 5 treated with a reducing mixture of
Sn powder (2.2 g) in 6 mL concentrated HCI. The mixture
was stirred for 1.5 h at 80°C, gray precipitate filtered off
and washed with water and recrystallized in methanol
(5-amino-2-benzotriazol-2-yl-phenol 6). The methodology
used to synthesize 5-amino-2-benzotriazol-2-yl-phenol is
summarized in Fig. 1. The ABP was grinded and sieved.
The mesh size of used sorbent for adsorption of the metal
ion was about 20.

3.2. Batch method

Asample solution (50 mL) containing (0.3 ug.mL™) of
Zn(Il) was taken in a glass stopper bottle, after adjusting
its pH to the optimum value. The 0.05 g of 5-amino-2-
benzotriazol-2-yl-phenol was added to the bottle and
the mixture was shaken for optimum time. The ABP was
filtered and sorbed metal ion was eluted with 0.5 M HNO,
(10 mL). The concentration of metal ion in the elute was
determined by FAAS.

3.3. Column method

5-amino-2-benzotriazol-2-yl-phenol (0.01 g) was
packed in the polypropylene column (1.4x7.8 cm?) and
treated with 20 mL of 1 M HNO3 and washed with
double-distilled water until the ABP was free from acid.
25 mL aliquot of the solution containing of Zn (II) in the
concentration 0.6 ug.mL™ was passed through this col-
umn after adjusting its pH to an optimum value at flow
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Fig. 1. The methodology of synthesize of 5-amino-2-benzotriazol-2-yl-phenol.

rate of 0.3-6.2 mL.min™. The stripping of the metal ions
from the ABP column was carried out by 0.5 M HNO,
(10 mL). The eluate was collected in 10 mL capacity volu-
metric flask. The collected solution was aspirated into the
flame for atomic absorption spectrometer standardized
prior to determination.

3.4. Isotherm studies

Isotherm studies were carried out by adding a fixed
amount of adsorbent (0.02 g) to a series of beakers filled
with 50 ml diluted solutions of Zn(II) (10-100 pg. mL™).
The beakers were then sealed and placed in a water bath
shaker and shaken at 200 rpm with a required adsorbent
time (4 h) at 25, 35 and 45°C and optimum pH (6.5). pH
adjustments have been done using 0.01 M acetate buffer.
The beakers were then removed from the shaker, and the
final concentration of Zn(II) in the solution was measured
by FAAS. The amount of Zn(Il) at equilibrium ge (mg/g)
on 5-amino-2-benzotriazol-2-yl-phenol was calculated
from the following equation:

q.=(cy—c.)VIW @™

where ¢, and ¢, (mg/L) are the liquid phase concentra-
tions of Zn(Il) at initial and equilibrium, respectively, V
(L) the volume of the solution and W (g) is the mass of
adsorbent used.

In this paper the qe is amount of metal adsorbed per
unit weight of the sorbent (mg. g™'), K, is the adsorption
equilibrium constant, which is relate to the energy of
adsorption (L.mg™), R, dimensionless separation factor,
R? correlation coefficient, n Freundlich isotherm constant
related to adsorption intensity and recovery (%) is the
percentage of the metal ion achieved by the sorbent.

4. Results and discussion
4.1. Characterization of ABP

Structure of compound 6 was elucidated by IR and
'H NMR spectra.
5-nitro-2-((2-nitrophenyl)diazonyl)phenol (4). Dark red
powder (73%), mp = 92°C.
IR (NaCl, cm™) 3479 (OH), 1617 (C=C), 1600 (N=N), 1530
and 1338 (NO,).
5-nitro-2-benzotriazol-2-yl-phenol (5). Light brown pow-
der (84%), mp = 210°C.
IR (NaCl, cm™) 3257 (OH), 1650 (C=C), 1606 (N=N) 1555
and 1350 (NO,).
5-amino-2-benzotriazol-2-yl-phenol (6). Gray powder
(81%), mp =280°C.
IR (NaCl, cm™), 3378 (OH), 3310 and 3224 (NH,), 1601
(C=C), 1569 (C=C aromatic), 1515 (C=N) (see Fig. 2).
'H NMR (see Fig. 3) (500.1 MHz, CDCl,, D,0)5 :9.24 (1
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Fig. 2. IR spectrum of 5-amino-2-benzotriazol-2-yl-phenol.
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Fig. 3. Expanded 1H-NMR spectrum of 5-amino-2-benzotriazol-2-yl-phenol.
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H, s, OH hydrogen bonding), 8.07 (2H, d, °,,,,= 9.0 Hz,
2 CH),7.83(H,d, %, =65Hz CH), 782 (1H,d, %, =
6.5 Hz, CH), 7.30-7.33 (3H, m, CH and NH,), 6.92 (2H,
d, ;=9 Hz, 2 CH).

4.2. Scanning electron microscopy

The surface morphology and external structure of
ABP was investigated by the scanning electron micro-
graphs which are given in Fig. 4. The surface of ABP
has a smooth and highly homogeneous appearance. As
clearly seen here, the surface of the synthesized ABP has
arod shape. The diameters of the rods on an average are
190 nm. The size of the large pores between the clusters
in Fig. 4is about 10 um. It is these macropores that would
reduce diffusional mass transfer resistance and facilitate
convective mass transport because of their spacious in-
ternal surface area.

AccV Spot Magn Det WD Exp 5 pm

120 0

26.0kV 3.7 b000x  SE
———

BT

Fig. 4. SEM photograph of 5-amino-2-benzotriazol-2-yl-phenol.

4.3. Metal sorption as a function of pH

The degree of metal sorption at different pH values
was determined by batch equilibration technique. A set of
solutions (volume of each 50 mL) containing 0.3 pg.mL™!
of Zn(II) was taken. Their pH values were adjusted in
range 3-9 with 0.01M acetate and/or phosphate buffer
solutions. The 0.05 g of 5-amino-2-benzotriazol-2-yl-
phenol was added to each solution and the mixture was
shaken for 4 h. The optimum pH values for quantitative
uptake of metal ions were ascertained by measuring
Zn(II) content (by FAAS) in supernatant liquid and in the
eluate obtained by desorbing the metal ion from sorbent
with 0.5 M nitric acid (10 mL). The optimum pH range
for the sorption of the metal ion is shown in Fig. 5. The
maximum recovery was 86% at pH 6.5.

Magn Det WD Exp
2600x  SE 120 0

Det WD Exp P—————

SE 1200

20 pm
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Fig. 5. Effect of pH sorption of Zn(II) onto 5-amino-2-benzo-
triazol -2-yl-phenol.

4.4. Total sorption capacity

0.02 g of sorbent was stirred for 5h with 50 mL solution
containing 10-100 pg.mL™ of Zn(Il), at optimum pH and
different temperature. The metal ion concentration in the
supernatant liquid was estimated by FAAS. The sorption
capacity of the ABP for the metal ion was ascertained
from the difference between the metal ion concentrations
in solution before and after the sorption. The saturated
adsorption capacity of the ABP is shown in Fig. 6. This
figure indicates the effect of initial concentration of the
Zn(Il) in the solution and temperature on capacity sorp-
tion of Zn(II) by 5-amino-2-benzotriazol-2-yl-phenol. The
capacity goes up with temperature increasing and initial
concentration of the Zn in the solution.

4.5. Stability and reusability of the ABP

Zn(Il) was sorbed and desorbed on 1 g of the ABP
several times. It was found that sorption capacity of ABP
after 20 cycles of its equilibration with Zn(II), changes less
than 5%. Therefore, repeated use of the ABP is feasible.
The ABP after loading it with samples can be readily
regenerated with 0.5 M HNO,. The sorption capacity of
the ABP stored for more than 6 month under ambient
conditions has been found to be practically unchanged.

4.6. Effect of flow rate

The metal ion sorption on 5-amino-2-benzotriazol-
2-yl-phenol (0.01 g) packed column studied at various
flow rates of Zn(1II) solutions. The optimum flow rate for
loading Zn(II) on to ABP was found to be 0.4 mL.min™". A
flow rate < 0.4 mL.min™! was not employed to avoid the
longer time of analysis. It was observed that more than
80% sorption of Zn(II) on the ABP occurred at flow rate
<0.5 mL.min™* (Fig. 7). The decrease in the percentage of
sorption at the upper flow rate is probably because the
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Fig. 6. Effect of initial concentration of the Zn in the solu-
tion and temperature on capacity sorption of Zn(II) onto
5-amino-2-benzotriazol-2-yl-phenol.
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Fig. 7. Effect of flow rate on sorption of Zn(II) on 5-amino-2-
benzotriazol -2-yl-phenol.

metal ion does not equilibrate sufficiently with the matrix.
For stripping off the bounded Zn(II) on the 5-amino-2-
benzotriazol-2-yl-phenol, 0.5 M nitric acid was applied.

4.7. Effect of temperature

The adsorption studies were carried out at three differ-
ent temperatures 25, 35 and 45°C, and the results of these
experiments are shown in Fig. 8. The adsorption capacity
increases with temperature increasing, indicating that
the adsorption is an endothermic process (Table 1). This
may be a result of increase in the mobility of Zn(II) with
temperature increasing [25]. An increasing number of
molecules may also acquire sufficient energy to undergo
an interaction with active sites at the surface. Table 1 also
shows that maximum adsorption capacities of 5-amino-
2-benzotriazol-2-yl-phenol were determined as 0.98, 1.04
and 1.23 mg/g at 25, 35 and 45°C, respectively.
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Table 1

Langmuir, Frendlich isotherm and separation factors (R ) for adsorption of Zn(II)

Temperature (°C) Langmuir isotherm model

Frendlich isotherm model

In (Mg/g) K (L/mg) R K, (mg/g) (L/mg)'"™ n R
25 106.7 0.0074 0.9776 0.580 1.200 1.230 0.9979
35 91.0 0.0132 0.9554 0.431 2.056 1.376 0.9895
45 97.1 0.0142 0.9538 0.413 2.357 1.387 0.9859
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Fig. 8. Adsorption isotherms for Zn(II) on 5-amino-2-benzo-
triazol-2-yl-phenol at different temperatures.

The adsorption of Zn(II) was also recorded in the con-
centration range from 10-100 mg.L, at optimum pH and
temperatures 25, 35 and 45°C (Fig. 9). Fig. 9 indicates that
the adsorption of Zn(Il) by 5-amino-2-benzotriazol-2-yl-
phenol increases with the increase in temperature, indi-
cating thereby the process to be endothermic in nature.

4.8. Adsorption isotherms

The Langmuir equation is given as follows [26]:
qe = qmaxKLCe /(1 + KLCe ) (2)

where g __ is the maximum adsorption capacity corre-
sponding to complete monolayer coverage on the surface
(mg/g) and K, is the Langmuir constant (L/mg). Eq. (2)
can be rearranged to a linear form:

Cc/qc :(1/qmaxKL)+(Ce/qmax) (3)

The constants can be evaluated from the intercepts
and the slopes of the linear plots of c /g, vs. c, (Fig. 10).

Conformation of the experimental data in to the Lang-
muir isotherm model indicates the homogeneous nature
of 5-amino-2-benzotriazol-2-yl-phenol surface. Langmuir
parameters calculated from Eq. (3) are listed in Table 1.

The essential characteristics of the Langmuir equation

Fig. 9. Effect of concentration for the uptake of Zn(II) on
5-amino-2-benzotriazol-2-yl-phenol at different temperatures.

can be expressed in term of a dimensionless separation
factor, R, defined as [27]:

R, =1/(1+Kc,) 4)

Table 1 shows that the values of R, (0.41-0.58) were
in the range of 0-1 at optimum pH which confirms the
favorable uptake Zn(II) (Table 2).

The Freundlich equation is an empirical equation em-
ployed to the described heterogeneous systems, in which
itis characterized by the heterogeneity factor 1/n. Hence,
the empirical equation can be written [28]:

q(’ = KFC:/H (5)

where K, is the Freundlich constant (mg/g) (L/mg)""
and 1/n is the heterogeneity factor. A linear form of the
Freundlich expression can be obtained by taking loga-
rithms of Eq. (5):

Ing, =InK; +1/nlnc, (6)

Therefore, a plot of In g, vs. In ¢, (Fig. 11) enables the
constant K, and exponent 1/n to be determined. The
Freundlich equation predicts that Zn(II) concentration on
the adsorbent will increase so long as there is an increased
in Zn(II) concentration in the liquid.
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Fig. 10. Langmuir isotherm for Zn(II) adsorption onto 5-amino-
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Fig. 11. Freundlich isotherm for Zn(II) adsorption onto
5-amino-2-benzotriazol-2-yl-phenol at different temperatures.

Table 2 Table 4
The parameter R, indicated the shape of isotherm Results obtained for metal determination in water sample
Value of R, Type of isotherm Analyte Zn(II)
R, >1 Unfavorable Before preconcentration, ppb 0.915
R =1 Linear After preconcentration, ppb 69
0<Ri<1 Favorable Preconcentration factor 100
R, =0 Irreversible Recovery, % 75.4
Standard deviation 0.070
Relative standard deviation®, % 42
Table 3 2 For three determinations
Effect of other ions on sorption
Interfering ions é:;f%ed Pb(II) (i;/(()i)sorptlon loss 4.10. Effect of foreign ions
_ 408 0 In order to evaluate the selectivity of the preconcen-
Co(Il) 3.96 29 tration system, the effect of some metal ions (10 mg.L™)
N 3.98 5 on the Sf)rptlon 'behav.lor of Zn(Il) ion (C(?ncentratlc?n
10 mg.L™") was investigated. The result is shown in
Ball) 407 0 Table 3. This table indictes that the most effective ions
Hg(Ih 3.95 3 on adsorption of Zn(Il) on 5-amino-2-benzotriazol-2-yl-
Ag(l) 3.79 7.1 phenol are Ag(I) and Fe(Il). The effects of other mentioned
Fe(II) 3.68 9.8 foreign ions at given concentrations are negligible. The
Mg(II) 4.07 0 adsorption of Zn(II) on the 5-amino-2-benzotriazol-2-yl-
Cu(II) 4.04 1 phenol in the presence of all mentioned ions (concentra-
Ca(1I) 4.02 1 tion of each metal ions 10 mg. L") shows that Zn(II) can be

4.9. Comparison with other methods

Comparative information from some studies on pre-
concentration of Zn(II) by various methods for the figure
of merits is given in Table 5. The sorption capacity of the
present sorbent is superior in comparison to all the ma-
trices shown in Table 4. This new developed method has
been successfully applied to the analysis of trace metal
ions in natural water sample.

determined quantitatively in the environmental samples.

4.11. Application of the method

5-amino-2-benzotriazol-2-yl-phenol was used to
preconcentrate and determine Zn(Il) ions in the Per-
sian Gulf (Nakhle Nakhoda, Iran). The pH of the water
sample (acidified with 0.1 M HNO3) was adjusted to the
optimum pH. Solid phase extraction with 5-amino-2-
benzotriazol-2-yl-phenol coupled with ICP determination
was supplied to determine Zn(Il) in the water sample. The
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Table 5

Comparison of capacities

Sorbent used Capacity (mg.g™) Ref.
Amberlite XAD-7/Xylenol orange 1.8 29
Amberlite XAD-2/ 2-aminoacetylthiophenol 19.54 30
Amberlite XAD-2 (AXAD-2-DHP)/2, 3-dihydroxypyridine 11.48 31
Silica gel/p-toluenesulfonylamide 12.6 32
Silica gel/o-dihydroxybenzene 10.98 33
Silica gel/4-(8-hydroxy-5-quinolylazo) naphthalenesulfonic acid 39.43 34
p-tert-butylcalix[4]arene-1,2-crown-4-anchored chloromethylated 9.34 35
p-tert-butylcalix[8]arene, XAD-4 47.16 36
o-vanilinthiosemicarbozone, XAD-2 0.14 37
Tiron, XAD-2 [23] 11.11 38
Ammonium pyyrolidine dithiocarbamate, XAD-4 10.59 39
Piperidine dithiocarbamate, XAD-4 10.26 39
o-aminobenzoic acid, XAD-4 7.9 40
1, 8-dihydroxyanthraquinone anchored on silica gel 11.76 9

5-amino-2-benzotriazol-2-yl-phenol (our sorbent)

47.05

results are shown in Table 4. These results demonstrate
the applicability of the procedure for Zn determination
in the samples.

5. Conclusion

Anew sorbent was synthesized with 2-nitroanilin and
3-nitrophenol. The synthesis of the sorbent is simple and
economical. The solid phase extraction (SPE) procedure
developed in this paper using 5-amino-2-benzotriazol-2-
yl-phenol facilitates a 10-fold preconcentration of zinc(1I)
from dilute aqueous solutions. The sorbent has a good
potential for enrichment of trace amount of Zn(Il) from
large sample volumes through batch binding and column
SPE. The optimum flow rate for loading Zn(II) on to
sorbent was found to be 0.4 mL.min™ in column method.
Zn(II) adsorption was due to 5-amino-2-benzotriazol-2-yl-
phenol-metal ion interactions. The sorbent also presents
the advantage of high adsorption capacity, good reusabil-
ity and high chemical stability. Based on the Langmuir
isotherm analysis, the monolayer adsorption capacity was
determined to be 106.7,91.0 and 97.1 (mg/g) at 25, 35, and
45°C, respectively. The RL values showed that 5-amino-2-
benzotriazol-2-yl-phenol was favorable for the adsorption
of Zn(Il). Preconcentration by this ABP combined with
FAAS and ICP-AES can be applied to the determination
of trace zinc(Il) ions in water and the mineral reference
sample with satisfactory results.
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