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ABSTRACT: A chelating resin is prepared by condensation polymerization of aniline with formaldehyde and
characterized by Fourier transform infrared spectrometer, elemental analysis and thermogravimetric analysis and
studied for the preconcentration and determination of trace Molybdate ion from environmental water sample using
inductive couple plasma atomic emission spectroscopy. The optimum pH value for sorption of the metal ion was 5. The
sorption capacity of functionalized resin is 3.1 mg/g. The chelating sorbent can be reused for 20 cycles of sorption-
desorption without any significant change in sorption capacity. The best desorption of the metal ions from resin was
obtained by 0.5 mol/L nitric acid as eluting agent. The profile of molybdenum uptake on this sorbent reflects good
accessibility of the chelating sites in the aniline- formaldehyde. Scatchard analysis revealed that the homogeneous
binding sites were formed in the polymers. The equilibrium adsorption data of Molybdate ion modified resin were
analyzed by five isotherm models such as Langmuir, Freundlich and Temkin. Langmuir isotherm parameters obtained
from the four Langmuir linear equations by using linear method. Based on the Langmuir isotherm analysis, the monolayer
adsorption capacity was determined to be 4.03 mg/g at 20 °C. The method was applied for molybdenum ions determination
from river water sample.
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INTRODUCTION

Today most of the countries are facing drinking water
problems and conditions are very severe especially in
developing countries. The world is facing formidable
challenges in meeting rising demands of clean water
as the available supplies of freshwater are depleting
due to 1) extended droughts, 2) population growth, 3)
more stringent health based regulations, and 4)
competing demands from a variety of users (US EPA,
1998; 1999; USBRSNL, 2003). Heavy metals (HMs)
are considered as serious inorganic pollutants which
cannot be destroyed. HMs are persistent
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environmental contaminants and having a high
enrichment factor and slow removal rate. They have
toxic effects on human health, animals, plants and life
in aquatic system (Karve and Rajgor, 2007; Arain et al.,
2008; Dobaradaran et al., 2008; Atafar et al., 2010; Nouri
etal., 2009; 2010). Recently, HMs pollution in natural
water has been receiving tremendous attention. The
toxic HMs such as Mo, Cd, and Hg are insignificant
elements in human body and are capable of causing
ecological risk to aquatic organisms. The toxic HMs
could also gradually accumulate in human body through
food chain and cause damage to human health (Chen
et al., 2009). In view of the above facts, accurate
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determination of HMs has become increasing
necessary to solve the problems connected with
environmental water pollution.

However, the direct determination of these elements
like molybdenum in real samples is a difficult task. The
main restrictions come from the complexity of the matrix
and the extremely low concentrations of analytes in
those samples, which are often below the detection
limits of available techniques (Camel, 2003; Lemos et
al., 2006). Thus, highly sensitive and selective
techniques are required. To solve this problem,
preconcentration—separation procedures have been
proposed. Preconcentration is a very important
issue for achievement of low detection limits
(Prabhakaran and Subramanian, 2003). There are
many methods of preconcentration and separation
such as liquid-liquid extraction (Saito et al., 2000)
ion exchange techniques (Alguacil et al., 2005),
coprecipitation (Prasad et al., 2006; Kagaya et al.,
2006), membrane filter techniques (Karatepe et al.,
2002), cloud point extraction (Sombra et al., 2001;
Zhang et al., 2005). The pH dependence of Mo
adsorption on chelating resins resembled that on
oxides and clay minerals. Adsorption increased with
increasing pH up to a peak near pH 6 and then
decreased with increasing pH above 4 (Goldberg et
al., 1996). About the absorption of rare metals such
as molybdenum by relevant absorbent (in ligand
adsorption systems), the optimization of a ligand
adsorption process requires an understanding of a
factor that govern the interaction between ligands
and immobilized metal ions on the matrix of the solid
phase. Previous studies have shown that scatchard
transformation (Scatchard, 1949) of the Langmuir
equation offers more compact information about the
charactristics of the isotherm in a simple manner.
The shape of scatchard plot is related to the type of
interaction of the ligand with the resin matrix and
determined association binding constant of the
ligand (K,).

The purpose of the present study is to indicate the
feasibility of using aniline-formaldehyde as a solid-
phase extractant for preconcentration of trace
molybdenum in environmental water samples. Trace
molybdenum can be retained on the surface of aniline-
formaldehyde and then desorbed with HNO, 0.5 mol/L
prior to determination by Inductive couple plasma
atomic emission spectroscopy (ICP-AES). This
proposed novel method has advantages of good

accuracy and precision, high recovery and
preconcentration factor. This research was carried out
in the 2010 for determine Molybdate ions in river water
(Gharah soo River, Kermanshah), Iran.

MATERIALS AND METHODS
Apparatus and Instrumentation

ICP-AES Varian, Vista-pro (Salt lake city, Australia)
was used for measuring the concentration of Mo ion.
The pH measurements were made with a Metrohm
model 744 pH meter (Zofingen, Switzerland). Infrared
spectra were recorded on a Jasco Fourier transform
infrared spectrometer (FT-IR-410, Jasco Inc., Easton,
Maryland) by the potassium bromide pellet method.
Elemental analysis was carried out on a Thermo-
Finnigan (Milan, Italy) model Flash EA elemental
analyzer.

Reagents and solutions

HCl, H,SO,, HNO,, NaNO,, NaOH, NaCl, CH,COOH,
CH,COONa, NaHPO,, Na,HPO, Pb(NO,),,
CuSO,.5H,0, Co(NO,),.6H,O, Ni SO,.6H,0, Zn
SO,.7H,0, AI(NO,),, Ag(NO,), Mg(NO,),, Ca(NO,),,
Ba(NO,),, Na,Mo0,.2H,0, ethylenediaminetetraacetic
acid (EDTA), CH,COCH,, C,H.OH, NH,, urea and
formaldehyde were products of Merck (Darmstadt,
Germany). All the solutions were prepared in deionized
water using analytical grade reagents.

The stock solution (500 mg/L) of Mo (II), were
prepared by dissolving appropriate amounts of Mo
(NO,),, in deionized water. 10 mL, 0.1 mol/Lacetic acid
- acetate buffer (pH 3 — 6.5), 0.01 mol/L phosphate buffer
(pH 6.5 - 9) were used to adjust the pH of the solutions,
wherever suitable.

Adsorbent
Synthesis of aniline- formaldehyde

A mixture of 15 mL anilineand 15 mL formaldehyde
was acidified with drop wise adding concentrated
Hydrochloric acid (HCI). The mixture was blended till
formation of a solid polymer. The polymer (aniline-
formaldehyde) was grinded and washed with warm
water and acetone several times. The resin was dried
at 60 °C and placed in a desiccator.

Methodology and characterization of resin

The polymer was characterized by Infrared (IR) and
elemental analyses. The methodology used to
synthesize polymer is summarized in Fig. 1. An IR
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spectrum of this chelating resin was run to verify the
structure of aniline-formaldehyde aniline- formaldehyde:
3367.87 (0OH), 1656.26 (C=0), 1508 (Aromatic C=C) and

1696 (N=N)/cm (Fig. 2).

Elemental analysis of adsorbent

The elemental analysis for aniline-formaldehyde
(found: C, 75.26; H, 5.93; N, 12.37 %; calculated for
C.NH.: C, 80.00; H, 6.6; N, 13.3 %) confirm formation of
the polymer.

Batch adsorption experiments

For the batch adsorption experiments, a sample
solution (50 mL) containing (60 pg m/L) of Molybdate
was taken in a glass stopperd bottle and the pH was

Step 1
NH,.HCI
4 || —= HCLNH, —{ )—CH0OH
(a)
Step 2
HCLHN— )~ CH,OH { )~ NH,HCl— ~HCOIHN—{ ) g N
(b)
Step 3
HCLHN—( ;'}—g—‘:.'._ )— NH,HCI + HCLNH, CH,0H
\ /H\ 4
~\ ¢ /~\ NC /=
HCLH,N \ /=, THH, NH,.HC1
(c)
Step 4
C N C
HCLHN
’ H, HH,
|
v
Y
C (NC /~\1NcC //\
HCLHN—{ p— I S H HCL
2 N\ 4 H, 'HH, /gy 2
n=14

Fig. 1: The methodology of synthesize of aniline-formaldehyde
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adjusted to optimum value. The 0.2g of aniline-
formaldehyde was weighed out and added to the
bottle. The mixture was facilitated by agitation on a
shaker for optimum time. The resin was filtered and
adsorbed metal ion was eluted with 0.05 mol/L EDTA
(10 mL). The concentration of the metal ion in the
eluant was determined by Inductively coupled plasma
atomic emission spectroscopy (ICP-AES).

Isotherm studies
Adsorption isotherm experiments

Isotherm studies were carried out by adding a fixed
amount of adsorbent (0.2 g) to a series of beakers
filled with 50 ml diluted solutions of Molybdate (10-
100 pg m/L). 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 20 °C and optimum
pH (6.5). pH adjustments have been done using 0.01
mol/L acetate buffer. The beakers were then removed
from the shaker and the final concentration of
Molybdate in the solution was measured by ICP-AES.

Adsorption isotherm modeling

The Langmuir (Langmuir, 1916), Freundlich
(Freundlich, 1906), Redlich-Peterson (Redlich and
Peterson, 1959), Temkin (Ho and McKay, 2000) and
Dubinin-Radushkevich (Hasany and Chaudhary, 1996)
are the five most common isotherms (Table 1) that
describe the distribution of a metal ion between a solid
and a liquid phase (Mohanty et al., 2005; Mor et al.,

120 -
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Fig. 2: FT-IR spectra of aniline-formaldehyde


IJEST
Placed Image

IJEST
Placed Image


IJEST
Placed Image


IJEST
Placed Image



Processes affecting groundwater temperature

2007) and have been extensively used in the literature to
model the uptake of various adsorbents (Chandra and
Garg, 1992; Dasetal., 2002; Ho, 2004; Abdel-Ghani et
al., 2010; Malakootian et al., 2011).

The constants of isotherm models can be evaluated
from the intercepts and the slopes of the linear plots of
them as delineated in Table 1.

RESULTS AND DISCUSSION
Optimization of molybdenum adsorption’s conditions
Effect of initial pH on metal sorption

The degree metal sorption at different pH values
was determined by batch equilibration technique. A
set of solutions (the volume of each 50 mL) containing
60 pg. m/L of Molybdate was taken. Their pH values
were adjusted in range 3-9 with 0.01M acetate and/or
phosphate buffer solutions.0.2 g of aniline-
formaldehyde 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 the Molybdate content, by ICP-AES, in
supernatant liquid and in the eluate obtained by

desorbing the metal ion from aniline-formaldehyde with
0.5 M nitric acid (10 mL). The optimum pH range for
the sorption of the metal ion is shown in Fig. 3. The
maximum recovery was 90 % at pH 5.

Effect of elution agent

The degree metal desorption at optimum pH values
was determined by batch equilibration technique.
Among of ethylenediaminetetraacetic acid (EDTA) 0.1
mol/L, H SO, 0.5mol/L, and HNO;, 0.5 mol/L as the
elution agent, it was observed the HNO, 0.5 mol/L
provided the best recovery. The result is shown in
Table 2.

Total sorption capacity

The 0.2 g of aniline-formaldehyde was stirred for 4
h. with 50 mL solution containing 100 pg m/L of
Molybdate at optimum pH and 20 °C. The metal ion
concentration in the supernatant liquid was estimated
by ICP-AES.

The sorption capacity of the sorbent for the metal
ion was ascertained from the difference between the

Tablel: Isotherms and their linear forms (with linear transformations of the Langmuir isotherm)

Isotherm
I(Tl?glc.ilglltlon number) Equation Linear form Plot
(2) Freundlich Qe = KgC"™ log(qe)= log(Kr) + 1/n log(C.) log(qe) vs. log(C.)
. c, 1 1 C.
(3) Langmuir-1 = [ —£
¢ G @m ~ GmAe Ge vs. Ce
1 1 1 1 1
(4) Langmuir-2 = — S -
9 Amfa /Ce  Om Qe vsle.
— quECE
_ R S A 1\q, ge
(5) Langmuir-3 He = Qm ~ (H_ﬂ)c_s e vs. Ce
. q qe
(6) Langmuir-4 C_: = GmKa — K, Ce vs. Ge
(7) Temkin g. = ?1.1(,1(;5) e =EBlnA+EBInC, Qe VS. In Ce
. __Ac, . 1.,(,13— 1)
(8) Redlich-Peterson  gg = m Inl 4 q— —-1)=g 1:[{!:'9} + In(5} s Vs,
. In((C,))
(9) Dubinin- ge = qpexp| —F|RTIn|1 + 1 : Ing, =lng, — 28RTIn|1 + l ETIn |; 1+ i.l|
Radushkevich o c, e i Ce In qeVs. VO Ca)
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metal ion concentrations in solution before and after
the sorption. The capacity of the resin for sorption of
molybdenum ion was found 3.1 mg/g. When the initial
metal concentration rises, adsorption increases while
the binding sites are not saturated.

Stability and reusability

The Molybdate was sorbed and desorbed on 0.2 g
of the aniline-formaldehyde several times. It was found
that sorption capacity of resin after 10 cycles of its
equilibration with Mo ion, changes less than 10 %.
Therefore, repeated use of the resin is feasible. The
resin cartridge after loaded with samples can be readily
regenerated with 0.5 mol/L HNO,. The sorption capacity
of the resin stored for more than 6 months under
ambient conditions has been found to be practically
unchanged.

Sorption time of molybdenum ions

Optimum sorption time of molybdenum ions
obtained with this procedure that aniline-formaldehyde
(0.2 g) was shaken with 50 mL of solution containing
60 pg m/L of Molybdate for different time (5, 15, 30, 45,

Table 2: Effect of eluant on desorption of Molybdate ion

0.1 M EDTA 0.5 H,SO4 0.5 HNOs
56 % 68 % 90 %

Eluant
Recovery

90 A

80 A

70 A

60 -

50 A

40 |

Recovery

30 A

20 4

pH

Fig. 3: Effect of pH sorption of Mo (II), onto aniline-formaldehyde
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60, 90, 120, and 180 min) under optimum pH. After
filtration of the sorbent, the concentration of
molybdenum ions in solution was determined with ICP-
AES using the recommended batch method. The
sorption as a function of contact time for all the metal
ions is shown in Fig. 4. Less than 5 min shaking was
required for 95 % sorption. The profile of molybdenum
uptake on this sorbent reflects good accessibility of
the chelating sites in the aniline-formaldehyde.

Adsorption isotherms

Equilibrium relationships between sorbents and
sorbates are described by adsorption isotherms which
give the capacity of a sorbent for a sorbate. Isotherms
can be obtained by examining batch reactions at fixed
temperatures. The mean metal sorption coefficient (q_;
in mg/g sorbent) was calculated from the initial metal
ion concentration (C; in mg/dm’) and the final or
equilibrium concentration (C; in mg/dm’) in every
experiment as follows:

Qe :%(CO—Ce) 1)

Where v is the volume of initial metal ion solution
used (dm?) and m is dry mass of adsorbent used (g).
Sorption equilibra provides fundamental
physicochemical data for evaluating the applicability
of adsorption processes as a unit operation usually

20
100 T*d‘_,_N_/O—Q
80

60

Polymer saturation (%)

40

20 ]

S

0 50 100 150

Time (min)

Fig 4: Kinetics of molybdenum sorption on aniline-formaldehyde
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described by isotherm models whose parameters
express the surface properties and affinity of the
sorbent, at a fixed temperature and pH. Five isotherm
models were used to fit the experimental data.

Langmuir isotherm model

Langmuir adsorption parameters are determined by
transforming the Langmuir equation isotherm (Table 1)
to a linear form. The isotherm can be made linear in at
least four different ways. Depending on the
linearization chosen shown in Table 1, different
estimates are obtained for the values of the parameters.
This occurs because, depending on the way the
isotherm is linearized, the error distribution changes
either for better or for worse (Kinniburgh, 1986).
However, the best transformation has been extensively
reported in the biochemical literature where equations
analogous to the Langmuir isotherm are important for
the description of the binding sites for the drugs and
enzyme catalysis. Simple linear regression will result in
different parameter estimates (Kinniburgh, 1986;
Longhinotti etal., 1998).

The more popular linear forms used are Langmuir-1
and Langmuir-2, and the best fit is obtained using
Langmuir-1 because of the minimal deviations from the
fitted equation resulting in the best error distribution
(Kinniburgh, 1986).

In this isotherm, q__ is the maximum adsorption
capacity corresponding to complete monolayer
coverage on the surface (mg/g) and K| is the Langmuir
constant (L/mg).

Freundlich isotherm model

This isotherm is an empirical equation employed
to the described heterogeneous systems without
lateral interactions, where in Freundlich equation, K,
and 1/n are the Freundlich constants characteristics
of the system, indicating the sorption maximum
adsorption capacity and adsorption intensity,
respectively, which is related to the affinity or binding
strength (Davis, 2003).

Temkin isotherm model

This isotherm model was chosen to evaluate the
adsorption potentials of the adsorbent for adsorbates.
Temkin equation suggests a linear decrease of sorption
energy as the degree of completion of the sorptional
centers of an adsorbent is increased. In the linear form
of Temkin equation (Table 1) B=RT/b and b is Temkin
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constant related to heat of sorption (J/mol). A is Temkin
isotherm constant (L/g), R the gas constant (8.314 J/
mol/K) and T is the absolute temperature (K).

Redlich—Peterson isotherm model
This isotherm contains three constants (A, B and g)

and incorporates the features of the Langmuir and the
Freundlich isotherms (Redlich and Peterson, 1959).

Dubinin-Radushkevich isotherm model

This isotherm was chosen to estimate the
characteristics porosity of the adsorbent and the
apparent energy of adsorption. In equation of this
isotherm model, B, is related to the free energy of
sorption per mole of the sorbate as it migrates to the
surface of the adsorbent from infinite distance in the
solution and q_, is the Dubinin-Radushkevich isotherm
constant related to the degree of sorbate sorption by
the sorbent surface (Horsfall et al., 2004).

The different isotherms were tested for their ability
to correlate with the experimental results by comparing
theoretical plots of each isotherm with the experimental
data for the adsorption of molybdenum ions on aniline-
formaldehyde at 293 K in Fig. 5. In this graph, the
amount of molybdenum sorbed per unit mass of aniline-
formaldehyde, g , is plotted against the concentration
of molybdenum remaining in solution; C, and the good
fit of the Redlich-Peterson and Langmuir isotherms were
not the same even when the coefficient of determinations
was high for both isotherms. The coefficients of
determination and constants for Freundlich, Temkin,
Dubinin-Radushkevich, Redlich-Peterson and four
Langmuir linear isotherms (Table 1) are given in Table 3.
Langmuir-1 had the highest coefficients of determination
compared with other Langmuir linear equations. It was
observed that the coefficient of determination of
Langmuir-1 is higher than that of Langmuir-2 because
of the minimal deviations from the fitted equation
resulting in the best error distribution (Kinniburgh, 1986;
Longhinotti etal., 1998). The coefficient of determination
for both theoretical Langmuir-1 and Redlich-Peterson
isotherms were higher than those obtained for
Freundlich isotherm, indicating that the adsorption
system is more likely monolayer coverage of the aniline-
formaldehyde surface by the Molybdate ions. These
values of the coefficient of determinations, R?, indicate
that there is strong positive evidence that the sorption
of molybdenum ions onto aniline-formaldehyde follows
these isotherm models. The essential characteristics of
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* Experimental(293 K)

Redlich-Peterson

- = Dubinin-Rad ushkevich
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C, (mg/dm’)

= Lang muir2 Freundlich

— - - — - Temkin

Fig. 5: Isotherms obtained using the linear method for the sorption of Mo (II) onto aniline-formaldehyde at a temperature of 293 K

the Langmuir equation can be expressed in term of a
dimensionless constant separation factor or equilibrium,
R, defined as (Ahalya etal., 2005; Kagaya et al., 2006):

R =1/(1+K.C) @

WhereK is the Langmuir constant and C_ is the initial
concentration of the metal ions. The R value indicates

Table 3: Isotherm parameters obtained by using linear method

the shape of the isotherm. According to Mckay et al.
(1982), R, values between 0 and 1 indicate favourable
absorption. From this study, Table 3 shows the values
of R, (for four Langmuir isotherms) are in the range of
0-1 at optimum pH which confirms the favorable
uptake of the Molybdate in agreement with Table 4.
Ifjust the linear form of Langmuir-1 and 2 are used
for comparison, Langmuir-1 and 2 were more suitable
for the experimental data than was the Freundlich
isotherm because of the higher value of the

Best isotherm model Parameters atT: 293 K i e i
R’ 0.9809 coefficient of determinations (Table 3). The Freundlich
Langmuir-2 qm /mg/g 5.1452 equation predicts that the Molybdate concentration
K,/ L/mg 0.00598 he adsorb il'i 1 h .
R, 0.0191 on the adsorbent will increase so long as there is an
. 0,985 increased in the Molybdate concentration in the
Freundlich n 12738 liquid. . . .
K:/ (mg/g) (L/mg)"™ 0.0541 The Redlich-Peterson isotherm exhibited the
R 0.9329 highest coefficient of determinations, which produced
Temkin A/lllg 0.1436 a considerably better fit compared with the Temkin and
B/ J/mol 0.6316 Freundlich isotherms. It can be seen that the value of g
R? 0.9847 is close to unity, which means the isotherms are
Redlich-Peterson A/dmi/g 27.6189 Table 4: The parameter R, indicated the shape of isotherm
3 g
B /(dm'/mg) 478.18 Value of Rp Type of isotherm
g 0.2282
Ri> 1 Unfavorable
s R’ 0.8259 Ry =1 Linear
g;g&rs‘m('evi h B 2.66E-05 0<R.<1 Favorable
E 137.1 Ri=0 Irreversible
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approaching the Langmuir but not the Freundlich
isotherm. It was observed that the coefficient of
determination of Langmuir is higher than the other
isotherms. It can be seen that the g was unity, which
means that the isotherms are approaching the Langmuir
form and not the Freundlich isotherm. The result shows
that the Langmuir isotherm best-fit the equilibrium data
for adsorption of Molybdate on aniline-formaldehyde.

According to constant obtained for Freundlich
isotherm in Table 3, n values between 1 and 10
represents beneficial adsorption (Kadirvelu and
Namasivayam, 2000). Furthermore, Akgerman and
Zardkoohi (Akgerman and Zardkoohi, 1996), state that
the values of k. and n determine the steepness and
curvature of the isotherm. The Freundlich equation
frequently gives n adequate description of adsorption
data over a restricted range of concentration, even
though it is not based on any theoretical background.
Apart from a homogeneous surface, the Freundlich
equation is also suitable for a highly heterogeneous
surface and an adsorption isotherm lacking a plateau,
indicating a multi-layer adsorption (Juang et al., 1996).
The values of 1/n, less than unity is an indication that
significant adsorption takes place at low concentration
but the increase in the amount adsorbed with
concentration becomes less significant at higher
concentration and vice versa (Hsisheng and Chien-
To, 1998). Besides, the apparent energy (E) of

adsorption from the Dubinin-Radushkevich isotherm,
which was calculated using the following equation, is
shown on the same Table 3 (Horsfall et al., 2004):

1
Ve ®

The value of the apparent energy of adsorption
shown on Table 3 depicts adsorption process (Horsfall
etal., 2004). This means that the Dubinin-Radushkevich
isotherm gave a very good fit to the adsorption
process.

Scatchard analysis

Scatchard analysis was employed to further analyze
the binding isotherms, which is an approximate model
commonly used in SPE (Solid-phase extraction)
characterization. The Scatchard equation can be
expressed as: Q/C=(Q_  —Q)/K , where C (umol/mL) is
the equilibrium concentration of molybdenum; Q (umol/
g) is the equilibrium adsorption amount at each
concentration; Q_  (umol/g) is the maximum
adsorption amount; and K (umol/mL) is the equilibrium
dissociation constant at binding sites (Abate and
Masini, 2001; Peng et al., 2001). Fig. 6 shows the
Scatchard plots of the binding of molybdenum to the
resin. It is clear that the Scatchard plot for resin is a
single straight line. The linear regression equation was
Q/C=-4.4783Q +28.582 (R>=0.8131), suggesting that

25 -
L 2
20
]5 —
*

Q
&

10 4

*
5 L J
0 : : : : ‘
1 15 2 25 3 35 4 45 5 55

Q

Fig. 6: Scatchard plots of Molybdate adsorption onto aniline- formaldehyde at 20 °C
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the homogeneous recognition sites for molybdenum
were formed in the SPE resin. From the slope
(-4.4783(1/K ) and intercept (28.582 (Q_ /K )), K and
Q,, for the affinity binding sites were calculated to be
0.2233 umol/mL and 6.38 pmol/g, respectively.

Effect of foreign ions

In order to evaluate the selectivity of the
preconcentration system, the effect of some metal ions
(20 mg/L) on the sorption behavior of Mo ion
(concentration 20 mg/L) was investigated. The
extraction percentage (E %) and the distribution ratio
(D) was calculated from the following equations:

Q=(C,C)VIW (4)
E=(C,C)/C, (5)
D=Q/C, (6)

Where Q represents the adsorption capacity (mg/
g), C,and C, represent the initial and equilibrium
concentration of Mo ion (pg/mL), W is the mass
sorbent (g), V is the volume of metal ion solution (L), E

% is the extraction percentage and D is the distribution
ratio (mL/g). The result was shown in Table 5. This
table indicates that the most effective ions on
adsorption of Mo ion on aniline- formaldehyde are Cu
(II). The effects of other mentioned foreign ions at given
concentrations are negligible. The adsorption of Mo
ion on the aniline-formaldehyde in presence of all
mentioned ions (with each ion having the
concentration of 20 mg/L) shows that the Mo ion can
be determined quantitatively in the environmental
samples.

Application of method

Aniline-formaldehyde was used to preconcentrate
and determine Molybdate ions in river water
(Gharahsoo River) Kermanshah , Iran. The pH of
water sample was adjusted to the optimum pH. Solid
phase extraction with aniline- formaldehyde coupled
with ICP-AES was applied to determination of
Molybdate in water sample. Since no Mo ion was
detected in the water sample, 100 mL water sample
was spiked with 0.02, 0.04 and 0.06 mg of Mo ion
before subjecting it to the recommended procedure.
The results are shown in Table 6. These results

Table 5: Effect of other ions on sorption

Interfering A L (%) E (%) D

------ 39 0.0 19.5 0.24
Ni (1) 3.6 7.7 18.0 0.22
Co (1) 3.6 7.7 18.0 0.22
Zn (1) 3.6 7.7 18.0 0.22
Cd (1) 3.6 7.7 18.0 0.22
K@) 39 0.0 19.5 0.24
Na (I) 39 0.0 19.5 0.24
Cu (II) 33 15.4 16.5 0.20
Mixed above ion 32 17.9 16.0 0.19

A: Amount of adsorbed Mo (II) (mg/L), L: Loss adsorption (%), E: extraction percentage (%) and D: distribution ratio

Table 6: Results obtained for Mo ion determination in water sample: (I), (II) and (III)

Analyte D (1D (1)
Sample (without spiking of Mo (II) ND ND ND
Added Mo (II) (ng/mL) 0.2 0.4 0.6
Found Mo (1), after preconcentration (pg/mL) 1.7 33 5.0
Preconcentration factor 10 10 10
Recovery (%) 85 82.5 83.3
Standard deviation 0.091 0.165 0.227
Relative standard deviation (%) * 5.35 5.00 4.54
a: For three determinations; ND: Not Detected
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demonstrate the applicability of the procedure for
Mo determination in samples with high recovery
(>82 %).

Analytical performance of the proposed system

Seven replicate determinations of 0.5 mg/L
Molybdate solutions gave a relative standard
deviation of 6.52 %. The limit of detection
corresponding to three times the blank standard
deviation was found to be 1.3 pg/L. The limit of
quantification corresponding to ten times the blank
standard deviation was found to be 4.3 pg/L. The
regression equation (after preconcentration) was
A= 0.836C,, + 0.0037 (R* = 0.9674) and the
conventional regression equation was A= 0.557C,,
+0.0043 (R?>=0.9594). The enrichment factor, defined
as the ratio of the slopes of the linear section of the
calibration graphs before and after the
preconcentration, was 1.5. The theoretical
preconcentration factor, calculated as the ratio of
the sample (100 mL) to the eluent volume (10 mL),
was 10.

CONCLUSION

A new chelating resin shows higher adsorption
selectivity for Molybdate ions and adsorbed ions
can be readily desorbed from the resin by 10 mL of
0.5 mol/L HNO,. The synthesis of the resin is simple
and economical. The resin has a good potential for
enrichment of trace amount of Molybdate from large
sample volumes. The resins also present the
advantage of high adsorption capacity, good
reusability and high chemical stability. The sorption
of the investigated metal ions increases by
increasing the contact time. Based on the Langmuir
isotherm analysis, the monolayer adsorption
capacity was determined to be 4.03 (mg/g) at 20 °C.
The R, values showed that the aniline-formaldehyde
was favorable for the adsorption of Mo (II).
Preconcentration by this resin combined with ICP-
AES can be applied to the determination of trace
molybdenum ions in water and the mineral reference
sample with satisfactory results.
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