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Abstrct: A new chelating resin is prepared by coupling aniline- formaldehyde with salicylic acid through an azo
spacer and characterized by FT-IR, elemental analysis and thermogravimetric analysis (TGA) and studied for
the preconcentration and determination of trace Mo (II) ion from environmental water sample. The  optimum
pH value for sorption of the metal ion was 6.5-8. The sorption capacity of functionalized resin is 34.4 mg. g .1

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 0.05 mol L 1

ethylenediaminetetraacetic acid (EDTA) as eluting agent. The profile of molybdenum uptake on this sorbent
reflects good accessibility of the chelating sites in the aniline- formaldehyde- salicylic acid. Scatchard analysis
revealed that the homogeneous binding sites were formed in the polymers. The equilibrium adsorption  data
of Mo (II) on modified resin were analyzed by Langmuir, Freundlich, Temkin and Redlich–Peterson models.
Based on equilibrium adsorption data the Langmuir, Freundlich and Temkin constants were determined 0.097,
1.087 and 0.105 at pH 6.5 and 20°C. The method was applied for molybdenum ions determination from river water
sample.

Key words: Solid phase extraction  Aniline- formaldehyde  Salicylic acid  Molybdenum  Isotherm study

INTRODUCTION accurate determination of trace elements by some

Recently, heavy metals pollution in natural water has plasma mass spectrometry, graphite furnace atomic
been receiving tremendous attention. The toxic heavy absorption spectrometry is possible. Flame atomic
metals such as Mo, Cd, Hg are insignificant elements in absorption spectrometry [2, 3] is preferred for trace
human body and are capable of causing ecological risk to element determination due to its cheap coast and
aquatic organisms. The toxic heavy metals could also simplicity. However, the determinations of elements at
gradually accumulate in human body through food chain µg.L  concentration level by flame atomic absorption
and cause damage to human health [1]. In view of the spectrometry are not possible. To solve this problem,
above facts, accurate determination of heavy metals has preconcentration–separation procedures have been
become increasing necessary to solve the problems proposed. Preconcentration is a very important issue for
connected with environmental water pollution. achievement of low detection limits [4]. There are many

However, the direct determination of these elements methods of preconcentration and separation such as
in real samples is a difficult task. The main restrictions liquid–liquid extraction [5] ion exchange techniques [6],
come from the complexity of the matrix and the extremely coprecipitation [7, 8], membrane filter techniques [9],
low concentrations of analytes in those samples, which cloud point extraction [10, 11].
are often below the detection limits of available The purpose of the present study is to indicate the
techniques. Thus, highly sensitive and selective feasibility of using aniline- formaldehyde-  salicylic  acid
techniques are required. Although the sensitive and as   a solid-phase   extractant   for   preconcentration   of

instrumental techniques including inductively coupled
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trace molybdenum in  environmental  water  samples. (0.03 mol) in sufficient amount of 10%  NaOH  solution.
Trace molybdenum can be retained on the surface of The reaction mixture stirred at 0-5°C for 24 h. The colored
aniline- formaldehyde- salicylic acid and then desorbed beads of [aniline- formaldehyde- salicylic acid] were
with 0.1 mol L  ethylenediamine tetraacetice acid (EDTA) filtered, washed with water and dried in air.1

prior to determination by FAAS. This proposed novel
method has advantages of good accuracy and precision, Batch Method: A sample solution (100  mL)  containing
high recovery and preconcentration factor. (60 µg.mL ) of Mo (II) was taken in a glass stopperd

MATERIAL AND MATHODS The 0.1g of aniline- formaldehyde- salicylic acid was

Instruments: A  flame  atomic  absorption  spectrometer optimum time. The resin was filtered and sorbed metal ion
of the Varian, AA240, equipped with air-acetylene flame was eluted with 0.05 mol L  EDTA (10 mL). The
(air and acetylene flow rate: 8 and 1.7 L.min , concentration of the metal ion in the eluant was1

respectively) was used for measuring the concentration of determined by FAAS.
metal ions. The pH measurements were made with a
Metrohm model 744 pH meter (Zofingen, Switzerland).  Isotherm Studies: Isotherm studies were carried out by
Infrared spectra were recorded on a Jasco Fourier adding a fixed amount of adsorbent (0.1 g) to a series of
transform infrared spectrometer (FT-IR-410, Jasco Inc., beakers filled with 100 ml diluted solutions  of  Mo  (II)
Easton, Maryland) by the potassium bromide pellet (10-100 µg. mL ). The beakers were then sealed and
method. Elemental analysis was carried  out  on a placed in a water bath shaker and shaken at 200 rpm with
Thermo-Finnigan (Milan, Italy) model Flash EA elemental a required adsorbent time (4 h.) at 20 C and optimum pH
analyzer. (6.5). pH adjustments have been done using 0.01 mol L

Reagents and Solutions: SnCl , HCl, H SO , HNO , shaker and the final concentration of Mo (II) in the2 2 4 3

NaNO , NaOH, NaCl, CH3COOH, CH COONa, NaH PO , solution was measured by FAAS. The amount of Mo (II)2 3 2 4

Na HPO , Mo(NO ) , ethylenediaminetetraacetic acid at equilibrium q (mg/g) on aniline- formaldehyde- salicylic2 4 3 2

(EDTA), CH COCH , C H OH, NH , salicylic acid, urea and acid was calculated from the following equation:3 3 2 5 3

formaldehyde were products of Merck (Darmstadt,
Germany). q = (C -C ) V/W (1)

All the solutions were prepared in deionized water
using analytical grade reagents. where C  and C  (mg. L ) are the liquid phase

The stock solution (500 mg. L ) of Mo (II), were concentrations of Mo (II) at initial and equilibrium,1

prepared by dissolving appropriate amounts of Mo respectively, V (L) the volume of the solution and W (g)
(NO ) , in deionized water. 10 mL,  0.1 mol  L   acetic acid is the mass of adsorbent used.3 2

1

- acetate buffer (pH 3 – 6.5), 0.01 mol L  phosphate buffer1

(pH 6.5 - 9) were used to adjust the pH of the solutions, RESULT AND DISCUSSION
wherever suitable.

Synthesis   of     Aniline-Formaldehyde-Salicylic Acid:  IR Spectrum: Structure of aniline- formaldehyde was
A mixture of 15 mL aniline and 15 mL formaldehyde was elucidated by IR.
acidified  with  drop  wise  adding    concentrated  HCl. Aniline- formaldehyde: 3367.87 (OH), 1656.26 (C=O),
The mixture was blended till formation of a solid polymer. 1508 (Aromatic C=C) and 1696 (N=N) cm  aniline-
The polymer (aniline- formaldehyde) was grinded and formaldehyde- salicylic acid: 3500 (NH2), 1420 (CH2), 1500
washed with warm water and acetone several times (Aromatic C=C), 1600 (Aromatic C=C), 2990 (C-H), 3100
aniline- formaldehyde (5g) was suspended in an ice-water (Aromatic C-H) and 1700 (free formaldehyde C=O) cm .
mixture (350 mL) and treated with 1 mol/dm³ HCl and
1mol/dm  NaNO (added in small aliquits of 1mL) until the Elemental Analysis: The elemental analysis for aniline-3

2

reaction mixture showed a permanent dark blue color with formaldehyde (found: C,75.26; H, 5.93 ; N, 12.37 %;
starch-iodide paper. The diazotized resin was filtered, calculated for C NH  : C,80.00; H, 6.6 ; N, 13.3 %) confirm
washed with ice-cold water and react with salicylic acid formation of the polymer.

1

bottle  and  the  pH  was  adjusted  to  optimum  value.

added to the bottle and the mixture was shaken for

1

1

1

acetate buffer. The beakers were then removed from the

e
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Characterization of Resin
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Fig. 1: Effect of pH sorption of Mo (II), onto aniline-
formaldehyde- salicylic acid.

Fig. 2: Effect of initial concentration of the Mo in the
solution on capacity sorption of Mo (II) onto
aniline- formaldehyde- salicylic acid.

The  elemental  analysis  for  aniline- formaldehyde-
salicylic acid (found: C, 65.94; H, 5.60 ; N, 12.72 %;
calculated   for   (C NH )    (C NH O ) :   C,67.4;   H,  4.82;7 5 1 7 7 3 1

N,  11.2  %)   show   that  on  an  average  one  salicylic
acid  molecule  is  present  in  each  one  repeat  unit  of
the polymer.

Metal Sorption as a Function of pH: The degree metal
sorption at different pH values was determined by batch
equilibration technique. A set of solutions (volume of
each 100 mL) containing 60 µg. mL of Mo (II) was taken.1

Their pH values were adjusted in range 3-9 with 0.01M
acetate and/or phosphate buffer solutions. 0.1 g of
aniline- formaldehyde- salicylic acid 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 Mo (II) content (by FAAS)
in supernatant liquid. The optimum pH range for the
sorption of the metal ion is shown in Fig. 1. The maximum
recovery was 100% at pH 6.5-8.

Effect of Elution Agent: The degree metal desorption at
optimum pH values was determined by batch equilibration
technique. Among of ethylenediaminetetraacetic acid
(EDTA) 0.05 M, EDTA 0.1 M, EDTA 0.05 + NH  0.5 M,3

HCl 0.1 M, HCl 0.5 M, HNO  0.1mol L  and HNO  0.5 mol3 3
1

L  as the elution agent, it was observed the EDTA 0.051

mol L  provided the best recovery.1

Total Sorption Capacity: The 0.1 g of aniline-
formaldehyde-  salicylic  acid  was  stirred  for  4  h.  with
100  mL  solution  containing  20-160  µg.mL   of  Mo  (II)1

at  optimum pH  and  20°C.  The  metal  ion  concentration
in  the  supernatant  liquid  was   estimated   by  FAAS.
The  sorption  capacity  of  the  sorbent  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
resin was  shown  in  Fig. 2. This Figure indicates the
effect of initial concentration of the Mo  (II)  in  the
solution   on   capacity   sorption   of   Mo   (II) by
aniline- formaldehyde-  salicylic  acid.   The  capacity of
the  resin  for  sorption  of  molybdenum  (II)  was  found
34.4 mg. g .1

Stability  and  Reusability  of  the  Sorbent:  The  Mo  (II)
was sorbed and desorbed on 1g of the aniline-
formaldehyde-  salicylic  acid  several  times.  It  was
found  that  sorption  capacity  of  resin  after  10  cycles
of  its  equilibration  with  Mo  (II),  changes  less  than
10%.  Therefore, repeated  use  of  the  resin  is  feasible.
The resin cartridge after loading it with samples can be
readily regenerated with 0.5 mol L  HNO . The sorption1

3

capacity of the resin stored for more than 6 month under
ambient conditions has been found to be practically
unchanged.

Optimization of Sorption Time of Molybdenum Ions:
aniline- formaldehyde- salicylic acid (0.1 g) was shaken
with 100 mL of solution containing 60 µg.mL  of Mo (II)1

for different time (5, 15, 30, 45, 60, 90, 120 and 180 min)
under optimum pH. After filtration of the sorbent, the
concentration of molybdenum ions in solution was
determined with FAAS using recommended batch
method. The sorption as a function of contact time for all
the metal ions is shown in Fig. 3. Less than 15 min shaking
was required for 72 % sorption. The profile of
molybdenum uptake on this sorbent reflects good
accessibility of the chelating sites in the aniline-
formaldehyde- salicylic acid.
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Fig. 3: Kinetics of molybdenum sorption on aniline-
formaldehyde- salicylic acid. 

Fig. 4: Langmuir isotherm isotherm for Mo (II) adsorption
onto aniline- formaldehyde- salicylic acid at
optimum pH.

Adsorption Isotherms: The Langmuir equation is given in
the following equation [12]:

q = q .K . C / (1+K .C ) (2)e max L e L e

where q  is the maximum adsorption capacitymax

corresponding to complete monolayer coverage on the
surface (mg/g) and K  is the Langmuir constant (L/mg).L

Equation(2) can be rearranged to a linear form:

C /q = (1/q .K ) + (C /q ) (3)e e max L e max

The constants can be evaluated from the intercepts
and  the  slopes  of  the  linear plots of C /q  versus Ce e e

(Fig. 4).
Conformation of the experimental data in to Langmuir

isotherm model indicates the homogeneous nature of determined. The Freundlich equation predicts that the Mo
aniline- formaldehyde- salicylic acid surface. Langmuir
parameters calculated from Equation (3)  are  listed in
Table 1.

Table 1: Isotherm parameters obtained by using linear method

Langmuir isotherm model

q (mg/g) K  (L/mg) R Rmax L L
2

16.56 0.097 0.093 0.9822

Frendlich isotherm model
K  (mg/g) (L/mg) n RF

1/n 2

1.087 1.48 0.9206

Temkin isotherm model
A (L/g) B (J/mol) b(J/mol) R2

0.105 9.379 259.730 0.9408

Redlich-Peterson isotherm model
g B (dm /mg) A (dm /g) R3 g 3 2

0.996 0.146 2.2 0.9958

Table 2: The parameter R  indicated the shape of isothermL

Value of R Type of isothermL

R > 1 UnfavorableL

R  = 1 LinearL

0 < R < 1 FavorableL

R = 0 IrreversibleL

The essential characteristics of the Langmuir
equation can be expressed in term of a dimensionless
separation factor, R , defined as [13]:L

R  =1 / (1+K .C ) (4)L L 0

Table 1 shows the value of R  (0.093) was in theL

range of 0-1 at pH studied which confirm the favorable
uptake the Mo (II) (Table 2).

The Freundlich equation is an empirical equation
employed to the described heterogeneous systems, in
which it is characterized by the heterogeneity factor 1/n.
Hence, the empirical equation can be written [14]:

q =K . C (5)e F e
1/n

where K  is the Freundlich constant (mg/g) (L/mg)  andF
 1/n

1/n is the heterogeneity factor. A linear form of the
Freundlich expression can be obtained by taking
logarithms of Equation (5):

Ln q = Ln K + 1/n Ln C (6)e F e

Therefore, a plot of Ln q  versus Ln C  (Fig. 5)e e

enables the constant K  and  exponent  1/n  to beF

(II) concentration on the adsorbent will increase so long
as there is an increased in the Mo (II) concentration in the
liquid.
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Fig. 5: Freundlich isotherm isotherm for Mo (II) which characterize the isotherm. Its limiting behavior
adsorption onto aniline- formaldehyde- salicylic is summarized.
acid at optimum pH.

Fig. 6: Temkin isotherm isotherm for Mo (II) adsorption i.e. the Freundlich form results.
onto aniline- formaldehyde- salicylic acid at where g = 0
optimum pH.

The Temkin equation suggests a linear decrease of
sorption energy as the degree of completion of the
sorptional centers of an adsorbent is increased. i.e. the Henry’s Law form results.

The Temkin isotherm has been generally applied in Eq. (9) can be converted to a linear form by taking
the flowing form: logarithms:

(7) (13)

and can be linearized:

q  =B ln A +B ln C (8) evaluated from the linear plot represented by Eq. (13)e e

where B=RT/b and b is the Temkin constant related to computer operation was developed to determine the
heat of sorption (J/mol). A is the Temkin isotherm isotherm parameters by optimization routine to maximize
constant (L/g), R the gas  constant  (8.314  J/mol. K)  and the coefficient of determination, R , for a series of values
T is the absolute temperature (K). Therefore  by  plotting of A for the linear regression of ln(Ce) on ln [A(Ce/qe)-1]
q versus ln C  (Fig. 6) enables one to determine the and to obtain the best value of A which yields a maximume e

constants A and B. Temkin parameters calculated from ‘optimized’ value of R  using the solver add-in with
Equation (7 and 8) are listed in Table 1. Microsoft’s spreadsheet, Microsoft Excel.

The Redlich–Peterson isotherm contains three
parameters and incorporates the features of the Langmuir
and the Freundlich isotherms. The Redlich–Peterson
isotherm has a linear dependence on concentration in the
numerator and an exponential function in the
denominator. It can be described as follows:

(9)

It has three isotherm constants, namely, A,  B  and g
(0 < g < 1),

Where g =1

(10)

i.e. the Langmuir form results.
where constants A and B are much greater than unity [15]

(11)

(12)

Three isotherm constants, A, B and g can be

using a trial and error procedure, which is applicable to

2

2
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Fig. 7: Scatchard  plots  of  Mo  (II)  adsorption  onto
aniline- formaldehyde- salicylic acid at 20°C.

The  Redlich–Peterson  isotherm  constants,  A, B
and  g  as  well  as  the  coefficient  of  determination,  R ,2

for the sorption of Mo(II) on to aniline- formaldehyde-
salicylic acid using the linear regression is  shown in
Table  1. The values coefficients of determination, R ,2

were  as  high  as  those  of  the  Langmuir  isotherm  form.
It  was  observed  that  the  coefficient  of  determination
of Langmuir is higher than the other isotherms. It can be
seen that the values of g were close to 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 Mo (II) on aniline- formaldehyde- salicylic
acid.

Scatchard   Analysis:   Scatchard   analysis   was
employed  to  further  analyze  the  binding  isotherms,
which  is  an  approximate  model   commonly   used  in
SPE characterization. The Scatchard equation can be
expressed as, Q/C=  (Q –Q)/K ,  where  C  (µmol•mL )max d

1

is   the    equilibrium    concentration  of   molybdenum;
Q  (µmol•g )  is  the  equilibrium  adsorption  amount  at1

each concentration; Q  (µmol•g ) is the maximummax
1

adsorption  amount;  and K   (µmol•mL )  is  thed
1

equilibrium   dissociation   constant   at   binding  sites.
Fig. 7 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=  –11.512Q +
1909 (R =0.8131), suggesting that the homogeneous2

recognition sites for molybdenum were formed in the SPE
resin. From the slope (–11.512(1/K )) and intercept (1909d

(Q /K )), K and Q  for the affinity binding sites weremax d d max

calculated to be 0.0869µmol•mL  and 165.8 µmol•g ,1 1

respectively.

Table 3: Results obtained for Mo (II) determination in plasma and water
sample of (I), (II) and (III)

Sample (I) (II) (III)
Sample (without spiking of Mo (II)) N.D. N.D. N.D. N.D.
Before preconcentration (after spiking of 5 10 15
Mo (II)) (µg.mL )1

After preconcentration (µg.mL ) 22.00 36.66 60.661

Preconcentration factor 5 5 5
Recovery % 88 81.4 80.9
Standard deviation 0.16 0.15 0.18
Relative standard deviation (%) 3.2 1.5 1.2a

a: For four determinations

Application of Method: Aniline- formaldehyde- salicylic
acid was used to preconcentrate and determine Mo (II)
ions in waste water of Isfahan oil purification (point 9)
Isfahan,  Iran.  The  pH  of  water  sample  was  adjusted
to the   optimum   pH.    Solid   phase   extraction  with
aniline- formaldehyde- salicylic acid coupled with FAAS
determination was supplied to determine the Mo (II) in
water sample. After no detection Mo (II) in the water, 50
mL water sample was spiked with 5, 10 and 15 mg of Mo
(II) before subjecting it to the recommended procedure.
The results are shown in Table 3. These results
demonstrate the applicability of the procedure for Mo
determination in samples with high recovery (>80%).

CONCLUSION

A new chelating resin shows higher adsorption
selectivity for Mo (II) ions and adsorbed ions can be
readily desorbed from the resin by 10 mL of 0.05 mol L 1

EDTA. The synthesis of the resin is simple and
economical. The resin has a good potential for enrichment
of trace amount of Mo (II) 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 16.56 (mg.g ) at 20 C. The R  values1 ?

L

showed that the aniline- formaldehyde- salicylic acid was
favorable for the adsorption of Mo (II). Preconcentration
by this resin combined with FAAS can be applied to the
determination of trace molybdenum (II) ions in water and
the mineral reference sample with satisfactory results.
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