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Synthesis and Evaluation of Ion Imprinted Mercapto-Functionalized Nano
Alumina as a Selective Sorbent for Nd(III) Removal from Water Samples
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Abstract: In this study a Nd(III) ion imprinted mercapto-functionalized nano alumina sorbent was synthesized
via a surface imprinting technique as selective adsorbent for removal  of Nd(III)  ion  from  aqueous  sample.
The effects of different variables such as solution  pH,  sorption  time,  adsorbent  dosage  and  initial  metal
ion  concentration  upon adsorption characteristics were investigated.The equilibrium data obtained from
Nd(III)  ions  sorption  capacity  onto the adsorbent were fitted to Langmuir, Freundlich, Temkine and
Dobenian-Radushkevich isotherms. The Resultsrevealedthat the adsorption process obeyed the Langmuir
model and the maximum monolayer capacity (q ) and the Langmuir constant (K ) (were calculated from themax L

Langmuir model as 416.7 mg g  and 0.273 L mg , respectively. Kinetic studies indicated the adsorption1 1

process followed a pseudo-second-order model. After optimization the parameters, the synthesized sorbent can
be utilizedsuccessfully for selective removal of Nd(III) ions from variouscations in dilute aqueous solution.

Key words:Surface imprinting technique  Mercapto-functionalized nano alumina  Nd(III)  Adsorption
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INTRODUCTION involving multiple analysis or too expensive for most of

Neodymium is an important member of the industrial uses of neodymium compounds, its
lanthanides family [1] and the second most abundant rare preconcentration and selective separation is the subject
earth element. It isnaturally found in minerals such as of considerable efforts. Inductively coupled plasma
monazite and bastnasite. Neodymium is used in the atomic emission spectroscopy (ICP AES) is a common
production of permanent magnets that is used with method for determination of Nd(III) ion but in the case of
applications in microphones, professional loudspeakers, complex matrices a sample pretreatment step is needed.
headphones and computer hard disks [1]. Neodymium has The preconcentration and selective separation of metal
a strong absorption band centeredat 580 nm, which is ions  from  aqueous solutions is usually achieved by
very close to the human eye's maximum level of sensitivity solid-phase extraction which has many advantages: a
making it useful in manufacturing protective lenses for higher enrichment factor, no formation of emulsions and
welding goggles. Neodymium salts are used as catalysts safety with respect to hazardous samples, minimal costs
in polymerization of 1,3-butadiene  and  isoprene  [2-3]. due to low consumption of reagents, flexibility and
The amount of neodymium present in human system is incorporation into automated analytical techniques [10].
quite small and, although this metal has no biological role, The selection of the sorbent is of great importance
it can affect the parts of the system. Neodymium dust and forsolid phase extraction and currently many researches
salts  are  irritate  eyes and are considered as threats to are focused on application of molecular imprinted
the liver in the case of accumulation in the human body. materials as sorbets [11].
The applied methods for trace determination of therare Recently, regard to the their highstability, ease of
earth metal ions in solution include spectrophotometry, preparation, higher capacity and low cost of molecular
isotope dilution, mass spectroscopy, X-ray fluorescence, imprinted materials [12], molecular imprinting has become
etc. [4-9]. These methods are either time consuming, or a powerful method for preparation of the robust materials

the analytical laboratories. Thus, because of increasing
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that have the ability to recognize the chemical species pH-meter (Germany). IR spectra of polymer were recorded
[13]. MIPs are synthesized by polymerization of functional on a Shimadzu IR-460 spectrometer (Kyoto, Japan) using
monomers in the presence of template and excessamount KBr pellets in the range of 400–4000 cm .
of crosslinker. The imprinted molecule is  leached  out
after polymerization and left the memory of the analyte. Preparation of the Nd(III)-Imprinted Mercapto-
Thus, MIPs are capable of recognizing and rebinding the Functionalized Alumina Sorbent: The alumina surfaces
desired target analyte with high affinity and selectivity were activated by refluxing 8 g of alumina (60–100 mesh)
[14]. Ion-imprinted polymers (IIPs) are similar to MIPs, but with 60 mL of 6 mol L  hydrochloric acid under stirring
they can recognize metal ions after imprinting and exhibit for 8 h, then the activated alumina was filtered and
all other virtues of MIPs [15-16]. Thus, ion-imprinted washed  with  doubly  distilled  water to be neutralized
polymers for solid-phase extraction are a fast developing and dried under vacuum at 70°C for 8 h.
area for the application of ion imprinting technology [17]. To prepare the Nd(III)-imprinted mercapto-
Many researchers   have   reported  bulkpolymerization functionalized alumina sorbent, 1.29 g of Nd(NO )  was
as  a successful  method  for  the  imprinting  process. dissolved in 80 mL of methanol under stirring and then
The  resulting molecularly imprinted polymers (MIPs) mixed with 3 mL MPS. This solution was stirred and
have beenencountered with various limitations such as refluxed for 2 h in order to complexation of neodymium
nonuniform distribution of particle size [18-19] high ions with MPS. Then 6 g of activated alumina was added
consumption of template and material [20] thermal to the above solution and refluxedfor 24 h under magnetic
instability and swelling and shrinkage effects [18]. stirring.The product was recovered by filtration, washed
Recently, these problems have been overcome by grafting with ethanol to remove the remnant MPS and stirred in
techniques where the MIPs layers are coated onto 50mL of 0.5 molL  nitric acid for 2 h to remove Nd(III)
substrates with known surface morphologies. The MIPs ions from the polymer. The final product was filtered,
have been prepared as grafted coatings on silica particles washed with doubly distilled water to be neutralized and
[21-22] silica capillary columns [23] and alumina oxide dried under vacuum at 80°C for 12 h and used for the
membrane [24]. extraction studies. Fig. 1 shows a scheme for synthesis of

In this paper, modification of alumina surface using Nd(III)-imprinted polymer.Finally the FT-IR spectra of
tetraethyl ortosilicate (TEOS) precursor followed by ionic Nd(III)-imprinted polymer and alumina were recorded.
imprinting of Nd(III) on the surface of mercapto–silica
polymer is reported. Selectivity of the mercapto–silica ion Sorption Experiments: The effect of pH on the sorption
imprinted polymer as SPE material for extracting Nd(III) in of Nd(III) was tested by mixing 50 mg of the prepared
water sample is evaluated. In such a condition, the sorbent and 50 mL of the buffer solution containing 50 mg
Nd(III)-IIP still shows excellent selectivity for “templet” L  of Nd(III) at various pHs for 4 h. The pH of solution
ions. was adjusted using the following buffer: sodium acetate/

Experimental acid for pH 4–7.
Reagents and Instrumentation: Neodymiumnitrate and Investigating the Adsorption kinetics of Nd(III) on
other cations (all from Merck, Aldrich and Fluka), were of the Nd(III)-imprinted mercapto-functionalized aluminawas
the highest purity available and used without any further performed by adding 50 mg sorbent to 50 mL of 50 mg L
purification. Alumina, hydrochloric acid, nitric acid, Nd(III) at pH 6.5 with different contact timesranging
sodium hydrogen monophosphate, sodium hydrogen between 5-300 min. The adsorption rate was determined
diphosphate, acetic acid, sodium acetate, NaOH, methanol based on kinetic equation of Lagergren pseudo first order
and ethanol were of analytical grade and purchased from (Eq. (1)) and pseudo second order (Eq. (2)). Similar study
Merck. 3-mercaptopropyltrimethoxysilane (MPS) was from was performed by varying the concentration of Nd(III) for
Aldrich. determination of sorption capacity. The adsorption

ICP-OES Analysis: Quantitative determination of (Eq. (3)).
inorganic ions was made using an inductively coupled
plasma-optical emission spectrometer (ICP-OES) of Varian ln (q -q ) = ln(q ) -k t Eq. (1)
Liberty 150- Axial. pH was measured with a Schott CG841 t / q  = 1/ h + 1/ q tEq. (2)
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capacity value was calculated using Langmuir equation
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Fig. 1: Scheme for preparation of Nd(III)-imprinted mercapto-functionalized nano alumina.

Equilibrium   isotherm   studies   were   carried  out RESULTS AND DISCUSSION
with   different   initial   concentrations   of   Nd(III)
andfour  models  were  utilized   to   analyze  the Characterization of the Adsorbent: Fig. 2 shows infrared
equilibrium  adsorption  data: Langmuir [25] and spectra of alumina, unleached imprinted polymer and
Freundlich [26] Temkine [27] dobenian–Radushkevich leached imprinted polymer. From Fig. 2a (alumina), the
[28].  In  the  several  batch  experiments,  0.5  g  portions band around 589.15 cm  presents stretching vibration of
of  the  Nd(III)-imprinted  mercapto-functionalized Al¯O. The adsorbed Water was reflected by vibration v
alumina adsorbent were equilibrated with varying appearing at 3442.31 and 1643.35 cm . The characteristic
concentrations    of    Nd(III)    ion    (range    from   10  to differences between alumina and unleachedNd(III)-IIP,
80 mg L ) at pH 6.5. The suspensions were  agitated  for leached and unleachedNd(III)-IIP sorbent was were1

2  h  using  a  magnetic   mixer  then the  supernatant presented by appearing new bands at 2922.59 and 2609.22
solution  were  removed  and filtered. The concentration cm  which are representation of stretching vibrations of
of Nd(III)ions in solution was determined with ICP-OES CH  and ¯SH group (band characteristic of ¯SH:
and the amount of the adsorbed Nd(III) ions on the 2600–2450 cm ), respectively. These facts show that the
adsorbent were calculated. immobilization ofmercapto group in unleached and

The  effect  of  different  amounts  of  Nd(III)- leached Nd(III)-IIP sorbent has been occurred.
imprinted      mercapto-functionalized     alumina
adsorbent   on    the    adsorption    of    Nd(III)  was Effect of pH: Investigating the influence of pH on the
studied  to   determine   the   optimum   amount   for adsorption is of great importance, because the metal ions
removal of Nd(III) in a 50.0 mL of 50.0 mg L  Nd(III) adsorption from aqueous solution is dependent on1

solution at pH 6.5. acidity. In  several  batch  experiments,  0.05  g  of  Nd(III)-

1

OH
1

1

2
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Fig. 2: FT-IR spectra of nano alumina (a), unleachedNd(III) imprinted polymer (b) and leached Nd(III) imprinted
polymer (c)
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Fig. 3: Effect of pH on adsorption of Nd(III) into Fig. 4: Effect of contact time on adsorption of Nd(III) into
imprinted mercapto-functionalized nano alumina. imprinted mercapto-functionalized nano alumina.

imprinted mercapto-functionalized alumina adsorbent was
equilibrated with 50 ml of the buffer  solution  containing
50  mg  L   of  Nd(III)  ions  at pH range of 2-7 for 4 h. (a)1

The influence of pH variation on the adsorption of Nd(III)
onto imprinted mercapto-functionalized alumina is shown
in Fig. 3. At acidic solution, pH 3.0, adsorption is very
low. This is likely due to the protonation of the functional
groups  on  the  mercapto–silica  hybrid  structure  [29].
At higher pH of 3.0, the sorption quantity increased up to
pH of 5.0. At pHs higher than 6.0, Nd(III) ions precipitated
outbecause of high concentration of OH  ions in the-

adsorption medium. (b)

Effect of Contact Time on Metal Sorption by Adsorbent:
Time of analysis has a profound effect on the adsorption
of analytes. Therefore, the effect of shaking time of
sample solution was studied. Studying the Adsorption
kinetics of Nd(III) on the Nd(III)-imprinted mercapto-
functionalized alumina was performed by adding 50 mg
sorbent to 50 mL of 50 mg L  Nd(III) at pH 6.5 with1

different contact times range of 5-300 min. Fig. 4 shows Fig. 5: Pseudo-first order (a) and pseudo-second order
the percentage of theremoval of Nd(III) as functions of (b) kinetic model for Nd(II) sorption into imprinted
contact time. This is also an important parameter for an mercapto-functionalized nano alumina.
industrial waste water treatment. The figure shows that
the sorption process increased with increasing contact model  has  very  high  value  of R  for all kinetic data.
time until maximum adsorption was attained at 180 min. The pseudo-second order kinetic equation was developed
This was attributed to the instantaneous utilization of the for the sorption process and there are 3 consecutive steps
most readily available sorbing sites on the adsorbent taking place in the sorption of an adsorbate by a porous
surface. Then the equilibrium adsorption was established adsorbent: (1) migration of the metal ions from solution to
within 100 min and the adsorption rate was determined the surface of the adsorbent; (2) migration of the metal
based on kinetic equation of Lagergren pseudo first order ions into the pores of the adsorbent; and (3) adsorption
and pseudo second order. As shown in Fig. 5. among two of the metal ions on the interior surface of the adsorbent
different  kinetic   models,  pseudo-second  order  kinetic [30].   The rate   of   the   reaction   is    mainly   controlled

2
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Fig. 6: Effect of sorbent dosage on adsorption of Nd(III).

by the first two steps. The rate constant of adsorption
(k ) was calculated to be 2.263 × 10  minutes whichads

4

indicate that it is a second order kinetics.

Effect of Imprinted Polymer Dosage: The influence of
imprinted polymer adsorbent dosage on Nd(III) sorption
was examined by varying dosages from 0.1 to 1 g. Fig. 6
presents typical set of results obtainedby varying
adsorbent dosages during Nd(III) sorption. From the
analysis of experimental data obtained for Nd(III) ions, it
was observed that the removal efficiency increased with
increase in sorbent dosage. An increase in mass
concentration generally increases the amount of or
percentage of sorbed metal ions because of an increase in
surface area of the sorbent, which in turn increases the
binding sites. Maximum adsorption was obtained when
sorbent amount was 0.5 g and beyond this amount
removal efficiency remained constant.

Adsorption Isotherm: Adsorption isotherm models were
widely employed to show the relationship between the
equilibrium solute concentration in bulk solution and its
amount adsorbed per unit of adsorbent at constant
temperature. The equilibrium data obtained from Nd(III)
ions sorption capacity of adsorbent were fitted to
Langmuir, Freundlich, Temkine and Dobenian-
Radushkevich isotherms. In the several batch
experiments, 0.5 g portions of the Nd(III)-imprinted
mercapto-functionalized alumina adsorbent were
equilibrated with varying concentrations of Nd(III) ion
(initial concentrations range from 10 to 80 mg L ) at pH1

6.5 and agitated for 2 h using a magnetic stirrer.
The linearized form of freundlich adsorption isotherm

was used to evaluate the relationship between the
concentration of Nd adsorbed by the adsorbent and Nd
equilibrium concentration in wastewater and is given as

(3)

where q  is the amount adsorbed, C  is the equilibriume e

concentration and K  and 1/n are empirical constantsF

incorporating all the parameters affecting the adsorption
process.

The linearized Langmuir adsorption isotherm allows
the calculation of adsorption capacities and the Langmuir
constants as given by the following equation:

(4)

where q is milligram of metal accumulated per garm of the
adsorbent material; C  is the metal residual concentratione

in solution; q  is the maximum specific uptakemax

corresponding to the site saturation; K  is the ratio ofL

adsorption and adsorption rate.
The derivation of the Temkin isotherm assumes that

the fall in the heat of sorption is linear rather than
logarithmic, as implied in theFreundlich equation. The
linearized form of Temkin adsorption isotherm has
generally been applied in the following form:

(5)

where b is the Temkin constant related to heat of sorption
(J/mol); A the Temkin isotherm constant (L/g), R the gas
constant (8.314 J/mol K) and T the absolute temperature
(K).

Another popular equation for the analysis of
isotherms of a high degree of regularity is that proposed
by Dubinin [29]. The linearized form of
Dubinin–Radushkevich isotherm has been shown as
follow:

In q  = In Q  – K (6)e m
2

(7)

Where Qm is the Dubinin–Radushkevich model constant
(mg/g); K the Dubinin–Radushkevich model constant
(mol2/kJ2) and å the Polanyi potential.

The obtained correlation coefficients (R =2
Langmuir

0.974, R  = 0.923, R  =0.770, R =2 2 2
Freundlich Temkin Dubinin–Radushkevich

0.855) showed that Nd(III) adsorption equilibrium data
were fitted well to the Langmuir isotherm rather than other
isotherms. The maximum monolayer capacity q  andmax
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K the Langmuir constant (L mg ) were calculated from 7. Celo, V., E. Dabek-Zlotorzynska, J. Zhao, I. OkonskaiaL
1

the Langmuir model as 416.7 mg g  and 0.273 L mg ,1 1

respectively.

CONCLUSION

In this article, a selective and sensitive surface-
imprinted polymer sorbent was proposed for the removal
of Neodymium (was proposed). The preparation of
Nd(III)-imprinted thiofunctionalized nanoalumina sorbent
by means of a surface-imprinting technique was relatively
simple, rapid, environmental-friendly and low cost. Under
the optimal conditions, Langmuir adsorption plot showed
maximum Nd(III) removal by imprinted polymer at as an
adsorption capacity of 416.7 mg g  at the optimal1

conditions. Pseudo-second-order model was determined
as the best fitting model.
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