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Abstract N,N-dibutyl-N1-benzoylthiourea (DBBT)
impregnated onto a polymeric matrix, Amberlite
XAD-16 was prepared. The separation and enrich-
ment of Ag(I) from solution was investigated.
Effective extraction conditions were optimized in
column methods prior to determination by atomic
absorption spectrometry. The optimum pH range for
quantitative adsorption is 2–5. Quantitative recovery
of Ag was achieved by stripping with 1mol L−1

thiourea in 1mol L−1 HCl. The sorption capacity of
resin is 0.115mmol Ag+ g−1 resin. The relative
standard deviation and detection limit was 3.1% for
1µg Ag+ mL−1 solution and 0.11µg L−1, respectively.
The method was used for the determination of silver
in geological water samples.
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Introduction

Silver is a heavy metal that its content in environ-
mental samples is increased with the increasing use of

silver compounds and silver-containing products in
industry, medicine and commerce (Kolthoff and
Elving 1966). Silver can be found into the environ-
ment via industrial waters because it is often present
as an impurity in copper, arsenic and antimony ores
(Soager 1984). Silver is a toxic element for microor-
ganism or larval forms of aquatic animals (Bury et al.
1999; Meian 1991). Silver-impregnated filters are
used for water purification and a concentration of up
to 50–200g Ag+ L−1 (depending on the country) is
permitted to control antimicrobial activity with no risk
to human health (Gomez et al. 1995).

The determination of trace elements in low
concentrations is very difficult and often carried out
by atomic absorption spectrometry (AAS). The most
widely used methods for metal preconcentration have
been liquid–liquid extraction, ion-exchange and solid
phase extraction (SPE). Solid phase extraction has
some advantages over liquid–liquid extraction such as
a higher preconcentration factor, better efficiency,
greater reproducibility and greater simplicity in
handling and transfer. A variety of materials such as
polymeric resins (Saha et al. 2004), ion exchangers
(Malla et al. 2002), modified silica (Zougagh et al.
2005), alumina (Soliman et al. 2006) and activated
carbon (Yusof et al. 2007) have been used. Macro-
porous hydrophobic resins of the Amberlite XAD
series are good supports for developing chelating
matrices or impregnation. Amberlite XAD-2, XAD-4
and XAD-16 are polystyrene-divinylbenzene (PS-
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DVB) resins with a high hydrophobic character and
no ion-exchange capacity. The broader range of pH
stability of these resins increases the flexibility of the
method, and they have no silanol groups (Bouvier
et al. 1997).

Various chelating agents impregnated or chemical-
ly bound to Amberlite XAD-2 (Villaescusa et al.
1992), XAD-4 (Moon et al. 2006), XAD-7 (Saha et
al. 2004), XAD-16 (Raju et al. 2005) as polymeric
supports were used for preconcentration of several
metal ions. Immobilized Amberlite XAD-16 resin has
been used as a sorbent in the separation and
preconcentration of metal ions including silver such
as derivatized resorcinarene (Gok et al. 2007), 1-
(2-pyridylazo) 2-naphtol (Narin et al. 2003), sodium
tetraborate (Tokalioglu et al. 2002), thiocyanate
(Tunceli and Turker 2000) and pyridine-2-carbalde-
hyde thiosemicarbazone (Baytak et al. 2006).

N,N-dialkylderivatives of benzoylthiourea are
known to have strong tendencies to form complexes
with metal ions particularly platinum group metals,
transition metals and silver through the N–CS–NH–
CO–Ph chelating group (Beyer et al. 1981; Schuster
and König 1988). N,N-diethyl-N′-benzoylthiourea
(DEBT) and N,N-dibutyl-N′-benzoylthiourea (DBBT)
have been used for preconcentration of several
transition metals (Merdivan et al. 2000), actinide ion
(Merdivan et al. 2001) and some platinum group
metals (Aygun et al. 1997; Philippeit and Angerer
2001). So, it was attractive to study the impregnation
of DBBT ligand to polystrene-divinylbenzene poly-
meric resin.

In this study, DBBT was impregnated onto
Amberlite XAD-16 for selective uptake of silver from
aqueous solutions. The structure of impregnated
polymeric matrix was characterized by Fourier Trans-
form Infrared Spectroscopy (FT-IR). The properties of
impregnated resin for preconcentration and separation
of Ag(I) from aqueous samples and recovery of silver
(I) ion was examined in detail.

Materials and methods

Reagents and chemicals

The stock metal ion solutions were prepared by
dissolving analytical reagent-grade metal nitrates,
chlorides or sulfates in doubly deionized water. Stock

solution of Ag+ was prepared by dissolving an
appropriate amount of AgNO3 (Merck) in deionized
water. 1mol L−1 thiourea solutions was prepared by
dissolving 7.6g of the reagent in 100mL by 1mol L−1

HCl. DBBT was prepared and purified according to
the method in the literature (Schuster and König
1988). Potassium bromide (Merck, for spectroscopy)
was used for the preparation of pressed discs for the
Fourier Transform Infrared (FTIR) spectrometer. All
other reagents and solvents used were of analytical
reagent grade. The water used throughout the study
had been deionized by means of a Millipore Milli-Q
system.

The Amberlite XAD-16 resin (styrene–divinylben-
zene copolymer, surface area: 800m2 g−1, pore
diameter: 10nm and bead size: 20–60 mesh) was
supplied by Sigma. The ethanolic solutions of DBBT
were used as impregnation solution. Amberlite XAD-
16 was purified with 4M HCl solution, after elimina-
tion of chlorides by washing with distilled water, with
an ethanol–water (1:1) solution and finally with water
again. Then, the resin was dried in vacuum oven at
60°C and stored in a polyethylene bottle.

Apparatus

FT-IR spectra of Amberlite XAD-16, DBBT, XAD-
16-DBBT were recorded with a Perkin Elmer Spec-
trum BX Fourier Transform IR spectrometer using
KBr discs in the range of 4000–700cm−1, 30 co-added
interferograms were scanned at 2cm−1 resolution. pH
measurements were made on a Lab WTW model
digital pH-meter. For solid phase experiments a
Varian cartridge (plastic container, 0.8cm × 6.2cm)
equipped with 20mm polypropylene frits was used.
GBC model atomic absorption spectrometer equipped
with single element hollow cathode lamp and air–
acetylene burner was used for the determination of
silver contents of all the solutions at 328.1nm.

Preparation of solid phase by impregnation

The Amberlite XAD-16 resin was purified with 4M
HCl solution, after elimination of chlorides by
washing with distilled water, with methanol-water
(1:1) solution and finally with water again. Then the
resin was dried in vacuum oven at 60°C and stored in
a polyethylene bottle. 1g of dry Amberlite XAD-16
was placed in %1 DBBT ethanolic solution and stirred
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for 24h. The resin was separated by filtration through
a sintered glass funnel and was washed with a water
to remove the solvent. The resin was used as an air-
dried product. The amount of DBBT attached to the
polymer was found to be 0.306mmol g−1.

Preparation of column

0.1g DBBT impregnated onto Amberlite XAD-16 was
firstly wetted with 2.5mL methanol and stirred for
10min, then 25mL of doubly deionized water was
added and stirred for 10min again. Lastly, the mixture
is transferred to the polyethylene column and 10mL of
methanol:water (10:90) is passed through the column.
10mL of doubly deionized water was added on the
column. Before passing metal solution, column was
washed with 5mL of suitable pH solution. Tygon®
tubing was used to connect the outlet tip of the syringe
barrel to a Watson Marlow peristaltic pump. In order to
adjust the desired flow rate, a calibration procedure;
flow rate mL min−1 vs. rpm was carried out. This
calibration was repeated for each column before the
application. Column was cleaned by passing a 15mL
blank solution before sorption and desorption studies at
a flow rate of 1mL min−1.

Column process

A 100mL of Ag+ sample solution was taken at pH 1–
4 and passed through the above column at a flow rate
of 1mL min−1. Then, the Ag+ ion was stripped from
the column by 5mL of 1mol L−1 thiourea in 1mol L−1

HCl. After sorption and desorption steps, Ag+ ion
concentrations in the filtrates were determined by
FAAS.

Sample preparation

Geological water samples collected from Salihli,
Edremit, Kula region near İzmir, Turkey were filtered
through a 0.45µm membrane filter, acidified to pH of
about 1 with concentrated HNO3 to storage for use.
Before use, the pH values were adjusted to 2 with
0.1mol L−1 ammonia and 0.1mol L−1 HNO3.

Results and discussion

Characterization studies

Infrared spectrum of DBBT, Amberlite XAD-16 and
DBBT impregnated Amberlite XAD-16 have been
recorded. The IR absorption frequencies assignments
for DBBT/XAD-16 resin show small modifications
on the characteristic normal modes compared with the
spectrum of the pure Amberlite XAD-16 as given
before (Merdivan et al. 2001). The IR absorption
frequencies assignments for DBBT molecule on
DBBT/XAD-16 resin show similar modifications of
the characteristics normal modes of DBBT compared
with the spectrum of the free reagent as before
(Merdivan et al. 2001).

Effect of pH and flow rate on metal sorption

An amount of 100mg of DBBT/XAD-16 was packed
in the polypropylene column, and 100mL solution
containing 1µg Ag+ mL−1 of was passed at various
pH values (0–5) (Fig. 1). The sorption experiments
were carried out in triplicate. Sorption was quantita-
tive (100%) in the pH range 1–5. For further studies,
Ag+ solutions at pH 2 or 4 were mostly preferred
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Fig. 1 Effect of pH on the sorption of Ag on DBBT/XAD-
16 Ag
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Fig. 2 Effect of flow rate on the sorption of Ag on DBBT/
XAD-16
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because real samples are mostly dissolved in acidic
medium.

The contact between the metal ion in sample solution
and the sorbent is depended on the flow rate of sample
solution. Aliquots of 100mL of 1µgAg+ mL−1 solutions
at pH 4 were separately passed at different flow rates
(1–7.5mL min−1) through the column having 0.1g of
DBBT/XAD-16 (Fig. 2). Ag+ ion was sorbed com-
pletely at a flow rate of 1mL min−1 with a good
precision.

Sorption capacity of resin

In order to show the applicability of DBBT physically
bound to XAD-16 for the preconcentration of trace
metal ions, the sorption of Ag+ was investigated using
the column method. Increasing amounts of silver from

25 to 1250µg in 25mL of solution were added to 0.1g
of loaded resin. Maximum sorption capacity was
found as 0.115mmol Ag+ g−1 resin. This indicates that
DBBT/XAD-16 resin could be used as a sorbent for
preconcentration of silver in the trace concentration
range.

Reusability and stability of the resin

The reproducibility and reliability in analytical data on
subsequent reusage was investigated by equilibrating
100mg resin with Ag+ solution (100mL, 1µg mL−1)
under optimized sorption conditions. After desorption
and estimation, the results obtained on subsequent
reusage of the same resin were reproducible with RSD
values of < 2.7% up to 20 cycles, reflecting on its high
mechanical stability and reusability nature.

Table 1 Tolerance limits for anions and cations on the sorption of silver on DBBT/XAD-16

Anion (µg mL−1) Cation (µg mL−1)

PO�3
4 SO�2

4 CO�2
3 NO�1

3 Cl−1 Pt(II) Pd(II) Au(III) Fe(III) Cu(II)

Ag (1 µg mL−1) 10,000 3,700 9,000 8,000 1,500 15 10 22 1,000 1,500

Table 2 Determination of silver in synthetic and geological water samples

Composition of synthetic solution
(µg/100 mL, 0.1 g resin)

Concentration of Ag+

Added (μg/
100 mL)

Founda (μg/
100 mL)

Ag+ spiked (μg)
real samples

Ag+ found (μg)
real samples

Cu (1,000), Fe (1,000) 100 98±10
Pd (500), Au (500) 50 48±12
Hg (500), Cu (500) 250 247±21
Pt (500), Pd (500) 250 243±18
Mineral water 1 0 ND

100 99.7±0.5
Mineral water 2 0 ND

100 97.6±0.4
Geothermal water 1 0 ND

100 98.7±0.6
Geothermal water 2 0 ND

100 98.4±0.3
Geothermal water 3 0 ND

100 97.9±0.3
Geothermal water 4 0 ND

100 98.8±05

ND Not detected
a Average and standard deviation from triplicate run
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Preconcentration factor

The preconcentration factor for silver on DBBT/XAD-
16 resin was determined. Quantitative collection of
silver was possible from a 1000mL solution of concen-
tration 100ng mL−1, with recovery up to 99%. The
preconcentration factor of the resin for silver was 200.

Tolerance of diverse ions

Chloride, sulphate and phosphate anions are capable of
forming complexes with several metal ions. Therefore,
the efficiency of the chemically modified sorbent in
binding metal ions must be checked for possible
reduction in extraction. Hence, the effects of NaCl,
NaNO3, Na2SO4, Na2CO3 and Na3PO4 on the sorption
of Ag on the DBBT/XAD-16 were studied using the
recommended column method under optimum con-
ditions for 1µg Ag+ mL−1 solution (Table 1). It was
observed that investigated ions were tolerated in the
concentration range of 1,500 to 10,000µg mL−1. The
effect of several cations was also investigated, and
the results are summarized in Table 1 with the
tolerance limits found for 1µg Ag+ mL−1 solution.

Analytical figures of merit

The precision (relative standard deviation, RSD %) of
the method was 3.1% for silver at a concentration of
1µg mL−1 for a ten series replicates. In order to check
the accuracy of the proposed method, the recovery for
0.50 and 1.0µg Ag+ mL−1 added to 100mL of water
was measured. The recovery was found as ≥98%).
The limit of detection (LOD) calculated based on 3s/
slope of 15 measurements of the blank sample,
respectively, where s is the standard deviation of the
blank solution was 0.11µg Ag+ mL−1.

Applications

To check the ability of the proposed method for
preconcentration and determination of silver, the resin
was subjected to synthetic solutions and spiked
geological water samples. The synthetic samples were
prepared taking some metal ions based on their
possible interference effects. The amount of sample
used was always 100mL. The results in Table 2,
indicate that an agreement between the amounts of
spiked and detected by the proposed method.

Conclusions

DBBT could be immobilized on Amberlite XAD-16
resin yielding a sorbent of high capacity and good
stability DBBT/XAD-16 resin has high mechanical
and chemical strength. The resin can be used in acidic
medium. The SPE method has a good potential for the
separation of Ag(I) ion from co-existing electrolytes
and most of transition metal ions. The method was
applied for the determination of the investigated metal
ions in spiked geological water samples and found
accurate and precise.
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