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The application of organo nanoclay 5-(4-dimethylamino-benzylidene) rhodanine-immobilized as a new, easily prepared, and stable
solid sorbent for preconcentration trace amounts of Au(IIl) ions in aqueous solution is presented. The sorption of Au(III) ions was
quantitative in the pH range of 2-4, and quantitative desorption occurred instantaneously with 10.0 mL of a mixture containing 0.5

mol L' Na,S,0, and KSCN. Various parameters, such as the effect of pH, breakthrough volume, extraction time, and interference of

a large number of anions and cations have been studied. The proposed method has been applied for determination of trace amount

of gold in water samples.
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INTRODUCTION

Gold belongs to the group of elements which occur on the Earth in
very low natural contents. The concentration of gold in natural water
is extremely low,! in the range from 0.01 to 10 ng L', It is well known
that gold is one of the most interesting micro amount elements due to
its significant role on biology, environment and industry. Even though
it could be used as the drug in the supervised therapy of arthritis and
cancer” in the form of different Au(I) and Au(IIT) compounds, or in
radiotherapy of cancer in the form of radioactive isotope *Au. It
could be also very toxic for human and animal organism and plants
and account as the pollutant, because of its inhibiting effect upon the
activity of many enzymes and its preventing effect upon the DNA
separation.” Numerous methods for gold determination are known:
spectrometric methods,! UV-Vis spectrophotometry,>? electrothermal
atomic absorption spectrometry (ETAAS),* inductively coupled
plasma combined with optical emission spectrometry (ICP-OES)*¢ or
mass spectrometry (ICP-MS)’ were applied for a variety of samples
in the analysis of gold.

The detection limits offered by UV-VIS, however, make the
technique applicable only to the determination of relatively higher
concentrations (microgram per gram levels) as compared to ETAAS,
ICP-OES or ICP-MS.># The last technique is particularly suited to the
determination of gold in various matrices owing to the low detection
limits (picogram levels), wide dynamic range, possibility of accurate
multi-element analysis, a unique capability of measuring isotopic
ratios. Other sensitive techniques such as neutron activation analysis’
or total reflection X-ray fluorescence spectrometry (TXRF)!? are less
often applied in gold analysis due to the complexity and cost of the
required instrumentation. In environmental, geological and biological
samples, the low concentration of gold together with the high concen-
tration of interfering matrix components often require an enrichment
step combined with a matrix separation. Among the numerous tech-
niques reported for preconcentration and matrix separation of gold,
the methods using sorbent extraction have proved to be especially
effective.!" A number of different sorbents have been investigated
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for the preconcentration and separation of trace gold. They include
activated carbon,'? chelating resins with selective functional groups
covalently attached to copolymer matrices® ligand-modified silica
gel” and cotton fibers."

In recent years, great attention has been paid to the application of
nano structure materials. Because clay and clay minerals have primary
particles with at least one dimension in the nanometer scale, they may
be regarded as nanomaterials of geological and pedological origin.'*

Clays are hydrous aluminosilicates broadly defined as those mi-
nerals that make up the colloid fraction (< 2 pm) of soils, sediments,
rocks and water."® The particles of clay minerals may be crystalline
or amorphous, platy or fibrous and may vary from colloid dimensions
to those above the limit resolution of an ordinary microscope.'® Clay
structure is layered with interlayer space and the layers may be elec-
trically neutral or charged. The high specific surface area, chemical
and mechanical stability, variety of structural and surface properties,
higher values of cation exchange capacities, etc., make the clays an
excellent group of adsorbents. Intercalation of clays cross-linked
with inorganic or organic clusters, known as pillared interlayered
clays (PILC) or crosslinked clays (CLC) has received wide attention
recently as shape-selective catalysts, separating agents, supports, ad-
sorbents, etc. These materials have a two-dimensional pore size larger
than conventional zeolites and exhibit specific properties depending
on the nature of the pillar.'” These materials are usually prepared by
ion-exchanging cations in the interlayer region of swelling clays with
bulky alkylammonium ions, polynuclear complex ions bearing inor-
ganic ligands (hydroxo ligand, chloro ligand), large metal complex
ions bearing organic ligands, etc.

A large number of studies have been reported on use of clays for
metal ion removal from aqueous solution: Zn(II) with natural bento-
nite,'® and illite,'” Mn(II), Co(II), Ni(IT) and Cu(II) with raw kaolin,?
Co(IT) with sepiolite,?! etc. Various forms of modified clays have also
been used: Na-exchanged bentonites for Cr(I1I), Ni(I), Zn(II), Cu(1l)
and Cd(II),” surfactant modified montmorillonite for Cu(Il) and
Zn(I1),% 1:10 phenanthroline-grafted Brazilian bentonite for Cu(II).>*

The aim of the described research was to develop a new sorbent
for separation and preconcentration of trace amounts of gold. In recent
work, Ko et al.*® and Richards ef al.*® found that organo nanoclay
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could adsorb organic substances. Therefore, the rhodanine was added
to organo nanoclay, and the rhodanine-immobilized organo nanoclay
was then studied for separation and preconcentration of Au(III) ion.
The results showed that the rhodanine-immobilized organo nanoclay
was suitable for separation and preconcentration of trace amounts of
Au(IIl) (recoveries were > 96%).

EXPERIMENTAL
Instrumentation

A SensAA GBC atomic absorption spectrometer equipped with
deuterium background correction and gold hollow-cathode lamp
was used for absorbance measurements at wavelength of 242.8 nm
according to instrument instruction. The instrumental parameters
were adjusted according to the manufacturer’s recommendations.
A Metrohm 692 pH meter was used for pH measurements. An IKA
stirrer model KS 130B was used for stirring of samples. All glasswa-
re was washed before use with a mixture of concentrated HCI and
concentrated HNO, (1:1).

Reagents and solutions

All chemicals were of analytical-reagent grade and were used
without previous purification. Nanoclay closite 15A was prepared
from southern clay product (Gonzales, Texas, USA). Stock solution
of gold at a concentration of 1000.0 ug mL~" was prepared by dis-
solving an appropriate amount of HAuCl,.3H,0 (Merck, Darmstadt,
Germany) in double distilled water and diluting to 1.0 L. Working re-
ference solutions were prepared daily by stepwise dilution from stock
solution. A 0.2% (w/v) solution of 5-(4-dimethylamino-benzylidene)
rhodanine (Merck, Germany) was prepared by dissolving in ethanol.
Buffer solution with pH 3.5 was prepared from 0.2 mol L' acetic
acid and 0.2 mol L' sodium acetate. Solutions of alkali metal salts
(1%) and various metal salts (0.1%) were used in order to test the
interference of anions and cations, respectively.

Preparation of rhodanine -immobilized organo nanoclay

Nanoclay closite 15 A dispersed in a 0.2% (w/v) solution of
rhodanine in ethanol with stirring at 480 rpm for 5 h. The excess rho-
danine solution was then decanted and the resultant organo nanoclay
was washed sequentially several times with distilled water to remove
excess of rhodanine and then dried at 110 °C.

Preconcentration procedure

An aliquot of Au(IIl) containing 1.0-250.0 pg Au(IIl) was ad-
justed to pH ~ 3.5, and then 0.1 g rhodanine -immobilized organo
nanoclay was added to it with stirring at 480 rpm for 5 min. The
solid mass was separated by filtration through filter paper No. 1041
(Whatman Inc., Florham Park, NJ). At the end, the separated solid
was washed with distilled water. The adsorbed metal ions were elu-
ted with 10.0 mL of a mixture containing 0.5 mol L' Na,S O, and
KSCN (1:1 ratio). The eluent was diluted in a 10.0 mL volumetric
flask and aspirated directly into the flame of the AAS instrument for
measurement against a blank prepared in the same manner without
the addition of metal ions.

RESULTS AND DISCUSSION

In this study, combination of SPE with FAAS was developed for
determination trace amounts of gold. It is based on the metal- che-
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late formation of gold and rhodanine and extraction from aqueous
solution. At first, buffer and sample solution were added to 0.1 g
of rhodanine-immobilized organo nanoclay. In this step, gold ions
reacted with rhodanine-immobilized for Au-rhodanine formation,
then the solid mass was separated by filtration and the adsorbed me-
tal ions were eluted with a mixture containing 0.5 mol L' Na,S 0,
and KSCN. Several factors that may affect the preconcentration and
extraction process, including pH, type and volume of elution solution,
extraction time, sample volume and matrix effect were studied and
optimized. The optimizations were carried out on aqueous solution
containing 50.0 ug of gold ions.

Effect of pH on preconcentration

The pH plays a unique role on metal-chelate formation and
subsequent extraction, and is proved to be a main parameter for pre-
concentration. Extraction yield depends on the pH at which complex
formation is carried out. In this view, 50.0 pg of gold was studied in
the pH range of 2-8. The recovery percent of gold ions are shown
in Figure 1, and as can be seen at pH less than 4, the gold ions were
quantitatively (> 97%) retained on the sorbent. When pH > 4, the
formation of Au(OH), could be happened and the recoveries percent
were decreased. Therefore, a pH of 3.5 in the middle of the pH range
was considered as being the optimum value to avoid an abrupt change
in adsorption, which may occur due to minor changes in the pH.
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Figure 1. Effect of pH on recovery of Au (11) ions. Conditions: Au (I1I), 50.0
Wg; sorbent, 0.1 g; extraction time, 5 min, stirring, 5 min at 480 rpm

Addition of 2-20 mL buffer did not have any effect on the
extraction. Therefore, 5 mL buffer with pH ~ 3.5 was used in all
subsequent experiments.

Effect of extraction time on preconcentration

The gold extraction was also studied as a function of extraction
time at the optimum condition. The gold concentration was kept at
5.0 ug mL"and gold extraction yield was measured by varying the
equilibrium extraction time in the range of 2-30 min. The extraction
efficiency of gold is plotted in Figure 2. This figure shows that the
reaction of gold and rhodanine is fast and after 5 min, gold extraction
by sorbent reached to equilibrium. Therefore, extraction time 5 min
was used in all subsequent experiments.

Effect of the breakthrough volume on preconcentration

The measurement of breakthrough volume is important in solid phase
extraction because breakthrough volume represents the sample volume
that can be preconcentrated without loss of analyte during elution of
the sample. For this purpose, 30, 60, 100, 250, 500, 700 and 800 mL
of aqueous solution containing 50.0 pug of Au(IIl) ions were processed
according to the preconcentration procedure. The results are given in
Table 1 and shown that, gold ions were recovered quantitatively in the
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Figure 2. Effect of extraction time on recovery of Au (IIl) ions. Conditions
were the same as Figure 1

range of 30-700 mL. With respect to eluent volume (10 mL), precon-
centration factors (the ratio of the highest sample volume to the lowest
eluent volume) for gold ions 70 were obtained. However, for convenience,
all the experiments were performed with 40 mL of the aqueous phase.

Table 1. Influence of the sample volume on the recovery of gold ions

Sample volume (mL) Recovery (%)

30 99

60 99
100 98
250 97
500 97
700 95
750 90

Choice of eluente

Another important factor which affects the preconcentration
procedure is the type, volume and concentration of the eluent used
for the removal of analytes from the sorbent. Optimization of the
elution conditions were performed in order to obtain the maximum
recovery with the minimal concentration and volume of the eluent
solution. In order to, a number of eluents were tested to desorbed
gold ions from the sorbent. Organic solvents can be used as eluents,
but they removed the rhodanine reagent. If inorganic solutions were
used as eluents, the rhodanine reagent was retained on the sorbent
and, therefore, allowed it to be used several times.

The gold ions were stripped with 10.0 mL of different concen-
trations of various eluent solutions. The results are shown in Table
2 and were shown that, the Au(Ill) ions were quantitatively eluted
from the sorbent only with a mixture containing 0.5 mol L' Na,S 0,
and KSCN (1:1 ratio). Therefore, 10.0 mL of this mixture was used
in all subsequent experiments.

Analytical figures of merit

Repeatability, linearity, and detection limit were investigated
under the optimized experimental conditions. The calibration graph
was linear in the range of 0.1-25.0 ug mL™" in final solution (Figure
3) and 1.43-357.14. ng mL™" in the original solution. The detection
limit (calculated as three times the standard deviation of 8 blank
measurements, divided by the slope of the calibration curve) for gold
determination was found to be 42.6 ng mL~". The repeatability was
evaluated with 40.0 mL of a aqueous solution contain 50.0 pug Au(IIl).
The relative standard deviation (R.S.D.) for 8 replicate measurements
was 1.7%. Sensitivities for 1% absorbance for Au(Ill) was 93.4 ng
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Table 2. Effect of type and concentration of eluent on the recovery of the
Au(III) ions

Eluent (10 mL) Recovery (%)
HNO,, 0.5 mol L"! 19
HNO,, 1.0 mol L"! 34

HCI, 0.5 mol L"! 28

HCI, 1.0 mol L"! 39
KSCN, 0.5 mol L"! 61

Na,S,0,, 0.5 mol L 53
Na,S O, and KSCN 0.5 mol L' (1:1 ratio) 98
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Figure 3. Calibration curve. Conditions were the same as Figure 1, except
Au (III) amount

mL!. The preconcentration factors as the ratio of initial volume to
final volume and was 70.

Effect of foreign ions

In view of the high selectivity provided by flame atomic ab-
sorption spectrometry, the only interference may be attributed to the
preconcentration step, in which the cations may react with rhodanine
which may lead to decrease in extraction efficiency. Interferences
studied were those related to the preconcentration step, cations that
may react with rhodanine or species that may react with analytes and
decrease the extraction efficiency. To perform this study, interferents
ion in different interferents-to-analyte ratios were added to a solution
containing 50.0 ug of Au(Ill) and were subjected to the recommen-
ded procedure. Table 3 shows the tolerance limits of the interferents
ions (error + 5%). The results demonstrate that the presence of large
amounts of species commonly present in water samples have no
significant effect on the preconcentration of gold.

Determination of gold in river water samples

The method has been employed for determination of gold in Shoor
river water Shahdad and Kohpayeh river water in Kerman. A 250.0
mL of water samples was adjusted to pH 1 with nitric acid, filtered
and analyzed by general procedure. The results are given in Table 4.

Spike recovery tests have also been performed using the real
samples and recoveries in the range 101.4-103.7% (Table 4) were
obtained that demonstrating good accuracy of the method and the
capability to determine gold at trace levels in various water samples.

Comparison of present method with the other reported methods

A comparison of the represented method with the other repor-
ted methods>*! was showed in Table 5. As shown in Table 5, the
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Table 3. Tolerance limit of foreign ions

Foreign ions Interferent/Au(III) ratio
Na*, K+, Ca*, Mg** 10000
CH,COO~ 7000
H,PO,, HPO,>, NH,* 4000
Co*, Cu* 1000
Mn?, Ni* 500
Fe*, Fe** 400
Ag*, Sb*, Cd* 300
Cr¥, AP+ Pd*, Sn* 200

Conditions were the same as Figure 1.

Table 4. Determination of gold in river water samples

Gold amount ( ng mL™") #

Sample Recovery%
Added Found
Shoor river | 0.0 BLR®
Sh";’; riiver m 5.00 5.15+0.21 103.0
anca 10.0 10.37+0.48 103.7
. 0.0 BLR
Eszlzﬁeh fverin 5.00 5.18+0.24 103.6
10.0 10.1420.51 101.4

* Average of 4 determination, + standard deviation. * Below of linear range

characteristic data of the proposed method are compared with those
reported in the literature. The detection limit obtained by the proposed
method is comparable to those in reported methods.

Table 5. Comparison of the reported methods with the proposed method

Detection limit

Sample Procedure/Detection method o Ref.
(ng mL")

Water, SPE/FAAS 1.0 27

pharmaceuticals

Ores SPE/UV-Vis Spectrophotometry 18 ng g 28

Minerals, SPE/FAAS 10 29

anode slime

High purity iron Coprecipitation/ETAAS 10 30

Ores Vapor Generation/ETAAS 0.8 31

Urine, N .

pharmaceuticals Kinetic Spectrophotometric 5.5 2

water SPE/FAAS 0.609 This
work

CONCLUSION

The proposed SPE method based on nanoclay closite 15 A mo-
dified with rhodanine is a simple, rapid, selective and reproducible
method for the separation, preconcentration and determination of gold
ions. The time taken for the separation and analysis of gold is at most
20 min. The method can be successfully applied to the separation

and determination of gold in real samples. Additionally, it shows
high selectivity, adequate detection limit, no dangerous reagents or
unique chemicals used and good precision and accuracy in all cases.
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