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A mercapto based nanoscavenger as promising tool for the dispersion
preconcentration of trace elements in contaminated waters
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Abstract

A novel chelating mercapto- nanoscavenger has been developed exploiting the high surface area of monodisperse
nano-sized mesoporous silica. The nanoscavenger acts as a solid phase trace metal extractant whilst suspended as a quasi-stable
sol in aqueous samples. This mode of extraction requires no external agitation as the particles move naturally through the sample
by Brownian motion, convection and slow sedimentation. Careful size selection enables the nanoscavenger to be easily
recovered together with the extracted analyte by conventional filtration or centrifugation. The paper describes the successful
attachment of chelator mercapto to ca. 136 + 15 nm high surface area (BET surface area = 1006 m? g*) mesoporous silica
particles. The resulting material had a copper capacity of ca. 1.34 +0.10 mmol g and was successfully applied to the collection
of a trace element from water. Essentially complete recovery of Cu (lI) has been achieved from freshwater samples giving
typical preconcentration factors of 100 from 50 g/l samples. Data obtained from a nanoscavenger-based extraction of copper
from samples were not significantly different to those obtained by using a conventional colorimetric procedure employing

complexation/solvent extraction.
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1. Introduction

Extraction and preconcentration are important
aspects of many analytical procedures, being
employed not only to increase the concentration of an
analyte, but also to isolate the analyte from interfering
species[1]. Various separation and preconcentration
methods have been developed to achieve these goals,
amongst which are solvent extraction[2], membrane
filtration[3], ion exchange, coprecipitation[4] and
solid phase extraction techniques[5-11].

Solid phase extraction has become, over recent
years, a powerful and widely used approach to the
preconcentration and cleanup of samples in pesticide,
drug and trace metal analyses. There are a number of
advantages to be derived from the use of liquid-solid
partition for the collection of analytes from solution.
There are physical difficulties associated with the use
of conventional solvent extraction, most notably the
requirement for vigorous agitation that makes the
enrichment of large numbers of samples and/or
enrichment from large sample volumes difficult and
the approach frequently runs into problems with
emulsion formation. In addition, there are increasing
environmental and cost pressures to replace, or at the

very least reduce, the volumes of solvents employed in
all analytical procedures.

Modified silica has received extensive attention as
a solid support for metal extraction due to its excellent
thermal and mechanical stability[12, 13], no swelling
in various solvents[14] and ease of surface
modification[15]. The surface of silica can be
modified by organic[16, 17] and inorganic[18]
functionalization. In the organic modification the
modifying agent is an organic molecule often acting
for example, as a chelating ligand. Inorganic
modifications can be discrete organometallic
molecules or inorganic solids compound such as iron
oxides[19]. Most of the inorganic modifications of
silica however have poor selectivity to heavy
metals[20]. Immobilized chelating groups such as
ethylenediamine and its derivatives[21], 1,8-dihydrox-
yanthraquinone[22], dithiocarbamate [23], 2-mercap-
topyridine[24], 3(1-imidazolyl)propyl-[25], formyls-
alicylic acid[26], methylthiosalicylate[27], triethylen-
etetramine[14] and aminothioamidoanthraquinone
[28] on the silica surface have all been successfully
employed for the preconcentration and extraction of
metal ions.
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Over recent years there have been major
developments in nanoscience and syntheses of
particles with nanometre dimensions have been
reported for many substances [29-37]. These particles
fall within the colloidal range, exhibiting typical
colloidal properties such as the long-term stability of
their sols. Monodisperse populations of colloidal silica
spheres can be produced by the hydrolysis of
tetraalkoxysilanes in ammoniacal alcohol solution[38]
with the subsequent condensation of monomeric
species[39-44] into high density spherical particles.
With careful control of synthetic conditions the size of
these particles can be controlled over a wide range (ca.
5to 5000 nm), the morphology and size of the particles
depending strongly on solvent choice and
concentration[40, 45-47].

Since the discovery of mesoporous silicas by Mobil
Oil Company scientists in 1992[48, 49], this class of
material has been the basis of many developments in
catalysis, adsorption and separation. Their large
surface area and well-defined pore structures make
them an excellent choice of supporting material for
solid phase extraction[50]. By modifying the availa-
ble surface of mesoporous silica with chelating agents,
solids can be developed to selectively remove metal
ions from water[51-56]. In recent years there have
been a few reports of organofunctionalized meso-
porous silicas having been used for the precon-
centration / extraction of some heavy metals.
Examples of silica modifications include 3-(2-amino-
ethylamino) propyl-mesoporous silica for the extra-
ction of inorganic arsenic species[50], chitosanmeso-
porous silica for the preconcentration of V, Cu, Pb, Cd
and Hg[57] and 2-mercaptopyridine meoporous silica
for the extraction of Cr (VI)[58].

In previous work[59], mesoporous silica of 250 nm
size was modified with different organic groups for
preconcentration of organic and inorganic analytes
from water. The drawback of using modified meso-
porous silica with 250 nm size was the rapid
sedimentation which affect the extraction ability of the
particles. Therefore, the size of mesoporous silica
particles in this work was reduced to 136 nm and these
particles were modified with new chelating group to
improve the dispersion of the particles in water and
avoided rapid sedimentation leading to excellent
recovery results of the analytes. This paper extends
conventional column based solid phase extraction
approaches to a more convenient nanoscavenger based
dispersion extraction procedure. The development of a
mercapto solid phase nanoscavenger is based on 136
nm spherical mesoporous silica particles modified
with a mercapto-silane.

These particles suspend well in aqueous systems,
moving naturally through the sample as a result of
Brownian motion, convection and sedimentation.
Continuous physical agitation is not therefore
required. The particles can be recovered from the
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sample by filtration or centrifugation and the collected
metals can be released into acid.

2. Experimental
2.1 Materials

Tetramethoxysilane (98%), sodium diethyldithio-
carbamate, dodecyltrimethylammonium bromide (99
%), (3-mercaptopropyl)trimethoxysilane (95 %) and
hydrochloric acid (37 % (w/v) were obtained from
Aldrich ( U.K.) .Nitric acid was obtained from BDH
limited (U.K.), ethylene glycol, toluene and ethanol
were reagent grade. Water (>14 Mohm.cm) was
purified by reverse osmosis followed by deionisation
using an Elga Option 4 system. Whatman cellulose
nitrate membrane filters (47 mm diameter, pore size
0.1 pum) were supplied by Fisher, U.K. All apparatus
was soaked in nitric acid (5 % V/V) and rinsed with
deionised water before use. Tris buffer solutions were
prepared by dissolving 12.1 g of tris(hydroxymethyl)-
aminomethane in 1L of water and adjusting the pH to
7.0 or 9.0 using concentrated hydrochloric acid. Stock
standard solutions of the metal (containing 1000
pg/mL of copper ion) was prepared by dissolving a
known amount of a copper salt in deionised water to
give 100 mL of solution. For preparation of modified
mesoporous silica and investigation of its ability as an
analytical tool, 1 followed the procedures described in
previous work with making necessary changes in the
experimental methods [59-61].

The extracted metals were measured by flame
atomic absorption spectroscopy using a Perkin-Elmer
instrument, calibrated over the range 0 to 5 ug mL™*
and employing conditions specified by the instrument
manufacturer.

2.2 Synthesis of 136 nanometer mesoporous silica
particles.

Mesoporous silica was prepared as described in
previous works [59-61] with changes in molar
concentration of reaction recipe to get the desirable
particle size. Ethylene glycol (100 mL), deionised
water (300 mL), sodium hydroxide solution (3 mL,
1M), and dodecyltrimethylammonium bromide
(C12TMABY) (1.70 g) were transferred into a conical
flask (1000 mL). The mixture was stirred vigorously
for 15 minutes at 20 °C. Tetramethoxysilane (TMOS)
(2.00 mL) was then slowly added and the reaction was
left to proceed for 8 h under vigorous stirring. The
mixture was then aged overnight. The white solid was
isolated by centrifugation (10000 rpm) for 30 minutes,
rinsed with water five times and one additional time
with ethanol, and then dried at 45 °C for two days. The
white powder was calcinated at 550 °C for 12 h,
increasing the temperature from room temperature at
2 °C / minunte.

2.3 Mercapto modification of the silica
Dry toluene (200 mL) was transferred to a three
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necked round-bottomed flask (500 mL) fitted with a
reflux condenser, dropping funnel and continuous
slow nitrogen bleed. Mesoporous silica (4.00 g, dried
in an oven at 180 °C overnight) was added to the
toluene. The mixture was stirred using a magnetic
stirrer for 15 min and then heated at 100 °C, whilst
maintaining the stirring. (3-Mercaptopropyl)trimetho-
xysilane (6 mL, dissolved in 50 ml of dried toluene)
was slowly added to the flask through the dropping
funnel once the temperature had stabilized. After 8 h,
the reaction mixture was allowed to cool, the product
isolated by centrifugation, rinsed thoroughly with
dried toluene six times and three additional times with
ethanol. The solid was then dried for five hours under
continuous vacuum.

2.4 Measurnemt of Copper Capacity

A mercapto nanoscavenger (SH@SiO,) (12 mg)
was transferred to a tube (10 mL). A solution of Cu
(1) (5 mL) was added to the tube. The mixture was
left for two minutes and it was then shaken for 4
minutes. The solid material was isolated by
centrifugation and the supernatant was discarded. The
solid material was rinsed 10 times with deionised
water to remove unattached Cu (11). A solution of HCI
(10 mL, 6 M) was added to the tube and it was shaken;
the acidic solution was isolated by centrifugation and
was then transferred to a volumetric flask (100 mL)
and this step was repeated for one more time. The
volumatric flask was made up to the mark using
deionised water. The measurement of the copper ion
was carried out using flame atomic absorption
spectroscopy at 324.7 nm.

2.5 Extraction of Cu?* using the mercapto nano-
scavenger (SH@SiOy)

Deisonised water (1000 mL), a tris buffer (5 mL , pH
=7,1M) and pre-dispersed SH@SiO; (200 mg) were
transferred to bottle and Cu?* (5 mL, 10 ug mL™) was
then spiked. The bottle was left for 1 h without
agitation. The solid material was isolated using a 0.1
pm cellulose nitrate membrane filter. The filter was
transferred to a tube. A mixture of HCI and HNO3
(1:1, 5 mL) was added to the tube and heated to 45 °C
for 1 h using a water bath. The acidic solution was
isolated using centrifugation and it was transferred to
a volumetric flask (10 mL). To the tube, deionised
water (5 mL) was added, shaken and centrifuged, then
added to the volumetric flask. The volume was made
up to the mark using deionised water. The
concentration of copper ion was measured by FAAS.
This experiment was replicated five times.

2.6 Rate of copper ion uptake by the SH@SiO,
SH@SiO, nanoscavenger (250 mg) was dispersed
in 5 ml of tris-buffer (pH = 7, 1M) and transferred to
bottle (1000 mL). Deionized water (1000 mL) was
then added to the bottle . The bottle was shaken and 1
ml of a solution containing 50 pug mL™* of Cu (1) was
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added to the bottle. The solution was left for different
equilibrium times (1 min, 30 min, 1 h, 3 h,6 h, 15 h
and 24 h) prior to filtration through a 0.1 pm cellulose
nitrate membrane filter. The filter was then transferred
to a tube (10 mL) and a mixture of HCI and HNO;
(1:1, 5 mL) was added to each tube. The tube was
heated to 45 °C for 1 h using a water bath, then
centrifuged for 30 minutes and the acidic solution was
transferred to a volumetric flask (10 mL). Deionised
water (5 mL) was added to each tube, shaken for 2
minutes and centrifuged; the aqueous solution was
added to the volumetric flask. The volume of the
volumetric flask was made up to the mark using
deionised water and the copper ion concentration was
measured by FAAS.

2.7 Effect of pH on copper ion extraction efficiencies

Deionised water (100 mL) and SH@SIO;
nanoscavenger (ca. 100 mg) was transferred to bottle
(125 mL) and the mixyure was sonicated for 5
minutes. Cu (I1) (1 mL, 20 pg ml'Y) was then spiked
to the bottle. The pH of the bottle mixture was changed
to the desired pH (to pH = 4 using acetate buffer or to
pH 7 or 9 using tris buffer). The bottle was shaken
and then left for 30 minutes prior to filtration using a
0.1 um cellulose nitrate membrane filter. The filter
was moved to a centrifuge tube (10 mL) and a mixture
of HCI and HNO3 (1:1, 5 mL) was added. The tube
was left for 1 h on a water bath at 45 °C. The mixture
was centrifuged, the acidic solution was transferred to
a volumetric flask and deionised water (5 mL) was
added to the tube. After shaking the tube for 2 minutes
and centrifuging the resulting aqueous solution was
added to the volumetric flask. The volume was made
up to the mark using deionised water and FAAS was
used to measure the Cu (l1) concentration.

2.8 Colorimetric determination of copper as its
dithiocarbamate complex

Colorimetric method was used to determine copper
ion after solvent extraction of its diethyldithio-
carbamate complex into chloroform (HPLC grade). To
separating funnel (500 mL), a tap water sample (200
mL) was transferred and the pH was altered to 7.0
using a tri-ammonium citrate (10 % wi/v) solution.
Sodium diethyldithiocarbamate (2 mL, 1 mg mL™?)
was added to the funnel and the mixture was shaken
for 5 minutes and chloroform (10 mL) was then
added. The funnel was shaken vigorously for 2
minutes and the organic layer was collected into a
volumetric flask (20 mL). The last step was repeated
again, the organic layer was added to the volumetric
flask and the volume was made up to the mark using
chloroform. The absorbance was measured at 435 nm
and the concentration was calculated based on a
calibration curve derived from the extraction of
standard copper solutions.
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2.9 SH@SIO; extraction of Cu?* from tap water

A tap water (200 mL) was transferred to a bottle
(250 mL) and the pH was altered to 7 using tri-
ammonium citrate (10 mL, 10 % w/v) solution. Pre-
dispersed SH@SiO, nanoscavenger (100 mg) was
added to the bottle and the mixture was shaken for 2
minutes. The solution was left for 1 h and then filtered
using a 0.1 um cellulose nitrate membrane filter. The
filter was then transferred to a tube. A mixture of HCI
and HNOs (1:1, 5 mL) was added to the tube mixture
and the tube was heated to 45 °C for 1 h using a water
bath. The acidic solution was transferred to a
volumetric flask (20 mL), deionised water (10 mL)
was added to the solid material in the tube, shaken for
2 minuntes. The tube mixture was centrifuged and the
liquid layer was tranferred to the volumetric flask. The
volume of the volumetric flask was made up to the
mark using deionised water and the copper ion
concentration was measured by FAAS.

2.10 Characterization of the particles

The nanoscavenger particles were characterized
using a wide variety of techniques.

The surface area and pore size distribution were
measured using a surface area and porosity analyser
micromeritics ASAP 2020.

Focused ion-beam micropscopy (FIB) was utilized
to measure the particle size and to evaluate the
morphology of the particles. Silica particles (10 mg)
were dispersed in 10 mL of deionised water (10 mL)
by ultrasonication. Drops of the pre-dispersed silica
were applied to a glass plate and the water was allowed
to evaporate at room temperature. The glass surface
was then coated with a thin gold film. The microscopy
measurement was carried out using a FEI Helios
Nanolab 600i instrument under these conditions:
Mode: high vacuum 5 kv, Beam current 0.17 nA and
detector: Secondary Electron (SE).

The settling time of a colloidal suspension of the
nanoscavenger was measured using a Perkin Elmer
Lambda 3 spectrophotometer. The silica suspension
was prepared by dispersing the silica particles (10 mg)
in deionised water (10 mL). The light transmission
through the dispersion held in a 1 cm pathlength quartz
cuvette (at 600 nm) was measured over time.

3. Results and Discussion
3.1 Mesoporous silica

Dithiocarbamate groups were loaded on the surface
of 250 nm spherical silica particles (Stober type) to
prepare a dithiocarbamatenanoscavenger. One of the
main disadvantages of this kind of silica particle is its
low surface area of around 20 m? g and its easily
sedimented [23]. Therefore increasing the surface
area of the silica particle was at the top of my priorities
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Mesoporous silica has a much higher surface area
and is one of the best solid phase supports in which to
immobilize chelating agents to prepare nanoscaven-
gers. Spherical mesoporous silica particles have been
successfully synthesized from TMOS using a
C12TMABr template. SEM imaging of the particles
showed them to be spherical with a mean diameter of
136 nm (Figure 1) and this small size of the particles
make them last for long time. In our previous work
some chelating agents such as mercaptobenzamide has
successfully loaded to 250 mesoporous silica particles
to produce nanoscavengers . These nanoscavengers
were applied to preconcentrate some metal ions (Cu?*,
Cd?*, Ni?*, Ph?*, Co?*, Cr3*, Mn?*and Zn?*) from water
and recovery results were more than 90 % for most of
metal ions [59]. There were some drawbacks such as
rapid sedimentation of modified particles, therefore
shaking sometime was required during preconcen-
tration process. In this work the size of mesoporous
silica particles was reduced to nanosized to improve
particles dispersion and avoid any rapid sedimentation
for some particles which can reduce nanoscavenger
ability to preconcentrate metal ions.

Fig. 1. Sub-micron silica particles a) SEM image of
mesoporous silica (64995 X magnification) b) SEM
image of SH@SiO2 (34980 X magnification)

FT-IR spectroscopy studies of the silicas before and
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after combustion confirm the removal of the surfactant
from the silica. The FT-IR result shows the CH; and
CHjs stretching peaks at 2947 and 2859 cm™ were
completely removed after burning off the organic
species. Removal of the surfactant using combustion
gives a better result than using a Soxhlet extraction
technique in which the two peaks of the alkyl groups
were not completely removed. Therefore combustion
was applied to remove the organic species from the
silica structure.

To provide additional proof of the removal of the
surfactant from the silica, thermogravimetric analyses
were carried out from 30 to 800 °C. Figure 2A shows
a 35 % weight loss between 162 °C and 343 °C. This
weight loss disappeared from the TG trace following
combustion (Figure 2B).

100

o Weight

Temperature (°C)

Fig. 2. Thermal analysis of silica (in air): A) before
burning off the surfactant and B) after burning off the
surfactant.

The surface area of the mesoporous silica was
determined using a Brunaure-Emmett-Teller (BET)
method[62] based on a N2 adsorption isotherm. The N
adsorption isotherm measurement shows a high
surface area (1006 m? g?). In figure 3 the relative
pressure (P/P°) is shown for both the adsorption and
desorption processes. The isotherm curve shows the
characteristics of a type IV [63, 64] materials in the
IUPAC classification. According to the IUPAC
classification of adsorption isotherms, type IV occurs
when the material is mesoporous (pore widths between
2 and 50 nm)[63]. Similar nitrogen adsorption
isotherms have been reported by Yamada and
Yano[65] for their synthesis of monodispersed
mesoporous spherical particles prepared using TMOS
and C1,TMABr. They obtained an N adsorption
isotherm shape analogous to the one drawn in figure 3.
The adsorption/desorption isotherm curve reveals a
reversible isotherm for both branches (adsorption and
desorption) (Figure 3)[66]. The absence of a hysteresis
loop is due to the amount of adsorbed gas being almost
equal to the amount of desorbed gas.
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Fig. 3. N2 adsorption isotherm of mesoporous silica
3.2 Synthesis of mercaptonanoscavenger (SH@SiO;

In this material the 3-mercaptopropyl- group was
anchored to the surface of mesoporous silica particles
by a condensation mechanism in dried toluene
medium. The reaction medium was extremely dry to
avoid hydrolysis and polymerization of 3-mercapto-
propyl on the silica surface. Modification of the silica
surface was confirmed by thermogravimetric analysis.
There were in general three regions of weight loss on
the TG traces. The first change between 30 °C and
124°C was a 4% of weight loss believed to be
adsorbed water and residual solvent[67] . A 2.43 %
weight loss between 126 and 342 °C, and another 9 %
loss between 326 and 773 °C were due to oxidation of
organic material [68]. In the FT-IR shows a weak band
at 2550 cm™! that are characteristic of the thiol (-~SH)
and the presence of —CH stretching vibration bands
(2850-3000 cm™") mainly associated with the propyl
group introduced by the functionalization of
mesoporous silica surface with 3-mercaptopropyl- .
Furthermore, the colour of the particles turned blue
when dispersed in a Cu (ll) solution indicating the
formation of a copper mercapto- complex. The copper
capacity of the 3-mercaptopropyl silica was 1.34 +
0.10 mmol g

3.3 Settling of the SH@SIO, from an aqueous
suspension

Stability of the nanoscavenger particles in the
aqueous suspension is an essential factor of the
nanoscavenger concept of solid phase dispersion
extraction (SPDE) as the particles must remain
dispersed in the solution for a significant time period.
This allows the particles to move naturally throughout
the sample solution without external agitation. The
stability of a SH@SIiO, suspension was therefore
assessed by measuring the settling rate of the particles
over an extended time period. Light transmission
remained essentially constant for more than 10 hours,
demonstrating extremely low sedimentation.
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3.4 Extraction of copper ions from water

The ability of SH@SiO; to enrich metal ions from
water was tested by spiking aliquots of metal ions into
water. To (1000 mL) water samples was added 50 g
of metals Cu?*. The SH@SIO; (50 mg) was dispersed
in water sample and the complexed metal was
collected on the filter. Copper ion cannot release from
the nanoscavenger by deionised water. Therefore
copper ion was released from the nanoscavenger by
acidification and oxidation using mixture of HCI and
HNO;3 (1:1). The recovery result of the Cu?* was 99 +
1 %. It seemed that the size of particles improve the
dispersion and increase the extraction as result of that.
The preconcentration factor of 100 can be improved
by decreasing the final volume of extracted metals.

3.5 Rate of copper ion uptake from dilute solution

The equilibrium between the metal and the
SH@SIiO, was assessed by following the extraction of
metals over time. Tri buffer was added to adjust the
pH to 7 and to avoid any change on the pH during the
preparation of the sample. The time had no effect on
the Cu (I1) ion uptake as it reached maximum recovery
within one minute and no further change was observed
afterwards (Figure 4).

— 105 -
&
= 70 Cu
=
g 35
D L] 1
0 1000 2000

Time (min)

Fig. 4. Effect of time on the copper ions uptake by
SH@SIO;

3.6 Effect of pH on the copper enrichment

The pH of the sample solution is an important
factor in the extraction of metals from solution.
Buffers were added to the sample solution to maintain
accurate pHs between 4 and 9. Strong acid or bases
were avoided because of potential decoupling of the
chelating groups from the surface of the
nanoscavenger and potential dissociation of the silica.
Acetate buffer were used to adjust the pH of sample
solution to 4 and Tris buffer to adjust the sample
solution to 7 and 9. The recoveries of the cupper ion
from different pH media have been slightly
influenced much by changing the pH. The lowest
recovery results (92 + 4) were obtained at low pH .
However, the recoveries increased with increasing pH.
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The reason for low extraction of Cu (1) at lower pH
is the increasing tendency for replacement of the
copper from the chelate by hydrogen ions[69].

3.7 A comparison of Cu (1) determinations using a
SH@SiO- and a conventional colorimetric procedure

The performance of a SH@SIO, solid phase
extraction procedure was evaluated by comparing it
against a standard procedure based on solvent
extraction. In this experiment the water samples were
collected from variety of tap water. The first method
was a colorimetric procedure involving solvent
extraction of the Cu diethyldithiocarbamate complex
into chloroform. The Cu was determined by
measurement of the absorbance at 435 nm. The
concentration of Cu was calculated based on
calibration with standard solutions. The second
method employed the SH@SiO; to extract the Cu ion
from tap water with subsequent measurement of the
extracted Cu ion by FAAS. The concentration of Cu
formed using the solid phase dispersion extraction
(SPDE) method was plotted against the concentration
measured using the colorimetric method. The slope
correlation of the approaches was 1.0187, indicating
that the concentration of Cu attained from the two
methods was indistinguishable. The good agreement
of the results attained from both methods suggests that
the SH@SiO; procedure is a promising new method
for the extraction of metals from water. The Cu
concentration on the tap water samples was found to
range from 0.023 to 0.97 ppm.

4. Conclusions

The preconcentration of metal ions from water can
be carried out using a variety of different techniques
ranging from solvent extraction to solid phase
microextraction. Choosing between methods involves
a careful matching of method performance to the
sample type and available instrumentation. Nowadays
using organic solvents for the enrichment of metals
from water is to be avoided due to environmental
issues and cost implications. The new nanoscavenger
approach is simple to apply and applicable to the
processing of large batches of samples. Once
dispersed in the water sample, the modified solid
phase extractant (nanoscavenger) requires no further
physical intervention until it is time for the nano-
scavenger to be recovered from the sample having
bound the analyte metal. This nanoscavenger recovery
can be achieved by simple filtration or centrifugation
and the analyte can be determined following metal
release into solution by treatment with acid and
determination by a suitable solution based procedure
such as FAAS. Whilst not investigated in this study,
the direct measurement of the analyte on the solid
nanoscavenger should also be possible by techniques
such as X-ray fluorescence, thereby removing the
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release stage from the analytical procedure.

In this paper we have described the synthesis of an
SH-nanoscavenger based on spherical mesoporous
silica (136 nm particles). The size of the SH@SIO;
was chosen to be 136 nm as particles with this
particular size move naturally when suspended in
water due to Brownian motion yet are very slow to
sediment. Mechanical agitation is therefore not
required during the extraction. The size of the particles
are neither too small to make them difficult to recover,
nor are they too big to sediment rapidly.

The stage linking procedure employed in this study
involved solid modification with 3-mercaptpropyl-
trimthoxysilane. The resulting 136 nm SH@SiO;
particles remained suspended for over 10 hours; more
than enough to quantitatively attach the metals to the
solid. 136 nm particles with a narrow size distribution
make their recovery by filtration easy.

The SH@SiO, nanoscavenger was applied to the
enrichment of Cu (11) with recovery greater than 99 %
with a 100-fold of preconcentration factor. The
procedure was then applied to the preconcentration Cu
(1) from tap water samples and the new technique was
found to compare favourably with a well accepted
solvent extraction of the copper dithiocarbamate
complex followed by colorimetry.

The nanoscavenger extraction approach offers a
number of important advantages over conventional
procedures. Not only is solid phase dispersion
extraction one of the 'greenest’ techniques for the
preconcentration of analytes from water due to its low
reagent use, it requires little human intervention
during the analytical procedure. Routine water
analysis laboratories are often required to perform
very large numbers of analyses within a very short
time period dictated by customer demand and rapid
sample degradation. The nanoscavenger approach
allows analyte stabilization to be initiated at the point
of sampling either after filtration, or if appropriate to
the analytical requirements, by the addition of the
nanaoscavenger to a measured volume of sample
scheme without pretreatment. In this latter case the
analytical results obtained after digestion of the filter
material would be expressed as a 'total' measurement;
particulate material from the sample would be
included together with the recovered nanoscavenger.

Addition of the nanoscavenger to samples at the
sampling site permits large numbers of samples to be
stabilized at the time of collection reducing pressure
on the analyst to further process the samples due to
their degradation in the untreated state. The metal
extractions then take place as the samples return to the
laboratory and during storage. Multiple rapid
filtrations carried out in parallel followed by parallel
metal recoveries permit the efficient subsequent
processing of the samples. Overall, the nanoscavenger
extraction approach can offer significant analytical
and operational advantages over many commonly
employed alternative approaches.
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