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1. INTRODUCTION

Metallic oxides having different shapes and sizes
receive considerable attention due to their theoretical
as well as technological applications[1-8]. Nanoparticles,
which are the perfect building blocks for some com-
plex and composite shaped nanomaterials, can form
nanoclusters, nanowires, nanobelts, nanotubes and den-
drite structures[9-12]. Over the years researchers have
employed different routes to facilitate large-scale syn-
thesis of nanostructured materials, like Cao and Zhu et
al.[13,14] who used a hydrothermal process to achieve
the same. Similarly, organometallic precursors[15], emul-
sion liquid membrane systems[16], reverse micelle meth-
ods[17,18], solid template method[19], chemical vapour
deposition[20], vapour-liquid-solid methods and sol-gel
technique[21,22] have also been used.
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Fe
2
O

3
 has long been recognized in catalysis, mag-

netic and biomedical applications[23-26]. Hematite (-
Fe

2
O

3
) is one of the most important, stable, non-toxic,

nature-friendly and corrosion-resistant metal oxides. It
is an n-type semiconductor with optical band gap (Eg)
of 2.1 eV and possesses extensive applications in pig-
ments, magnetic devices and as anticorrosive agents,
catalysts, gas sensors and as photoanodes for photo-
assisted electrolysis[27-35]. It can be prepared from vari-
ous techniques, e.g., hydrothermal, sol-gel, pyrrolysis,
microwave synthesis[36-39]. A number of earlier re-
ports[13,40-42] have dealt with the formation and growth
mechanism of different nano and microstructures of -
Fe

2
O

3 
such as nanospheres, nanorods, nanowires,

nanotubes, spindles, cage like structures, cubes, etc.
Pu et al, in a not so early report[41], used capping agent-
surfactant CTAB and showed that concentration varia-
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ABSTRACT

Hematite (-Fe
2
O

3
) nanoparticles was selectively synthesized by the sol-gel

pyrrolysis method and used for preconcentration of Deltamethrin from aque-
ous samples. Parameters affected on the particle size of -Fe

2
O

3 
such as:

iron salt and poly vinyl alcohol concentration, pyrrolysis temperature and
ratio of water-ethanol were investigated and optimized by the on at a time
method. -Fe

2
O

3
 nanoparticles prepared under optimized conditions were

used as a sorbent for solid phase extraction of Deltamethrin and parameters
affected extraction were studied and optimized. A HPLC� UV method was

used for the determination of Deltamethrin. The method had an LOD of 1
ppb Deltamethrin, and a linear calibration curve in the range of 1 ppb to 1000
ppb. Finally, the proposed method applied for the determination of
Deltamethrin in environmental samples successfully.
 2009 Trade Science Inc. - INDIA

Trade Science Inc.

ACAIJ, 8(2) 2009 [114-120]

An Indian Journal

Volume 8 Issue 2June 2009

Analytical CHEMISTRYAnalytical CHEMISTRY

id8080578 pdfMachine by Broadgun Software  - a great PDF writer!  - a great PDF creator! - http://www.pdfmachine.com  http://www.broadgun.com 



Hassan Karami et al. 115

Full Paper
ACAIJ, 8(2) June 2009

An Indian Journal
Analytical CHEMISTRYAnalytical CHEMISTRY

tion of the precursor could lead to controlled variation
of size and morphology of -Fe

2
O

3
.

Wen et al.[42] synthesized vertically aligned nanobelts
and nanowires arrays of iron oxide by direct thermal
oxidation of iron substrates under the flow of O

2
,

whereas Liu et al.[43] employed different surfactant as-
sistance, like aqueous butanol solution as the solvent
and carbamide as the base to produce -Fe

2
O

3

nanotubes and nanorods. Chueh et al.[10] synthesized
uniform -Fe

2
O

3
 nanowires by a vapour-solid process.

In addition to this, Morales et al.[44] showed that syn-
thesis of hematite particles in the presence of a mag-
netic field along the c axis resulted in a greater axial
ratio (6.5) than those formed in the absence of a mag-
netic field (6.0).

Use of nanometer-sized particles (nanoparticles,
NPs) for sample extraction in chemical analysis is gain-
ing research interest[45-47]. Compared with micrometer-
sized particles used for solid-phase extraction (SPE),
NPs offer a significantly higher surface. The greater ra-
tio of area-to-volume promises much greater extrac-
tion capacity and efficiency. Another advantage of NPs
is that NPs� surface functionality can be easily modified

to achieve selective sample extraction or cell collec-
tion[48-50].

Determination of trace level pesticides in aquatic
environment is very important due to their intense use in
agriculture and to their persistence as well[51-52].
Deltamethrin pesticides (herbicides) are among the most
heavily used pesticides today. Deltamethrin structure
has been shown in SCHEME 1.

Analytical methods often used for the determina-
tion of Deltamethrin in environmental water samples
typically include derivatization followed by HPLC with
Ultra Violet detection (HPLC/UVD) or HPLC with

mass spectrometric detection (HPLC�MS). The

Deltamethrin procedure is often tedious and skill-de-
manding. More convenient HPLC- UV methods have
also been developed. In these methods, an extraction/
enrichment step, e.g. SPE, was normally needed prior
to HPLC- UV determination because of the extremely
low concentration level of pesticides in water samples.

Iron oxides such as Fe
3
O

4
 and Fe

2
O

3
 NPs are the

most popular nanomaterials used for Extraction,
preconcentration and purification of biological and
chemical analytes were carried out using these. Fe

2
O

3

has two stable phases including -Fe
2
O

3
 (Hematite)

and -Fe
2
O

3
 (Magemite). The experimental findings

showed that the neutral and modified pesticides exhib-
ited a strong affinity to Fe

2
O

3 
NPs mediated by the com-

bination of hydrophobic and multiple electrostatic in-
teractions.

The aim of this work was to develop a simple and
selective method for preparing of á-Fe

2
O

3 
and develop

a NP-based SPE of small organic molecules for HPLC-
UV analysis, which, to the best of our knowledge, has
never been reported before. In the NP-based extrac-
tion procedure, the NPs were collected after extrac-
tion either elute sample in cartridge by some solution
same methanol and acetonitrile which use for large vol-
ume samples. A NP-based SPE method was devel-
oped to extract pesticides from water samples. In the
procedure, at first synthesis of Fe

2
O

3
 NPs with sol-gel

method and estimation of parameters and then use
Fe

2
O

3 
NPs as SPE in apply to collect the pesticides

analyte. Fe
2
O

3
NPs with a chemically modified surface

were used for enriching/extracting pesticides.

2. EXPERIMENTAL

2.1. Chemicals and reagents

Deltamethrin, iron (III) Sulfate, Polyvinyl Alcohol,
Methanol, Ethanol, Acetonitrilee, and hydrochloric acid
were purchased from Merck Company  and were used
without any further purification. A stock solution (1000
ppm) from Deltamethrin was prepared in methanol.
Double-distilled water was used throughout the work.

2.2. Instrumentals

Scanning electron microscopy (SEM) XL30 model
with platinum coating from Oxford Company and X-

O

N

O

O

Br
Br

H

H

SCHEME 1: Molecular structure of deltamethrin
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ray diffraction (XRD) Xpert diffractometer ( = 0.1541
nm) CuKá were used for sample characterization.  Milli-

Q (Millipore Corp., Bedford, MA) water system was
used. The HPLC system consisted of a pump (K-1001),
an auto injector equipped with a 100L sampling loop
(Triathlon), an on-line degasser (D-14163), and a UV-
detector (2600) from KNAUER(Berlin, Germany)
equipped with A C

18
 reversed-phase column (300mm

5mm i.d.) was used for sample analysis. The HPLC
system was controlled by Chromgate software (prod-
uct of KNAUER). Mobile phase water, containing 0.2%
Acetic acid (pH=3) and acetonitrilee (22:78) at flow
rate of 1ml/min and wavelength of 247 nm was used.

2.3. Preparation of -Fe2O3 NP procedure

There are a number of methods adopted for the
synthesis of nanoparticles: the sol-gel technique, inverse
micelle, exfoliation by polymerization, and biomimetic
synthesis are some of the techniques used for produc-
ing nanoparticles of metals (Au, Pt, Pd, Co, Fe). Sol-
gel technique was used for ferrous oxide synthesis by
reaction of ferrous sulfate (Fe

2
(SO

4
)

3
) salt and polyvi-

nyl alcohol (PVA) in a hydro alcoholic solution. After
make a mix of hydroalcoholic solution ferrous sulfate
and PVA added to that slowly and was heated to 700C
to make sol. Then sample was heated to 900C to make
gel. Finally, gel put in to oven for about 6 hours to
pyrrolysis the sample to yield Fe

2
O

3
. After synthesis of

Fe
2
O

3 
nanoparticle, load them as sorbent in SPE col-

umn.

2.4. Fe2O3 NP-based SPE procedure

100mg of NPs of Fe
2
O

3
 was added in a glass col-

umn and used same polyethylene filters before and af-

ter that for hold them in the column. Before used as
SPE, conditioning of them was performed with aceto-
nitrile and water and then sample solution containing
Deltamethrin passed through cartdidge. Then SPE was
eluted with 1 ml acetonitrile. The solution was filtered
through a 0.45 m syringe filter and 50 L injected into
the HPLC-UVD system for analysis without further
purification.

3. RESULTS AND DISCUSSION

In this paper, we describe preparation of Fe
2
O

3

NP and its application for solid-phase extraction of the
pesticide (Deltamethrin) extraction and determination
with HPLC.

3.1. Synthesis of Fe2O3 nanoparticle

At the proposed synthesis method, the gel network
rigidity controls the morphology and particle size of the
synthesized sample to make a uniform nanostructured
Fe

2
O

3
. In the gel structure, Fe

2
(SO

4
)

3
 salt was homo-

geneously dispersed among polymeric network. Be-
cause of gel network rigidity, the dispersed ions in the
gel network can not alter their positions. Therefore,
during the pyrrolysis of the gel�s outer layers, the iron

sulfate of the burnt layers grew Fe
2
(SO

4
)

3
 nanoparticles.

Finally, iron sulfate nanoparticles were calcinated to form
-Fe

2
O

3
 NPs.  The chemical equation is as follows:

332
Heat

342 SO3OFe)SO(Fe  

In this method, the amount of Fe
2
(SO

4
)

3
, PVA, the

mixed solvent composition, and
the pyrrolysis temperature have an considerable ef-

fect on the composition, morphology, and particle size
of the sample. The degree of these effects was opti-
mized by the �one at a time� method.

At first step of synthesis optimization, Fe
2
O

3
 NPs

were prepared at iron (III) sulfate range of 0.25, 0.5,
1, 2, 4, 6 and 8% wt while the other parameters were
kept constant (PVA=6% wt, pyrrolysis temperature=
5500C, water-ethanol ratio= 40-60). The obtained re-
sults showed that 1% wt of iron (III) sulfate had suffi-
cient homogeneity and good particle size (Figure 1).

PVA in the range of 1, 3, 6, 9 and 12% wt was
used separately for Fe

2
O

3
 NP preparation at constant

conditions (Fe
2
(SO

4
)

3
=1% wt, Temperature=5500C,

water-ethanol ratio =40-60) according to section 2.4.

Figure 1: SEM image of Fe
2
O

3
 NPs synthesized at 1% wt

iron (II) sulfate
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The results showed 6% wt PVA is sufficient to obtain a
uniform morphology and smaller particles of hematite
(Figure 2).

Some different water-ethanol ratios of 0-100, 20-
80, 40-60, 50-50, 60-40, 80-20 and 100-0 were sepa-
rately used for synthesizing of Fe

2
O

3
 while the other

conditions were constant (Fe
2
(SO

4
)

3
= 1% wt, PVA=

6% wt and Temperature= 5500C) and  water-ethanol
ratio= 50-50). All samples were characterized by SEM
studies. The obtained resulted revealed that the water-

ethanol ratio of 50-50 is a suitable composition for the
sol solvent. figure 3 shows the SEM image of the sample
prepared at 6% wt PVA. As it is seen from figure 3, this
amount of PVA makes more uniform structure for the
Fe

2
O

3
 NPs.

Temperature of pyrrolysis was studied in the range
of 450, 550, 650, 750, 850, 9500C. In these experi-
ments, all samples were characterized by SEM and
XRD. SEM studies showed that the pyrrolysis tem-
perature of 6500C is the best to obtain uniform
nanostructure with the smaller particles (Figure 4).

The purity of the prepared Fe
2
O

3
 nanoparticles was

examined using X-ray diffraction. The XRD pattern of
the final powder which synthesized at pyrrolysis tem-
perature of 6500C was shown in figure 5.

Based on SEM image and XRD pattern, the syn-
thesized sample at optimum conditions (1% wt
Fe

2
(SO

4
)

3
, 6% wt PVA, water-ethanol ratio of 50:50

and pyrrolysis temperature of 6500C) had uniform
nanoparticles with a particle diameter of 25 ±3 nm in

very fine powder form.

3.2. Extraction of Deltamethrin with á-Fe2O3

nanoparticles

100 mg of -Fe
2
O

3
 nanoparticles was packed in

glass syringe (5 ml).  Before used as SPE, conditioning
of the column (cartridge) was performed with acetoni-
trile and water. The sample solution containing
Deltamethrin passed through cartridge. Then SPE was
eluted with 1 ml acetonitrile. The solution eluted from
SPE was filtered through a 0.45m syringe filter and

Figure 2: SEM image of sample was synthesized at 6% wt
PVA

Figure 3: SEM image of sample was synthesized at 50-50
ratio of water-ethanol

Figure 4: SEM image of Fe
2
O

3
 NPs synthesized at

pyrrolysis temperature of 6500C

Figure 5: X-ray diffraction pattern of -Fe
2
O

3
 nano par-

ticles
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50L injected into the HPLC�UVD system for analy-

sis without further purification. In this system, there are
some effective parameters including flow rate of sample

solution, initial temperature of sample solution, initial pH
of sample solution, and initial sample volume which their
effect on the extraction efficiency were investigated.

3.2.1. Effect of sample flow rate

Six samples with same conditions were passed from
cartridge at 6 different flow rates of 0.3, 0.4, 0.8, 1,
1.2 and 3 ml/min. Figure 6 shows the effect of sample
flow rate on the extraction efficiency. As it is obvious in
figure 6, maximum extraction efficiency is seen for the
sample flow rate of 0.8 ml/min. At lower flow rates,
adsorbed species of frontier sample band can be des-
orbed by following sample bands. At higher flow rates,
contact time of analyte with sorbent (Fe

2
O

3
) is low so

that adsorption efficiency is decreased.

3.2.2. Effect of pH

The adsorption of Deltamethrin on Fe
2
O

3
 NPs was

studied in the pH range of 1 to 13. The results of effect
of pH on the recovery of the Deltamethrin were shown
in figure 7.

It can be seen that maximum recovery was found in
the pH range of 9. For understanding of pH effect, the
adsorption mechanism for Deltamethrin should be ex-
plained. As it has been previously reported[9], the sur-
face of iron oxide nanoparticles is hydrolyzed to form
hydroxyl groups in aqua�s solution. Deltamethrin can

be bonded to the surface of Fe
2
O

3
 by hydrogen bonds.

At lower pH, donor atoms of Deltamethrin (O and N)
get proton to form positive sites so that the hydrogen
bond capacity is decreased and consequently,
Deltamethrin adsorption. At solution pHs higher than 9,
hydroxyl groups of sorbent can be ionized and their
hydrogen bonding possibility with donor atoms of
Deltamethrin (O and N) is decreased.

3.2.3. Effect of initial sample volume

In order to explore the possibility of concentrating
low concentration of analytes from large volumes, the
effect of sample volume on the retention of analyte was
also investigated. For this purpose, 25, 100, 200, 250,
300 and 400 mL of the sample solutions containing same
total Deltamethrin of 0.25g was passed through car-
tridge. Finally, the cartridge was eluted with 1 mL
acetonitrilee and, analyzed with HPLC. The results are
shown in figure 8. As it is seen from figure 8, the pro-
posed sorbent can adsorb Deltamethrin from big solu-

Figure 6: Effect of sample flow rate on the recovery of
deltamethrin by Fe

2
O

3
 NP-based solid phase extraction
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Figure 7: Effect of solution temperature on the recovery of
deltamethrin by Fe

2
O

3
 NP-based solid phase extraction

Figure 8: Effect of sample solution pH on the recovery of
deltamethrin by Fe

2
O

3
 NP-based solid phase extraction
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Figure 9: Effect of initial sample volume on the recovery of
deltamethrin by Fe
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 NP-based solid phase extraction
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tion with low content. The obtained results show the
high capacity of -Fe

2
O

3
 for the preconcentration of

Deltamethrin.

3.2.4. Effect of initial sample temperature

In order to obtain maximum efficiency, initial tem-
perature of sample solutions was changed and, the ef-
fect of temperature on the final HPLC signal counts
was studied. figure 9 shows the temperature depen-
dency of Deltamethrin extraction. Kinetic of Adsorp-
tion and desorption of Deltamethrin on the surface of
-Fe

2
O

3
 is increased when the solution temperature

increased from 5 to 400C. At higher temperatures, ki-
netic rate of desorption is more than adsorption so that
the extraction efficiency is decreased.

3.3. Analytical performance and application

Detection limit (LOD) of the proposed method for
the determination of Deltamethrin was obtained 1 ppb.
Linear calibration curve was obtained in the range of 1
to 1000 ppb (seven points) for Deltamethrin to general
procedure extraction (r2 >0.99). The proposed method
was applied for the determination of Deltamethrin in
tap water and the recovery was obtained above 90%
with relative standard deviation (%RSD) lower than 8%.

4. CONCLUSIONS

Hematite (-Fe
2
O

3
) nanoparticles can be selec-

tively synthesized by a simple PVA-based sol-gel
pyrrolysis method. Extraction of small organic molecules
such as Deltamethrin pesticides from large volume
samples can be effectively performed using -Fe

2
O

3

nanoparticles as extract agent. Adsorbed species was
eluted from SPE cartridge by small volume of acetoni-
trile. The eluted Deltamethrin was analyzed by HPLC�
UV method. The proposed method was successfully
used for the determination of Deltamethrin in tap water.
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