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ABSTRACT

Hematite (-Fe,0,) nanoparticles was selectively synthesized by the sol-gel
pyrrolysis method and used for preconcentration of Deltamethrin from ague-
ous samples. Parameters affected on the particle size of a-Fe,O, such as:
iron salt and poly vinyl alcohol concentration, pyrrolysis temperature and
ratio of water-ethanol were investigated and optimized by the on at atime
method. o.-Fe, O, nanoparticles prepared under optimized conditions were
used asa 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 alinear calibration curveintherange of 1 ppb to 1000
ppb. Finally, the proposed method applied for the determination of
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1.INTRODUCTION

Metallic oxides having different shapesand sizes
receive cons derable attention dueto their theoreti cal
aswd| astechnologica applications®. Nanoparticles,
which arethe perfect building blocksfor some com-
plex and composite shaped nanomaterials, canform
nanocl usters, nanowires, nanobelts, nanotubesand den-
drite structures®!2. Over the yearsresearchers have
employed different routesto facilitate large-scale syn-
thesisof nanostructured materids, like Cao and Zhu et
al .34 who used a hydrothermal processto achieve
the same. Similarly, organometdlic precursorg™, emul-
sionliquid membranesystems?, reversemicdlemeth-
odg'"8 solid template method*®, chemical vapour
deposition’, vapour-liquid-solid methods and sol-gel
technique?2 have al so been used.

Fe,O, haslong been recognizedin catalysis, mag-
netic and biomedical applications® 21, Hematite (o
Fe,O,) isoneof the most important, stable, non-toxic,
nature-friendly and corrosion-resistant metal oxides. It
isan n-type semiconductor with optical band gap (EQ)
of 2.1 eV and possesses extensive applicationsin pig-
ments, magnetic devicesand as anticorrosive agents,
catalysts, gas sensorsand as photoanodesfor photo-
assisted eectrolysis?-*, It can be prepared from vari-
oustechniques, e.g., hydrotherma, sol-gdl, pyrrolysis,
microwave synthesig®*. A number of earlier re-
portg34-42 have dealt with the formation and growth
mechanism of different nano and microstructuresof o-
Fe,O, such as nanospheres, nanorods, nanowires,
nanotubes, spindles, cagelike structures, cubes, etc.
Puetd, inanot so early report!Y, used capping agent-
surfactant CTAB and showed that concentration varia-
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tion of the precursor could lead to controlled variation
of sizeand morphology of a-Fe,0,.

Wenetd [ synthesized verticdly digned nanobelts
and nanowiresarrays of iron oxide by direct thermal
oxidation of iron substrates under the flow of O,,
whereasLiu et a.*¥ employed different surfactant as-
sistance, like agueous butanol solution asthe solvent
and carbamide as the base to produce a-Fe,O,
nanotubes and nanorods. Chueh et al.[*% synthesized
uniform a-Fe,0, nanowires by avapour-solid process,
Inaddition to this, Morales et al.* showed that syn-
thesi s of hematite particlesin the presence of amag-
netic field along the c axisresulted in agreater axial
ratio (6.5) than thoseformed in the absence of amag-
neticfied (6.0).

Use of nanometer-sized particles (nanoparticles,
NPs) for sampleextractionin chemicd analyssisgan-
ing research interest*>47, Compared with micrometer-
sized particles used for solid-phase extraction (SPE),
NPsoffer asgnificantly higher surface. Thegrester ra-
tio of area-to-volume promises much greater extrac-
tion capacity and efficiency. Another advantage of NPs
isthat NPs’ surface functionality can be easily modified
to achieve sel ective sample extraction or cell collec-
tionl“&59,

Determination of tracelevel pesticidesin aguatic
environment isvery important duetotheir intenseusein
agriculture and to their persistence as well5-52,
Ddtamethrin pesticides (herbicides) areamongthemost
heavily used pesticidestoday. Deltamethrin structure
hasbeen shownin SCHEME 1.

Analytica methods often used for the determina-
tion of Deltamethrinin environmental water samples
typicaly includederivatization followed by HPL C with
UltraViolet detection (HPLC/UVD) or HPLC with

Br
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H
O

SCHEME 1: Molecular structureof deltamethrin
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mass spectrometric detection (HPLC-MS). The
Deltamethrin procedureisoften tedious and skill-de-
manding. More convenient HPLC- UV methodshave
also been devel oped. Inthese methods, an extraction/
enrichment step, e.g. SPE, wasnormally needed prior
toHPLC- UV determination because of the extremely
low concentration leve of pesticidesinwater samples.

Iron oxides such asFe,0, and Fe,O, NPsarethe
most popular nanomaterials used for Extraction,
preconcentration and purification of biological and
chemical andyteswerecarried out using these. Fe,O,
hastwo stable phasesincluding a-Fe,O, (Hematite)
and y-Fe,0, (Magemite). Theexperimenta findings
showed that the neutral and modified pesticidesexhib-
ited astrong affinity to Fe,O,NPsmediated by thecom-
bination of hydrophobic and multiple e ectrostaticin-
teractions.

Theaim of thiswork wasto develop asimpleand
selective method for preparing of a-Fe,O,and develop
aNP-based SPE of smd| organicmoleculesfor HPLC-
UV analyss, which, to the best of our knowledge, has
never been reported before. In the NP-based extrac-
tion procedure, the NPswere collected after extrac-
tion either elute samplein cartridge by some solution
same methanol and acetonitrilewhich usefor largevol-
ume samples. A NP-based SPE method was devel-
oped to extract pesticidesfrom water samples. Inthe
procedure, at first synthesis of Fe,O, NPswith sol-gel
method and estimation of parameters and then use
Fe,O,NPs as SPE in apply to collect the pesticides
andyte. Fe,0,NPswith achemically modified surface
wereused for enriching/extracting pesticides.

2.EXPERIMENTAL

2.1. Chemicalsand reagents

Deltamethrin, iron (111) Sulfate, Polyvinyl Alcohol,
Methanol, Ethanol, Acetonitrilee, and hydrochloricacid
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 thework.

2.2. Instrumentals

Scanning e ectron microscopy (SEM) XL30 mode
with platinum coating from Oxford Company and X-

— a%a['yttaa[’ CHEMISTRY
A ndian W



116

Highly selective synthesis of hematite nanoparticles

ACAIJ, 8(2) June 2009

Full Peper —=

ray diffraction (XRD) X pert diffractometer (A =0.1541
nm) CuK o were used for sample characterization. Milli-
Q (MilliporeCorp., Bedford, MA) water system was
used. TheHPL C system congisted of apump (K-1001),
anautoinjector equipped with a100uL samplingloop
(Triathlon), an on-line degasser (D-14163), andaUV-
detector (2600) from KNAUER(Berlin, Germany)
equipped withA C_, reversed-phase column (300mm
x5mmi.d.) wasused for sampleanalysis. TheHPLC
system was controlled by Chromgate software (prod-
uct of KNAUER). Mobile phasewater, containing 0.2%
Acetic acid (pH=3) and acetonitrilee (22:78) at flow
rate of 1ml/minand wavelength of 247 nmwasused.

2.3. Preparation of a-Fe,0, NP procedure

There are anumber of methods adopted for the
synthesisof nanoparticles: thesol-gd technique, inverse
micelle, exfoliation by polymerization, and biomimetic
synthesisare someof thetechniquesused for produc-
ing nanoparticles of metals (Au, Pt, Pd, Co, Fe). Sol-
gdl techniquewas used for ferrous oxide synthesisby
reaction of ferrous sulfate (Fe,(SO,),) salt and polyvi-
nyl acohol (PVA) inahydro alcoholic solution. After
makeamix of hydroal coholic solution ferroussulfate
and PVA added to that dlowly and was heated to 70°C
to make sol. Then samplewas heated to 90°C to make
gel. Finaly, gel put in to oven for about 6 hoursto
pyrrolysisthesampletoyield Fe,O,. After synthesis of
Fe,O,nanoparticle, load them as sorbent in SPE col-
umn.

2.4. Fe,0,NP-based SPE procedure

100mg of NPsof Fe,O, wasadded in aglass col-
umn and used same polyethylenefiltersbefore and af -

-, LT e NP j
e
Figurel: SEM m_leée_()f T:_ezo3 NPssyn'Eha_z-ea at 1% wt
iron (Il sulfate
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ter that for hold them in the column. Before used as
SPE, conditioning of them was performed with aceto-
nitrile and water and then sampl e sol ution containing
Deltamethrin passed through cartdidge. Then SPEwas
eluted with 1 ml acetonitrile. The solution wasfiltered
through a0.45 um syringefilter and 50 pL injected into
the HPLC-UVD system for analysiswithout further
purification.

3.RESULTSAND DISCUSSION

In this paper, we describe preparation of Fe,O,
NP anditsapplication for solid-phaseextraction of the
pesticide (Deltamethrin) extraction and determination
withHPLC.

3.1. Synthesisof Fe,0, nanoparticle

At theproposed synthesismethod, thegel network
rigidity controlsthe morphol ogy and particlesize of the
synthesized sampleto make auniform nanostructured
Fe,O,. Inthegel structure, Fe,(SO,), salt was homo-
geneously dispersed among polymeric network. Be-
causeof gel network rigidity, thedispersedionsinthe
gel network can not ater their positions. Therefore,
during the pyrrolysisof the gdl’s outer layers, the iron
sulfateof theburnt layersgrew Fe(SO,), nanoparticles.
Fndly, ironsulfatenanoparticleswerecdcinatedtoform
a-Fe,0,NPs. Thechemical equationisasfollows:

Fe,(S0,)s —2 3 o —Fe,04 + 350,

Inthismethod, theamount of Fe,(SO,),, PVA, the
mixed solvent composition, and

thepyrrolys stemperature have an considerabl e ef-
fect onthe composition, morphology, and particlesize
of the sample. The degree of these effects was opti-
mized by the““one at a time” method.

Atfirst step of synthesis optimization, Fe,0,NPs
wereprepared at iron (111) sulfaterangeof 0.25, 0.5,
1, 2,4, 6 and 8% wt whilethe other parameterswere
kept constant (PVA=6% wit, pyrrolysistemperature=
550°C, water-ethanol ratio=40-60). Theobtained re-
sultsshowed that 1% wt of iron (111) sulfate had suffi-
cient homogeneity and good particlesize (Figure 1).

PVA intherangeof 1, 3, 6, 9 and 12% wt was
used separately for Fe,O, NP preparation at constant
conditions (Fe,(SO,),=1% wt, Temperature=550°C,
water-ethanol ratio =40-60) according to section 2.4.
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Figure2: SEM image of samplewassynthesi zed at 6% wt
PVA
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Figure3: SEM imagam-c émplew_assy_/nthesi zed at 50-50
ratio of water-ethanol
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Figure 4. SEM _irhag_]e 6f Fe,0, NPs synthesized at
pyrrolysistemperatur e of 650°C
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Theresultsshowed 6% wt PVA issufficient to obtaina
uniform morphol ogy and smaller particlesof hematite
(Figure2).

Somedifferent water-ethanol ratiosof 0-100, 20-
80, 40-60, 50-50, 60-40, 80-20 and 100-0 were sepa-
rately used for synthesizing of Fe,O, whilethe other
conditionswere constant (Fe,(SO,) .= 1% wt, PVA=
6% wt and Temperature= 550°C) and water-ethanol
ratio="50-50). All sampleswere characterized by SEM
studies. Theobtained resulted reveal ed that the water-
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Figure5: X-ray diffraction pattern of a-Fe,0, nano par -
ticles

ethanol ratio of 50-50 isasuitablecomposition for the
s0l solvent. figure3 showsthe SEM imageof thesample
prepared at 6% wt PVA. Asitisseenfromfigure 3, this
amount of PVA makesmore uniform structurefor the
Fe,O, NPs.

Temperatureof pyrrolysiswasstudied intherange
of 450, 550, 650, 750, 850, 950°C. In these experi-
ments, all samples were characterized by SEM and
XRD. SEM studies showed that the pyrrolysistem-
perature of 650°C is the best to obtain uniform
nanostructurewith thesmaler particles(Figure4).

Thepurity of the prepared Fe,O, nanoparticleswas
examined using X-ray diffraction. The XRD pattern of
thefinal powder which synthesized a pyrrolysistem-
perature of 650°C wasshowninfigureb.

Based on SEM image and XRD pattern, the syn-
thesized sample at optimum conditions (1% wt
Fe,(SO,),, 6% wt PVA, water-ethanol ratio of 50:50
and pyrrolysis temperature of 650°C) had uniform
nanoparticleswith aparticlediameter of 25+3 nmin
very fine powder form.

3.2. Extraction of Deltamethrin with a-Fe,O,
nanoparticles

100 mg of a-Fe,O, nanoparticleswas packed in
glasssyringe (5ml). Beforeused as SPE, conditioning
of the column (cartridge) was performed with acetoni-
trile and water. The sample solution containing
Ddtamethrin passed through cartridge. Then SPEwas
eluted with 1 ml acetonitrile. The solution eluted from
SPE wasfiltered through a0.45um syringefilter and
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Figure 6: Effect of sampleflow rate on the recovery of
deltamethrin by Fe,O, NP-based solid phaseextraction
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Figure7: Effect of solution temperatureon ther ecovery of
deftamethrin by Fe,O, NP-based solid phaseextr action
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Figure9: Effect of initial samplevolumeon therecovery of
deltamethrin by Fe,O, NP-based solid phaseextr action

S0uL injectedinto theHPLC-UVD system for analy-
gswithout further purification. Inthissystem, thereare
someeffectiveparametersincluding flow rateof sample

solution, initid temperatureof samplesolution, initid pH
of samplesolution, andinitia samplevolumewhichther
effect on theextraction efficiency wereinvestigated.

3.2.1. Effect of sampleflow rate

Six sampleswith sameconditionswere passed from
cartridge at 6 different flow ratesof 0.3, 0.4, 0.8, 1,
1.2 and 3ml/min. Figure 6 showstheeffect of sample
flow rate ontheextraction efficiency. Asitisobviousin
figure 6, maximum extraction efficiency isseenfor the
sampleflow rateof 0.8 ml/min. At lower flow rates,
adsorbed species of frontier sample band can be des-
orbed by following samplebands. At higher flow rates,
contact time of anaytewith sorbent (Fe,0,) islow so
that adsorption efficiency isdecreased.

3.2.2. Effect of pH

Theadsorption of Deltamethrinon Fe,O, NPswas
studied inthepH range of 1to 13. Theresultsof effect
of pH ontherecovery of the Deltamethrin wereshown
infigure7.

It can be seen that maximum recovery wasfoundin
the pH rangeof 9. For understanding of pH effect, the
adsorption mechanism for Deltamethrin should beex-
plained. Asit has been previously reported®, the sur-
face of iron oxide nanoparticlesishydrolyzed to form
hydroxyl groupsin agua’s solution. Deltamethrin can
be bonded to the surface of Fe,O, by hydrogen bonds.
At lower pH, donor atomsof Deltamethrin (O and N)
get proton to form positive sites so that the hydrogen
bond capacity is decreased and consequently,
Detamethrin adsorption. At solution pHshigher than 9,
hydroxyl groups of sorbent can beionized and their
hydrogen bonding possibility with donor atoms of
Deltamethrin (O and N) isdecreased.

3.2.3. Effect of initial samplevolume

Inorder to explorethe possibility of concentrating
low concentration of andytesfrom largevolumes, the
effect of samplevolumeontheretention of andytewas
alsoinvestigated. For thispurpose, 25, 100, 200, 250,
300and 400 mL of thesamplesolutionscontaining same
total Deltamethrin of 0.25ug was passed through car-
tridge. Finally, the cartridge was eluted with 1 mL
acetonitrileeand, analyzed with HPLC. Theresultsare
showninfigure8. Asitisseenfrom figure8, the pro-
posed sorbent can adsorb Deltamethrin from big solu-
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tion with low content. The obtai ned results show the
high capacity of a-Fe,O, for the preconcentration of
Ddtamethrin.

3.2.4. Effect of initial sampletemperature

Inorder to obtain maximum efficiency, initial tem-
perature of sample solutionswas changed and, the ef-
fect of temperature on thefinal 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
a-Fe,0,isincreased when the sol ution temperature
increased from 5t0 40°C. At higher temperatures, ki-
netic rate of desorption is morethan adsorption so that
theextraction efficiency isdecreased.

3.3.Analytical performanceand application

Detection limit (LOD) of the proposed method for
the determination of Deltamethrin wasobtained 1 ppb.
Linear cdlibration curvewasobtained intherangeof 1
to 1000 ppb (seven points) for Deltamethrinto genera
procedure extraction (r2 >0.99). The proposed method
was applied for the determination of Deltamethrinin
tap water and the recovery was obtai ned above 90%
withrelativestandard deviation (%RSD) lower than 8%.

4. CONCLUSIONS

Hematite (a-Fe,0O,) nanoparticles can be selec-
tively synthesized by a ssmple PVA-based sol-gel
pyrrolyssmethod. Extraction of smal organicmolecules
such as Deltamethrin pesticides from large volume
samples can be effectively performed using a-Fe,O,
nanoparticles as extract agent. Adsorbed specieswas
eluted from SPE cartridge by sma | volume of acetoni-
trile. Theduted Deltamethrin wasandyzed by HPLC-
UV method. The proposed method was successfully
used for thedetermination of Deltamethrinin tap water.
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