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Abstract : We present astudy on the application of
magnetic nanoparticles (MNPs) prepared from Fe,O,
and functiondized with pyridineasan adsorbent for the
solid-phase extraction of trace quantitiesof Co(ll) ion.
The pyridinegroup wasimmobilized onthe surface of
theMNPsby cova ent bonding of isonicotinamide. The
modified MNPscan bereadily separated from an aque-
ous solution by applying an externa magneticfidd. Ef-
fectsof pH, theamount of functionalized MNPs, type
and quantity of eluent, desorption time on the extrac-
tion efficiency were optimized. Theamount of Co (I1)

INTRODUCTION

Cobaltisanatura element found throughout the
environment and used to make super dloys(aloysthat
maintaintheir strength at high temperatures approach-
ing their melting points) andin pigment manufacture. It
can benefit or harm human health. In general, heavy
metal ionsaretoxic, non-biodegradable, and tend to
beaccumulatedin vital human organs, wherethey can

wasthen determined using Electrothermal AtomicAb-
sorption Spectroscopy (ETAAS). Under theoptimized
conditions, the detection limit and preconcentration fac-
tor are0.11 pg L* and 200, respectively, and therela
tivestandard deviation (at 10 pgL?; for n=5) is3.5 %.
Themethod had alinear analytica rangefrom 0.10to
80 ug Lt and wasapplied to determine Co (1) inwa
tersamples.  © Global Scientificlnc.

K eywor ds: Cobalt; Atomic absorption spectros-
copy; Pyridine; Nanoparticlesmagnetic.

act progressively over along periodthroughfood chains.
Thedetermination of trace heavy metd ionsinenviron-
mental sampleshasreceivedincreas ng attention. Some
trace elements are essential to man, whosedaily re-
quirementisonly afew milligrams. However, if ingested
inhighlevds, thiscanbeharmful to human hedlth. Thus,
the elemental compositionisessential to ensurefood
quality!™. Cobaltisan essentid traceelement that has
animportant roleinmany bodily functions. Itistoxicin
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largeamountsand chronicingestion of Cointhedaily
diet can causetoxic effectd?. Toxicological effectsof
cobalt include vasodilatation, flushing and car-
diomyopathy in humansand animals®.. Thereisgreat
interest inthedetermination of tracelevelsof Co (Il) in
environmentd investigationsbecause cobalt affectsliv-
ing speciesascomplexed Vitamin B12.

Thequantification of metal speciesinvariousma:
triceshasbeen performed by different techniques, in-
cluding flame atomic absorption spectrometry
(FAAS)M, graphite furnace atomic absorption spec-
trometry (GFAAS)® and inductively coupled plasma
optical emission spectrometry (ICP-OES)!, among
others. However, these techniques do not have ad-
equate sensitivity and selectivity for some anal yses.
Thus, procedures of separation or preconcentration
may berequiredto purify the sampleand removematrix
interference beforethe determination of trace e ements.
In recent decades the developments of
preconcentration steps prior to anaytical determina
tionsof tracelevel compounds have been exploredin
considerabledepth. In thisway, anumber of accurate
and reliable methods have been devel oped for Co (11)
determination™3, In addition, the preconcentration
and determination of cobalt (1) have been studied by
various extraction methods such as: liquid-liquid ex-
traction (LLE), flow injection extraction (FIE), cloud
point extraction (CPE), solid phase extraction (SPE),
and dispersveliquid-liquid microextraction (DLLME).
New (LLE) methodsbased on liquid membranes*34
and hollow fiber contactord™ were used for extrac-
tion and preconcentration of cobalt. However, these
methods aretime-consuming and tedious. Alsotheuse
of largeamountsof high purity expensive solventsis
inevitable. The continuous quest for novel sample
preparation procedures hasled to the devel opment of
new methods, which have main advantages such as
rapidity and reduction of solventsconsumption. Initial
effortsto addressthe problem of large sol vent con-
sumption have led to the devel opment of the (FIE)
method. Some of these methods have been applied
for cobalt extraction(*627,

EXPERIMENTAL

All analytical gradereagentswere purchased from
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Merck (Darmstadt, Germany) or from Fluka (Buchs
SG, Switzerland) and used without further purification.
Thefollowing buffer solutionswere used for various
pHs: pH 1 and 2, KCI/HCI, pH 4-6 CH3COOH/
CH3COONH4, pH 6-8 Na2 HPO4/NaH2PO4 and
pH 8-10 NH3/NH4CI. The standard solution of Co-
balt (11), 1000 mg L%, 3-aminopropyltriethoysilane,
oxalyl chloride and 4-pyridine carboxylic acid were
purchased from Merck. All solutionswere prepared
using deionized water.

Cobalt concentration wasdetermined by ET-AAS
5100 (PERKIN ELMER) e ectrothermal atomic ab-
sorption spectrometer (ET-AAS), according to the
user’s manual, provided by the manufacturer. Cobalt
hollow cathodelamp was used asthe radiation source
withwavelength of 240.73 nm. The pH was measured
at 25+1 °C with a digital WTW pH (Germany). A
vacuum pump was obtained from Leybold (Cologne,
Germany) and an adj ustabl e vacuum gauge and con-
troller were obtained from Analytichem International
(Harber City, CA).

Fe,0, nanoparticlesweresynthesized according to
the previously reported procedure®! and Preparation
of pyridine functionalizing agent (N-3-
(triethoxysilyl)propyl)isoni cotinamide) accordingto the
previously reported procedure %,

Pyridinefunctionaized Fe,0, nanoparticleswere
synthesized according to the previoudy reported pro-
cedurel®. In a typical reaction, 1.0 g of Fe,O,
nanoparticleswas suspended in 70 mL of toluene, af-
terward 1.0 g of TPl was added and the mixturewas
refluxed for 24 h. The solid phasewasfiltered from the
solvent and washed 3 timeswith 50 mL of ethanol in
order to remove any impuritiesand then dried at room
temperature. Functiondization of pyridinefunctionaized
Fe,O, nanoparticles was confirmed by XRD pattern
(Figure 1), IR spectroscopy, thermal and elemental
anayses.

The samplewas digested in amixture of concen-
trated nitric acid and hydrogen peroxide, using ami-
crowave ovento dissolvethe Co (I1). Rapid digestion
procedurefor HNO, with hydrogen peroxide (H,0,)
digestion of plant materid by usngaclosed-vessd, mi-
crowave-digestion system (Anton paar). The proposed
method cong stsof two stages: (1) the predigested (over-
night) sampleand HNO, mix isheated at 75°C for 10



100

ChemXpress 5(3), 2014

ORIGINAL ARTICLE

min, followed by 109°C for 15 min; (2) after cooling
for 10min, 1mL of H,O, isaddedto eachvessd through
the ventilation hole and the sample mix is heated at
110°C for a further 15 min. The analytical results were
satisticaly analyzed by using linear regression, linear
correlation, and two independent meansteststo deter-
mineanalytica precision and accuracy of the proposed
digestion method.

A portion of samplesolution containingthestudied
ionswastransferred to a500 mL beaker, the pH val-
ues was adjusted to desired value with 0.1 mol L*
HNO, and 0.1 mol L**NH_H,O, and thefina volume
wasdiluted to desired volume. Then, 15 mg of adsor-
bent was added, and the solution was shakenfor 3min
to facilitate adsorption of the Co (11) onto themodified
MNP. Then the magnetic adsorbent was separated
readily by using astrong flat permanent magnet and the
supernatantsweredecanted directly, washed with5 mL
deionized water and then decanted directly. Findly, 2.5
mL of 0.5 mol L-1 thioureain 0.4 mol L-1 HCI was
added as eluent and shaken for 3 min and the eluted
ionsweredetermined by ETAAS.

RESULT AND DISCUSSION

Extraction and preconcentration of cobalt ionson
Py-Fe,O, NPswere highly dependent on thedifferent
parameterssuch as pH of thesample, extractiontime,
type, volume and concentration of € uent, desorption
time, samplevolume and concentration of coexisting
ions. Inthiscontext, the procedurewas optimized for
thevariousanayticd parameters.

To study theeffect of pH on theextraction, thepH
of 25 mL of different sample solutionscontaining 3 pug
L cobalt was adjusted in therange of 1-10. The ob-
tained resultsin Figure 2 indicate that the Co (I1) ions
could beretained quantitatively onfunctiondized Fe,O,
NPsinthepH range of 2—6.

Theresultssuggest that adsorption hastwo mecha-
nisms: ion pair and coordination ability. Therefore, pH
3.0 was chosen asthe optimum pH for further studies.

Compared to conventional sorbents (microsized
adsorbents), NPs offer asignificantly higher surface
area-to volumeratio and ashort diffusion route, which
resultsin high extraction capacity, rapid extraction dy-
namicsand high extraction efficiencies. Also, MNPs

can berapidly collected from sample solution by ap-
plying magnetically assi sted separation, thus shorter
extraction times can beachieved. Therefore, satisfac-
tory resultscan be obtai ned with fewer amountsof these
adsorbents. For the optimization of theamount of ad-
sorbent, 5, 10, 15, 20, 25, and 30 mg of the MNP
weretested (Figure 3).

Figurel: SEM micrograph pyridine- functionalized Fe,O,
nanoparticles
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Figure2: Effect of samplepH onrecovery of Co(ll)ionsonthe
Pyridine- Fe,O, NPs(Condition: 5 ug L* of cobalt, shaking
time: 3min and room temper atur €)
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Figure3: Effect of adsorbent amount recovery Co(ll) ionson

thePyridine- Fe,O, NPs(Condition: 5 pg L of cobalt, Shak-

ingtime: 3min and roomtemperature, pH: 3)
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Inthe present work, by increasing amounts of the
Py-Fe304 NPsduetoincreaseinthesurfaceareaand
accessible sitesto the adsorption of the analytes, the
extraction efficiency increased. Quantitative extraction
of thecobdt ionswas achieved using only 20 mg of the
Py-Fe304 NPs. At higher amounts of the adsorbent,
the extraction efficiency wasa most constant.

Inorder toinvestigate the effect of shakingtimeon
the extraction efficiency, extraction experimentswere
cariedoutat 1, 2, 3,4, 7,12, and 20 mintimeinter-
vals. According to theresults, an equilibration time of
about 3 minwasrequired for quantitative extraction of
theandytefrom solutioninto solid phase. Thus, themix-
tures have been shaken for 3 minto reach equilibrium
inthesubsequent experiments.

Asthesurfaceof Fe,O, nano-particlescoated with
adlicalayer, thiscompositeisstablein high concentra-
tionsof acidswithout any leak of Fe** or Fe?* in solu-
tion. So aseriesof selected e uent solutions, including
HNO,, HCI, HCl/thiourea, HNO,/thiourea and
CH,COOH were used for elution of cobalt ionsfrom
Py-Fe,O, NPs. Theresultsshow that 0.4 mol L™ thio-
ureain 0.4 mol L** HCl isasuitableand effectiveduent
to elute cobationsfrom Py-Fe,O, NPs. Alsothere-
sultsshow, quantitativerecovery could beobtained with
2.0mL of 0.4 mol L* thioureain 0.4 mol L-1 HCI.
Therefore, a2.0mL volume of € uent for desorption of
cobaltionswasused in thefollowing experiments. De-
sorption times were evaluated in therange of 1- 15
min. Theresults showed that thetime of 3minissuffi-
cient for quantitative desorption of the cobalt ionsby
2.0mL of the0.4 mol L-* thioureain 0.4 mol L*HCI.

Dueto thelow concentrations of trace metalsin
real samples, by using sampleswithlargevolumes, the
trace metals in these volumes should be taken into
smadler volumesfor high preconcentration factor. Hence,
themaximum samplevolumewas optimized by thein-
vestigation of therecovery of cobaltioninvariousresl
samples, volumesintherangeof 5- 100 mL containing
0.01 mg of cobalt was used to study. Inthe optimiza-
tion of the samplevolume, 15 mg of the sorbent was
used. Therecovery of Co (I1) ionfrom different vol-
umes of agqueous solutionswas shown in Electronic
Supplementary Materia. Therecovery wasfoundto
be stable until 25 mL and was chosen as the largest
samplevolumetowork (TABLE1).
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TABLE 1: Resultsobtained for analysisof thetar get com-
poundsin different dust samples.

Sample Co™?
Concentration (ug L™) ND*
Tap Water Found (pg L™ 9.6
(10.0pg L™ added)  Recovery (%) 9
RSD% (n = 10) 34
Concentration (ug L™) ND
Rain Water Found (ng L™) 204
(200 pg L™ added)  Recovery (%) 102
RSD% (n = 10) 33
Concentration (ug L™) ND
Towhid tunnel Found (ng L™) 26.1
(25.0pg L™ added)  Recovery (%) 104
RSD% (n = 10) 27
Concentration (ug L™) ND
Potato sample Found (ug L™) 52.5
(50.0pg L™ added)  Recovery (%) 105
RSD% (n = 10) 3.9

Because of the presence of other elementsinrea
samples, the determination and preconcentration of
cobationisdifficult. So, the effectsof common coex-
isting cations and anions on the adsorption of cobalt
ionsonthe Py-Fe304 NPswereinvestigated. Inthese
experiments, 25 mL of solution containing 0.01 mg co-
balt ionswere added to interfering cationsand anions
and treated according to the recommended procedure.
Theresultsin TABLE 2 show that mgjority of transi-
tion, alkaine, and earth alkdinemetalsdo not interfere
at environmentally relevant concentrations. Thisisdue

TABLE 2: Thetolerancelimit of variousionson thedeter mi-
nation of Cobalt (condition: sample pH = 3.0, samplevol-
ume=25ml, 0.01 pg L of Cobalt ion, Shakingtime: 3min,
eluent 2 mL of 0.5mol Lthioureain 0.4 mol L*HCl and
desor ptiontime: 3min

Tolerancelimit

Tested ions (Ratio of interference
concentration to Co*?)
[ClI, NOs, COs4, Na', K*, <1000
PO,*, F, Mg ?, CH;COy,,
C,04%, CyH1408%, SO, 7,
SCN, Ir¥, Pt*, Au®, Rh*
Ag', Cr¥, <150
Ni 2 < 250
ng+, A| 3+, Cd 2+, CU 2+ < 200
Fe®, Fe? <25
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tothelow capacity or rates of adsorption for interfering
ionsunder optimum condition. Thus, theseresultscon-
firm that the procedure using Py-Fe304 NPsisinde-
pendent of matrix interferences.

CONCLUSION

Inthiswork Fe,O, nanoparticlewasfunctiondized
by pyridineand it was utilized as an adsorbent for the
separation of ultra-trace amounts of cobalt ion. This
method issmple, rapid and reliableand found asase-
lectiveand sengtivemethod for thedetermination of trace
levelsof cobaltion. Themaost important characteritic of
the Py-Fe,O, NPswereshown excel lent selectivity to-
ward cobalt ion over other ions. The convenient data
wasfoundsfor detection limit and preconcentration fac-
tor in thedetermination of cobaltion and confirmed that
thismethod usingmodified Fe,O, nanoparticleshashigh
potentid for extraction of metals.

REFERENCES
[1] H.A.Mckenzie, L.E.Smythe; Quantitative Trace
Analysis of Biological Materials, Elsevier,
Amsterdam, (1998).
G.F.Nordberg, B.A.Fowler, M.Nordberg,
L.T.Friberg; Handbook on the Toxicology of Met-
as, Elsevier Inc., Amsterdam, (2007).
Agency for Toxic Substances and Disease Regis-
try (ATSDR); Toxicological Profilefor Cobalt, US
Department of Health and Human Services, Public
Health Service Atlanta, GA, (2004).
M.M.El-Defrawy, J.Posta, M.T.Beck; Analytica
ChimicaActa, 115, 155-161 (1980).
A.S.Ribeiro, M.A.Vieira, A.F.Slva, D.L.GBorges,
B.Welz, U.Heitmann, A.J.Curtius, Spectrochimica
Acta B, 60, 693-6985 (2005).
H.Ciftci, A.Ozkaya, E.Kariptas; J.Food Agriculture
Env., 7, 72-74 (2009).
S.Z.Mohammadi, D.Afzali, Y.M.Baghelani,
L.Karimzadeh; J.Braz.Chem.Soc., 22, 104-110
(2011).
[8] PX.Bdiza L.S.GTeixera V.A.Lemos, Microchem.
J., 93, 220-224 (2009).
[9] SR.Yousefi, SJAhmadi; Microchim.Acta, 172, 75-
82 (2011).
[10] G.L.Donati, C.C.Nascentes, A.R.A.Nogueira,
M.A.Z.Arruda, J.A.No6brega; Microchem.J., 82,

[2]

(3]

[4]

[5]

(6]
[7]

189-195 (2006).

[11] M.Gharehbaghi, F.Shemirani, M.Baghdadi;
Int.J.Env.Anal.Chem., 88, 513-523 (2008).

[12] M.Gharehbaghi, F.Shemirani, M.D.Farahani;
JHazard.Mat., 165, 1049-1055 (2009).

[13] C.PRibeiro,A.0.S.Costa, I.P.B.Lopes, FF.Campos,
A.A Ferreira, A.Salum; J.Membr.Sci., 241, 45-54
(2004).

[14] T.K&koi, T.Ura, H.Kasaini, M.Goto, F.Nakashio;
Sep.Sci.Technol ., 33, 1163-1180 (1998).

[15] K.Soldenhoff, M.Shamieh, A.Manis; JMembr.Sci.,
252, 183-194 (2005).

[16] B.Li, D.Wang, J.Lv, Zh.Zhang; Spectrochim.Acta,
65, 67-72 (2006).

[17] Zh.Song, Q.Yue, C.Wang; Food Chem., 94, 457-
463 (2006).

[18] B.Li, D.Wang, J.Lv, Z.Zhang; Ta anta, 69, 160-165
(2006).

[19] A.M.Haji Shabani, S.Dadfarnia, K.Dehghan;
Talanta, 59, 719-725 (2003).

[20] T.G.Dzherayan, V.M.Shkinev, L.K.Shpigun,
PM.Kamilova, K.E.Geckeler; Talanta, 57, 7-13
(2002).

[21] S.Tsakovskil, K.Benkhedda, E.lvanova, F.C.Adams;
Anal.Chim.Acta, 453, 143-154 (2002).

[22] M.Andac, A.Asan, |.Isildak, H.Cesur; Anal.Chim.
Acta, 434, 143-147 (2001).

[23] S.Dadfarnia, M.H.Jafarzadeh; Microchem.J., 63,
226-234 (1999).

[24] R.J.Cassdlla, V.A.Salim, L.S.Jesuino, R.E.Santdlli,
S.L.C.Ferreira, M.S.de Carvalho; Talanta, 54, 61-
67 (2001).

[25] T.Fujimoto, N.Teshima, M.Kurihara, S.Nakano,
T.Kawashima; Talanta, 49, 1091-1098 (1999).

[26] C.Qiu-e, Z.Yunkuna, C.Xingguo, H.Zhide,
X.Qiheng; Food Chem., 65, 405-409 (1999).

[27] A.R.A.Nogueira, G.B.Souzaa, L.A.R.Batistaa,
M.A.Z.Arrudab, M.Miyazawa; Anim.Feed
Sci.Technol., 74, 79-84 (1998).

[28] X.Liu,Z.Ma, J.Xing, Liu; J.Magn.Mater., 270, 1-6
(2004).

[29] J.Hoogbomm, P.M.L.Garcia, M.B.Otten,
J.A.Elemans, J.Sly, S.V.Lazarenko, T.Rasing,
A.E.Rowan, R.J.Nolte; J.Amer.Chem.Soc., 127,
11047-11052 (2005).

[30] H.Ebrahimzadeh, N.Tavassoli, O.Sadeghi,
M.M.Amini, M .Jamali; Microchim.Acta, 172, 479-
487 (2011).

[31] B.Akbar, B.Mohammad, M.A.Mostafa, S.Omid,
T.Atieh, D.Zohreh; Microchim.Acta, 178, 261-268
(2012).



