January 2008

Trade Science Ine.

a%za[ytiaa.[ CH

Volume 7 Issue 1

CMISTRY
A Judian Joaraal

—— Pul] Peper

ACAIJ, 7(1) 2008 [42-47]

Application of a new water-solublepolyethylenimine polymer sorbent for
simultaneous separ ation and preconcentr ation of traceamounts of copper
and cobalt and their deter mination by atomic absor ption spectr ophotometry

Ali Jafarit, Ali M oghimi2*
1Department of Physics, Varamin CampusldamicAzad Univer sity, Varamin(IRAN)
2Department of Chemistry, Varamin CampusldamicAzad Univer sity, Varamin, (IRAN)
E-mail: kamran9537@yahoo.com
Received: 11" August, 2007 ; Accepted: 16™ August, 2007

ABSTRACT

Inthiswork, awater-soluble polymer, polyethylenimine (PEI) was used for
the simultaneous separation and preconcentration of trace Cu and Co
prior to their determination by flame atomic absorption spectrometry. For
this purpose, the sample and the PEI solution were mixed and the metal-
bound polymer was precipitated by adding acetone. The precipitate was
separated and dissolved in a minimum amounts of water and aspirated
into a flame AAS. By increasing the ratio of the volumes of sample to
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water used in dissolving the precipitate, the analyte elements were con-
centrated as needed. The sorption is quantitative in the pH >6. Detection
limitswere5.6ug/L for Cuand 5.8ug/L for Co. Thismethod issimple, fast

and precise. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Cobdtisanessentia micronutrient for life. Deter-
mination of low levels of cobalt by flame atomic ab-
sorption spectrometry(FAAYS) often demands separa-
tion and precon- centration steps because of insuffi-
cient sengitivity or matrix interference. Several proce-
dures of enrichment have been devel oped for cobalt
determination involving different andytica techniques,
such ascoprecipitation™, or liquid-liquid?, cloud point
B3I or solid-phasd*#-4 extraction. Processesinvolving
solid-phase extraction®™ show several advantages, like
availability and easy recovery of sorbent, attainability
of high preconcentration factors, and facility of han-
dling. Therefore, these proceduresavoid or minimize
the use of organic solventsthat aregenerally toxic.

Online preconcentration syslemsusing solid-phase

extraction are opportunefor metal determination, due
tother flexibility, s mplicity, high samplethroughput and
versatility. Thesecharacteristicspermit theuseof online
systems coupled with different detectors. Many online
procedures using solid-phase extraction can befound
intheliterature. The materiad sgenerally used areion-
exchangerd®’, silical®d, activated alumina®¥, car-
bon*2, fullerené™?, polyurethanefoam*43 and chel at-
ingresingd,

Themost common techniquesavailablefor precon
centration of metd ionsfrom agueous samplesare sol-
vent extraction and solid-phase extraction using vari-
ous adsorbentssuch asactivated carbon™, cdllulosg?®®,
microcrysta line naphthal end®-2!, amberlite XAD res-
ing?, octadecylsilicamembranedisk®, synthetic zeo-
lited?!, and cime zeolited®), silicad? and other numer-
ousmaterials. These solid water-insoluble materia s
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should meet thefollowing requirements asfar aspos-
sbleto besuccessfully gppliedin batch or columntech-
niquesfor the preconcentration and separation of trace
elements: thematerialsshould havelargesurfacearea
and uniform particlesize, it should not swell and the
anaytes should be collected and e uted with minimum
experimental procedurefast and quantitatively. Blank
values should below and adsorption capacity should
belarge enough not to be overloaded with matrix con-
dtituents. Thedifferent methodsfor the separation and
preconcentration of copper and cobalt have beenre-
ported. A flame atomi ¢ absorption spectrophotometer
(FAAS) hasbeen widdy used for the determination of
copper and Cobal ti?" because of it’s high specificity,
whilenot being an expensiveinstrument. Other tech-
niquesincluding eectrothermal atomic absorption spec-
trometry®-34 dueto it’s further sensitivity and induc-
tively coupled plasma®=¢ havealso been gpplied.

A few papershave reported about water-soluble
polymer for preconcentration and separation of trace
elementsby preci pitating to asol vent such asacetone.
Water-sol uble polymers such as polyacrylic acid for
preconcentration and separation of Cd, Cuand Zn*",
polyvinylpyrrolidinone(PV P) for Pb, Cuand Co®¥ and
polyacrylamidefor the preconcentration and separa-
tion of Cr, Pb and Cut™ have been used. Inthese meth-
ods, sampleand polymer solution weremixed and the
analyte-bound polymer was precipitated in excess ac-
etone. Analyteis completely and very fast bound to
polymer. The precipitate was separated and dissol ved
in water and analyzed by FAAS. The procedure is
smple, fast and free of interference.

Polyethylenimine(PEIl) iswell knownfor itsmetal
chelation potentialitied**4Y, Interactionsof metal ions
with watersol ubl e polymerssuch as polyethylenimine
aremainly dueto eectrogtatic forcesand theformation
of coordinating bonds. Other weak i nteractions may
appear such astrapping metal ionsinthebalk of the
polymer phase. Thefeaturesof coordination between
polymer and metal ionsmay be described by the usual
coordination theories, but some special aspects may
be considered. When intra-chain complexesare pre-
dominant, itisnormally recognized theexistence of a
polymer domain with near constant concentration of
ligands, since the distances between them keepina
narrow rangefor agiven polymer chain, thisisrespon-
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sblefor that the chdl ating reaction gppearsasaonestep
reaction*?. The reaction between the polymeric
agent(PEI), the protone(H*) and themetd cation(Cu?*)
isrepresented by thefoll owing equilibrium equationg™:
PEI+nH20¢>PEIH ™+nOH- )
PEl+aCu®«> PEICua, ** @)

To date no paper has reported the use of PEI for
the separation and preconcentration by precipitating to
asolvent such asacetone.

Theamof thiswork istoinvestigatethe useof PEI
for s multaneous separation and preconcentration of
copper and cobalt by precipitating to acetone prior to
their determination by FAAS.

EXPERIMENTAL

Apparatusand reagents

A Varianmode spectrAA 220 atomic absorption
spectrometer wasused for measuring Cu(l1) and Co(ll)
inair-acetyleneflame. Instrumental parameterswere
adjusted according to manufacture’s recommendations
(TABLE1). A Metrohm 713 pH meter was employed
for pH measurements. A Damon model centrifuge
equipped to timer and speed control wasemployed for
centrifuging of samples. All reegentswereof analyticad
reagent grade. The stock solution of copper(ll) was
prepared by dissolving 0.2500g of copper powder
99.9995%(Aldrich) inaminimum volumeof 1.1 nitric
acidwith heating, the sol ution wasboiled to expel brown
fumes, cooled and diluted with ditilled water to 250.0
mL. The stlandardworking solutionswerediluted daily
prior to use. Thestock solution of Cobalt(ll) waspre-
pared by dissolving 1.5380g CoSO,-H,0 99.99%
(Merck) indistilled water and diluted to 500.0 mL. A
20% solution of polyethylenimine (PEI, molecular
weight: 600,000-10,00,000)(Fluka) was prepared in
distilled water. A saturated sol ution of potassum nitrate
was prepared by dissolving KNO,(Aldrich) indistilled
water.

TABLE 1: Instrumental settings

Cu Co Element
324.7 279.5 Wavelengths (nm)
4 5 Current lamp (mA)
0.5 0.2 Slit width (nm)
15 15 Acetylene flow (L/min)
3.5 35 Air flow (L/min)
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General procedure

An aliquot of copper(0.25-30.0ng) and cobalt
(0.15-20.0ug) wastakenin a50mL centrifuge tube.
After adding ImL of saturated KNO, and 0.5mL of
polymer solution(20%), pH was adjusted to 7-8 with
HNO,. The solution wasdiluted to 10mL with deion-
ized water. Then, the metal bound polymer was pre-
cipitated by adding 30mL acetone to the sample solu-
tion, immediately. In order to speed up the precipita-
tion, thetube content was centrifuged. The supernatant
was separated s mply by decantation. The precipitate
wasdissolvedin5.0mL of distilled water and aspirated
directly into theflame of AA S against the blank pre-
pared in the same manner without the addition of meta
ions.

RESULTSAND DISCUSSION

Reaction conditions

Reaction conditionswere established with theuse
of 5.0pg Cu(Il) and 5.0pg of Co(II). Adsorptions were
carried out at different pH, keeping other variablescon-
stant. It wasfound that copper and cobalt were quan-
titatively adsorbed in pH>6. The pH curvesfor both
elementsareshowninfigure 1. Under pH 6, amgority
of amine sitesare protonated and can not take part in
the chelation process, but above pH 6, a portion of
amino groupsisinaneutral form, leading to adonor-
acceptor interactionwith metal ions. Inthe subsequent
studies pH was maintained at 7-8(Figure 1). Adding
saturated KNO, solution to the sample, by salting out
effect, causesthat the precipitation iscompl eted faster
with lessamount of acetone, and the precipitateisbeen
bulky and easy to separate. Various saltsweretested
and KNO, was selected duetoiit’s high solubility in
water and the absence of interferences. Theamount of
KNO, wasoptimized and amount of onemilliliter was
usedindl experiments. Thevolumeof thefirst aqueous
phasewasvariedintherange 3-60mL under the opti-
mum conditions. By adding KNO, and further amounts
of acetone, can be extract anaytesfrom thefirst solu-
tion, but was used from 10.0mL of thefirst aqueous
phase, becausethetreating with largevolumesisdiffi-
cult. Thevolumeof water for dissolving of the precipi-
tate was tested. For further the sensitivity and the
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preconcentration factor of themethod, 5.0mL of dis-
tilled water was used in the present work. The neces-
sary volumefor the precipitating depends on thefirst
agueous phase. Large volumesof the sampleneed fur-
ther acetone. Therefore 10mL of thefirst aqueousphase
and 30mL acetonewasused. Different amountsof poly-
mer were added to the sampl e sol ution whilekeeping
other variable constant. It wasobserved that inthelarge
amountsof polymer, thefina solution (after dissolving
of precipitateinwater) hasahigh viscosity, hence, as-
piration and absorbance decreased, therefore 0.5mL
of polymer (20%) was the best amount and was used
insubsequent studies.

Sor ption capacity of polymer

The maximum sorption capacity of thepolymer us-
Ing excessive anal yte concentrationswas 13mg Cu/g
polymer. Thisisconsderably higher thanwater-insoluble
polymer, therefore a small amount of polymer was
enoughtocollect dl themetd ionsfrom samples. 0.5mL
PEI 20% wasused in al experiments.

Therateof procedure

The compl exation between polymer and meta ions
wasvery fast, and thereaction was readily compl eted.
Inaddition, the preci pitate dissol ved in water immedi-
ately. Therate determining step of the complete method
wasthe precipitating that wasfurther speed upwith aid
of saturated KNO, solution and centrifuging, but when
water-insoluble material s are used, both sorption and
elution aretime-consuming and influencethetota du-
ration of themethod.

0.1 g B
0.08 4

0.06 w

Absorbance

0.04 4

Figurel: Effect of pH on adsor ption of Cu andCo. Condi-
tions: 5.0ug Cu and 5.0ugM n; 0.5mL polymer; ImL KNO,;
30mL acetone; instrumental settings were same as
TABLE1
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Calibration and sengitivity

Cadlibration curvesfor the determination of copper
and cobalt was prepared according to the generd proce-
dure under the optimum conditions. Thelinearity for
copper inthefina solution was maintainedin the con-
centration range of 0.05-6ug/mL and for cobalt 0.03-
4u/mL (Figure 2). The calibration curve equation for
copper A=0.070c(ppm)+3.11x102 with correlation
factor 0.9882 and for cobalt A=0.0764c (ppm)+0.0936
with correlation factor 0.9979 isobtained. Thesensi-
tivity for 1% adsorption was 6.8ug/L for cobalt and
61ug/L for copper. Eight replicate determination of
5.0ug copper in final 5.0mL water solution gave a rela-
tive standard deviation of +2.3% for cobat and +2.6%
for copper. Thedetection limitswerecal culated 5.6ug/
L for Cuand 5.8ug/L for Co.

Effect of diverseions

Various saltsand metal ionswere added to asolu-
tion containing 5.0ug of Cu(ll) and Co(ll) ionsand the
generd procedurewas applied. Thetolerancelimit (er-
ror<3%) isgivenin TABLE 2. Among the metal ions
studied, most did not interfereeven at theg-mg level.
Among themetal ionsstudied, most did not interfere
evenat themglevd. Thusthemethodishighly selective
and may safely be applied for the determination of Co-
balt and copper in variousenvironmenta and biologica
samples.

Analysisof copper and cobalt in standard alloys

The accuracy of the proposed method has been
tested for the determination of copper and cobalt in
standard referencedloys: NKK, no: 1021 aloy; NKK,
no: 920 alloy and JSS, stainlesssted no: 651-7 dloy. A
0.1000 g alloy wastaken in abeaker and dissolved in
concentrated nitric acid (u10mL) with heating. Theso-
|ution was cooled, diluted andfiltered. Thefiltratewas
madeto 100.0mL with distilled water inacalibration
flask. Analiquot of the pre-treated sample solutionwas
taken and analyzed by the general procedure. There-
sultsaregivenin TABLE 3 which arein good agree-
ment with the certified values.

Analysisof copper and cobalt inreal samples

Thegpplicability of the proposed method waseva u-
ated withreal samples. Copper and cobalt were deter-
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Figure?2: Calibration curvesfor Cuand Co. Conditions

and instrumental settingswer esameasfigurel

TABLE 2: Effect of different saltsand metal ions
Tolerance limit(mg)

Salt or metal ion

Co Cu
1000 700 NaHCO;
500 500 KH,PO,
500 500 K3PO,

400 500 K2S,05,NapC,0,
400 400 NaF

200 500 Sodium potasium tartarate
200 400 Na, S
450 400 KBrOs

250 300 NaClO,
450 250 KSCN

200 250 Trisodium citrate
400 150 NH,4CI

150 250 Disodium-EDTA

50 40 NaBiO;

50 50 AI(I)

50 50 Au(ll)

50 50 Hg(l1), Po(l1), Mo(VI1)

40 50 TI()

40 40 Cd(n

40 35 Zn(I1)

30 40 Sn(ll)

35 30 Ce(lll)

- 50 Co(l1)

50 — Cu(ll)

20 35 Cr(l1)

20 20 Co(l1)

25 25 Mg(ll)

15 5 Ni(Il)

10 8 Fe(Ill)

7 5 Ag(l)

Conditions: 5.0ng Cu and 5.0pg Co; 0.5mL polymer; pH: 7-8;
ImL KNOS3; 30mL acetone

minedin biologica samples. A 0.50g sampleof theplant
samples(Beet and Kadoo) was taken separately in a
beaker and dissolved in concentrated nitric acid and
perchloric acid(3:1) by heating on ahot plate. The so-
lution was cool ed, diluted and filtered if needed. The
filtered was madeto 50.0mL with distilled waterina
cdibrationflask. An aliquot of the sample solution was
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TABLE 3: Analysisof copper and cobalt in standard alloys

Re<(:§/);/)ery Founda (%) Compostion (%) Sample
Si: 5,56, Zr: 0.01,
Cu: 2.72, Ca 0.004,
Mg: 0.79, Fe: 0.99, ng}; Rcl)
98.0 Co: 0.196+0.008 Ni: 0.14, Co: 0.20, S Cﬁ Zr’1
Sn: 0.10, Cr: 0.03, 'allo’y
Bi: 0.01, Zn: 1.76,
Ti: 0.04, Pb: 0.18
99.2 Cu: 2.70+0.06
Si: 0.78, Ni: 0.29,
Fe: 0.72, Zn: 0.80,
Cu: 0.71, Ti: 0.15,
Co: 0.20, Sn: 0.20, NKglgon °
955 Co: 0.191+0.007 Mg: 0.46, Pb: 0.10, alumiﬁum
Cr: 0.27,V: 0.15, alloy
Co: 0.10, Bi: 0.06,
Sh: 0.01, Ga: 0.05;
Ca: 0.03
102.8  Cu: 0.73+0.03
C: 0.047, Co: 1.72,
S: 0.0063, Cr:
18,60, Cu: 0,082, o >
99.4 Co: 1.71+0.09 Al: 0.002, Si: 0.72, stainlés
P: 0.028, Ni: 9.20, ted
Mo: 0.084, Co:
0.22, N: 0.0249

101.2  Cu: 0.083+0.004

NKK, Nippon Keikinzoku Kogyo; JSS, Japanese standards of
iron and steel. conditions: 0.5mL polymer 20% ; pH: 7-8 ; 1mL
KNO,; 30mL acetone. “Average of three determination, +S.D.

TABLE 4: Determination of Cuand Coinreal samples

Recovery FAAS Repcroorr;(randir;deed Element Sample
% determined
C)  ®d9 " ugge
984 1.73+0.07 1.68+0.08 Co Hﬁgf‘”
100.1 11.45+0.06 11.50+0.05 Cu (male)
99.3  76.3+0.4 75.5+0.4 Co Bedt
100.2  6.24+0.06  6.30+0.05 Cu
97.3  22.3+06 21.8+0.6 Co K adoo
99.7 9.52+0.07  9.48+0.07 Cu
97.5 0.213+0.008 0.210+0.004° Co Apple
97.6  0.64+0.05 0.66+0.02° Cu juice®

Conditions: 0.5mL polymer (20%); 1mL KNO,; pH: 7-8; 30mL
acetone. ®Average of three deter mination, £S.D. °ug/mL. °From
Annanab company (Tabriz, Iran).

taken individually and copper and cobalt were deter-
mined by the general procedure. Theresults obtained
aregivenin TABLE 4. A 4.20g sampleof human hair
waswashed by acetoneand burnedinfurnaceat 700°C
until awhite powder was obtained. The obtained ash
was dissolved in aminimum volume of concentrated

nitric acid with heating. The solution washboiled to ex-
pel brownfumes, cooled and diluted with distilled wa
terto20.0mL inacdibrationflask. Andiquot of sample
solution wastaken individually and cobalt and copper
weredetermined by thegenera procedure. Theresults
weresummarizedin TABLE 4.

CONCLUSION

Water-soluble polymer, polyethylenimine could be
successfully applied for ssmultaneous separation and
preconcentration of copper and cobalt. The method
offeredissmple, fast and preciseand canreliably be
appliedfor theanaysisof many real samplescontaining
complex matrix. The success of the method depends
on preci pitation and di ssol ution process. Thedisadvan-
tage of themethod i sthe consumption of much acetone,
but it could bedistilled and re-used severa times. The
concentration factor islimited dueto the need of ex-
cess acetonefor completed precipitation.
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