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ABSTRACT

A simple, reliable and rapid method for pre-concentration and determina-
tion of ultratrace copper using octadecy! silicamembrane disk modified by
a recently synthesized new Schiff base ligand (5-Nitro-N(2-pyridylethyl
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Copper (11);
SPE;
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Sulfanyl Ethyl) Salisyl Salysilyden Imine), and furnace atomic absorption C

spectrometry is presented. Various parameters including pH of agueous
solution, flow rates, the amount of ligand and type of stripping solvents
were optimized. The breakthrough volume is greater than 2000 ml with an

Schiff base:
AAS:
Milk.

enrichment factor of more than 400 and 3.4 ngL * detection limit. The capac-
ity of the membrane disks modified by 5 mg of the ligand was found to be
327.38ug copper. The effects of various cationic interferences on percent
recovery of copper ion were studied. The method was successfully applied
for the determination of copper ion in different cow milk samples.
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INTRODUCTION

Copper arewidespread anthropogenic pollutant of
environment and the determination of thismetd ionis
an actud problem. Environmenta pollutionisthemain
cause of heavy meta contamination such ascadmium,
lead, and copper inthefood chain. All foodstuffs, es-
pecidly productsof animd origin, suchasmilk, present
the problemsof hygienic safety withincreasing envi-
ronmental pollution™™. Milk isacomplex, bioactive sub-
stanceto promote growth and devel opment of thein-
fant mammals. Cow’s milk is widely consumed by hu-
man children and adults after the age of weaning. In

fact, milk isanideal sourceof macroelements, suchas,
calcium, potassium, phosphorus. Moreover, microde-
ments and even heavy metals can be found in milk.
Microdements, a so called trace d ements such ascop-
per, iron, selenium, and zinc areknown to be essentia
for norma growth@. Excessiveaccumulation of dietary
heavy metal sin human body may cause serioushealth
problems, and thereis growing concern about the ef-
fectsof dairy food contaminantson human hedlth. There-
fore, itisof primeimportanceto determinethe concen-
trations of essential and toxic eementsinfoodg.
Thedetermination of copper isusualy carried out
by Flamée*® and graphite!®” atomic absorption spec-
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trometry (AAS), as well as spectrophotometry!®9,
chemiluminescence™® and e ectrotherma methodg™*2,
However, dueto presence of copper inlow levelsin
environmenta samplesandthematrix effects, different
separation and pre-concentration techniques such as
liquid-liquid extraction™, precipitation™, ion ex-
change™, solid phase extraction!*¢1 and membrane
filtration™ improvetheandytical detectionlimit, incresse
the sengitivity by severa orders of magnitude, enhance
theaccuracy of theresultsandfacilitatethe calibration.
Among thesetechniques, solid phaseextractionispre-
ferred by many researchers on account of the fast,
smpleand higher pre-concentration factor, rapid phase
separetion, timeand cost saving*2%. A number of sup-
ports have been widely used for the pre-concentration
and separation of trace metal ionsfrom various matri-
ces. Among the absorbents, silica with chemically
bonded alkyl chains such as octadecyl bonded silica
(C,p), modified by theuse of suitableligandshasbeen
an excellent used extractor of metal iong?-%!.

The Schiff’s bases as poly dentate ligands are
knownto form very stable complexeswith transition
metal iong?#", Inthiswork anewly synthesized Schiff
baseligand, 5-nitro-N-(2-pyridylethyl sulfanyl ethyl)
salisyl salysilydeniming?’ (Figure 1), isstudied asan
disk modifier for Cu(Il). Extraction and pre-concen-
tration of copper (1) from milk samplesand determi-
nation by furnace atomi ¢ absorpti on spectrometry have
been reported.
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Figurel: Chemical structureof 5-Nitro-N(2-pyridylethyl
Sulfanyl Ethyl) Salisyl Salysilyden Imine

EXPERIMENTAL

I nstrumentation

The Cu?* determination were performed on a
BRAIC-WFX-130 furnace atomic absorption spec-
trometer with Hollow Cathode Lamp (HCL) and
equi pped with adeuterium background corrector. The
absorbance wavelength was set at 324.7 nm, and the
spectra bandwidth at 0.5 nm. Thedetermination of dll
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other ionswas carried out with same furnace atomic
absorption spectrometer under the recommended con-
ditionsfor each metd ion. A model Metller-Tolido pH
meter equi pped with acombined glass-calomel elec-
trodewas used for the pH adjustments.

Chemicalsand reagents

Methanol, acetonitrile, and other organic solvents
used were of spectroscopic gradefrom Merck, and al
acidsused wereof proandyssfromMerck. Analytica
grade standard stock of copper(11), sodium hydroxide,
and nitrateor chloride satsof magnesium, zinc, cobdlt,
nicke, sodium, potassum and calcium (al fromMerck)
wereof the highest purity available. The new synthe-
szed Schiff base(Figure 1) with highest purity wasused
asthe chelating ligand®. Working standardswere pre-
pared by appropriate dilution of thestock solution with
deionized water was prepared by Millipure gpparatus.

Sampleextraction

Extraction wereperformed with 47 mm diameter x
0.5 mm thickness, Empore high performanceextrac-
tion membranedisk containing octadecyl-bonded silica
(8im particles, 6 nm pore size) from 3M company. The
diskswere used in conjunction with astandard Schott
Duran 47 mmfiltration gpparatus.

After placingthemembranein thefiltration appara
tusit waswashed with 10 ml methanol and then with
10 ml deionized water to remove al contaminations
arising from the manufacturing process and the envi-
ronment. After dryingthedisk by passingair throughit
for several minute, asolution of 5mg Schiff basedis-
solvedin 3 ml acetonitrilewasintroduced to thereser-
voir of the apparatus and was drawn slowly through
thedisk by applying adight vacuum. Thefiltration step
was repeated until the passed sol ution was compl etely
clear. Finally, thedisk waswashed with 25 ml deion-
ized water and dried by passingtheair throughit. The
membrane disk modified by the Schiff baseligandis
now ready for sampleextraction.

Then 100 ml of the sample solution containing 10
ug Cu?* was passed through the membrane (flow rate
=3.5ml/minute). After theextraction, thedisk wasdried
completely by passingair through it for afew minutes.
Theextracted copper was stri pped from the membrane
disk using appropriate amounts of suitableeluent (the
best duent was0.1 M Nitric acid). Thisstep wasdone
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with 5ml eluent solution and the Cu?* was determined
with furnace atomic absorption spectrometer.

RESULTSAND DISCUSSION

Choiceof effluent

In order to choose the most effective eluent for
quantitative dripping of theretainedionsfrom themodi-
fied disk after extraction of 10 pg Cu?* from 100 ml
sample (inthe presence of 5 mgligand), the Cu?* ions
werestripped with5ml of different inorganic solution,
andtheresulting dataarelistedin TABLE 1.

Fromthedatagivenin TABLE 1, itisimmediately
obviousthat among the different solutions, 5ml 0.1M
Nitric acid can accomplish the quantitative e ution of
copper from themembranedisk, while other solutions
areineffectivefor the complete e ution of copper.

TABLE 1: Percent recovery of copper fromthemodified mem-
branedisk using 5 ml of different stripping solutions

Stripping solution Recovery %
Concentration(M) 0 007 005 0.1 05 1
HCI 0 806 742 8lL1 734 926
HNO; 0 937 952 1000 98.9 934
H ,SO, 0 676 687 674 662 651
EDTA 0 643 624 689 70.1

Effect of ligand amount

The optimum amount of theligand for the mem-
brane diskswas studied. Theresults of theamount of
ligand play animportant rolein obtaining quantitative
recoveries of metal ions, becausein its absence, the

120

100 +

g0

G0

Recovery

40

20 4

0

0 2 4 B & 10 12
Arneunt of igand (mg)

Figure2: Ligand amount effect on extraction efficiency of

copper ion
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disk doesnot retainthemetal ions. Therefore, theinflu-
enceof theamount of ligand on recovery of the copper
ionwasexamined intherangeof 0-10 mgusing 100 ml
solution containing 10 pg copper ions. Therecoveries
of copper ionincreased whenincreasing theamount of
ligand and reached to 100% with at least 3mg of ligand
(Figure2). Onthisbasis, indl studieswere carried out
with 5 mg of Schiff baseligand.

Effect of flow rateand pH

Theeffect of flow ratesof thesampleand stripping
solutionsfrom the modified membranedisk on there-
tention and recovery of copper ionwasinvestigated. It
wasfound that, in therange of 2.0-30 ml. min’, the
retention of copper by the membrane disk is not af-
fected by the sample solution flow rate considerably.
Similar resultsfor extraction metal ionshave aready
been reported??. In thiswork quantitative stripping of
copper ionfromthedisk wasachieved in aflow rate of
2.0—20 ml.mint, usng5ml of 0.1M Nitric acid.

Most chelating ligands (such as Schiff bases) are
conjugate bases of weak acid groupsand accordingly,
haveavery strong affinity for hydrogenions. ThepH
therefore, will beavery important factor in the separa-
tion of meta ionsby cheating, becauseit will determine
thevauesof the conditional stability constantsof the
metal complexes on the surface of the sorbent!®. Ow-
ing to the presence of onehydroxyl group on the Schiff
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Figure 3 : Effect of aqueous phase pH on extraction of
copper (11)
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baseligand structure, it isexpected that theextent of its
complexationissengitiveto pH. Inorder toinvestigate
the effect of pH on the SPE of copper ion, the pH of
aqueous sampleswasvaried from 1-7, using different
buffers, and therecommended procedure wasfoll owed.
Figure 3indicatesthat the Cu?* ion can beretained quan-
titatively inthe pH range 5.0-7.0. For subsequent ex-
periments, pH = 7 was chosen as working pH. It is
found that the percentage recovery isnearly indepen-
dent of pH. Higher pH values (>7) were not tested
because of the possibility of thehydrolysisof octadecyl
dlicainthedisks.

ANALYTICAL PERFORMANCE

Sor ption capacity

The maximum capacity of thedisk wasdetermined
by passing 50 ml portions of an agqueous sol ution con-
taining 500 ug copper ion, through the modified disk
with Schiff baseligand, followed by determination of
theretained ionsus ng furnace atomic absorption spec-
trometry. The maximum capacity of thedisk wasfound
to be 327.38 (+13.31) ug copper ion per 5 mg of
ligand.

Breakthrough volume

The breakthrough volume of sample solutions, was
tested by dissolving 10 ug copper ionin 25, 50, 100,
250, 500, 1000, 1500, and 2000 ml water and the solu-
tionswas passed through themodified disk. Inal cases,
the extraction by membranedisk wasfound to be quan-
titative (recovery 100 %). Thus, the breakthrough vol-
ume for the method should be greater than 2000 ml.
Consequently, andwith respect tofina € utionvolumeof
5 ml and the sample solutionvolumeof 2000 ml, anen-
richment factor of 400 waseasily achievable.

Limit of detection

The limit of detection (LOD), of the proposed
method for the determination of copper ion was stud-
ied under theoptima experimentd conditions. TheLOD
obtai ned based on 3o of theblank, 3.4 ng per 1000 ml.

Effect of diverseionson sor ption of copper

In order toinvestigate the sel ective separation and
determination of copper ionfrom itsbinary mixtures

—— Fyll Peper

with diversemetal ions, a100 ml aiquot solution con-
taining 10 ug Cu?* and milligram amountsof other cat-
ionswastaken and therecommended procedurewas
followed. TheresultsaresummarizedinTABLE 2. The
results show that the copper ion in the binary mixtures
areretained almost compl etely by the modified mem-
branedisk, evenin the presenceof up to about 100 mg
of thediverseions. Itisinteresting to notethat retention
of other cationsby thedisk isnegligibleand they can be
separated compl etely from the copper ion.

TABLE 2: Effect of diverseionson therecovery of 10 pg
copper ion.

lon Amount taken (mg) Recovery of copper ion (%)

Na' 100 97.3
K* 100 98.8
ca 40 97.1
Mg® 40 99.4
Ni%* 2 99.2
Co* 2 99.8
zn* 2 99.8

Analysisof artificial and natural samples

Inorder to assessthe gpplicability of the method to
real sampleswith different and complex matrices con-
taining varying amountsof variety ions, it wasgpplied to
the separation and recovery of copper ionsfrom four
different milk samples. Theresultsaresummarizedin
TABLE 3. Asseen, thereaultsof dl sampleandyssshow
that, inal cases, the copper recovery isquantitative.

TABLE 3: Recovery copper added to 100 ml solution of the
milk samples.

Milk samples A(21+ded Det2e+rmin%d

Cu™ (ng) Cu”(ngL™)
Sterilized 0 37.29
5 43.12
Pasteurized, High fat (3%) 0 35.17
5 40.73
Pasteurized (2.5% fat) 0 20.07
5 30.42
Pasteurized, low fat (1%6) 0 205.31
5 218.00

CONCLUSION

A simple, precise and accurate method was de-
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veloped for selective separation, pre-concentration
and determination of copper from various complex
matrices such as milk samples. Comparison of our
work with some studies on preconcentration of heavy
metals and copper by varioustechniquesfor thefig-
ure of merits, shown that the detection limit and
preconcentration factor of analyteion are superior to
those of preconcentration techniquefor analysig®-,
Thetimetaken for the separation and analysisof cop-
per in 100 ml sampleis at the most 20 min. it can
selectively separate Cu*?ionsfrom various metal ions
even when they are present at much higher concen-
trations. The method can be successfully applied to
the separation and determination of copper in com-
plex red such asmilk samples.
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