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ABSTRACT

A simple and reproducible method for the rapid extraction and determina-
tion of trace amounts of copper(ll) ions using octadecyl-bonded silica
membrane disks modified by 1,2- bis(salicylideneamino)ethane
(SALET) and atomic absorption spectrometry ispresented. Themethod is
based on complex formation on the surface of the ENVI-18 DISK™ disks
followed by stripping of the retained species by minimum amounts of
appropriate organic solvents. The elution is efficient and quantitative.
The effect of potential interfering ions, pH, ligand amount, stripping sol-
vent, and sample flow rate were also investigated. Under the optimal ex-
perimental conditions, the break-through volume was found to about
1000mL providing apreconcentration factor of 400. The maximum capacity
of thediskswasfound to be 465+ 5 pg for Cu®*.Thelimit of detection of the
proposed method is 7ng per 1000mL.The method was applied to the ex-
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traction and recovery of copper in different water samples.
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INTRODUCTION

Copyper at trace concentrations acts as both ami-
cronutrient and atoxicant in marine and fresh water
sysems*8 Thisdement isneeded by plantsat only very
low levelsandistoxic at higher levels. At theselevels,
copper can bindto the cell membraneand hinder the
transport processthrough thecell wall. Copper a nearly
40ng mLtisrequired for norma metabolism of many
living organismg®%, Ontheother hand, copperisan
important element in many industries. Thus, the devel -
opment of new methodsfor selective separation, con-
centration and determination of itinsub-microlevelsin

differentindustrid, medicind and environmenta samples
isof continuing interest. The determination of copper is
usudly carried out by flameand graphitefurnaceatomic
absorption spectrometry (AAS)*12 aswell as spec-
trometric methods*3'4. However, dueto the presence
of copper in medicinal and environmenta samplesat
low levels, its separation from other e ements presents
and a so the use of apreconcentration step prior toits
determinationisusualy necessary.

Different methods, especidly liquid-liquid extrac-
tion of copper inthe presenceof variousclassicall*>
and macrocylic®2U co-extractant ligands has attracted
considerabl e attention. However, the use of classical


mailto:kamran9537@yahoo.com

ACAIJ, 7(1) January 2008

Ali Moghimi 29

extraction methodsfor thispurposeisusualy time-con-
suming, labor-intensive and requires|arge amounts of
high purity solventsfor extraction. Nevertheless, sev-
eral other techniquesfor the preconcentration and sepa-
ration of copper have been proposed including liquid
chromatography!?? supercritical fluid extraction®, flo-
tation!, aggregate film formation®, liquid mem-
brane’?, column adsorption of pyrocatechol violet-
copper complexes on activated carbonl?”, ion pair-
ing?, ion pairing®, preconcentration with yeast™, and
solid phase extraction using C , cartridges and disks
[31-33, 5-58]

Solid phaseextraction (SPE) or liquid-solid extrac-
tionispopular and growing techniquesthat are used to
samplepreparationfor andysis. Itisan attractiveater-
nativefor classica liquid-liquid extraction methodsthat
reduce sol vent usage and exposure, disposal costsand
extraction timefor sample separation and concentra-
tion purposed®+38, In recent years, the octadecyl-
bonded silica SPE diskshave been utilized for the ex-
traction and separation of different organic compounds
from environmenta matrices® 9. Moreover, the SPE
disksmodified by suitableligandsare successfully used
for selectiveextraction and concentration of metal ions
[41-42)

In arecent series of papers**, wehave described
the gpplication of metal-DNA conjugatestonudecacid
sequence determination with catalytic sgnd amplifica
tion; the assay reliesonthe esterase activity of aDNA-
linked Cu complex. For optimization of thesystemand
exploration of structure- activity relationships, asensi-
tive probewould be useful, which allows straightfor-
ward detection of esterase activity of ligated Cu?*in
low concentration. Theaim of thiswork wasthedevel -
opment of arapid, efficient and highly sensitivemethod
for selectiveextraction and concentration of ultratrace
amounts of Cu? ions from agueous media using
octadecyl silica membrane disks modified by 1,2-
big(sdicylideneamino)ethane(SALET) figure 1.

EXPERIMENTAL

Reagents

All acidswere of the highest purity availablefrom
Merck and were used as received. Methanol and
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chlorofom wereof HPLC gradefrom Merck. Analyti-
cd gradenitratesdtsof litium, sodium, potass um, mag-
nesium, caldum, strontium, barium, zinc, cadmium, leed,
nickel, cobat(ll), and copper(ll) were of the highest
purity. Ultrapure organic solventswere obtained from
E.Merck, Darmstat, Germany, and high purity double
distilled deionized water was used throughout the ex-
periments. 1,2-Bis(sdicylideneamino) ethane(SALET)
was of analytical grade from E.Merck, D-6100
Darmstadt. ER.Germany.

Thestock standard solution of Cu?* was prepared
by dissolving 0.1000g of the copper powder in 10mL
concentrated nitric acid and diluted to 1000mL with
water inacalibrated flask. Working solutionswerepre-
pared by appropriatedilution of the stock solution.

Apparatus

Determination of Cu?* contentsinworking samples
were carried out by a Varian Spectra A.200 model
atomi ¢ absorption spectrometer equipped with ahigh
intengity halow cathodelamp(HI-HCI) accordingtothe
recommendations of themanufacturers. These charac-
teristicsaretabulated in( TABLE 1).

Solid phaseextractionswere carried out by glassy
membrane disks, ENVI-18DISK™ 47mm diameter
"0.6 mm thickness containing octadecyl silica bonded
phase (30 mm particles, 70A° poresi ze) obtained from
Supel coin conjunction with astandard Millipore 47
mm filtration gpparatus equi pped with avacuum pump.
The pH measurements were carried out by an ATC
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Figurel: Molecular structureof 1,2-big(salicylideneamino)
ethang(SALET)

TABLE 1: Theoperational conditionsof flamefor deter mi-
nation of copper

Slit width 0.7nm
Operation current of HI-HCL 15mA
Resonancefine 324.8nm

Type of background correction Deuterium lamp
Typeof flame Air/acetylene
Air flow 7.0mL.min™
Acetylene flow 1.7 mL.min™
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pH meter (EDT instruments, GP 353).
Sampleextraction

Extraction were performed with glassy membrane
disks, ENVI-18 DISK™ 47mm diameter x0.6mm
thickness containing octadecyl silicabonded phase (30
mm particles, 70A° poresize) from Supelco. Thedisks
were used in conjunctionswith astandard Millipore
47mm filtration apparatus connected to water aspira-
tort#,

Sampletreatment

Thewater sampleswerefiltered through 45um ny-
lonfilters. Sampling vessal swere polyethylene bottles
soakedin 1 mol.L™* HNO, overnight and rinsed twice
with deionized water. Theanaysismust bedonewithin
2 days of sample collection to limit therisk of inter
conversion of copper(I1).Then, 5mL of methanol was
added to a90mL portion of each beforeanalysis. The
surface of the ENVI-18 DISK™ disksisnot modified
with SALET and therefore could not retain Cu?* ions
properly. Instead, 10 mg of SALET wasdissolvedin
an gppropriatevolumeof an organic solvent (5mL) mis-
ciblewith water. The most suitable solvent under the
experimenta conditionswasacetone. The SALET so-
|ution was added to agqueous solution of Cu?* andthe
mixturewasstirred gently.

Disk cleaningand conditioning

A disk wasplaced inthe gpparatusand waswashed
with 10mL of methanol toremoveall contaminantsaris-
ing from the manufacturing processand the environ-
ment. Then, thedisk wasdried by passingair throughit
for severd minutes. Toinsureoptimal extraction of the
analytes of interest, the disk was again washed with
10mL of methanol, immediately followed by 10mL of
water, without |etting the surface of thedisk dry. This
step pre-wetsthedisk surface prior to extraction. Im-
proper performance of thisstep causesdow flow - rate
and poor analyterecoveries. It isimportant to avoid
any air contact with the surface of thedisk beforethe
addition of thesample.

Sampleaddition

After complete homogeni zation, accurate volumes
of the sample solutions (100mL portions) weretrans-
ferred tothetop reservoir of thedisk gpparatus. At the
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sametime, the solution was drawn through the disk by
applyingamild vacuum. Application of vacuum was
continued until the disk was completely dry(about 5
minute).

Analyteeution

In order to elutethe analyte selectively, exactly 5
mL of acidified solvents 0.1M HCI in methanol was
passed through the disk and collected into a5.0mL
volumetricflask under theextraction funnd. It wasfound
that ultrapurea coholic organic solventswerethe best
eluting agents. The concentration of copper(ll) inthe
el uateswerethen determined by FAASusing an exter-
nal cdibration graph.

RESULTSAND DISCUSSION

Evaluation of theroleof theligand

Some preliminary experimentswere performed for
Investigation of absenceor presence of SALET onthe
quantitative extraction of copper(Il).It was concluded
that the membranedisk itself doesnot show any ten-
dency for theretention of copper(ll), but introduction
of 100mL portions of aqueous copper(ll) samples
containing 10ug of copper(Il) and 10mg of SALET
leadsto satisfactory itsretention(TABLE 2). Thelatter
caseismost probably attributed to the existence of a
considerabl e interaction between copper(I1) and the
SALET. It should be mentioned that formation of stable
compl exes between copper(ll) and SALET at pH=2
isprobably dueto anion pair formation mechanism.
However, at pH higher than 2 the retention and per-
centagerecovery of copper(Il) arenegligible.

Choiceof eluent

In order to select the most appropriate eluent for
the quantitative stripping of theretained copper(ll) on
thedisks, 5mL of variousnon organic (each containing
10% V.V methanol) and different organic solventswere
tested. Theresultstabulated in TABLE 2. Ascan be
seen, the best e uting sol ventswerefound to be 5SmL of
methanol or ethanol, resulting in quantitativeelution of
copper(I1) fromthedisk. It should be emphasized that
presence of methanol in any kind of employed solvents
hel psto better the contact of € uent with hydrophobic
surface of thedisk.
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Figure?2: Influenceof samplepH and dissolving solvent of
SALET onthepercentagerecovery of Cu(l1)
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Figure3: Theeffect of theflow-rateon extraction per cent
of Cu(ll)

TABLE 2: Theeffect of presence of SALET on extraction
per cent of copper (11)?

SALET pH Extraction per cent of copper (I1)
Absence  2-6 0.04(7.1)°
Presence 2-6 98.9(1.9) to 75(3.10)

3 nitial samples contained 10mg of copper (1) in 100mL of water;
®Values in parentheses are RSD¢ based on five individual repli-
cate analyses

TABLE 3: Effect of different eluting solventson per centage
recovery of copper (11) adsorbed on thedisk®
% Recovery

Stripping solution 2ml 5ml 10ml
Methanol 87(1.6)° 99.8(1.9) 99.8(1.7)
Acidified methanol 67(2.0) 88.6(2.2) 87.9(14)
Ammoniacal methanol® 59 (2.1) 87.7(1.7) 85.3(2.2)
Ethanol 85.1(1.7) 100(1.5) 99.4(1.6)
1-Propanol 27(4.8) 45(5.7)  48(4.6)
Formic acid(1M)10% V.V™*

Formie (IM)10% 58(18 60(10)  75(1.2)
Hydrochloric acid

(3M)10% V.V methanol 59(1.8) 87(2.0) 90(2.9)
Hydrochloric acid (1M)

10% V V! methanl 64(2.0) 89(1.6) 91(1.7)
Nitric acid (3M)10% V.V

Niirio & (3M)10% 6919 87(22) 88(2.2)
Nitric acid (1M)10% V.V

Niic acid (1M)10% 6929 86(16) 87(L7)
Ethanol 84(2.8) 98.6(2.0) 98.6(2.0)

*Initial samples contained 10 pg of each copper in 100 mL water; "Values
in parentheses are RSDs based on five individual replicate analysis;
Acidified solvents obtained by addition of 0.1M HCIl; “Ammoniacal
solvents obtained by addition of 0.IM NH,
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Theeffect of the pH

The pH of the sampl e solutionswere adjusted to
different val uesbetween 2-9 by addition of hydrochlo-
ric acid or asuitable buffer such as sodium acceate-
acetic acid or sodium dihydrogen phosphate-disodium
hydrogen phosphate, and then sol utions passed through
thedisks.

Eventually, themeta ionswere stripped by pure
methanol or ethanol solutionsfollowed by flameatomic
absorption determination of theel uted copper(11). Then,
percentage recovery at various pH valueswas deter-
mined (Figure 2). According to theresults shownin
figure2 upto pH 5.0-5.5, completerecoveriesare ob-
tained. However, at higher pH values, percentagere-
covery decreases. Thisisduetofact thatinanacidic
solutiontheprotonation of SALET occursandthereis
aweak tendency for retention between Cu(ll) and
SALET, whereasat higher values (pH>5), Cu(ll) re-
actswith hydroxideionsto produce Cu(OH),. There-
fore, sodium acceate-acetic acid buffer with pH=5 was
used for the preconcentration step. Other solventsused
for dissolving SALET were methanol and ethanol. The
influences of these solventson therecoveriesasafunc-
tionof pH arecompared and showninfigure. 2. Mean
while, other organic solventswere not tested because
of their restricted sol ubility and formation of two phases
with agueous sol utionsand incompatibility with flame.
Higher pH values (>7) werenot tested because of the
possibility of the hydrolysis of octadecyl silicainthe
diskg“7,

Effect amount of counter anion

In order toinvestigatethe effect of counterionon
therecovery Cu? ionsby the modified disks, different
counter anionsweretested TABLE 4, itisimmediatdy
obviousthat the nature of the counter anion strongly
influencestheretention of copper ionsby thedisk. The
resultsrevealed that the SALET behavesasaneutral
ionophore in the pH range 5.5-6.04°%% so that the
copper ionsareretained asion pair complexesby the
membrane disks. Asseen, acetateion isthemost effi-
cient counter anionfor the SPE of Cu(ll) ions. Thein-
fluence of the concentration of sodium acetateion on
copper recovery wasinvestigated, and theresultsare
showninTABLE 4. As seen, the percent recovery of
Cu?* increased with the acetate concentration until a
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TABLE 4: Percent recovery of copper fromthemodified mem-
brane disk in the presence of 0.01 M of different counter
anionst

Counter anion % Recovery
cr 16.7
Br 16.9
Clo, 17.4
SCN 28.7
Picrate 80.5
Acetate 98.5

TABLES5: Influenceof the SAL ET amount on therecovery of
Cu(ll) ionst
SALET amount (mg)
2

Recovery(%) of Cu(ll)

47(1.6)°
5 58(1.9)
8 84(1.9)
10 98.6(2.5)
15 99.5(1.9)
20 98.3(1.7)

a nitial samples contained 10 mg of each copper in 100 mL wa-
ter; "Values in parentheses are RSDs based on five individual
replicate analysis.
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Figure4: Influenceof euent typeon disk efficiency

reagent concentration of about 0.1M isreached, be-
yond which therecovery remained quantitative.

Moreover, acetateion acts asasuitable buffering
agent, whileit effectively contributesto theions- pair
formation; thus, in the SPE experiments, therewasno
need for the addition of any buffer solution.

Theinfluenceof flow-rate

Oneof themost important parametersaffecting solid
phase extraction isthe speed of the process. Hence,
theeffect of flow-rates on extraction efficiencieswas
investigated. It wasfound that in therange of 10-100
mL.min?, theretention of Cu(ll) wasnot considerably
affected by the sample solutionsflow-ratesand leads
to reproduci bleand satisfactory results (figure 3). Thus,
theflow-ratewasmaintained at 57mL.minthrough-
out theexperiment.

Quantity of theSALET

Hnalytical CHEMISTRY o

The optimum amount of SALET for the quantita-
tiveextraction of Cu(ll) wasasoinvestigated by add-
ing variousamountsof it to sol ution(between 2-20 mg).
Theresultsarelistedin TABLE 5. Theexperimental
resultsreved ed that the extraction of Cu(Il) wasquan-
titetive us ngasamplesolution containingmorethan 10
mg SALET. Hence, subsequent extractionswere per-
formedwith 12mgof SALET.

Disk efficiency

Undoubtedly, one of the mgjor parametersaffect-
ing in the SPE determinationsistheefficiency of the
used membrane disks. However, to the best of our
knowledgethiscase has not been discussed el sawhere
indmilar reports. Under the optimum experimenta con-
ditions, it was found out that each ENV-18 DISK™
disk could perform at least 15 replicate analysesif or-
ganic eluting solvents are used. On the other hand,
acidic, duentspracticaly decrease the number of time
adisk could be used to 10replicates. These observa
tionsarerepresentedinfigure4.

Analytical performance

When solutionsof 10ug copper in 10, 50, 100, 500,
1000, 2000 and 2500mL. solutions under optimal ex-
perimenta conditionswere passed throughthedisks, the
Cu(Il) wasquantitatively retained in al cases. Thus, the
breskthrough volumefor themethod must begreater than
2000mL, providing aconcentration factor of>400. The
limit of detection(LOD) of themethod for thedetermina:
tion of Cu(ll) wasstudied under the optimal experi-
mental conditions. TheLOD based on 3sof theblank is
7 ng per 1000mL.

The capacity of modified disks(5mg SALET) was
determined by passing 50mL portionsof samplesolu-
tions containing 8mg of copper and 0.1M sodium
acceate-acetic acid buffer with pH 5.5-6.0, followed
by the determination of theretained meta ionsinthe
eluting solutionusingAAS. The maximal capacity of
thedisk obtained from threereplicate measurements
was 465+5mg of Cu? on thedisk.

Inorder toinvestigate the sel ective separation and
determination of Cu?* ionsfromitshinary mixtureswith
various metal ions, an aliquot of aqueous solutions
(50mL) containing 105mg Cu?* and mg amounts of
other cations wastaken and the recommended proce-
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TABLE 6: Separation of copper from binary mixturest
Amounts % Recovery of

Diverseion taken(mg) % Found cut ion
Na" 81.5 1.25(0.9)° 98.7(0.8)
K* 85.5 1.42(1.1) 98.5(1.2)

Mg® 15.7 0.7(1.8) 100.6(1.5)
ca** 28.6 1.27(2.6) 99.4(1.1)
Sr#* 3.18 2.25(1.2) 98.6(1.1)
Ba®* 2.26 3.11(L.4) 97.3(1.3)
Mn?* 2.78 2.55(1.3) 98.7(2.9)
Co* 2.16 1.7(2.3) 99.0(0.9)
Ni%* 2.46 2.0(1.4) 99.1(1.7)
zn* 221 1.87(2.1) 98.8(2.2)
Cd?* 2.18 1.98(2.0) 98.2(2.8)
Pb** 2.22 2.22(0.9) 98.5(1.7)
Hg** 2.53 4.81(2.1) 97.6(0.8)
Ag’ 2.15 2.45(1.9) 99.6(0.9)
cr* 1.96 2.92(2.30 97.3(1.4)
uo? 2.06 1.8(1.10 99.3(0.7)

anitial samples contained 10Mg Cu?* and different amounts of
various ions in 100 mL water (0.1 M acetate ion); ®Values in paren-

theses are RSDs based on five individual replicate analysis.

TABLE 7: Recovery of copper added to 1000mL of different

water samples (contaning 0.1M acetateat pH=5.5-6.0)
Sample Cu**added(ug) Cu*‘deter mined (ng.mL™)

Tap 0.0 1.85(2.9)"
water 10.0 12.46(1.2)
Snow 0.0 4.86(1.8)
water 10.0 14.94(1.9)
Rain 0.0 2.69(1.1)
water 10.0 12.78(1.8)
Sea 0.0 13.54(1.7)
Water 10.0 23.96(1.2)

a/alues in parentheses are RSDs based on five individual repli-
cate analysis

dure was followed. The results are summarized in
TABLE 6. Theresultsshow that the copper(ll) ionsin
binary mixturesareretained almost compl etely by the
modified disk, even in the presence of up to about
100mg of variousions. Meanwhile, retention of other
cationsby thedisk isvery low and they can separated
effectively from the Cu? ion. It isinteresting to note
that, in other experiments, wefound that in the pres-
enceof high enough concentrationsNH,OH.HCl asa
suitablereducing agent(>0.3M)“®l. No retention of the
resulting single charge Cu* ion can occur by the modi-
fied membranedisk.

Analysisof water samples

To assess the applicability of the method to real
samples, it was applied to the extraction and determi-
nation of copper from different water samples. Tap
water(Tehran, taken after 10min operation of the
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tap),rain water(Tehran, 26" January, 2006), Snow wa-
ter (Saveh, 6" February, 2006)and Sea water(taken
from Caspian sea, near the Mahmoud-Abad shore)
sampleswereandyzed(TABLE 7). Ascanbeseenfrom
TABLE 4 the added copper ions can be quantitatively
recovered from thewater samplesused.

CONCLUSION

Results presented in thiswork demonstrate well
thetremendous possibilities offered by the solid phase
extraction of traceamounts of Cu(ll) in water samples
using octadecyl sllicamembranedisksmodified by 1,2-
big(salicylideneamino)ethane and its determination by
FAAS. Themethod developed wassimple, reliable,
and precisefor determining copper inwater. Also, the
proposed method wasfree of interference compared
to conventional proceduresto determine copper(>-5,
Themethod can be successfully applied to the separa-
tion and determination of copper in binary mixtures.
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