March 2008 Volume 7 Issue 5

a%za[ytiaa[ CHEMISTRY
Trave Sreience Ine. Hu Tndéan W
—— Pul] Peper

ACAIJ 7(5) 2008 [285-293]

Comparison of adsorptive stripping voltammetry with
sensitized spectrophotometric for determination of
copper ion using phenyl-2-pyridil ketone oxime

F.Ahmadi*, G.Shafie?

IChemistry Department, Gachsaran Azad Univer city, Gachsaran, (IRAN)
2Chemigtry Department, K azeroon Azad Univer sity, Kazeroon, (IRAN)
Tel : (098)-742-3333923; Fax: (098)-742-3333533
E-mail: ahmadi @iaug.ac.ir
Received: 28" January, 2008 ; Accepted: 2" February, 2008

ABSTRACT KEYWORDS
A simple accurate and sensitive micellanized spectrophotometric method Phenyl-2-pyridilketon oxime
and sensitive and selective voltammetric procedure for determination of (PPKO){
copper (1) ion using phenyl-2-pyridil ketone oxime (PPK O) has been com- Spectrophotometric method;
pared. The spectrophotometric determination of copper using PPKO in Surfactant media;
the presence of anionic surfactant SDS has been performed. The influ- SDS
ence of type and amount of surfactant, pH, complexation time and amount Copper on;,
of ligand on sensitivity of spectrophotometric method were examined. Adsorptive stripping
The voltammetric procedureinvolves an adsorptive accumul ation of Cu?*- voltammetry.

PPKO on a hanging mercury drop electrode, followed by a stripping
voltammetric measurement of reduction current of adsorbed complex at
about -0.30V (vs. SCE). The optimum conditionsfor the analysisof copper
(I wasfixedin pH (5.8-7.0), 60uM PPK O, accumulation potential and time
of -0.5V (vs. SCE) and 60s. The peak current isproportional to the concen-
tration of copper over the range 0.3-76ng mL* with a detection limit of
0.01ng mL*. In spectrophotometric method the Beers law is obeyed over
the concentration range of 0.3-21.0pg mL™ in surfactant median with de-
tection limits of 1.4 ng mL1. Finaly in both methods, the repeatability,
accuracy and the effect of interfering ions on the determination of copper
ion were evaluated. The proposed methods successfully with recovery
yield of almost 100% have been applied for the rapid and simple determi-
nation of copper in the real samples. Thereis agood agreement between
methods and atomic absorption spectrometry.

© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION anaysisof heavy metdsin environmenta samplespre-
sentsanoTABLE difficulty dueto both thelow levels

Theimportanceof thedetermination of tracemetd  of metal sinthe samplesand the high complexity of the
concentrationin natura water samplesisincreasingin - matrices. Copper isagastrointestinal tract irritant but
contamination monitoring studies. In many cases, the  isgenerally not harmful to humansat low concentra-
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tion. However, inconcentration lessthan 1 ppm can be
toxic to aguatic plants and somefishes?, so that, cop-
per tendsto bemuch more of an environmental hazard
than a human hazard. The determination of trace
amountsof copper hasreceived considerabl e attention
in many samplesespecially environmental pollution.
Many method including ICP-MS, ion chromatography,
atomi ¢ absorption spectrometry, extraction and sepa-
ration method, ion sdectivedectrode, supportedliquid
membrane®>*® has been used for copper determina-
tion. Many of these methods are time consuming or
requirecomplicated and expengveinsrument and some
of them haslow repeatability and need careful con-
struction of membrane electrode. Dueto low concen-
tration of copper content and view to the above men-
tion problem, devel opment of new sensitiveand selec-
tivemethodsfor selective, sensitive, rapid and conve-
nient determination of thisionin sub-micronlevelsis
gtill achdlenging requirement.

Organic surfactant mediaarevery useful in anayti-
cal application, especialy in UV-Visible spectropho-
tometry*517 and fluorescence process*®, becausethey
arestablein aqueous solution and transparent optically,
enhancesensitivity and readily availabl€?. In Surfac-
tant mediacomplexes of metal ionswith complexing
agent aremost stableand formed aggregatesthat cause
animprovement in sensitivity and detection limitg™9l.

On the other hand, in recent years, adsorptive or
cathodic stripping voltammetry (CSV) hasattracted
considerable attention for trace and ultratrace metal
ionsor organic compounds, because of excellent sen-
Sitivity, accuracy, precision and thelow cost of instru-
ment. Stripping analysisfollowing adsorptive accumu-
lation of metd chelatesisbecoming awiddy accepted
andytica tool, asit extendsthe scopeof selectivestrip-
ping anaysistoward additional trace metalsand offers
an effective aternative method for monitoring other
metal§20-22,

It wasreported that adsorption of some specieson
HMDE isdueto either sparingly solubility and/or IT
orbitd interaction, especialy inaromatic ring contain-
ing compounds, sel ecting asuitabl e adsorption poten-
tia, suggesting that sometimes combination of eectro-
gaticand I orbital interaction is important and increases
thefigure of merit of amethod®d. Dueto the advan-
tagesincluding good sensitivity, portability andlow cost,
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incorporation of PPKOin solution lead to high sensi-
tivity for adsorptivemethod.

In the present research using PPK O two different
methodsincluding spectrophotometry aslow cost and
even accessibleinstrument with adsorptive stripping
voltammetry their comparison for copper determina-
tion hasbeen carried out.

EXPERIMENTAL

Instrumentation

Cathodic stripping voltammetry (CSV) was car-
ried out with ametrohm 746VA traceandyzer, usnga
Multi-Moded ectrodein thehanging mercury drop el ec-
trode (HM DE) mode and SCE asthereference el ec-
trode. All potentials aremeasured and quoted relative
tothisreferencedectrode. Thethree-electrode system
was completed by means of aplatinum auxiliary elec-
trode. Differential pulsevoltammetry was carried out
with pulseamplitudeof 100mV with scanrate of 80mV
standapulseinterva of 0.1s.

A shimadzu UV-vis 160 spectrophotometer was
used to measure the absorbance of complex in Brij 58
media. A 691 pH /lon meter with acombined glassand
calomel e ectrode has been used for measurement and
adjustment of test solutionspH. TheAAS determina
tions were carried out on a Shimadzu 680 A atomic
absorption spectrometer with ahallow cathodelamp
and adeuterium background corrector, at awavelength
of 324.8nm (resonance line) using an air-acetylene
flame.

Reagent and solution

All chemical such asnitrate of copper and other
cathionswereof theanal ytical grade purchased from
Merck Company and used asreceived. A 0.5%(w/v)
al surfactant dl fromMerck company induding sodium
dodecyl sulfate(SDS), Triton X-100, cetyltrimethyl
ammonium bromide(CTAB), n-dodecytrimethylammo
nium bromide(DTAB) wasprepared by dissolving 0.59
of surfactant in 100mL volumetric flask with stirring.
Theorganic solventssuch aschloroformwere purchased
from Merck company. Theligand phenyl-2-pyridilketon
oxime (PPK O) was synthesized according to litera-
ture?!. Nitrate salts of other cationsor potassium salts
of anions(1000mg L) indistilled water were prepared.

Au Tudian Yournal



ACAIJ, 7(5) March 2008

F.Ahmadi and GShafie

287

Moredilute solutions were prepared by diluting the
stock solutionswith distilled water. Thebuffer solutions
were adjusted to the required pH value with sodium
hydroxide and hydrochloric acid and weredectrolyzed
for48hat -1.6V inamercury pool for removing the
trace metal ions. Doubly distilled water was used
throughout.

Procedure

Thegeneral procedure used to obtain cathodic ad-
sorptivestripping voltammogramswasasfollows. Ap-
propriatevolumeof samplesolution containing 640.0ug
mL* copper(ll) ion was poured into a25.0mL volu-
metric flask and the pH was adjusted to 5.8 by the
addition of 2.5mL 0.1M acetate buffer(pH=5.8). Then
0.15mL of PPKO solution(1.96mgmL1) wasadd ed
and thevolumewas adjusted to 25.0mL with distilled
water. The solution was then transferred to a
voltammetric cell. Thestirrer was switched onand the
solutionwaspurged with argon gasfor 5min. After form-
inganew drop, accumulation was affected for 60 sat -
0.5V whiledtirring the solution. At theend of accumu-
lationtimethestirrer wasswitched off, and after 10sto
allow the solution to become quiescent, the potentia
was scanned inthe negativedirection.

Procedurefor spectrophotometric copper ion de-
termination in surfactant media

Standard copper solutions of 100ug mL* were
prepared and severa aliquots of thiscopper ion solu-
tionwere added to 25mL volumetricflask intherange
of 0.05-25.0ug mL . To these solutions, 0.25mL of
0.01M PPKO and 0.25mL of 20mM SDSwereadded
and with phosphate buffer (pH 7.0) wasfilled to the
mark and the absorbance were measured. Thecalibra:
tion curve of copper ion was constructed tracing the
absorbance versusthe copper concentration.

Procedurefor investigation of complex natureto
pH

The pH measurement method for speciation of dif-
ferent form of complex and cal cul ating dissoci ation con-
stant of PPK O and stability constant of complexeswas
performed according to literature®2¢, Two separate
solution were prepared asfollowing: thefirst solution
contains, 5mL 0.02735M PPK O, 10mL 0.5M potas-
sium nitrate, 2mL 0.1M hydrochloric acid and 33mL
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water; the second solution contain 5mL 0.02735 M
PPKO, 5mL 0.01346M CuCl,, 10mL 0.5M potas-
sium nitrate, 2mL hydrochloric acid and 28mL water.
Both solutions weretitrated potentiometrically with
0.0965M sodium hydroxide. From thetitration curve
of thefirst solution the aci dic dissoci ation constants of
theligand and from the second titration curve thefor-
mation congtant of different form of complex wereevdu-
ated. According to [UPA C recommendation detection
limit hasbeen cal cul ated®.

Pretreatment of real samples

Water samplewastreated asfollowing: 250mL of
water samplewaspoured in abeaker and 8ml concen-
trated HNO, and 3ml of H,O, of (30%) for elimination
and decomposition of organic compound were added.
The samples, whilestirring was heated to onetent vol -
umes. After adjustment of samplespH todesired value
the spectrophotometric experiment and extraction ex-
periments were performed according to general de-
scribed procedure. Blood sampletreatment was car-
ried out asfollow: 10mL of deionizer water, 24mL of
concentrated HNO, and 10mL of H,O, (30%) were
added into 20mL of blood sample in a beaker. The
volumeof mixturewhilestirring by heatingwasreduced
to tent. Then 3mL of concentrated HNO, was added
and the solution wasfiltrated through awatman filter.
200mL of river water after acidificationwith 6M nitric
acid and 3mL H,0O,(30%) was heated for 0.5h. After
adjustment of pH by addition of appropriate amount of
sodium hydroxideor hydrochloric acid, thesamplewas
diluting to 25mL the determination of copper content
was performed! 228,

RESULTSAND DISCUSSION

Optimizing of condition for deter mination of cop-
per ion in surfactant media

Theligand PPKOisan N-OH donatingligand base,
whichisinsolubleinwater at neutral pH. Duetothe
presence of oximegroup and incorporation of IT elec-
tron it act asasoft acid and bind selectively to soft acid
ascopper ioninneutra media. Potentiometric and spec-
trophotometric studiesrevededthat it canformafairly
stableand sel ective complex with copper ionin dightly
neutra pH withmoleratioof M: L of 1:2. Figures1and
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TABLE 1: Logarithm of cumulativestability constantsfor the
interaction of H*and Cu? with thePPK O at 25°C

System m I h LogB
Cu(lD-PPKO 1 1 0 1153
1 2 0 21.45

1 2 1 26.51

1 2 2 29.81

PPHO

Cudt PPHED

—_—
MalH| 00955 My

fmL}
Figurel: Titration of PPKO solutionsin the presence
and absenceof copper ion with NaOH 0.0965M
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Figure2: Speciation of complexesof copper ion with PPK O
obtained fromfigurel
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Figure3: Spectraof Complexin different media 2 Condi-

tions: 8mM PPKO, 0.1mM SDS, pH 7.0and 1.0pgmL*
copper ioninorganicmediaand 15ugmL*in SDS

2 display arepresentative set of potentiometrictitration
curvesobtained for Cu?*-PPK O systems. Theforma-

tion constantsof copper ion with PPK O binary com-
plexesweredetermined under stableconditionsof 0.1M

ionic strength and 25°C andvaluesareshownin TABLE
1. The concentration distribution diagrams of binary
systemsare obtained intermsof percent meta ionasa
function of pH, and are shown in figure 1. The high
stability constant of ML, for copper: PPK O complexes
makesit superior asasuitableligandfor developingan
and ytical method for selective determination of copper
ion. Intheliterature, it hasbeen pointed out which simi-
lar ions, including cobat and nickel, could be strongly
complexed withoximesinakainepH. Weassumethat
thereactionto form thisdesired complex could have
competed agai ngt hydroxide preci pitation at higher pH

(basic solution pH>7) and ligand protonation at lower
pH, which both lead to reducein sensitivity. If appli-
cablepH rangemay belarger than 7, expectablehydroxo
complexesof PPKO: copper ion: OH could beformed,
but inthiswork dueto thehigh stability constant of Cu
(PPKQ), complex and low hydroxideion concentra-
tion ¢, hydroxideion could not competewith PPKO
for subgtitution.

Thus, wedecided to examineitscapability asasuit-
ablereagent for sensitized spectrophotometric or ca
thodi c adsorptive stripping voltammetry determination
of copper ionsand comparing the characteristic per-
formances of both methodswith each other.

Theinfluence of effective parameterssuchaspH,
typeand amount of surfactant, amount of ligandin spec-
trophotometric method and potentia and timeof accu-
mulation, pH, amount of ligand onadsorptivestripping
for determination of copper content has been investi-
gated.

Absor ption spectraof Cu(PPKO),in SDS

Some preliminary experimentswere undertakenin
order toinvestigate the effectivenessand utility of the
SDSasasensitizer for bathochromic agent and pro-
moting method sengitivity. Therefore, aset of similar
experiments at pH 7.0, 0.1mM PPKO, 1.0ug mL™?
copper ioninthepresenceand absenceof 0.1mM SDS
were carried out. The absorption spectra of Cu
(PPKQ), inthe presenceand absenceof surfactant SDS
was obtained, whichisshowninfigure 3. Asit canbe
seen, theexperiment in surfactant mediahashigher sen-
sitivity without the need to extraction of complex into
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Figure4: Effect of pH on sensitivity conditions: 0.1mM
PPKO, 0.1mM SDSand 1.0ugmL* copper ion at various

H

TABLE 2: Effect of typeof surfactant on spectraand sensitiv-
ity for 0.1ug mL * of copper ion

Surfactant pH Absorbance M aximum
wavelength (nm)
Triton X-100 7.0 0.51 423
CTAB 5.7 0.53 415
DTAB 5.8 0.54 416
SDS 7.0 0.62 452
Triton X-114 7.0 0.56 443
In the absence of 70 0.34 420
surfactant

organic harmful organic solvent. Ontheother hand, the
method isfast, smple, low cost and powerful aterna-
tivetool for replacement of conventiond expensveAAS
or eectrochemica method. Thishigher sengtivity may
be attributed to the fact that, hydrophobic chelating
agentscould easily beintroduced intothemicellesfor
the separation and preconcentration of trace elements.
The studiesfocused on investigation of complexation
between copper ion and PPK O in surfactant mediaand
eval uating optimum conditionsfor sensitized spectro-
photometric determination of copper ion using PPKO.
The stability and decomposition rate of complex seri-
ously depend on pH and time. Thelow sensitivity and
omitting spectrain acidic mediaisan indication.

Effect of pH on sengitivity

Most chelating ligands are conjugate bases of weak
acid groupsand accordingly have avery strong affinity
for hydrogen ions. Therefore, the pH will be avery
important factor in the complexation of metal ionsby
chelation and will determinethe values of the condi-
tiond stability constantsof themetal complexesonthe

—= Fyll Poper

surface of theligand. Dueto the presence of an oxime
group on the PPK O structure, it is expected that the
extent of itscomplexationissensitiveto pH. Thus, the
effect of pH on the complexation of copper ionswith
PPKOwasstudied. Inorder toinvestigate the effect of
pH onthesengtivity of copper ion determination, aset
of experimentscontaining 0.1mM PPKO, 1.0ugmL?
copper ion and 0.1mM SDS at various pH were un-
dertaken and resultsareshowninfigure4. Itisimmedi-
ately obviousthat the Cu (PPK O), complex showed
themaximum absorptlionat pH 7.0-8.0. Fromthisex-
perimental fact, we determined that Cu (PPKO), com-
plex was quantitatively formed and well dissolvedin
SDSmediaat thispH range. Weassumethat thereac-
tiontoformthiscomplex could have competed against
hydroxide precipitation at higher pH (basic solution)
and ligand protonation at |lower pH that lead to reduce
insengitivity. Hence, subsequent spectrophotometric
experimentswere carried out at pH 7.0.

Effect of surfactant on sensitivity

In order to choose the most effectivetypes of sur-
factantsfor increasing the sengitivity of spectrophoto-
metric method for determination of copper ion, aset of
smilar experimentsa 0.1 mM PPKO, 1.0ugmL cop-
per ion and 0.1mM of various surfactantssuch asTri-
ton X-100 and Triton X-114 asnon-ionic and sodium
dodecyl sulfateasanionic surfactant and cetyltrimethyl
ammonium bromideand n-dodecyltrimethyl ammonium
bromide as cathioni ¢ surfactant were carried out and
resultsaresummarizedin TABLE 2. For 0.1mM SDS
media, the calibration curvewith high sensitivity and
red shift could be constructed and its slope was about
2 timesmorethan other surfactant. In nonionic surfac-
tant amentionabl e spectrafor complexescould not be
obtained. In CTAB and DTAB mediaspectracan be
obtained with lower sensitivity, so SDSwas selected
for further studies. Thisobservationthat inthe pres-
ence of anionic surfactant, method had high sensitivity
isanindication that surfactant only lead to aggregation
of complexesand increasein sengtivity.

Effect of SDS concentration

A set of amilar experimentsat various concentra
tion of SDS was prepared by addition of severd
aiquotsof 10mM SDSsurfactant toa25mL volumet-
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Figure 5 : Effect of SDS concentrationon sensitivity of
method, conditions: different concentration of SDS, 0.1 mM
PPK O and 1.0ug mL* copper ion at pH 7.0
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Figure6: Effect of PPK O concentration on sensitivity of
method, Conditions: different concentration of PPK O,
0.1mM SDSand 1.0pug mL* copper ionat pH 7.0

ricflask containing 0.1mM PPK O and 1.0ug mL™* cop-
perion at pH 7.0 and their absorbance were eva uated
using UV-Visspectrometer. Resultsareshowninfigure
5. When the concentration of SDS surfactant exceeds
itscritica micelleconcentration, the homogeneousmi-
cellesolutionisformed at apoint where Cu(PPKO)2
complex canbewd | dissolved. Withthe concentration
of SDSvaryingfrom0.005mM to5mM at pH 7.0for
PPK O the absorbance of desired complexes at con-
centration of 0.13ug mL* Copper wasinvestigated.
The maximum absorbance was obtained when the con-
centration of SDSwas0.1mM.

Effect of PPK O concentration on sensitivity

Theanaytical sengtivity and thereproducibilityin
the complex spectrawere good in surfactant media. It
isknown that copper interact stoichiometrically with

-05
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-024
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-014

00+
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Potential (V)
Figure 7: ifferential pulse voltammogram of the Cu?-
PPK O complex, conditions: DP mode, 60 saccumulation
of 33ngmL-Cu? at -0.5V in the presenceof 60uM PPK O
at pH=6.0, scan rate80.0mV/s

PPKO to form al: 2 complexesthat its pH depen-
dency wereinvestigated and confirmed with potentio-
metrically and spectrophotometry. For evaluating and
investigating theeffect of the chel ating agent concentra:
tion variousamount of ligand wasadded to smilar so-
lution at optimum conditions. Respectiveresultswhich
areshowninfigure6 display that ligand concentration
must be exceed of copper ion concentration to reach
high sengtivity. Therefore, PPK O wasadded morethan
10times copper concentration to reducefluctuationin
measurement of absorbance.

Adsor ptivestripping voltammetry conditions

Various experimentswere carried out to identify
the genera featuresthat characterize the behavior of
the Cu(I1)-PPK O system at mercury electrode. In or-
der to obtain someinformation on thereactant and prod-
ucts, several measurement were carried out asfollow-
ing: (1) the DPmode of the blank solution did not show
any peak at about -0.30V; (2) no peak was observed
upon addition of PPK O to the above solution; (3) ad-
dition of asmall amount of Cu2+ resultsin gppearance
of apeak at about -0.30V (Figure 7). These experi-
ment indi catethat e ectro active speciesat about -0.30V
isCu (I1)-(PPKO), complex. The peak was highly di-
minished upon addition of surfactantssuch asTriton X -
100, which can betaken asan indication for the pres-
ence of adsorptive current. According to thefact that
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Cu* istheonly electro-active speciesin the adsorbed
complex, it can be concluded that the peak current is
proportiona to copper(ll) ion content

Effect of pH and electrolyte

Theinfluenceof pH on the stripping peak current
of Cu?* complex was studied inthe pHrange 2.0-8.4.
It was found that in the pH range 5.8 to 7.0 the peak
current is approximatel ylndependent of pH and has
maximum va uethat was expectableand confirmed by
results of spectrophotometry. Among variousel ectro-
Iytes examined for adsorptive stripping study, the best
resultswereobtained in acetate buffer solution, which
used it for further studies.Variation of PPKO concen-
tration showed that the peak current for copper in-
creased with increasing PPKO concentration up to
60uM, whereasgrester amountsof theligand doesnot
significantly affect the peak current and causeleveling
off. Theincreasein peak current was accompanied by
anegative shift in peak potential for the reduction of
complex. An optimum PPK O concentration of 60uM
was selected for future experiments.

The choice of deposition potential may affect the
efficiency of theadsorption step asaresult of columbic
effectsand competitive adsorption. The effect of accu-
mulation potential on the stripping peak current of the
complex wasexamined over the potentiad rangeof 0.0
t0-0.8V. Aswas seen the peak current increased with
changing potential from 0.0to -0.5V. Thiscan be at-
tributed to the accumul ation of Cu (PPKQ), aslayer
on the HMDE then reduced when the potentia is
stepped to-0.8V at the start of stripping scan.

Thechoiceof suitableaccumulationtimerequiresa
trade-off between sensitivity, peed and sdlectivity. The
effect of accumulation time on the peak current was
also studied. Variation of the adsorptiontime between
0 and 100s at an adsorption potentia of -0.5V, indi-
cate that the peak current increases upon extending
accumulation timeto 60s and then startsto level off,
that thisisdueto saturation of eectrode surface. Thus
60s was selected for further studies as compromise
between sensitivity and speed.

Characteristicsof themethods

Thecdibration curvewasobtained by usngsample
solutions at the optimum conditions of two methods

—= Fyll Poper
TABLE 3: Optimum parameter sof proposed two methods

Adsor ptive
Par ameter Spectrophotometric  stripping
voltammetry
pH 7.0-8 5.8-7
PPK O concentration 01 0.06
(mM)
SDS (mM) 0.1 -
accumulation time(sec) - 60
adsorption potential ) 05
(mV) '
scan rate( mV/s) - 80

TABLE 4: Specification of two methodsat optimum conditions
for copper

Parameter Spectrophotometric Adsor ptive stripping

voltammetry
Linear
Range 0.1-25 0.3-65
(ngmL™)
Regression
equation  A=0.1084C,+0.0143 Alp(nA)=0.0053C¢,+0.0118
correlation 0.997 0.99%4
coefficient
Detection
Limit 13 0.1
(ngmL?
RSD % 21 24

TABLE5: Investigation of tolerancelimit of interferingions
on proposed methods

[Interfering lon] /[Copper ion]

. Adsor ptive
Interferingions Spectrophotometric stripping
voltammetry
K*, Na’, Cl', Br 1200 1000
Ba’*, SO, NO; 850 1000
ca®*, Mn** 1000 1000
Zn*, Mg®, 750 1000
cr¥, cd** 550 1000
Co** 150 50
NiZ* 100 50
Hg®*, Ag" 400 250
Po** 250 250

(TABLE 3). A calibration curve was constructed at
optimum conditionsaccording to cdibration curve pro-
cedurein experimentd section. TABLE 4 givesthechar-
acterigtic performance of the proposed method of stan-
dard sol utions subjected to the entire procedure. Lim-
itsof detection and quantification accordingto IUPAC
arealsoincluded. Thelimit of detectionand thelinear
range of the proposed method are comparableto other
methodsthat also employed FAAS. Thecharacteris-
ticsof the proposed method are shownin TABLE 4.

I nter fer ence effect
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TABLE 6: Investigation of accuracy and precision of proposed methodsfor real sampleanalysis

Samplé? Added Spectr ophotometric Adsor ptive stripping voltammetry
cu® Found Recovery % RSD% Found Recovery %  RSD% AAS
0 0.32 - 0.9 0.36 - 0.7 -
River water 1 1.29 97 0.6 1.32 96 13 1.26
0 0.44 - 15 0.39 - 14 -
Tap water 1 1.39 95 12 141 102 15 1.37
Tap water 0 0.67 - 15 0.74 - 18 -
Blood 1 1.69 102 1.0 1.69 95 14 1.73

3all value are pg mL*

A study of potential interferencesinthedetermina-
tion of copper wasperformed. An error of +5% in sig-
nal reading was considered tolerable. Solutions con-
taining copper 0.1ug mL™ for spectrophotometric
method and 20ng mL for adsorptive stripping
voltammetry method with other ionswere prepared and
the devel oped procedure was applied. Thetolerance
limitsof variousforeignionsaregivenin TABLED5.
Theseresultsdemonstrate that the effects of other ions
at given concentrationsare negligible. Also, thepres-
ence of largeamountsof dkali and dkaline earth met-
alshaveno significant effect on the determination of
copper.

Analytical applicationin real samples

We haveexplored thefeasibility of the methodolo-
giesusing themfor the determination of copperionin
different matrices. The procedureswere applied to the
determination of copper ionin different samples, in-
cluding tap water, river water and blood sample. Spik-
ing experimentsand independent andysis checked rdli-
ability. To ensurethat themethod isvalid and hasrea-
sonable accuracy and precision, recovery of the cop-
per ionsin the river water, the tab water and blood
samplewere determined by these proposed techniques
andtheresultsareshownin TABLE 6 hasagood agree
withreferenceAASmethod. Thelow rdativestandard
deviationsrepresent the high reproducibility in these
measurements. Therefore, thisproposed techniquecould
be applied to the determination of ngmL* level of Cop-
perinrea samples.

CONCLUSION

Most of theAnaysismethod for copper ion asits
colored complex with the reagents, suffer from draw-
backsincluding reagent cost, instability and regenera:
tion of thereagent fro re-use, low sensitivity and sdec-
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tivity. In order to cope with these difficulty, the pro-
posed methods dueto advantages such ashigh reliabil-
ity, reproducibility, sengitivity, selectivity and hightoler-
ancelimit and high selectivity and sengitivity and wide
linear rangein addition tolow detection limit are pow-
erful toolsfor rapid and sengitivedetermination of cop-
per ioninvarious media. Dueto the mention advan-
tagesthese proposed methods have been successfully
applied to the determination of copper at tracelevel.
Thelow RSD of red sampleanayssisan indication of
methodsversatility for red sampleanadyss. Thechar-
acteristic performance of both methodsis compared
with each other and results are shown in TABLE 4.
These characteristicsand thetypical applicationspre-
sented in this paper, make the methods suitable for
measuring the copper content in a wide variety of
samples.

The present study demonstrates that adsorptive
stripping voltammetry method and spectrophotometric
method determination of copper in presence Interfer-
ingionsisexcellent for determination of ngml= con-
centrationsin real samples, of copper because of high
sengitivity, very large dynamic range, smplicity and
speed, acombination very better from previoudly re-
ported systems.
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