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ABSTRACT

Cloud point extraction (CPE) has been used for the simultaneous pre-
concentration of copper and nickel after the formation of a complex
dithioxamide (rubeanic acid) (DTO), and later analysis by flame atomic
absorption spectrometry (FAAS) using (Triton X-114) as surfactant. The
parameters affecting the separation phase and detection process were
optimized. Under the optimum experimental conditions (i.e. pH = 6.0,
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0.09mM DTO, Triton X-114 = 0.07% (w/v)), calibration graphswerelinear
intherange of 20-650 and 15-850 ng ml-* with detectionlimitsof 0.9and 1.5
ng ml-* for Cu and Ni, respectively. The method was applied to the deter-
mination of Cu and Ni in natural and waste water samples with satisfac-

tory results. © 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

The determination of heavy metalsat tracelevels
inenvironmental isoneof thetargetsof anaytica chem-
ists, duetotheirimportant rolesin our lifé'3. Thereare
many difficultiesin determining traceamountsof heavy
metasin environmenta samples by flameatomic ab-
sorption spectrometry duetoinsufficient sengtivity of
instrument and/or matrix interferences. In order to
achievedetectionlimitswithin therangeof flameaomic
absorption spectrometry. Aninitial pre-concentration
step alowslower limits of detection for analytes, as
well asthe separation of the analytesfrom its matrix,
which may interferein atomic absorption spectrometric
determinationg”.

There are many methods of pre-concentration and
separaion such asliquid-liquid extraction (LLE)®9, ion-
exchangetechniques™®, co-preci pitation®°, sorption

on thevariousadsorbents such asactivated carbon*-*2,
amberlite XAD resing®®4 and other sorbentg>€l,
Separation procedures based on the peculiar prop-
ertiesof agueous non-ionic and zwitterionic surfactant
solution hasa so been proposed asan dternativetothe
useof traditiona organic solvents. Agqueous solutions
of dmost al non-ionic surfactantsbecometurbid when
heated to a temperature known as the cloud point.
Abovethistemperature, theisotropic micdlar solution
separatesinto two transparent liquid phases. asurfac-
tant-rich phase of very smdl volumecomposed mostly
of thesurfactant plusasmall amount of water, and an
aqueous phase, in equilibrium with theformer, which
containsasurfactant concentration closetoitscritical
micellar concentration, isthe base of cloud point ex-
traction (CPE). Thesmadl volumeof the surfactant-rich
phase obtai ned with this methodol ogy permitsthe de-
sgnof extraction schemesthat aresmple, chegp, highly
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efficient, and of lower toxicity tothe environment than
those extractionsthat use organic solvents. The CPE
phenomenon has been used for the extraction and pre-
concentration of metal cations after theformation of
sparingly water-soluble complexes. CPE has been
shown to bean effective sample pre-concentration tech-
niquefor improving sensitivity and selectivity prior to
atomic spectrometryt”,

In the present work we report on the results ob-
tained inastudy of the cloud point extraction and pre-
concentration of Cu and Ni, after the formation of a
complex with dithioxamide (rubeanic acid) (DTO)
(SCHEME 1), and | ater analysis by spectrophotom-
etry at thewave ength of maximum absorption of each
complex, using Triton X-114 as surfactant.. The pro-
posed method was applied to the determination of Cu
and Ni inwater samples.

EXPERIMENTAL
Apparatus

A ShimadzuAA-680 atomic absorption/flameemis-
son gpectrometer equipped with deuterium background
correction was used with copper and nickel hollow-
cathode lampsasradiation sources. The operating con-
ditionswerethoserecommended by the manufacturer,
unlessspecified otherwise. Theacetyleneflow rateand
the burner height were adjusted in order to obtain the
maximum absorbancesgnd, whileaspiratingtheandyte
solution in methanol containing 0.5moal I nitric acid.
For discretevolume sampling, avolumeof 200ul of the
final solution wasintroduced into thenebulizer of the
gpectrometer by amanua sampleinjector that wascon-
nected to the nebulizer by the sample aspiration tubing.
Absorbance signalsas peak height were measured. A
M P4 centrifuge (Internationa Equipment Company,
USA) was used to accel erate the phase separation.

Reagentsand materials
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All chemicalsusedinthiswork, wereof anaytica
reagent grade and were used without further purifica-
tion. Deionised water wasused for all dilutions. Metal
standards were prepared by dissolving appropriate
amount of nitrate salt of ionsincluding copper, nickel
and other cathions were of the analytical grade pur-
chased from Merck Company, solution (Merck,
Darmstadt, Germany). A 0.5 % (W/v) Triton X-114
from Merck Company was prepared by dissolving 0.5
gof Triton X- 114in 100 mL volumetric flask with tir-
ring. dithioxamide (rubeanic acid) (DTO), methanol
solventswerepurchased from Merck Company. A buffer
of pH = 6.0 was prepared by using sodium acetateand
hydrochloric acid at appropriate concentrations.

Procedure

For the cloud point extraction, aliquotsof thecold
solution containingtheandytes, Triton X-114and DTO,
buffered at asuitable pH, were placed into water bath.
Thetemperature of the solutionswascontrolled by the
thermometersdived bothin thetubesandin the bath.
The heating was performed with 0.5°C min™ rateand
werekept for 15 min at 40°C. Separation of the two
phaseswas accomplished by centrifugationfor 15min
at 4000 rpm. The phase was cooled down inanice
bathin order to increasetheviscosity of the surfactant-
rich phase. After the cloud point extraction, the aque-
ous phase was decanted by inverting thetube. To de-
crease the viscosity of the surfactant-rich phase and
facilitateintroduction inflame atomic absorption nebu-
lizer, 200l of methanol solution containing 0.5mol I
HNO, wasadded. The resultant solution wasdirectly
introduced into the FAAS by conventiond aspiration.

RESULTSAND DISCUSSION

Effect of pH

Cloud point extraction of copper and nickel was
performed in different pH buffer solutions. The separa-
tion of metal ions by the cloud point method involves
prior formation of acomplex with sufficient hydropho-
bicity to be extracted into the small volume of surfac-
tant-rich phase, thus obtaining the desired pre-concen-
tration. Extraction yield depends on the pH at which
complex formationiscarried out.

The effects of pH on the extraction of copper and
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nickel complex aregiveninfigure 1. Inthe pH range
5.5-6.0, extraction was quantitative. The decreasein
recoveriesat pH > 6.0 s probably dueto the precipi-
tation of copper ionsin theform of hydroxide, and at
pH<5.5 may be due to competition from hydronium
iontowardionsfor complexation with DTO or decom-
position of complex at pH vauessmadlerthan 5.5, which
led to the decrease in recoveries. In subsequent ex-
perimentsapH of 6.0 was.

Effect of NDTT concentration

Theyield of the extraction asafunction of the con-
centration of thecomplexing agentisshowninfigure2.
For both cations 10 ml of asolution containing 50.0ng
ml-* copper and nickel in 0.07% Triton X-114 and
medium buffered at pH 6.0 contai ning variousamounts
of DTO were subjected to the cloud point pre-con-
centration process. At thisstated concentration of ions,
~100% extraction was achieved for aDTO concen-
tration of 0.09 mM, which thisconcentration wascho-
sen for subsequent experiments.

Effect of triton X-114 concentration

A successful cloud point extraction should maxi-
mizetheextraction efficiency by minimizing the phase
volumeratio (Vorg/Vagueous), thusimproving itsen-
richment factor. Reportsshowed that Triton X-114 and
PONPE-7.5(CPT near roomtemperature) were proper
surfactants to perform CPE for trace elementg19,
Triton X-114 was chosen asanon-ionic surfactant be-
cause of itscommercia availability inahigh purified
homogeneousform, low toxicol ogica propertiesand
cost. Also, low cloud point temperature (23-26°C) and
high density of the surfactant- rich phasefacilitatesphase
separation by centrifugation. Theeffect of surfactant
concentration wasstudied withinthe Triton X-114 con-
centration rangefrom 0.01 to 0.15% (w/v). Figure 3
showstheeffect of the surfactant concentration onthe
intensity. Quantitative extraction obtained at its maxi-
mum when triton X-114 concentration was 0.07% (v/
V). Withincrease of Triton X-114 concentration above
0.07%, the analytical sensitivity decreased, probably,
duetodilution of the sampleby additional surfactant
solution. Accordingly, aconcentration of 0.07% (v/v)
Triton X-114 was chosen.

Effectsof equilibration temperatureand time
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Figure1: Effect of pH on theextraction recovery of copper
and nickel. Conditions: Triton X-114: 0.07% (w/v) mM,
DTO: 0.09mM
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Figure2: Effect of DT O concentration on theextraction
recovery of copper and nickel. Conditions: pH: 6.0, Triton
X-114: 0.07% (w/v) mM
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Figure3: Effect of Triton X-114 concentration on thecloud
point extraction of copper and nickel. Conditions: pH: 6.0,
DTO: 0.09mM

It was desirableto employ the shortest equilibra-
tiontimeand thelowest possibleequilibration tempera-
ture, asacompromise between completion of extrac-
tion and efficient separation of phases. It wasfound
that 40°C isadequatefor these analyses. The depen-
dence of extraction efficiency upon equilibrationtime
was studied for atime span of 5-30 min. Anequilibra-
tiontimeof 15 minwaschosentheoptimal to achieve
quantitativeextraction.

Effectsof buffer concentration and ionicstrength
Theinfluence of buffer amount wascarried outin
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which the other experimenta variablesremained con-
dant. Theresultshave shown that above 0.5ml of buffer
solution added in 10 ml of solution, no obviousvaria-
tion took placeintheextractionyield. A 1.0 ml diquot
of buffer solution wasadded inal subsequent experi-
ments. lonic strength had no appreci abl e effect upon
extraction efficiency and sengitivity upto 0.5 mol I,

Effect of viscosity

Thesurfactant- rich phase obtained after cloud point
pre-concentration is very viscose (-20 cP) owing to
the high concentration of Trion X-114. Accordingly, after
phase separation it isnecessary to decrease the viscos-
ity of the surfactant-rich phasetofacilitateitshandling
andintroductioninto theatomizer. Severd organic sol-
vent and their acid mixtureswereinvestigated, toin-
creasetheanayticd Sgnd of theFAAS. Solventstested
includeacetone, acetonitrile, ethanol and methanol and
thebest resultswereobtained usngmethanol. A methandl
solution containing 0.5 mol |* nitric acid wasadded to
surfactant-rich phaseafter the separation of two phases.
Results showed that the optimum volume of methanol
was 200pl.

Calibration, precision and detection limits

Calibration graphswere obtained by pre-concen-
trating 10 ml of sample (copper or nickel) inthe pres-
enceof 0.07% Triton X-114 in amedium buffered at
pH 6.0. Thesampleswereintroduced into theflameby
conventiond aspiration following theaddition of 200
of amethanol solution containing 0.5mol I HNO,. In
both the cases, linear rel ationshi ps between the recov-
ery measured and the concentration of meta insolution
wereobtained. TABLE 1 givesthecdibration param-
eters, therelative standard deviation obtained for five
sampl es subjected to the compl ete procedure, at two
different concentration levels, and the detection limits.
Pre-concentration of only 10 ml of sampleinthepres-
enceof 0.07% Triton X-114 permitted the detection of
0.9 ng mL-*copper and

1.5 ngmL*nickel. Theenrichment factors, cal cu-
lated as the ratio of recovery of pre-concentrated
samplesto that obtai ned without pre-concentration,
were 36 for copper and 39 for nickel.

I nterferences
Inview of the high selectivity provided by flame

TABLE 1: Specification of method at optimum conditionsfor
each element

Par ameter Cu Ni
Linear Range (ng ml™) 20-650 15-850
Detection Limit (ng mL™) 0.9 15
RSD % 1.1 1.9
Recovery % 99.4 98.9
Enrichment factor 36 39

TABLE 2: Effectsof thematrixionson therecoveriesof the
examined metal ions(N=3)

lon lon/ Recovery (%)

(Cu or Ni) Cu Ni
Na", K* 1500 100 99.4
ca* 1000 99.1 98.6
Mg* 1000 98.5 101.2
Al* 700 98.8 99.3
Cd®*, Mn?* 550 100 103
Pb?* 400 100 97.6
Co* 200 99.2 98.4
Fe® 150 95.5 98.8
zn** 100 99.5 1015
cl 1500 100.4 99.3
HCO;" 800 98.6 98.0
PO,* 500 100.3 98.3

TABLE 3: Recovery of tracedementsfrom spiked real sample
after CPE

Real lon Added Found RSD Recovery

sample (rgg?) (wgg) % %
Cu 0 672 08 -

. Cu 5 1178 13 1012
Cowliver 1, 0 132 16 -

Ni 5 623 13 98.2
Cu 0 041 17 -

Cu 05 092 15 100
Chocolate ; 0 045 11 -
Ni 05 096 15 102
Cu 0 439 17 -

River water U 50 958 12 1038
Ni 0 1034 19 -

Ni 50 6189 17 1031

atomic absorption spectrometry, theonly interferences
studied werethosere ated to the pre-concentration step.
Cationsthat may react with DTO and anionsthat may
form complexeswith themeta ionswerestudied. The
resultswere shown in TABLE 2. It was proved that
copper and nickel recoverieswereamost quantitative
inthe presenceof foreign cations.

Accuracy and applications

We haveexplored thefeasibility of the methodol -
ogy using pre-concentration with DTO in surfactant
mediafor the determination of copper and nickel ions
indifferent matricestreated according to Experimental
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section. Theprocedure was applied to the determina-
tion of copper and nickd ionsin different samples, in-
cluding river water, cow liver and chocol ate samples
by standard addition method. Reliability was checked
by spiking experimentsand independent analysis. The
results are presented in TABLE 3. The recovery of
spiked samplesissatisfactory reasonable and was con-
firmed using addition method, which indicatethe capa-
bility of the system in the determination of lead in natu-
rd real samples.

CONCLUSION

Themicellar extraction of copper and nickel ions
with DTO into the phase of non-ionic surfactant Triton
X-114 hasbeeninvestigated. The sensitivity, metro-
logicd characterigtics, ecologicd safety, smplicity, and
convenience of the suggested procedure are competi-
tive with respect to the methods based on the extrac-
tion with organic solvents. Theresults presented have
confirmed itsapplicability to the separation and pre-
concentration of copper and nickel ions, which dueits
high stability constant and high pH dependency with
high selectivity loading and el ution hasbeen carried out.
Thelow RSD of red sampleandysisisanindication of
methodsversatility for red sample.
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