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ABSTRACT

Sample preparation is an important step in chemical analysis process. The present article gives an overview about
the Cloud point extraction as a technique for sample preparation for trace element analysis. Cloud point extraction
steps, mechanism, advantages, disadvantages and some applications have been discussed.
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INTRODUCTION

Sample preparation was probably the single mostentgl area in analytical chemistry relatively te tgreat
interest in instruments. While the level of sopbaion of the instrumentation for analysis hasréased
significantly, a comparatively low technical basfssample preparation often remains. [1]

Cloud-point temperature (CPT), or equivalently lineer critical consolute temperature, is the spe¢édmperature
at which the clear micellar solution of a weeklylggosurfactant, such as nonionic or zwitterionicfactant,
becomes turbid upon heating or cooling. Explicfly nonionic surfactants, at temperatures aboveckiied point,
the homogeneous surfactant solution separateswatdmmiscible phases with well defined compositione of
which contains much of surfactant, called surfatstanh phase, whereas the other, called water plgsémost free
of micelles and has a surfactant concentration itearitical micelle concentration (CMC).[2-5]

Cloud point extraction (CPE) is an attractive taghe that reduces the consumption of the solveditaetion time
and the disposal costs. Cloud point methodologyl®en used for the extraction and pre-concentratidmmetal
ions after the formation of sparingly water solubdenplexes.[6-9]

The cloud point extraction in comparison with otlke@richment techniques has some advantages suolv asst,
speed, good concentration efficiency, environméntalver toxicity and safety.[10,11]

CPE is a simple procedure with a high capacitycocentrate a wide variety of metal with quantitatrecoveries
and high pre-concentration factors, since the nmegtalbe collected in small volumes (0.2-0.5 mi)hef surfactant
phase. This allows pre-concentration factors i@gahto those of other techniques without an additioe-extraction
step.

The CPE of metal ions involves the formation of repmgly water soluble chelates with suitable reagefthe

technique is based on the property of most noreisunirfactants that form micelles in aqueous satutibhey
become turbid when heated to the appropriate clmidt temperature. Above the cloud point tempeggttine
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micellar solution separates into a small, surfactarh phase and a larger diluted aqueous phasthelraqueous
phase, the surfactant concentration remains neacritical micelle concentration. Any analyte sdligsked in the

hydrophobic core of the micelle in the unheatedtsmh, will be concentrated in the surfactant- nittase following

the cloud point extraction.[8,9,12-19]

DISCUSSION

Practically, the cloud point methodology used foetah determinations is relatively simple: a few lifitérs of
concentrated surfactant solution are added int@tjueous solution (this volume is in the rangesaktof hundreds
of milliliters). When necessary, a chelating agsoiution is dissolved in an organic solvent or clisein water,
depending on its solubility. This solution is theeated above its cloud point and the phase sepamtcurs, which
can be accelerated by centrifugation. The discdrthutk aqueous phase after separation of micellasp is
facilitated after an ice bath, because the visgadithe surfactant-rich phase is increased. Betloeedetermination
process, it may be necessary to add small amotistsalting agent (such as alcohol) after the disoh aqueous
phase in order to decrease the viscosity of micg@lase and to promote its homogenization. Théngafigent
content must be a compromise between the ideabsityc the metal concentration, and the quantityo@fanic
solvent that some atomizers can support.[20]

There are many factors affecting cloud point exioacefficiency, such as pH of sample solutiont sahcentration,
effect of equilibration temperature and time, Kiadint temperature, centrifuge time, selectionhef surfactant, and
surfactant concentration.

Effect of pH

The effect of pH on the sensitivity and extractjpgrameters has to be tested. In the case of metédtes, the
optimal pH range frequently matches the range ®htiost favorable complex formation. The pH playsnaportant
role in improving the extraction efficiency in CREmetals without the addition of a chelating agsirice it affects
the overall charges of the analyte, thus affectirggformation of the complex between the metal thiedsurfactant
active functional groups.[21]

Effect of centrifugation time

The centrifugation time plays an important rolepimse separation after the formation of the cldiek effect of
centrifugation time phase separation was studietthénrange of 2—20 min at 3500 r/min for the deteation of

trace levels of Phthalate esters in water by CRisguBriton X-114 as the extraction solvent. Theutssshowed 5
min is available for a complete phase separati@h.Jhe shorter centrifugation time is considereda@dsantage for
CPE.

Selection of the Surfactant

To date, non-ionic surfactants (mainly polyoxyetemdted alkylphenols, from the Triton and PONPEesgrare
those most widely employed for CPE metal analyStey are all commercially available of high purgyade,
stable, non-volatile, non-toxic and environmentéifigndly [23-25]. Non-ionic surfactants do not tain a specific
fixed number of ethylene oxide units, but insteadsist of a statistical distribution of homologugshoxamer
distribution).[24]

Salt Concentration
The addition of salt to the solution may influertice extraction process. In the case of most noit-gurfactant, the
presence of salts may facilitate phase separaitice & increases the density of the aqueous pl2&ge

Equilibration temperature and time

The greatest analyte pre-concentration factor &tred when the CPE process is conducted with bratibn
temperatures well above the cloud point temperatiitbe system [27,28]. It was observed that thieiwe of the
surfactant-rich phase decreased by a factor of &nwthe temperature was increased from 25 to 9@dtking at a
surfactant concentration of 1% (w:w) [29]. Neveldlss, for thermally labile metal chelates, the obelevated
temperatures could result in a decreased recoveryaldecomposition. Equilibration times within tlaege of 4 —
15 min at 60-70 Care often selected as optimal.[30]

Krafft point temperature

Krafft point of a surfactant is the temperatureabwhich the solubility of the surfactant increadeasmatically in
an aqueous solution, and is interpreted as thenggioint of a hydrated solid surfactant. The cqoaf Krafft

point has been applied extensively to ionic sudats, but has rarely been observed for nonioni@stants [31]. At
the Krafft point, the solubility of the surfactastequal to its critical micelle concentration (CM®bove the Krafft
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point, the total solubility of the surfactant inases dramatically because of the formation of deiseHowever,
only surfactant monomers are presented and théibolus drastically limited at a temperature bel&rafft point.
Thus, a solution containing surfactant is cloudioteits Krafft point, but becomes clear at temperas above its
Krafft point.[32]

Surfactant concentration

When the concentration of a surfactant is increagedstructure may change from single moleculespberical,

rod- and lamellar-shaped micelles. Spherical nmeéselire formed at the first critical micellar corication (CMC).

The second CMC indicates the structural transiiom spherical micelles to rod-like ones. Many noeth such as
surface tension, conductivity, solubilization, dight scattering [28], have been used to deterrntiefirst CMC.

These methods are simple and easily utilized. Hewefew techniques have been applied to deternhieesécond
CMC. Miural et al. determined the second CMC of SBEseveral methods: conductivity, viscosity anghti

scattering [33-36]. Ma et al. [37] determined tlemd CMC of several surfactants by adsorptiveavnafhetry

experiments. Li et al. [38] determined the secoMiO®f surfactants by the fluorescence probe tealiq

Surfactants are amphiphilic organic substancesir Tin@lecules present a long hydrophobic hydrocartimain and
a small charged group or polar hydrophilic. A tyisurfactant has a R-X structure, where R is adoatbon
chain, which can have between 8 and 18 atoms tboamland X is the polar or ionic head group. Thestusual
chemical classification of surfactant is basedhenttydrophilic group nature. The four general geapsurfactants
are defined as non-ionic, cationic, anionic, anglaateric (or zwitterionic).[39,40]

The main parameter to attain a surfactant mononggtomeration in a micelle-rich phase is the sudatt
concentration at the cloud point temperature. Tdraperature-concentration phase diagram is speafi@ach
surfactant. The effect of additives such as saltsa@her surfactants also has to be consideredfifsapplication
of cloud point extraction for analytical purposesscribed the micelle aggregation of hydrophobi®mmaici metal
complexes.[6,41]

The main limitation of CPE is the relatively lowrpiion coefficients of several metal species withterminate
chelates. However, it can be circumvented withue of highly hydrophobic ligands.[42,43]

The generation of the metal chelates is a mainistéipe process of CPE. Several ligands, have bsted by Sun
et. al. such as 1-(2- thiazolylazo)-2-naphthol (AN ammonium pyrrolidinedithiocarbamate (APDC), 8-
hydroxyquinoline (Oxine), dithizone, diethyldithatamate (DDTC), 2-(5-bromo-2- pyridylazo)-5-
diethylaminophenol (5-Br-PADAP),18 and 1-(2- pytialzo)-2-naphthol (PAN), have been used in cloudhipoi
extraction of metal ions.[44]

In the following some example for the applicatidrcloud point extraction of metal ions in differesamples prior
to different analytical techniques will be presente

N,O,-type Schiff base ionophore, named N,N'-bis(2-hyglacetophenone)-1,2-propanediimine has been uged fo
extraction of Cu(ll) from water samples prior to &%\ determination with a limit of detection of 0.6§ ml*. [45]

After complexation with p-nitrophenylazoresorcirfMagneson I), nickel and manganese have been &drat a
surfactant octylphenoxy polyethoxyethanol (TritonlX4) and then determined by FAAS in water and food
samples.[46]

CPE was used for the extraction of cadmium(l)d{@, palladium(ll) and silver(l) from complicatemhatrix such
as radiology waste, vegetable, blood and urine &snphe analytical procedure involved the formatid metals
complex with bis((1H-benzo [d] imidazol-2yl)ethylfane (BIES), and quantitatively extracted tophase rich in
octylphenoxypolyethoxyethanol (Triton X-114) aftentrifugation. Methanol acidified with 1 mol"LHNO3 was
added to the surfactant-rich phase prior to itdyaiaby flame atomic absorption spectrometry (FAf&]

Simultaneous pre-concentration has been also ahiéwr determination of Zn(ll), Co(ll), Ni(ll) ané&b(ll) by
Flame Atomic Absorption Spectrometry. The catiovere complexed with 2-guanidinobenzimidazole at gH
Triton X-114 was added as a non-ionic surfactaftierhe phase separation at@gthe surfactant-rich phase was
diluted to 1.5 ml using an ethanolic solution of &\and the analytes were determined by flame atobsoration
spectrometry. Many metal ions have also been datedrby atomic absorption spectrometry such asMh,Fe,
Ag, Ni, Cu, Zn, Pd, Cr and Cd, after CPE in differkinds of samples.[49-55]
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Rojas et. alproposed a sensitive methodology for the pre-catnagon and determination of nickel by UV/Vis
spectrophotometry using tha cloud point extractickel ion was complexed with 1,5-bis(di-2-pyridytthylene)
thiocarbonohydrazide (DPTH) at pH 5.4 in buffertate medium and quantitatively extracted into alkumume
of surfactant-rich phase of Triton X-114 after ed#agation. Their method was applied to the deteation of
nickel in different samples. [56]

Madrakian et al. proposed a method for spectrophetoc determination of uranium in different typelSwater
samples. The method is based on the color reastioranium with pyrocatechol violet in the presené@otassium
iodide in hexamethylenetetramine buffer media amxkdhmicelle mediated extraction of complex. Lirigawas
obeyed1 in the range of 0.20-10 ngrhlof uranium (V1) ion and the detection limit of theethod is 0.06
ng.mL ~.[57]

Molybdenum(VI) was determined spectrophotometncailsteels and tap water and well water samplies afoud-
point extraction process using micelle of the aaticurfactant CTAB with detection limit of 0.1 ng~".[58]

Molybdenum(Vl) was also extracted using bromopyhofja red/  acetyltrimethylammonium/
nonylphenoxypolyethoxy- ethanol mixed medium.[59]

Extraction and Spectrophotometric determinatiomefcury from agueous solutions was investigate@. miethod
is based on the complexation reaction of Hg(llhwitio-Michler’s Ketone (TMK) and micelle-mediategtraction
of the complex using the nonionic surfactant Fri®-114. The detection limit of the method was OBmL " of
Hg(ll) ion. The method was applied to the deterrigraof mercury in water samples.[60]

Trace quantity of vanadium ions in pharmaceutioahulations (PF), dialysate (DS) and parenteraitsms (PS)
was extracted using 8-hydroxyquinoline (oxine) asplexing reagent and mediated by nonionic surfadfériton
X-114). The extracted surfactant-rich phase wasgetil with nitric acid in ethanol, prior to subjextielectrothermal
atomic absorption spectrometry.[61]

Cloud point extraction (CPE) was applied by Hagareval. as a separation/preconcentration stepldéotrothermal
atomic absorption spectrometric (ETAAS) determimatiof ultratrace Sb(lll) in natural water samplédter
complexation with ammonium pyrrolidine dithiocarbaten (APDC) in mildly acidic medium, the analyte was
guantitatively extracted to the phase rich in ta-ionic surfactant octyl phenoxy polyethoxy ethafiriton X-
114) after centrifugation. Then the surfactant-nittase was diluted by 0.20 mof*LHNQ; in methanol and the
concentrated analyte was introduced into ETAAS. Trhear concentration range was from 0.10 to 3.50L™"
Sb(ll1). The detection limit of 0.08g L™ Sb(lll) was achieved.[62]

A cloud point extraction has been developed by EBdigl. for the determination of As in maize (ZeaysiL.) and
adjoining agriculture soil. The different parts wofaize (grains, shoots and roots) and soil wereestdy to
microwave assisted digestion in a mixture of nig@id and hydrogen peroxide (2:1 ratio). The trae®unts of As
was pre-concentrated by cloud point extraction,pasr step to its determination by electrothermédnaic
absorption spectrometry.[63]

Cloud point extraction and graphite furnace atoralzsorption spectrometry (GFAAS) have been used for
preconcentration and determination of platinum gueous solution with diethyldithiocarbamate (DDT&3
chelating agent and Triton X-114 as extraction mediThe limit of detection was 0.2 ngit[64]

Beiraghi and Babaee have studied a cloud poinaetn process using mixed micelle of the catianicfactant
cetyl-pyridinium chloride (CPC) and non-ionic sutant Triton X-114 for extraction of beryllium fromiqueous
solutions. The extraction was performed in the gmees of 1,8-dihydroxyanthrone as chelating agemiHn9.5.
After phase separation, the surfactant-rich phaas diluted with 0.4mL of a 60:40 methanol-water tomie
containing 0.03mL HNO3. The enriched analyte ingbgactant-rich phase was determined by indugtieelipled
plasma-atomic emission spectrometry (ICP-AES). Thébration graph was linear in the range of 0.@Ib-
ngmL-1 with detection limit of 0.001 ngriii[65]

Molybdenum (VI) has been extracted by 8-hydroxpgline in the presence of the surfactant Triton00-1and
determined by ICP-MS.[66]

A flow injection (FI) cloud point extraction (CPBE)ethod for the determination of iron and coppeflagme atomic
absorption spectrometer (FAAS) has been improvéd. analytes were complexed with 3-amino-7-dimetnyhe-
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2-methylphenazine (Neutral Red, NR) and octylphgpokethoxyethanol (Triton X-114) was added as a
surfactant. This method was successfully appbedetermination of iron and copper in spice samfiiésr2]

The on-line incorporation of cloud point extractiBPE) with/without 8-hydroxyquinoline (8-Ox) as eatating
agent into flow injection analysis associated viittiuctively coupled plasma optical emission speungty (ICP-
OES) for determining trace rare earth elements @HAs been presented by Li, Hu. The developedaudstbf
online CPE-ICP-OES were validated by the analysisedified reference material (tea leaves) and bésdogical
samples of pig liver, Auricularia auricula and miggim.[73]

CONCLUSION

Cloud point extraction is a simple analytical teigue used for sample preparation to improve trdeenent
analysis. It is a valid alternative for separatammd pre-concentration procedures due to its higbveries and
concentration factors. The application of CPE affan attractive alternative to classical extractioethods by
reducing the consumption of and exposure to theest| disposal cost, and extraction time.
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