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ABSTRACT

Sensitive cloud point extraction methodology used dxtraction Nickel(ll) as complex with new labtmay
synthesized complexing agent 4-[antybyrenzolylakz@}dihydroxy-9,10-anthracene dione (AADAD) optimwenditions
study show pE=9 by use 1x16M (AADAD)and 0.5ml of 1% TritonX-100 and heating &°C for 15 min. as well as
this research involved stoichiometry and thermodyinsstudy and other parameters effect on extractféoiency as well
applications about determination®fipectrophotometricaly, with detection limit(D.L) :6x10°ug.mL") and Sandell's
sensitivity (1.124x18ug.cm?) ands =(5221L.mol*.cm* Jand RSD% =(0.00628).
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INTRODUCTION

Nickel has a significance in industry and biologisaience and it is present in different quantitiesplants,
animals and soils. as well as the main source akehiin nature was from iron factories combustidrcoal and fuels,
tobacco smoke and hydrogenation of soils, so ti@ehis non toxies element and not cause any sdmignan health
hazarf!, in recent years is grown the procedures of nicletbrmination by using pyridoxal-3-thiosemicarb@edor
spectrophotometric determination of nickel(ll) iifferent samples the research show the wave lefgthcomplex
absorption was 430nm and molar absorptivityl.6%hdol.cm’and sandell's sensitivity 3.6xi@g/cnf?.by
complexation of nickel with dimethyl glyoxime perfoance the determination of nickel(ll) in water gde@s via cloud
point extraction methodology. By use non-ionic aatant Tritonx-114 the experiment show detectiamitliof 4 ng.mol
18 Used solid phase extraction for determinationcopper, nickel and cobalt in water and food sampiesng
multiwalled nanotubes (MW)modified by methyl (2-myl) ketone oxim(MPKO, as new complexing agent)itiW
ditection limit 0.18 pgtfor copper, 0.28 pdfor nickel and 0.47 pdfor cobalt’.For determination of lead cadmium and
palladium used 3-(1-(1H-indol-3-yl)-3-phenylaliyiH-indol at pH=8 in presence Tritonx-114 via cloymbint
methodology the detection limit was between of 2&-pg.*™. According to cloud point extraction methodology by
using an anionicsurfactant sodium dodecyl sulf&DS) for preconcentration and spectrophotometrterdenation of
Pb(ll) and Cu(ll) as well as complexing agent uses N,N.diphenyl hydrazine-1,2-dicarbothioamide this praged
giving detection limit 2 ng.mifor Pb(Il) and 3ngmtfor Cu(l1)®Using two acidic extracted bis(2-diethylhexyl) phberic
acid and 2-thenoyltri-fluoroacetone for extracted(I},Co(ll) and Ni(ll), the experiments show pHteaction for Cd(ll)
and Co(ll) was 5.13 but for Ni(ll) was 3.82 the gach involve effect of organic diluent and synstigi effect and
other§!. New synthesized thiazolylazo reagent used fagrdghation mercury via cloud point extraction. Medhby used

non-ionic surfactant Tritonx-114 with detection in7.4 ngm®Cloud point extraction methodology used for
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preconcentration of nickel, coupled with electrothal atomization method for determination by usemh-nionic
surfactant TritonX-100 and 8-hydroxy quinoline asnplexing agent as well studied all effective pagtars on extraction
efficiency such as pH, surfactant concentratiogarid concentration and under optimum conditions. Bs 12ng.mt
with relative standard deviation R.S.D 2.9%, thehmnd used successfully to determination nickel@iflifferent samples
BlFor separation and preconcentration Ni(ll) usedudigoint extraction methodology complete with GFAAS
determination nickel(ll),FAAS, or UV-Vis spectropiometry, used Di-2-pyridyl ketone salcyloylhydragoras
complexing agent, and Tritonx-114 as surfactanteitraction. With D.L 1.5 ugt*®. Determination trace amounts of
nickel by UV-Vis spectrophotometry in some enviramntal samples of cloud point extraction. By usaofiX-100 an
SALEN as reagent the optimum condition for CPE igdduch as pH, TritonX-100 concentration, tempeggttime of
heating, proposed method giving detection limit385gi*and RSD=0.229%".In order to determination trace amounts of
cobalt by FAAS, used cloud point extraction metHodg for separation and preconcentration cobaltfly) using
complexing agent 2-[(2-mercaptophenylimino)methlyg§pol, and Tritonx-114 as surfactant, studied gtinoum
conditions for extraction efficiency, proposed nuettyiving detection limit 0.21ugt, RSD=1.294'.

EXPERIMENTAL
Instrument

For spectrophotometric studies used double-beanctrepdotometer: Biochrome(80-7000-11) Libra s60
cambridge CB4 OFJ (England).

But for absorption measurements used single beptima, model: sp-300, serial No: 322951, Japan. fandhe
pH measurement used pH meter (HANNA Germany) atagelised shaker: Triup international copper. LG3320203,
Ret: 03-7326T-09(Italy). And electrostatic watetth@VNB7-45) (England).FTIR-spectrophotometer wadR-8400S,
Shimadzu corporation, serial No. A21274501282L Bp&i).

Materials and Solutions

All chemical used as received without of more peaifion stock solution of Niprepared from Ni(NG), (in
coming BDH 98%) by dissolved 0.311 gm in 100mlitest water contain 0.5 concentrated HNi® volumetric flask, but
other working solutions prepared by dilution witistdled water Dimethyl glyoxime ( Flukain comin@®@%) solution of
1% prepared by dissolved 1gm in 100ml ethanol dbagepotassium per sulphate (Merck 98%) Its soh#bo prepared
by dissolved 4gm in 100 ml distilled water in voleiric flask.

Synthesis New Organic Reagent

According to general procedure synthesized new aeoivative as complexing agent to the ?Ni

4-(antybyrenzolylazo)-1, 2-dihydroxy-9, 10-anthragelione (AADAD) according to the mechanism below:
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Figure 1: Synthesis of Ligand
General Method

10ml aqueous solution contain fixed quantity of 'Nit optimum pH and 1x10M of(AADAD) in presence 0.5ml
of 1% TritonX-100 heated this solutions in electniater bath for limited temperature to produce dipoint layer with
high density and small volume after heating toahlé time, then separate cloud point layer (CPanfaqueous solution
and dissolved (CPL) in 5 ml ethanol and measuraliisorbance akt,.« of complex extracted to (CPL) against blank
prepared at the same manner withouf*Non, but the aqueous solution treated accordingditoethyl glyoxime
spectrophotometric methb&land return to calibration curve Figure 1 to deteeniemainder quantity of Riin aqueous
solution and subtraction the remainder quantityNiffrom the origin quantity to determine transferregantity as

complex into (CPL) then divided transferred quandibh remainder quantity to calculate distributiatio (D).

RESULTS AND DISCUSSIONS
Spectrophotometric Studies

UV-VIS spectrum and IR spectrum for new synthesiaeghnic reagent was as in figures 2, 3 below:
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Figure 2: UV-VIS Spectrum for Organic Reagent

The UV-VIS spectra for the synthesized organic esaghADAD show three significant absorption peatkse

first appear at=230nm due ta-n* in benzene ring*¥,and the second peak’at302nm due ta-n* transition in aromatic
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rings™¥, as well as there is high absorption peak appeiar480nm belong to intra molecular charge transfet for the
—N=N- bridge az°.

IR Spectrum Show
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Figure 3: FTIR Spectrum for Organic Reagent

FTIR spectra appear absorption band in 3437dwm to O-H and at 3356¢Hor stretching vibration of N-H,
absorption band at 1660¢ndue to stretching vibration for C=0, The absonmptimnd at 1587cthdue to C-N stretching
vibration, and —~N=N- appear stretching vibratiors@iption band at 1456¢hat 1290cnt appear absorption band for

isolated stretching vibration for O-H.

But UV-Vis of complex (AADAD) with Nf*was as in Figure 4:
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Figure 4: UV-VIS Absorption Spectrum for lon-Pair Complex Extracted
The absorption UV-VIS spectrum show maximum absuocbaat wave length 585nm.
Effect of pH

Several aqueous solution 10 ml in volume each on¢ain 50 pg Ni‘at different pH values and contained 1x10
“M (AADAD) and 0.5 ml of 1% TritonX-100 heated thesmlutions in electrostatic water bath for suitaielaperature and
time untilproduce cloud point layer with higher dép and smaller volume then separated CPL fromeags solutions
and dissolved CPL in 5 ml ethanol and measurebis®@ance at,,,=585nm against blank prepared at the same manner
without N ion, so aqueous solution treated according to Déyi€ctrophotometric method and calculate distriloutiio

at each pH as detailed in general method. thetresusl as in Figures (5,6):
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Figure 5: Effect of pH on Complex Formation and Extaction Figure 6: D = F(pH)

The results show enhancement in extraction effajiesith rising in pH to optimum value of pH=9 gigrhigher
absorbance and D-value any pH value less optimdectefo decline extraction efficiency by protonateabrdination
position on organic complexing agent (AADAD) andhimiizing the complexation chance in solutions a#l a® any pH
value more than optimum value effect to decreasaetion efficiency also by formation stable compdwf nickel(ll) as
well as participation of hydroxyl ion in formatidaan pair association complex which is partitiontagthe aqueous phase
and dissociation.

Effect of Ni*" Concentration

Extracted Ni‘from 10ml aqueous solutions contain different gitgraf Ni*‘ion at optimum pH according to

procedure detailed in general method.The resulssasan Figures 7, 8.
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Figure 7: Complex Formation and Extraction as Figure 8: Extraction Efficiency and D-Valie Change as
Function of Metal lon Concentration Function of Metal lon Concentréon

The result demonstrate metal ion concentration p&yhermodynamic parameter for complex formatisrina

equilibrium below:

Ni2*+ 2NO;+ AADAD [Ni(AADAD)]?"; 2NO;"

With optimum value 50ug/10ml giving favourable timedynamic equilibrium to produced higher concerdrat
of complex extracted. Any concentration less optimmot enough to reach equilibrium as well as cottaéion more than
optimum effect to increase rate backward reactiahdissociation according to Lech atelier princigtel mass action law.
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Effect of AADAD Concentration

Extracted 50pg Nifrom 10ml aqueous solution of pH=9 and in presatifferent concentrations of AADAD and
0.5ml of 1% TritonX-100, after heated these sohdiat fixed temperature and time until formationLGind separated
CPL from aqueous solutions so determined absorbahethanolic CPL solution at 585nm and calculatésdribution

ratio (D).The results were as in Figures 9, 10.
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Figure 9: Effect of Complexing Agent Concentration  Figure 10: Effect of Complexing Agent Concemnation
on Complex Formation on Extraction Efficiency
The results demonstrated there is alinear reld@ween complex formation and extraction efficieaod appear

there is an extraction for Nivery sensitive and effective.
Effect of TritonX-100Concentration

50pg of Nffin 10ml aqueous solution at pH=9 extracted by CR&hod in presence 1xtM AADAD and
different volume of 1% TritonX-100 heated theseutiohs to suitable temperature and time to forrmatioud point layer
with higher density and smaller volume afterwardsdived CPL in 5ml ethanol and determined its dizswe at
Ama=585nm against blank prepared at the same mannewelisas aqueous solution treated according to DMG

spectrophotometric method as detailed in generéhodeand calculated D-values. the results were &gures (11,12).
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Figure 11: Effect of Tritonx-100 Concentration on  Figure 12: Effect of Tritonx-100 Concentrationon
Complex Extraction Partition Complex to CPL
The results show increasing in extraction efficiefy increase TritonX-100 concentration and thikgtien
reached to optimum value at to 0.5ml of 1% TritobQ® this result reflect very important side in aopoint extraction
methodology, this side is the new layer of TritodBO formed at suitable heating and time which isugih to good
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extraction and partition the complex from aqueobase to micelles layer phase. And this study Oféonh 1% TritonX-
100 giving higher absorbance and higher D-value ihamain this volume is very suitable for goodragtion to the

extraction of complex of Ni.
Temperature Effect

Extracted 50pg of Nfin 10 ml aqueous solution at pH=9 in presence T¥M@®ADAD and 0.5ml from 1%
TritonX-100 heated these solutions of different pemature for 15 min then determine the absorbafhethanolic CPL
solution after separation at 585nm against blampared at the same manner as well treated aquéass pccording to
DMG spectrophotometric method as detailed in genaethod and calculated D-value at each temperahgeesults

were as in Figures (13, 14).
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Figure 13: Temperature effect on formation Figure 14: Effect of Temperature on Extraction
CPL and extraction Efficiency and D-Value

Afterward calculated extraction constan,Jiy application the relation below:

K .= D
e [Ni2+]aq[AADAD]org

After determine (KJat each temperature plotted Logldgainst 1/Tk. the results as in Figure 15:
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Figure 15: The Relation between kand Temperature in Kelvin

From the slope of straight line in Figure 15 detieed in enthalpy of extraction by application tleéation below:

—-AH
2.303R

Slope =
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And free energy of extraction by relation below:
AGex = —RT LnKex
As well as entropy of extraction calculated by tiela
AGex = AHex — TASex
The results of thermodynamic data after applicati@relation above was:

Table 1

AHg,= 0.1126 KJ.mott
AGgy = -58.19 KJ.mol*
AS., = 165.16 J.mof k!

The small value of enthalpy of extraction reflda nhear each ion together in ion association comple well as
appear the extraction method was endothermic oslafAs well as the large value of entropy demonstthe extraction

method was entropic in region.
Effect of Heating Time

Extraction 50pg of Nifrom 10ml aqueous solution at pH=9 and in presdnd®*M of AADAD and 0.5 ml 1%
TritonX-100. Afterward heating the solutions fortiopum temperature at different time. At later sgpad CPL from
aqueous solution and dissolved CPL at 5ml ethambldeetermined the absorbance at 585nm against pl@pared at the
same manner without Riso that aqueous solution treated as DMG method cafzlilated D-value according to the

procedure detail in general method, the resultgewsrin Figures 16,17:

05 0.6 -
04 -
0.4 -
0.2 -
0.3 -
n 0 -
-]
< 0.2 -
0.2 -
0.1 - 0.4 -
0 T T T 1 -0.6 T T 1
0 5 10 15 20 25 0 5 10 15 20 25
Time (min) Time (min)

Figure 16: Effect of Heating Time on Complex Figre 17: Distribution Ratio (D) Change as a
Formation and Extraction Function of Heating Time

Heating time appear from the results a paramefectdfe for extraction according to CPE methodoldgyn the
results appear optimum heating time was 15 miringifigher absorbance and D-value. This heating tivalp to reach
favorable thermodynamic equilibria for extraction formation CPL with smaller volume and higher dgnas well as
help to increase the dehydration from the miceleger but time less than optimum value not allow réach
thermodynamic equilibria and not reached to thénmoin dehydration also time of heating more tharinoptn effect to
increase the quantity of heating in solution. Téiiect to increase diffusion of micelles in aquesokition and increase
hydration and decrease the density of CPL formedels as its volume. All this effected cause deseein extraction

efficiency.

Stoichiometry
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In order to known the more probable structure omplex extracted to cloud point layer follow four

spectrophotometric method which is slope analytge ratio, mole ratio, job method. The resultshelse methods were

as in Figures 18 to 21.
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Figure 18: Slope Analysis Spectrophotometric Method
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Figure 19: Slope Ratio Method (A) Extraction at Diferent Concentration of [AADAD]
(B)Extraction at Different Concentration of Metal | on
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Figure 20: Mole Ratio Method

Figure 21: Job Method

The results in these spectrophotometric method dstrate the more probable structure of ion pair gem

extracted was (1:1) [metal: ligand] as in figure 22
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P NOy”

Figure 22: The More Probable Structure of lon PairComplex Extracted
Synergism Effect

Extracted 50pg Niin 10ml aqueous solution at pH=9 according to CRhwd in presence 1x1®1 (AADAD)
and 0.5 ml of 1% TritonX-100 and different concatitns of TBP and MIBK, heating these solutions8@tC for 15
minutes at the end of heating separated CPL frame@as solution, and dissolved CPL in 5ml ethandl @gtermined the
absorbance at 585nm against blank prepared aathe manner without Kiiion, and aqueous solutions treated according
to DMG spectrophotometric method and calculate Mxevaccording to procedure detailed in general otktbhe result
were as in Figures 23, 24:
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Figure 23: Synergism Effect by TBP
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Figure 24: Synergism Effect by MIBK

The results show extraction of Rincreasing presence TBP or MIBK in all concentmatand emphasize the
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organic reagent AADAD by combination with Ribn not saturated all coordination positions irstbaise water molecules
occupied this position and effect to increase paning the complex to aqueous solution and dedixteaction efficiency
but TBP or MIBK able to substitution Water moleauia the coordination shell and increase hydroghglind easy to
transfer the complex to the CPL and increase eitraefficiency as well as the slope of straightlirelation demonstrate
one molecule of TBP or MIBK participate in the ipair structure extracted such as [Ni(AADAD)(TBPNO; and
[Ni(AADAD)(MIBK)] *; NO3

Interferences Effect

Extracted 50pg Niin 10ml aqueous solution at pH=9 at optimum condgiand in presence 0.1M from different

metal cations, according to general procedure aiefchine absorbance and D-values,The result wereTesble 3

Table 3: Interferences Effect

; CPL

Celfiens Absorbance =
Hg™* 0.071 1.5
Ag* 0.05¢ 1.0€
Cd** 0.05¢ 1
PE** 0.10:¢ 1.17¢

The results show large interferences of these fothe extraction of Nif, that is mean these metal cations
participate Ni‘in complex formation with AADAD, this behavior effeto decrease concentration of compleX'férmed

and extracted appear as decrease in absorbanée\aldes.
Electrolyte Effect

Extracted 50pg Nifion in 10mL aqueous solution at pH=9 according REGnethodology at optimum condition
and as procedure detailed in general method irepoes0.1M of different electrolyte salts, afteredatine absorbance and

D value the results were as in Table 4:

Table 4: Electrolyte Effect

CPL

Electrolytes Absorbance D

LiNO; 1.08: 7.3¢
Na NG, 0.74: 4.5¢8
K NO; 0.68¢ 4.2¢
NH4 NOs 0.50¢ 4.0C
Mg(NOs), 1.05¢ 6.42
Ca(NGy), 0.69( 4.2¢
Al(NO3), 0.581 4.0C

The results show in presence electrolyte in aqusoligion effect to enhancement extraction efficiebecause
the electrolytes cause to increase dehydratioheonticelles aggregation to increase CPL with higlesrsity and smaller
volume as well as these electrolyte effect to dgsul the hydration shell of metal cation®Nand remove the water
molecules nearly to functional group of organicgera AADAD this behavior effect to increase thertes of interaction
between ligand and metal cation and increasetalsiliy. and the results appear Igiving higher absorbance and D-value

because having smallest ion radii and with drawirage of water molecule, it's hydration shell and #ifect as the series:

Li*>Na™>K"™>NH,"
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Mg?'>Ca*>Al%

Spectrophotometric Determination

For determination Nispectrophotometricaly in different samples prepamlibration curve by application CPE

method at optimum conditions to extractiorfin from 10ml aqueous solution contain differenagity (ppm) of Nf*

ion, the results were as in Figure 25.

0.5
y=0.008x- 0.001

0.4 - R?=0.999
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0 T T T T T
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Figure 25: Calibration Curve for Spectrophotometric Determination of Ni?*
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