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ABSTRACT

A simple, low cost and highly sensitive method based on cloud point
extraction (CPE) used for separation/preconcentration of Nickel, Copper,
Cobalt and Chromium has been described. After complexation with ligand
4- HBDA1, 5DPHP, the parameterswhich affecting of the separation phase
and detection process, were optimized such as pH,4- HBDA1, 5DPHP,
concentration of Triton X-100, incubation timeand temperature. Calibration
graph showed linear trend in rang of 5-50pgL*,5-70pgL*,5-80ugL *and 5-
60ugLtfor Ni(ll), Cu(ll), Co(Il) and Cr(l11) respectively, the recovery of
analyteswasin the range (98-99%, 97.5-99.8%, 96.5-99.7% and96-98%)
detection limits was (2.805, 2.08, 0.456and 2.5ugL?) relative standard
deviation (RSD) (1.6%,0.91%,1.8%,1.2%) respectively. The proposed
method was applied successfully in wastewater samples.
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INTRODUCTION

Determination of trace metals such as Ni(ll),
Cu(ll) and Co(Il) and Cr(lll) in environmental
samples is a subject of considerable interest, be-
cause trace metals play important roles in biologi-
cal processes both as essential components and as
toxicgY. Copper and cobalt are essential nutrients;
nickel hasno known beneficia health effects. How-
ever, these metalsmay be harmful if takenin exces-
siveamounts?. The semetalsnormally occur at very
low levelsin the environment, so sensitive methods
are needed to detect them in most environment and
wastewater samples®. Many analytical techniques
such as flame atomic absorption spectrometry

(FAAS™) inductively coupled plasmamass spectrom-
etry (ICP-MS)®, inductively coupled plasmaoptica
emission spectrometry (ICP-OES)!® and graphitefur-
naceaomic absorption spectrometry (GFAAS) How-
ever, direct determination of metd ionsat traceleve by
theseana ytical techniques does not present the sensi-
tivity requirements, and, moreimportantly, it isaffected
by matrix interference. Thus, preliminary separation and
preconcentration of trace element from thematrix are
frequently necessary toimprovethedetectionlimit and
the selectivity. Recently, cloud point extraction (CPE)
has become an attractive areafor the separation and
preconcentration of tracemeta iong®9. Thecloud point
procedure (CPE) is based on thefollowing phenom-
enon: an agqueous solution of some surfactant becomes
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turbid and separatesinto two isotropic phasesif some
condition such astemperature or pressureischanged
or if an appropriate substance is added to the solu-
tioni014,

EXPERIMENTAL

Reagents

All the chemicals used were of analytical re-
agent grade and used without further purification;
deionize water use to diluting the samples and re-
agents4-aminoantipyrine (Qualilcems), salicylalde-
hyde (G.C.C), Triton X-100 (Merck), hydrochloric
acid (BDH), Sodium hydroxide (BDH), Ethanol (G
C.C), Copper (II) (nitrate) Cu(NO,),.3H,0 (Fluka),
Chromium (I11) chloride Hexahdrate CrCl ..6H,O(B.
D. H), Cobalt (Il) Nitrate Hexahydrate Co(NO,),.
6H20 (B.D.H) 1000ugL* Stock solution of Ni, Cu,
Co and Cr was prepared by dissolving an appropri-
ate amount Ni(NO,),. 6H,0, Cu(NO,),.3H,0,
CrCl,.6H,0 and Co(NO,),. 6H,0 in deionize water
and diluting to the mark0. 306 g in 100 ml volumet-
ric flask. Working stock solution was prepared daily
from the stock by appropriate dilution with water.
4-HBDA1,5DPHP stock solution was prepared by
dissolving gin 10%(V/V) TritonX-100and diluting
tothemark in 200 ml. Non-ionic surfactant, TritonX-
100 10%(V/V) was prepared by dissolving 10g Tri-
ton X-100in hot deionize water diluting to the mark
in 100 ml volumetric flask,0.01M hydrochloric acid,
0.01M Sodium hydroxide useto adjust pH 2-14.

I nstrumentation and appar atus

A thermo stated water bath model Unitemp, pH
meter model BP 3001. Phase separation was
achieved with centrifuge model REMI at 2500rpm
in 10mL calibrated conical tube. UV-Visible
Shimadzu moddl UV-160A, FTIR Shimadzu, model
IR-PRESTIGE 21, madein Japan, CHN Euro Vectro
-3000A Element Analyzer at AL —Bayt University,
Jordan.

General procedurefor CPE

A typical cloud point experiment required the
following steps: an aliquot of 10 ml of a solution
containing aknown amount Ni(I1), Cu(ll), Co(Il) and
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Cr(111) metd ions, 10% (v/v) Tritonx-100and 4.5x 10
44-HBDA1, 5DPHPligand pH was adjusted by 0.01M
HCI, 0.01M NaOH the mixturewas shakenfor 1 min
and left to stand in athermo-stated bath at 70°C, for
20 min separation of the phaseswas achieved by cen-
trifugation at 2500 rpm for 15 min, theremainingmicd-
lar phase was dissol ved by methanol measurement of
Ni(11), Cu(ll), Co(ll) and Cr(lI1) spectrophotometri-
cdly UV/VIS.,

Application of real samples

Anaysisof wastewater of Rustimiyah cityinlraq
and industrial sewage of Tannery Factories in
Zafaraniyah for determining of analyte contentswas
performed asfollows: About 1000 ml of samplefil-
tering and add 3ml concentrated HNO, was added
to eliminate and decompose organic matter. The
wastewater samples were stored in polyethylene
bottles. The aliquots of waste water was extracted
and analyzed for the metals according of the pro-
posed procedure of cloud point extraction.

RESULT AND DISCUSSION

Prepar ation of E-4-(3-hydroxybenylideneamino)
1, 5dimethyl-2-phenyl - 1Hpyrazol-3(2H)-one
Ligand™.

The ligand was prepared by condensation of 4-
aminoantipyrine with salicylaldehyde in ethanol,
1.00 mmol of 4-aminoantipyrin wasdissolvedin 5ml
of ethanol and 1.00 mmol of salicyladehyde was
dissolved in 5ml of ethanol added 4 drop acetic acid.
The mixture was refluxed for 1hr at (100 °C) after
cooling, aYellow color precipitate was formed and
filtered; recrystallized from hot ethanol the Schiff
base ligand is soluble in organic solvents ethanal,
DMF, DM SO. Mdting point was measured for ligand
(M.P.192-195 °C, yield percentage 84% and Mwit.
306.68 g moL ).

Characterization of Ligand

(a) Ultraviolet Spectrum of
(HBDA1),5DPHPO and Complexes

The UV-Vis spectrum of theligand dissolved in
deionized water and 0.5ml Triton X-100(4.5x10
M) showed band peak at 488 nm caused by charge
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transfer between C=N and conjugated benzeneringit
isalsothe cause of thewish yellow orangecolor of is,
the band at 345nm, 272nm may be attributed to (n *!
n*) and (n ! ©*) el ectronic transition respectivel y*3.
Figure 1 showed theultraviolet spectrum of ligand. The
spectraof complexesare shown the complex with Ni
(1) insurfactant-rich phase versusligand blank pre-
pared under similar conditions. It was appeared at pH
9, 50ugLt Ni (11), 1.0ml of 10 %(v/v) Triton X-100,
maximaabsorption of Ni-4-HBDA1, 5DPHPO at 412
nm, Cu- 4-(HBDA1), 5SDPHPO. Maximaabsorption
at 410 nm was appeared at pH 9, 70 pugl1,0.6 ml
TritonX-100, Co-4-(HBDA1), 5DPHPO complex dis-
plays maximaabsorption at 399 was appeared at pH
10, 80 ugl.t,1.4 ml Triton X-100 and Cr-4-(HBDA1),
5DPHPO complex, maximaabsorption at 387nmwas
gppeared at pH 10, 70 uglL, 0.6 ml TritonX-100while

Cloud point extraction spectrophotometric determination of nickel, copper
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the4- HBDA1, 5DPHPO ligand displaysmaximaab-
sorption at 345nm shown in Figures (2),(3), (4) and
©).

TheFTIR spectrum of ligand

FTIR spectrum of theligand, Figure(6) exhibiteda
broad band at (3479cm?) assigned to v (OH) stretch-
ing frequency. Thebroad bandsat 1593cm*and1654cm
Lascribed tov (C=N) and v (C=0) stretching vibra-
tion respectivelyi*4.

C.H.N elemental analysisof 4-HBDA1,5DPHPO
(a) Effect of pH

ThepH playsauniquerole on metal-chelatefor-
mation and subsequent extraction, and is proved to
be a main parameter for CPE™, to find the best
acidicfunction of theion extraction processdifferent

Figure 1 :
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Figure 2 : Ultraviolet spectrum of Ni-4-HBDA1,
5DPHPO (b) Versus (a)
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Figure 3 : Ultraviolet spectrum 5DPHPO (b) Versus
ligand (a)
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Figure 5 : Ultraviolet spectrum of Cr-4-HBDAL,
5DPHPO (b) versus (a)
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Figure 6 : FTIR spectrum of ligand 4- HBDA1,5DPHPO

vaueof pH 2-14. Theresultsare shownin Figure(7),
the best separation was achieved atpH =9 for Ni(ll),
Cu(ll), Co(I1) and Cr(l11). At lower pH, theligandis
prorogated anditsionic characteristicsincreaseand led
to decrease in its solubilization in the hydrophobic
micellesat higher pH, theligand isde-protonated and it
behaveslikeahydrophilic moleculeeasly solubleinthe
micellegd,

(b) Effect of Triton X-100 amount
Type and concentration of surfactant areimportant

TABLE 1 : C.H.N elemental Analysis of 4-HBDA1,
5DPHPO

P t ages _
ereeniagere calculation
7035% 5.52% 13.72%  0.000 T heoretice
7155% 432% 13.02% 0.000 Practical

factors, in cloud point extraction. Triton X-100 was
chosen asaproper surfactant dueto its physicochemi-
cd characteridics, commercid availahility, rlatively low
price, low toxicity, it’s high Density in the surfactant-
rich phasethe TritonX-100volumerangewasexamined
0.2-1.8 ml and theresultsareshownin Figure 8. As
can be seen the absorbanceincreased with theincrease
Triton X-100, thereforechose 1.0, 1.0, 0.8 and 0.8 for
Ni(I1), Cu(ll), Co(ll) and Cr(l1I).

(c) Effect of 4-HBDA1,5DPHPO concentration

Theeffect of concentration of 4-HBDA1,5DPHPO
on the CPE of Ni(Il), Co(I1), Cu(ll) and Cr(111) was
investigated in the concentration range of (5x10°-5
x10%) Mol L%, Excdlent absorbancefound at 4.5x10-
‘Mol L-'. At lower than concentration of ligand, the
insufficient amount of ligand causesincompletecom-
plexation. A possibleexplanation for thedecrease with
higher concentrationsmay be attributed either toform
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Figure 7 : Effect of pH conditionsof (a) Nickel, (b) cop-
per (I1), (c) cobalt, (d) chromium, Ni (11)=50pgL?,
Cu(11)=70 pg L-,*Co(l1)=80 pgL*,Cr(l11)==60 pgL?4-
HBDA1,5DPHPO =4.5x10*Mol L, and 1.0, 1.0, 0.8, and
0..8ml 10% (V/V) (Triton X-100)
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Figure 8 : Effectof Triton X-100 volume of (a) Nickel,
(b) copper (11), (c) cobalt, (d) Ni (11)=50 pgLt, Cu (11)=70
pg L1, Co(I1)=80 pgL?, Cr(lll)= =60 pgL?, 4-
HBDA1,5DPHPO = 4.5x10“*Mol L, and pH =9
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Figure 9 : Effect of concentration reagent (a) Nicke, (b)
copper (I1), (c) cobalt, (d)chromium Ni (11)=50 pgL?,
Cu(11)=70 pg L, Co(11)=80 pgL%, Cr(111)==60 pgL, pH =9
of charged complexeswith excessligandinthemedium
or remaining of excess of ligandin aqueous solution
and competitivewith surfactant-rich phasefor forma-
tion of complex with metal ionsin agueousphasg?, the
resultsare shownin Figure9.

(d) Effect of Equilibrium Temperatureand theln-
cubation Tim

Cloud point extraction spectrophotometric determination of nickel, copper
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Itisdesirableto havethe shortest incubation time
and the lowest possible equilibration temperature,
which compromise completion of the reaction and
efficient separation of the phasesthe effect of the
equilibration temperature and time was studied with
arange of 35-90°C and 5-35 min, The maximum
absorption in (70, 80, 60, 70 °C) respectively, the
decrease in absorbance at temperature higher than
(70,80,60,70°C) is probably due to decomposition
of complex which reducesthe extraction efficiency.
The quantitative extraction found at (30, 15, 20, 20)
minrespectively, theresult are shown in Figure (10,
11).

I nterferencesstudy

Theimpact of cation and anionintheagueousphase

of itsimportanceinthe processesof extraction equilib-

rium the presence of cationsin the aqueous phase may
be competewith the cation under study in correlation

12! = a

0.8 c

04

35 40 50 60 70 80 20

Temperature°C

Figure 10 : Effect of temperature on cloud point (a)
Nickel, (b) copper (I1), (c) cobalt, (d) chromium Ni
(I1)=50 pgL.%, Cu (I11)=70 pg L', Co(l1)=80 pgL%, Cr(l11)=
=60 pgL?t, 4-HBDA1,5DPHPO = 4.5x10*Mol L, and pH
=9
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Figure 11 : Effect of time on cloud point (a) Nickel, (b)
copper, (I1) (c) cobalt, (d) chromium Ni (11)=50 pgL?,
Cu (11)=70 pg L, Co(I1)=80 pgL?, Cr(l11)= =60 pgL?,
4-HBDA1,5DPHPO = 4.5x10*Mol L™, and pH =9
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TABLE 2
: nteircfnerl ng Amount Per centage of Ni Percentageof Cu Percentage of Co Percentageof Cr
added pg L™t Interference (%) Interference (%) Interference (%) Interfer ence (%)
K* 200 +29 +2.26 +10 +0.52
Na 200 +1.6 +05 +6.1 +4.7
ca’ 200 +45 +6.3 +20 +8.7
Mg 200 +15 +4.3 +28 +11.08
SCN’ 200 -0.6 -2.2 -8.0 -4.4
Br 200 -4.5 -1.0 -11.9 -73
So,2 200 -33 -34 -36 29
I 200 -9.35 -4.2 -13.9 -5.2

with organic reagent the anion may led to restrictmetal
ion under study inthe aqueous phase. Theresultsare
showninTABLE 2.

Continuousvariation method

A seriesof 1,2, 3, 4,5, 6,7, 8,9 ml of 4.5x 10
molLNi(ll), Cu(ll), Co(Il), Cr(l11) was pipetted into
each of 10 ml volumetric flask then 9,8,7,6,5,4,3,2,1
ml of 4.5x 10 molL* of 4-(HBDAZ1),5DPHPO the
absorbanceof thesolutionsweremeasured at A, =412,
410,399 and 387nm the stoichiometric ratio between
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Figure 12 : Continuous variation method of plot com-
plex between Ni(ll) and 4-HBDA1

0.5
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M/t

Figure 14 : Continuous variation method of plot com-
plex between Co(ll)

theNi, Cu, Co and Crwith4-HBDA1,5DPHPO 1:2
theresultsareshownin Figures 12,13,14and 15. The
probable chemica structureshow inFigure 16,17, 18
and19.

Calibration graph

Employing theoptimum conditionsdescribedinthe
procedure of cloud point extraction, liner calibration
grgphof Nicke, copper, cobat and chromiumwith agent
4-HBDA1, 5DPHPOwas obtained Figure 20, 21, 22
and 23 for each ions respectively. Beer law obeyed
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0.5

Absorbance

Figure 13 : Continuous variation method of 5 plot com-
plex between Cu(ll) and 4- HBDA1, 5
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Figure 15 : Continuous variation method of 4- plot com-
plex between Cr(111) and 4- HBDA1, 5 HBDAL, 5
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Figurel6 : The probable chemical structure of (4-
HBDA1, 5DPHPO) with Ni

Figure 18 : The probable chemical structure of (4-
HBDAL1, 5DPHPO) with Costructure
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Figure 17 : The probable chemical structure of (4-
HBDA1, 5DPHPO) withCu
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Figure 19 : The probable chemical of (4-HBDA1,
5DPHPO) withCr
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Figure 20 : Calibration graph for Ni(ll)

over the concentration range of 5-50 pgL.%,5-70 pgL
1 5-80 pgL* and 5-60 pgLwith correlation coeffi-

cient Ni(ll) and Cu(ll), Co(Il) and Cr(I1l) equal to
0.9997,0.993,. All other andlytical characteristicsdata

aresummarizedin TABLE 3.
Accuracy and precision

0.6
<
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0.2

0

0 20 40 a0 &0
Concentration of metal.

Figure 21 : Calibration graph for Cu(ll)

Theaccuracy and precision of proposed methods
weredetermined at two concentration level of, Ni(ll),
Cu(ll), Co(ll), and Cr(I11) by anadyzingfivereplicate
sample of each concentration. Therelative standard
deviation for resultsdid not exceed 1.6,0.91, 1.2 and
1.8 TABLE 4 show high reproducibility of resultsand
precision of themethods.
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S 0.8
y = 0.0053x + 0.0038 y =0.0098x + 0.022
0.4 - R? = 0.9977 0.6 R?=0.9992
03 -
< < 0.4
0.2
0.2
0.1
) 0
. . ' ’ = 0 20 40 60 80
0 20 A0 60 20 100
Con e Concentration.
Figure 22 : Calibration graph for Co(ll) Figure 23 : Calibration graph for Cr(l11)
TABLE 3 : Analytical characteristics data of the proposed method
Par ameter Ni(l) Cu(l) Co(ll) Cr(l11)
Amax M 410 412 399 387
R’ 0.997 0.9993 09972 0.9992
RSD (%) 16 0.91 12 18
Linear rangepgL ™ 5-50 5-70 5-80 5-60
Limit of detection LOD (3S,/m) pgL™* 2.805 2.08 045 25
Limit of quantitative L OQ (10S,/m) 9.351 6.96 1.523 85
Recovery 98-99% 97.5-99.8% 96.5-99.7% 96-98%
Molar absorptivity 2958.332 2958.332 1698.36305 2722537334
Slope 0.0099 0.0105 0.0033 0.0098
Intercept (a) 0.0013 0.0286 0.038 0.022
TABLE 4 : Accuracy and precision of proposed methods
Amount of Ni (Il) pg L™ R
Present Found RSD% Recover y%
70 69.16 16 988
30 29.33 17 97.7
Amount of Cu(ll) pg L™ R
Present Found RSD% Recover y%
70 69.98 0.93 99.9%
30 29.23 0.9 97.4%
Amount of Co(ll) pg L™ .
Present Found RSD% Recover y%
70 69.60 13 99%
30 29.74 11 99%
Amount of Cr(I11)pg L™ R
Present Found RSD% Recover y%
70 69.03 17 98.6%
30 2913 188 97%

* Average seven determination
Analytical application

The suggested methods was applied to the quanti-
tativedetermination of Ni(11), Cu(ll), Co(ll) and Cr(ll1)
inwastewater of Rugtimiyah city inIragandindustria
sewageof Tannery Factoriesin Zafaraniyah, itwasgave
agood accuracy and precision asshownin TABLE 5
the proposed method was compared successfully with
other literaturemethodsas shownin TABLE 6.

CONCLUSION

The determination of Ni(ll), Cu(ll), Co(ll) and
Cr(111) inwastewater sampleswas successfully per-
formed by using cloud point extraction by applying4-
HBDA1, 5DPHPOas extracting reagent.4-HBDAL,
5DPHPOQisastable and sel ective complexing reagent.
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TABLE 6 : Application of proposed method for determination
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Recovery%
0p * 0, 0,
Rea sample Taken Found RSD% RSD% average Recovery% avera
. - . 50 49.57 0.3 99
0,
Wade water (input) of Rustimiyah city 30 2976 04 0.35 99 99%
Ni Waste water (output) 50 49.86 0.2 03 99.7 99%
of Rustimiyah city 30 29.68 04 98.8
Wagde water of Tannery Factories 28 gg;g 01235 0.9 18; 101.5%
Wade water (input) of Rustimiyah cit 50 49.76 0.2 0.3 995 99.5%
P yahdly 30 2988 038 996
- . 50 49.55 0.2 99%
cu Wastewater (output) of Rustimiyah city 30 29,75 05 0.35 99% 99.5%
. 50 49.95 0.22 99.9%
Waste water of Tannery Factories 30 29 66 0.44 0.33 98.8% 99.8%
. - . 50 49.63 0.55 99%
Wage water (input) of Rustimiyah city 30 29,75 04 0.47 99% 99%
o . 50 49.79 12 99.5
0,
Co Wastewater (output) of Rustimiyah city 30 29,55 0.7 0.95 99.2 99.3%
Waste water of Tannery Factories 28 ggig (? '385 0.57 ggég 98.9
) - . 50 49.95 0.67 0.77 99.9 99.7%
o Wastewater (input) of Rustimiyah city 30 2086 0.88 995
Wagewater (output) of Rustimiyah city 50 49.57 0.45 0.67 99 99.3%
Wastewater of Tannery Factories. 50 51.00 12 0.9 102 102.6

TABLE 7 : Comparison of the proposed method with reported methods for the preconcentration and CPE of Nickel,
Copper, Cobalt and Chromium

IONS Chelating agent Sur factant Technique L inear RSD% The _det_ectlon Ref
range limits
Cu
(an TritonX- capillary 1 1.8% 0.26 pg/l
glo) PAN 114 el ectrophoresis 3-100ue ™ 5740 0.12 17
. TritonX- 10-150 ng a
Ni (I) DMG 114 uIsvV/V L 1.04 4ngmL 18
TritonX- -
cr(lll) BCB 114 AAS ) 0.42 19
Co . .
() 4-(2-pyridylazo)- TritonX- |CP-OES 10-500 5.57 12
resorcinol 114 ) 20
Cr(ll)  Dithizone E';O”X' ICP-OES _ 12 21
. 50- 1000pg 1
TritonX- o1 34pgl
Cr(lll) DDTC 114 HPLC [ 0.6% 29
TritonX- 15-200ng
Cuy(ll) BIYPYBI 114 FAAS mL 4.1 14 23
TritonX- 21- o -1
Co(ll) (APDC) 114 TSFF-AAS 100pgL* 5.8% 21pgl 24
('\:"u 4-HBDAL, 5-50 16 22'8(?85
5DPHPO Triton X- 5-70- 0.91 ' MYy propos
Co UVNIS 0.45
Cr 100 5-80 12 o5 method
5-60 18 ’

BI'YPY Bl :-6-1H-benzo[d]imidazol-2-yl) pyridin-2-yl)-1H-benzo[d]I midazole], APDC: ammonium pyrr olidinedithiocar bamate, DM G:
dimethylglyoxime, PAN: 1-(2-pyridylazo)-2-naphthol
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Cloud point extractionissmple, rapid, safe, easy touse
andinexpens vewhen comparison with solvent extrac-
tion methods. Themethod giveslow limit of detection
andgood R.S.D. values.
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