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Abstract 

A simple, sensitive, rapid , and versatile cloud-point extraction (CPE) methodology hasbeen 

improved for the preconcentration and determination nickel and cadmium ions. Theproposed 

method based on forming complexes with newly synthesized 6-(2-nitrophenylazo)-2-methyl-

8-hydroxyquinoline[6-(2NPAM8HQ)]aschelatingagenttoformhydrophobic complexes and 

Triton X-114 was selected as surfactant. The analyte wasquantitatively extracted into the 

surfactant - rich phase and subsequently separated fromthe bulk aqueous phase by 

centrifugation and dilutedwith Ethanol and determined byUV/Visible spectrophotometry. The 

variables affecting the cloud point extraction such aspH, reagent concentration, surfactant 

concentration, equilibrium temperature, and timewere optimized. The detection limit is 0.062 

μg ml
−1

 for nickel, and 0.047 μg ml
-1

forcadmium; the relative standard deviation for six 

replicate measurement is 0.84% , 1.04 %for nickel and cadmium respectively. The proposed 

method was successfully applied todeterminationofnickelandcadmium 

ionsinRicesamplesavailable inIraqimarket. 

Keywords : 6-(2-nitrophenyl azo)-2-methyl-8-hydroxyquinoline, nickel, cadmium cloud 

point extraction , spectrophotometric determination, 

 

Introduction 

Astherapiddevelopmentofindustry,moreandmorewastewatercontaininghazardous heavy metal 

was discharged into river, which is harmful to livings beings andthe environment around [1]. 

Nickel is a moderately toxic element as compare with othertransition metals. However, it is 

known inhalation of nickel and its compounds can leadto serious problems, including 

respiratory system cancer[2]. Moreover, nickel can causea skin disorder known as nickel-

eczemaThe skin disorder can also appear in people whohave great sensitivity to nickel, and 

can be caused by wearing jewels made of nickelalloys, like rings, chains, and bracelets[3]. 

Studies proved that women are more liable tothis disease[4]. Medical diagnosis is currently 

establishedthrough nickeldeterminationin blood and urine. Other studies show that disease 

incidence increased in patients 

whoconsumefoodsrichinnickel.Cadmiumisoneofthemosttoxicelementsandaccumulatesinhuma

nsmainlyinthekidney,liverandlungsandisclassifiedasprevalent toxic element with biological 

half-life in the range of 10-30 years[5]. Dailyintake of food and water is an important 

pathway through which cadmium enters humanbody, thus there is increasing need to 
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monitorcadmium levels infood samples[6].Moreover,such data canalso provide uswith 

cadmiumcontamination information 

ofthesurroundingenvironment.However,directdeterminationofcadmiuminfoodsamples is often 

difficult, not only because of low concentration, but also because ofmatrix effects. To solve 

this problem, separation–preconcentration procedures are ofteninvolved prior to analysis[7]. 

Cloud point extraction is based on the property of mostnon-ionic surfactant in aqueous 

solutions to form micelles and become turbid whenheated to a temperature known as cloud 

point temperature (Tc). When the temperaturehigher than Tc, the micellar solution will be 

separated into a surfactant-rich phase of asmall volume and a diluted aqueous phase[8]. CPE 

was applied to other determinationsof diverse ions[9-12], different of nickel and cadmium , 

spectrophotometrically [13-29]. Table 1shows some of these applications.This article presents 

the development of a 

procedureforthepreconcentrationofnickelandcadmiumfromdifferentsamplesanditsdeterminatio

n by UV/Vis spectrophotometry. This procedure is based on CPE of thismetal into micellar 

media of octylphenoxypolyethoxyethanol surfactant (Triton X-

114)aftercomplexingthismetalwith 6-(2-nitrophenyl azo)-2-methyl-8-hydroxyquinoline. 

Experimental 

Instrumentation 

UV Spectrophotometer Shimadzu UV – 1800. Japan, Thermosi water bath- England,pH 

meter WTW Terminal 740 – Germany, Triup International Corp 80-2 centrifuge,china. 

Reagentsandsolutions 

Allchemicalsandreagentsusedwereanalyticalreagentgrade,andwereusedwithoutfurtherpurificat

ion.1×10
-3

Mstocksolutionof6-(2-nitrophenylazo)-2-methyl- 

8-hydroxyquinolinewaspreparedweighting(0.0154)gmanddissolvedinethanolabsolute in 50 ml 

volumetric flask. 1000 µgml
-1

 stock standard solutions of Cadmiumand nickel were prepared 

from cadmium nitrate [Cd(NO3)2.4H2O (0.6860 gm) in 250 mlof 

deionizedwaterandnickelnitrate[Ni(NO3)2.6H2O](1.2388gm)in250mlofdeionized water. 

Triton x-114 solution concentration of (10%v/v) was used as stocksolution. 

Synthesisof6-(2-nitrophnylazo)-2-methyl-8-hydroxyquinoline 

[6-(2-NPAM8HQ)] 

Thesynthesisof6-(2-

NPAM8HQ)wasaccomplishedaccordingtogeneralproceduredescribedelsewhere
18

with 

somemodifications ofstartingmaterialsas shownin fig.1 
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Generalprocedure 

5 ml analyte solution containing Nickel or Cadmium, for the nickel, 6-(2-NPAM8HQ) 10
-4

M, 

0.6 ml from 10% (v/v) triton x-114, pH adjusted to 6 and solutionwas placed in a water bath 

at 70 ºc for 25 min. phase separation was accelerated bycentrifuging the resultant solution at 

4000 rpm for 15 min. For cadmium 6-(2-NPAM8HQ)10
-4

M, 0.2 ml from 10% (v/v) triton x-

114, pH adjusted to 5 and solutionwas placed in a water bath at 60 ºc for 20min. phase 

separation was accelerated bycentrifuging the resultant solution at 4000 rpm for 20 min, after 

cooling in an ice bath, asmall volume of surfactant rich phase remained at the bottom of tube 

and diluted tocertain volume of absolute ethanol. The nickel and cadmium contents were 

determined byUV/Visspectrophotometryat485nmand463nmrespectivelyagainsta 

blanksolution. 

Calibration was carried using different standard solutions of nickel and cadmium submittedto 

the same preconcentration and determination procedures. Blank solution was submitted 

tothesame procedure andmeasuredin parallelto the samples. 

 

Samplespreparation 

Due to the biological and environmental significance of cadmium and nickel, fourRice 

samples were used to validate the accuracy of the proposed method. Rice sampleswere 

washed three time with deionized water and dried in oven at 100 ºC for 6 h. 

Thendriedsampleswere crushed,groundandthensievedthendigestedwith:10mLHNO3(2 M) and 

10 mL HCl (2 M) into vessels, in which exactly 0.2 g of the Rice powder hadbeen weighed 

and added. The pH was adjusted by addition NaOH solution (0.1 M). Themixture was heated 

and agitated on a rotary shaker (150 rpm, for 5 h); and applied thegeneralprocedureon 

thesamples. 
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Resultsanddiscussion 

Absorptionspectra 

The absorption spectra of Cd(II)- 6-(2NPAM8HQ) and Ni(II)- 6-

(2NPAM8HQ)complexeswererecordedinthepresenceofsurfactantsagainstareagentblankprepar

edunder the identical conditions. The spectra of Cd (II) and Ni (II) complexes show 

theabsorption maxima of 463 and 485 nmobtained respectively while the ligand 6-

(2NPAM8HQ)gavethe absorptionmaxima of395nmasdepictedinFig.2. 

 

 

 

 

 

 

 

 

Fig.2. Absorptionspectra (a) reagent 6-(2NPAM8HQ)= 10
-4

M(b)Cd(II)-6- 

(2NPAM8HQ)complex (c)Ni(II)-6-(2NPAM8HQ)complex. 

Effectof pH 

The extraction of metal ion by CPE method involves prior formation of a complexwith 

sufficient hydrophobicity to be extracted into the small volume of surfactant-richphase, in 

order to obtain the desired preconcentration. pH plays an important role inmetal chelate 

formation. For this study, a pH range of 2-10 was used. Fig.(3 a, b) showthe influence of pH 

on the absorbance of the [Cd(II)-6-(2NPAM8HQ)] complex and the[Ni(II)-6-

(2NPAM8HQ)]complex.Ascanbeseen,atpH5andpH6maximumextraction efficiency was 

obtained. Hence, pH 5, 6was selected for cadmium and nickelrespectively. 

 

 

 

 

 

 

 

 

 

 

 

Fig.3(a) EffectofpHonformationof Fig.2 (b) effect of pH on formation of6-

2NPAM8HQ)-Cd(II).complex  6-(2NPAM8HQ-Ni(II)complex. 
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Effectofequilibration temperatureandtime 

The greatest pre-concentration efficiency would achieve when the CPE process iscarried out 

at the equilibration temperature above the cloud point temperature of 

thesurfactant.Inourwork,theequilibrationtemperatureofthethermostaticbathwasinvestigatedwit

hintherangeof40-80◦C(Fig.4a,b).Itisfoundthatthetemperatureof 60 ºC is adequate for cadmium 

and 70 ºC for nickel. In addition, the effects ofequilibration time on CPE were also 

researched. (Fig.5 a, b) displays that the maximumabsorbance for cadmium is obtained after 

20 min and for nickel is obtained after 25 min.Therefore, the incubation time of 25 min and 

20 min are chosen for the separationprocessofcadmium andnickel respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) (b) 

 

Fig.4 effectofequilibriumtemperature(a) forcadmium(II),(b)fornickel(II). 

 

 

 

 

 

 

 

 

 

 

(a) (b) 

 

Fig.5Effectoftimeofheatingonformationcomplexeswith(a)cadmium(II), 

 

(b) Nickel(II). 
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Effectof TritonX-114 amount 

ComparedwithTritonX-100,TritonX-114has lowercloudpointtemperature 

(18ºC)andhigherdensityofthesurfactant-richphase.Itismoreconvenientforinducing the phase 

separation and collecting the surfactant-rich phase by centrifugation.Fig. 6 and Fig. 7 show 

the effect of variation of Triton X-114 amount on the absorbancesignal for the determination 

of cadmium (II) and nickel (II). Different percentages 1% -20% and volumes of Triton X-114 

(10% v/v) 0.1 – 1 ml were used in this study. Asshown in Fig. 6 the maximumabsorbance for 

Cd(II) and Ni(II) ions at (10% v/v) TritonX-114. In Fig.70.2 ml (10% v/v) Triton X-114 for 

Cd(II) and 0.6 ml for Ni(II) selectedasoptimum concentration of Triton X-114. 

 

 

 

 

 

 

 

 

 

 

 

Fig.6(a) effectofTritonX-114 Fig.5 (b) effect of Triton X-114 

amountsamountonCd(II)  on Ni(II). 
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Fig.7 Effectof TritonX-114concentration(a)forcadmium(b)fornickel 

 

Effectof6-(2NPAM8HQ)concentration 

The effect of 6-(2NPAM8HQ) on the CPE of Cd(II) and Ni(II) were investigated inthe 

concentration range 0.01-0.1 mmolL
-1

 . the results were shown in Fig. 8. As it is 

seenfortheCd(II)-6-(2NPAM8HQ)andNi(II)-6-

(2NPAM8HQ)complexes,thesignalincreasesuptoknownconcentrationof6-

(2NPAM8HQ),whichisconsideredascomplete extraction. A concentration of 0.1 mmolL
- 

1 

0.8 

0.6 

0.4 

0.2 

0 

0% 5% 10% 15% 20% 25% 

percentageofT-114 

1.2 
1 

0.8 
0.6 
0.4 
0.2 

0 

0% 5% 10% 15% 20% 25% 

PercentageofT-114 

A
b

so
rb

an
ce

 

A
b

so
rb

an
ce

 

1 

0.8 

0.6 

0.4 

0.2 

0 

0 0.5 1 1.5 

V(ml)ofT-114 

1.2 
1 

0.8 
0.6 
0.4 
0.2 

0 

0 0.2   0.4   0.6   0.8 1 

V(ml)ofT-114 
1.2 

A
b

so
rb

an
ce

 

A
b

so
rb

an
ce

 



Annals of R.S.C.B., ISSN:1583-6258, Vol. 26, Issue 1, 2022, Pages. 1379 - 1389 

Received 08 November 2021; Accepted 15 December 2021.   

 

 

1385 

 
http://annalsofrscb.ro 

1
waschosenasthe optimumforboth ions. 

 

 

 

 

 

 

 

 

 

Fig.8Effectof6-(2NPAM8HQ)concentrationonformationofcomplexes. 

 

Calibrationcurves 

Under the established optimum conditions a calibration curves was constructedbyvarying the 

concentration of the ions. The linear calibration curves shown in the Figs. 9and 10 indicate 

that Beer’s law is obeyed in the range of 0.5-30 μg/ml for Cd(II) and1.0-30.0μg/ml forNi(II). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.9 calibration curveof cadmiumunderthe optimumconditions 

 

 

 

 

 

 

 

 

 

 

 

Fig.10 calibrationcurveof cadmiumunder theoptimumconditions. 
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Interferencestudies 

In order to study the selectivity of the proposed method, the effect of various cations 

andanions on the preconcentration and determination of 100 μg mL
-1

 Ni(II), Cd(II), were 

testedundertheoptimumconditions.TheresultsaresummarizedinTable2.Anionwasconsidered as 

interferent, when it caused a variation in the absorbance of the sample greaterthan ±5%. The 

results indicate that most of the cations and anions did not interfere evenwhen present 1000-

fold excess over analyte. Therefore, this cation would not interfere 

athigherconcentrations.Ascanbeseeninthetable, averygood selectivityisachieved. 

 

Table1:someof theapplicationsofCPEfordetermination of thedifferentions 

Ions Samples Reagent Surfactant Technique Ref. 

Ni
2+

,Zn2

+ 

Sea, river, 

mineralwater 

PAN TritonX-114 FAAS 9 

Co2+ Pharmaceutical 

s 

PANand PAR TritonX-114 FAAS 10 

Fe
3+

,Pb2

+ 

Vegetables BPG CTAB UV-Vis 11 

Hg2+ Seafood Methylgreen TritonX-100 ICP-OES 12 

Hg2+ Fish 7-(6BrBTA8-HQ) TritonX-114 UV-Vis 13 

Cd2+ Waters DDTP TritonX-114 ICP-MS 14 

Cd2+ Environmental BIES TritonX-114 FAAS 15 

Cd2+ Waters TAN TritonX-114 FAAS 16 

Cd2+,Pb

2+ 

Soilsandfood BTABP,BPADPI TritonX-100 UV.Vis 17 

Cd2+,Pb

2+ 

Honey 7-(6-MBTA8HQ) TritonX-100 UV.Vis 18 

Cd2+ Drikingwaters TAC TritonX-100 FAAS 19 

Cd2+ Urine APDC TritonX-100 WCAAS 20 

Ni2+ Waters ACDA TritonX-114 UV/Vis 21 

Ni2+ Saline oil- 

refineryeffluents 

Br-PADAP TritonX-114 FAAS 22 

Ni2+ Foods BDAP TritonX-114 FAAS 23 

Ni2+ Environmental 

samples 

IYPMI TritonX-114 FAAS 24 

Ni2+ Water and 

foodsamples 

Magneson TritonX-114 FAAS 25 
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Table 2. Tolerance limit of foreign ions on the determination of 100 μg mL
-1

 of Ni(II)and100 

μgmL
-1

ofCd(II). 

Foreign ions Toleranceratio 

Mg
2+,

 Ba
2+

,Na
+
,K

+
,CH3COO

-
,Cl

-
, SCN

-
, 

NO3
-
, SO4

2-
,CO

2-
, Br-,Ca

2+
 

3 

1000 

Cu
2+

, Zn
2+

,Co
2+

,Fe
3+

 100 

 

DeterminationofcadmiumandnickelinRicesamples 

The proposedCPE–UV/Visspectrophotometry methodology wasappliedtothedetermination of 

cadmium and nickel in four Rice samples purchased from local market.Table3 shows the 

obtained results. 

 

Table3:Resultsobtained forthematerialsanalysis 

Samples Nickel foundby 

proposedmethod(μg/g) 

Cadmiumfound 

by proposedmethod(μg/g) 

AmericanRice 0.132 0.065 

IraqiRice 

(A`anbar) 

0.31 0.395 

ThylandRice 0.142 0.076 

IndianRice 

(Ahmed) 

0.038 0.265 

 

Conclusion 

The determination of Cd(II) and Ni(II) in foodsamples was successfully performed 

byusingcloudpointextractionbyapplying6-(2NPAM8HQ)asextractingreagent.6-

(2NPAM8HQ)is a stable and selective complexing reagent. The proposed method issimple, 

rapid, safe, easy to use and inexpensive. In comparison with solvent 

extractionmethods,thisprocedureemploysonlyasmallamountofsurfactantwhichfromtheperspect

ive of green chemistry is environmentally-friendly materials. The method gives avery low 

limit of detection 0.062 μg ml
−1

 for nickel, and 0.047 μg ml 
-1

for cadmium; andgood R.S.D 

values 0.84% , 1.04 % for nickel and cadmium respectively., and can 

beappliedtothedetermination ofCd(II) and Ni(II)in variousfood samples. 
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