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Lanthanide (I11) ions, Crown ethers, were also studied on synergetic extraction of lanthanide(lll) ions. Very
synergetic, 8-hydroxyquinoline. interesting results were observed for synergetic and efficient extraction of

Ln(lll) ions from acidic media to DMSO/CHCI;. The crown ether
*Corresponding Author DCH18C6(Dibenzo Cyclohexyl 18-Crown-6) had shown high separation
--------------------------- ability for Ln(111) ions for optimum 5 UM concentration at acidic pH equal to
V.J.Sawant 3.8 from strong acidic media with 8-hydroxyquinoline as compared to

original 18C6 and other derivatives. This simple, efficient and rapid liquid-
liquid synergetic extraction method of Ln(lll) ions and rare earths found
perspective applications as an analytical method for their separation and
extractive spectrometric determination..

1. Introduction:

Lanthanide(IIT) complexes with various ligands and Schiff’s bases have wide applications in optical imaging of
cells, diagnostic pathways, as shift reagents in NMR. Lanthanide ions are trace elements of nature which had got
importance in terms of recent applications in electronics, nanotechnology and new emerging areas of space
technology. So there is scope for development of novel, cheaper extraction and determination methods for
lanthanides and trace metals. In past few decades there is growing interest in the development of novel methods for
determination and extraction of rare earths like lanthanides. Solvent extraction methods are methods of separation of
metal-ions, their enrichment, purification, identification and analysis. Supramolecular and solvent extraction
chemistry both combinely applied to extraction and determination of rare earths. Some of derivatives of crown
ethers have well complexing ability with lanthanide (I11) ions, hence study of factors affecting their stability is
important. The heterocyclic ligands like 8-hydroxyquinoline forms stable colored complexes with Lanthanides.
Collectively these agents gives synergetic effect on extraction of Ln (I1l) ions. Literature survey reveals that few
work is done on study of synergetic effect and factors affecting for extraction of Lanthanide(lll) ions with
heterocyclic extractants and crown ethers. The present work constitute study of such effect of extraction on
Lanthanide (I11) ions using selected crown ethers and 8-hydroxyquinoline from strong acidic media for extraction,
and factors affecting the extraction as well as the development of a novel method for extraction and for extractive
spectrophotometric determination of lanthanides from analyte samples like radioactive waste. Furthermore work in
this paper includes study of factors affecting synergetic extraction, selection of suitable solvent, crown ether as
green phase transfer agent and extractant for separation of lanthanides from aqueous phase to organic phase and the
work aimed to set up analytical method of separation and spectrometric determination of rare earths.
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2. Experimental method:

A.R. grade lanthanide (I11) nitrate salts, crown ethers, 8-hydroxiquinoline extractant and organic solvents were
procured from S.D.Fine Chem. Itd. Borosil glass wares and Systronics double beam spectrophotometer were used
for extraction and determination of lanthanides. Stock solutions of lanthanide (I11) ions containing 100 ppm. of
lanthanides(111) were prepared from nitrate salts in 1M HNO3, first dissolving salts in few ml. of acid and solutions
were diluted with double distilled water. The concentrations of acids made from 0.25 to 1M. The crown ethers
18C6, and its derivatives DB18C6[Dibenzo], DBP18C6[Dibenzo Pyrazyl], DCH18C[Dibenzo Cyclohexyl] were
used for extraction studies with concentrations from 1uM to 5uM in aqueous medium. The extractant 8-
hydroxyquinoline with fixed concentration of 0.1mM in DMSO used for extractions. The effect of pH were studied
by maintaining pH of medium using acetate and ammonia buffers. The effects of various solvent system studied
using solvents acetone, pet. ether, chloroform. The extraction of lanthanides La(lll), Ce (111) and Pr(I11), Nd(III)
couples were studied in two sets, first using only crown ethers in organic phases and in second synergetic study
using the crown ethers and extractant solutions in organic phases from strong nitric acidic media. In first set,
extraction of Lanthanide ions were studied by taking 10 ml. of Lanthanide solutions[10 to 100 ppm.], 10 ml. of
crown ethers and 25 ml. of organic solvents for phase separation by shaking for 5 minutes in 125 ml. saperatory
funnels. The extracted Lanthanides determined spectrophotometrically using Arsanazo(lll) reagent at their Amax by
first plotting the calibration curves on the basis of Arsanazo (I11) complexation with Lanthanide stock solutions. In
second set, Synergetic extraction of Lanthanides were studied adding 10 ml. of 8-hydroxyquinoline solution to
above set. The extracted Lanthanides in solvent system were determined for colored complexes with extractant
Spectrophotometrically. The separation factors(a) and Distribution coefficients(D) for successive lanthanides
extractions were determined on the basis of Lanthanide concentrations before and after extraction in ppm. units. The
extraction and determination carried out from strong acidic media using varying concentrations of nitric acid. The
effect of acid concentrations, crown ethers, solvent system, pH on extraction were studied. All the effects on
extraction were studied on the basis of separation factors and distribution coefficients for La(lll), Ce (IIl) and
Pr(111), Nd(111) couples.

Here, D = Lnlllgy / Lnlllaqy and o=D,/ D, where 1 and 2 are successive Ln(l11) ions

3. Results and Discussion:

Very interesting results were obtained from Crown ether separation and synergetic extraction of Lanthanides from
nitric acid media. It is observed from data that separation ability of DCH18CS6 is higher for higher concentration (5
micro-mol./lit.) of acid media(1M) and synergetic effect observed in combination with heterocyclic extractant 8-
hydroxyquinoline on the basis of high D values for extraction. The separation factors and distribution coefficients
for Lanthanides increases with slight increase in size from Nd(II1), Pr(I11), Ce(lll) to La(lll). The Ln(lll) and 8-
hydroxyqunoline complexes have high stability and DCH18C6 is most suitable for separation of Lanthanides which
gives higher D values for extraction of Lanthanides from high concentrations of strong acid media. So DCH18C6
can be used for synergetic separation of Ln(l1l) ions for complexation with heterocyclic ligands and spectrometric
determination.

Graphical abstract :

S
X |
P +  LnQm — — N/
N org. aqg. o _
OH
L// "N/
n
/\ o
X DCH18C6 (org) O
+ Ln(n N
~ B
N org. aq. CHCI,/DMSO
OH =
L — 1Org.

420



ISSN 2320-5407 International Journal of Advanced Research (2014), Volume 2, Issue 2, 419-424

Figure 1: Effect of concentration of crown ethers and selection of crown ether.
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Figure 2: Effect of crown ethers on extraction and selection of optimum concentration
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Figure 3 : Calibration plot for Ln(l11)- Arsanazo(l11) complexation
and extraction with 5uM DCH18C6
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3.2 1 Calibration curves for Ln(lll) extraction
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Figure 4: Extraction distribution coefficients for Ln(l11) and
verification of selected medium and extractants
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Figure 5 : Effect of pH on extraction of Ln(l11) from acidic media to
DMSO/ Chloroform system with 8- hydroxyquinoline and DCH18C6
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r Plot for effect of pH on Ln(lll) extraction
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Lanthanides followed high distribution order as La(ll1)>Ce(I11)>Pr(111)>Nd(Il1). The synergetic effect with 8-
hydroxyquinoline and the crown ethers observed according to higher D values. The separation ability o of crown
ethers observed was expressed as DCH18C6>DB18C6 >18C6>DBP18C6. The effect of solvent system for
separation of Ln(l1l) ions from acidic media with 1M conc. was observed as Chloroform/DMSO> Acetone/DMSO>
Pet. Ether/DMSO. Hence by referring figures from 1 to 5 correct optimum conditions and parameters for synergetic
extraction and spectrometric determination of Ln(lll) ions were fixed as 1M nitric acid for dissolution and
preparation of Ln(l1l) ag. analyte solution, 5uM ag. DCH18C6 crown ether along with 0.1mM 8-hydroxyquinoline
in Chloroform/DMSO system for extraction, and pH=3.8 for efficient extraction of Ln(l11) ions.

4. Conclusion :

It was observed that the crown ether DCH18C6 extract Lanthanides from strong Nitric acidic media and given
synergetic extraction to Chloroform/DMSO phase in addition with heterocyclic extractant like 8-hydroxyquinoline.
Hence this is a novel and cheaper method for separation and spectrometric determination of Lanthanides from
samples like radioactive waste. Here we had developed an analytical extractive spectrophotometric method for
rapid, efficient extraction of rare earth elements using green crown ether and heterocyclic extractants.
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