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diluents and effect of foreign ions were studied. Quantitative extraction of Pd (ll) in 0.5M HCl| was possible with 0.05 M

ABSTRACT

Cyanex 301 after 60 seconds of shaking .The pale yellow coloured Pd-Cyanex 301 complex exhibits maximum absorption
310 nm where extraction of reagent was found to be negligible. The complex is stable more than 48 hrs. The probable
composition of the species has been deduced from the extraction data. Beer-Lambert law is obeyed in the concentration
range 6ug -80ug with Sandell’s sensitivity of 1.09 x 10-3 pg/mL/cm2 and molar absorptivity of 91,166 mole-1.cm-1.dm3. A
study of effect of diverse ions on the extraction showed that several metals ions like Ti+4, Mg+2, Ce+4, Al+3, Mn+2 do not

interfere during the extraction and estimation of Palladium. The data have been successfully employed for the separation
of binary mixtures containing the non interfering metal ions. The optimized conditions of separation have been successfully

utilized to recover metal from real samples.
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1. Introduction

Palladium is a chemical element with symbol Pd and atomic
number 46. It is a rare and lustrous silvery-white metal discov-
ered in 1803 by William Hyde Wollaston . Common oxidation
states of palladium are 0, +1, +2 and +4. There are relatively
few known compounds with palladium unambiguously in the
+3 oxidation state, though such compounds have been pro-
posed as intermediates in many palladium-catalyzed cross-cou-
pling reactions. *In 2002, palladium (VI) was first reported.??
Palladium dissolves slowly in concentrated nitric acid, in hot,
concentrated sulfuric acid, and, when finely divided, in hydro-
chloric acid.*

Naturally occurring palladium is composed of seven iso-
topes, which includes six stable isotopes. The most stable
radioisotopes are 107Pd with a half-life of 6.5 million years
(found in nature), 103Pd with a half-life of 17 days, and-
1%pd with a half-life of 3.63 days. Eighteen other radioiso-
topes have been characterized with atomic weights ranging
from 90.94948(64) u (°'Pd) to 122.93426(64) u ('Pd).> Most
of these have half-lives that are less than thirty minutes, ex-
cept '°'Pd (half-life: 8.47 hours), '°Pd (half-life: 13.7 hours),
and ""2Pd (half-life: 21 hours).¢

Palladium(ll) chloride is the principal starting material for many
other palladium catalysts. It is used to prepare heterogeneous
palladium catalysts: palladium on barium sulfate, palladium
on carbon, and palladium chloride on carbon.” It reacts with
triphenylphosphine in coordinating solvents to give bis(triphe-
nylphosphine)palladium(ll) dichloride, a useful catalyst.®

The largest use of palladium today is in catalytic convert-
ers.® Palladium is also used in jewelry, dentistry,®10%aich making,
blood sugar test strips, aircraft spark plugs and in the produc-
tion of surgical instruments and electrical contacts."Palladium
is also used to make professional transverse flutes. As a com-
modity, palladium bullion has ISO currency codes of XPD and
964. Palladium is one of only four metals to have such codes,
the others being gold, silver and platinum."Because of its abil-
ity to absorb hydrogen, palladium is a key component of the
controversial cold fusion experiments that began in 1989.

The second-biggest application of palladium in electronics is
in the manufacture of multilayer ceramic capacitors™in which
palladium (and palladium-silver alloys) are used as electrodes.®
Palladium (sometimes alloyed with nickel) is used in connector
platings in consumer electronics.' 16

Palladium is used in small amount (about 0.5%) some alloys
of dental amalgam in order to decrease corrosion and increase
the metallic lustre of the final restoration."”

Finely divided palladium metal can be pyrophoric. As a plat-
inum-group _metal, the bulk material is quite inert. Al-
though contact dermatitis has been reported, the amount of
data on the effects of exposure to palladium is limited. It has
been shown that people with an allergic reaction to palladium
also react to nickel, making it advisable to avoid the use of

dental alloys containing palladium on those so allergic. 18 19 20.
21,22

Reference reveals that several reagents have been used for the
spectrophotometric determination of Palladium .23 Palladium
is also extractable from the acidic medium with various rea-
gentSA 54-63.

From literature survey, it is obvious that existing methods for
the determination of Palladium have their own limitations®4°.
The proposed method is simple, rapid for the separation and
spectrophotometric determination of Palladium using Cyanex
301. Cyanex-301 [bis (2, 4, 4 trimethylpentyl) dithiophosphon-
ic acid] marketed by Cytec Inc. Canada has been used as an
extractant for some metal ions 7087,

2. Materials and Methods:

2.1 Stock Solution

All the chemicals (E. Merck) and diluents used in the present
experimental studies were of Analytical Reagent grade. The
extractant Cyanex 301 was supplied by Cytec Inc. Canada was
used without further purification.

Stock solutions of various cations, anions were prepared from
their respective salts. (Table .3) by taking proper precautions.
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Pd (Il) stock solution was prepared by dissolving 0.166gm of
PdCl, in a 100 mL std. measuring flask with distilled water
containing about 5 mL conc. HCI.

2.2 Standardization of Palladium by gravimetric method:
Palladium was standardized gravimetrically by dimethylglyox-
ime (DMG) method®8. The solution containing Pd (II) in 0.25 M
HCl was taken in a flask and to it 5.0 mL of dimethylglyoxime
(DMG) solution was added and ammonium hydroxide solu-
tion was added till the solution became alkaline when scarlet
red precipitate was obtained. It was stirred and digested on
water bath for 1 hr, cooled and filtered through a previously
weighed sintered glass crucible. The precipitate was washed
with 1% reagent and then with hot distilled water. The pre-
cipitate was dried at 110°C and palladium was weighed as Pd
- (DMG@), to constant weight.

All absorbance measurements were carried out on ‘Spectron-
ic Genesis 8'UV- Visible spectrophotometer using 10mm path
length quartz cuvettes.

2.3 General Extraction Procedure:

To an aliquot of the aqueous solution containing Palladium (1)
was added to concentrated hydrochloric acid to make it 0.5 M
in a total volume of 15mL. The solution was transferred into a
125mL separating funnel and shaken for 60 sec. with 15 mL
of 0.05M Cyanex 301 solution in chloroform. After allowing
the two phases to separate, the organic phase was collect-
ed in a 25mL standard measuring flask and diluted up to the
mark with chloroform. A small quantity of anhydrous Sodium
Sulphate was added to all the 25mL flasks to absorb the mois-
ture. The absorbance of the extract was measured between
200 to 400 nm against blank. A Pd (Il) - Cyanex 301 com-
plex in organic phase exhibits maximum absorption at 310
nm where absorption of reagent was found to be negligible.
Hence the wavelength 310 nm was chosen for further studies.

3. Results and Discussion:

3.1. Absorption Spectrum:

The absorption of Palladium- Cyanex complex was studied
over a wavelength range of 200-400 nm. The pale yellow
coloured complex exhibited absorption maxima at 310nm (Fig
1). At this wavelength the absorption of the reagent was neg-
ligible. Therefore, the wavelength of 310nm was chosen for
all further measurements (fig. 1)
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Fig.1. Absorption Spectra

3.2. Effect of reagent concentration:

The optimum concentration of Cyanex 301 for quantitative
extraction of Pd (Il) was ascertained by extraction with vary-
ing concentrations of Cyanex 301 from 0.01-0.10 mol dm-=
in chloroform. The extraction was quantitative with 0.05 mol
dm= Cyanex 301 (Fig 2). Hence 15mL of 0.05 mol dm= Cya-
nex 301 in Chloroform was used throughout the study.
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Fig.2. Cyanex Concentration

3.3. Effect of Hydrochloric acid concentration:

The effect of the molarity of hydrochloric acid concentration
on the absorbance of the extract was studied using the rec-
ommended procedure. By varying concentration of HCl be-
tween 0.1 to 0.9 mol dm=3. The absorbance of extract was
found to be maximum at 0.6 mol dm-. Thus 0.6 mol dm=HCl|
concentration was used for subsequent studies.( Fig. 3)
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3.4. Effect of various Diluents:

To find out the effect of diluents on extraction, the reagent
0.05 mol dm of Cyanex 301 was prepared in different dilu-
ents and was used for extraction from aqueous phase contain-
ing 100 pg of Palladium in 0.6 mol dm= HCI. For the diluents
study the absorbance and % extraction of Palladium de-
creased in the order: Chloroform (99.99%), Toluene (95.34%),
Carbon Tetrachloride (96.12%), Benzene (74.29%), Xylene
(89.75%), Cyclohexane (63.85%). (Fig.4) Chloroform gave
quantitative extraction and hence for all further studies chloro-
form was chosen as diluents.
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Fig.4. Effect of Diluents

3.5. Effect of Shaking period:

The absorbance of the extract obtained by shaking the aque-
ous phase containing 100pg Palladium (Il) + 15mL with 0.5
M Hydrochloric acid, with an organic phase containing 0.05
M Cyanex 301 in Chloroform was measured, for varying time
periods from 15 sec to 120 sec. It was observed that the ex-
traction was quantitative after 60 sec. of equilibration. Hence,
optimum period chosen for shaking was 60 sec. (Fig. 5)
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Fig. 5 Equilibration Period

4. Optimum Conditions for Extraction of Platinum (Ta-
ble.1)

Parameter Optimum Condition
Palladium(ll) 100 yg/mL
Hydrochloric acid concentration [0.5 mol dm-
Cyanex 301 concentration 0.05 mol dm?3
Shaking Time 60 seconds

Diluent Chloroform

4.1 Validity of Beer-Lambert law:

A calibration graph for determination of Palladium was pre-
pared under optimum experimental condition (0.5 mol dm-
HCI, and 0.05 mol dm= Cyanex in Chloroform). Beer's law
was found to be obeyed in the range of 6 pg to 80 pg of Pal-
ladium at 310 nm. (Fig.6)
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Fig 6. Beer's law plot

4.2, Spectrophotometric Data for the Determination of
Palladium after Extraction with Cyanex 301 (Table.2)
The molar absorptivitiy of complex calculated was found to be
91,166 x 10* mole'.cm™.dm?. At 310 nm, Sandell’s sensitivity
calculated on the basis of total Palladium present is 1.09 x10-3
pg cm?.The spectral characteristic are given in (Table. 2)

Molar absorptivity 91,166 x 10*mole.cm™.dm3
Sandell’s sensitivity 1.09 x103 ug cm??

Mean absorbance of 6
determinations 1.094

Beer's law range
Standard deviation
Coefficient of variation

6 to 80 ug/mL
1.789 x 103
0.16%

4.3 Nature of extracted species

An attempt was made to find out the probable composition
of the extracted species from a plot of log D vs. log C (Cyanex
301) at fixed acid and SnCl, concentration. The slope of this
plot was found to be 2.083 ~ 2 indicating the complex to be
1:2 with respect to Cyanex 301, thus confirming the oxidation
state of Palladium as +2 in the extracted species. (Fig. 7)

5. Effect of diverse ions & binary separation:

5.1 Effect of diverse ions

The extraction of Pd (ll) was carried out according to the rec-
ommended procedure to examine the effect of interference
from various foreign ions. The tolerance limit was set at an
amount to cause an error of + 2% in the recovery of the met-
al ion. It was observed that, a large number of cations and
anions were tolerated (Table. 3)

Table.3: Effect of foreign ions

Diverse lons
Tolerance Ratio
Pd(ll): Diverse ions |Cation Anions
CU +Zl Pb+2] CO+Zl
Interference ey o |
Pd*2 Rh*, Ru*,
Hq+2’ Cd+2’ B|+3 i
. Mo*e, Zr+4, |
1 1 O Ni+2 ’Th+4 X Cd+2
. Co*?,La*, Al ,
1:15 B3 2
1:20 Bet?, , K* F-,I ,SCN-,Oxalate
1:25 Sr+2, Sb**,Na*,Ca*? [SO.%,CO.> Br
Ti+4 Te+2 'M +2
1:30 Fe? Fe® ,Mn?  |,50,2 NO;
,Ce*“

5.2 Binary Separations of Palladium (l1)

lons such as Ti*4, Mg*?, Ce*, Al*3, Mn*?>do not get extracted
into Cyanex 301 under optimum extraction conditions for
Palladium (I) up to a certain concentration. Hence, it was
possible to separate them from their binary mixtures. The un-
extracted Ti*4, Mg*?, Ce*, Al**, Mn*? were determined spec-
trophotometrically by known methods. (Table. 4)

Table. 4 Binary Separation of Palladium

R Re- Coefi Estim%tion
. ecov- cove) oeln- roceaure
Composi- e;(yl&f i Coeffi- ogah%y gient of %rdth(f'
. . |adde ariation |added ion
Hg % D* | Variation ion* and its
% reference
T Hydrogen
Pl Ti 047% [0436 |0.58% |poroxde
100: 100 [99.99 : ° : ) ° ethod &
. Solochrom
Pd(l):Mg(l)
AUMAW 15909 [032% [9865 [063% glgg%k Meth-
PAI-CelM) 199,99 [0.12% |96.54 [0.38%  |SArbonate
] Eriochrome
PAU-ANN 19999 |0.54% (9432 [0.66%  |Cyanine R
100 100 |27 D47 : Oy oo
. Potassium
PA(ll:Mn(lh 029% (9754 [077% |Periodate
100: 100 (99.99 . ° : ) ° Method ¢!

* Mean of five determinations
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6. Analysis of Palladium (ll) in real samples:

6.1. 0.1 g of Pd- charcoal was taken in a silica combustion
tube and incinerated for 8 hours to ash the carbon complete-
ly. The sample was treated with 5 MI formic acid and dried
on hot plate. The resulting residue was dissolved in 6 M HCl
and 2 M HNO, and evaporated to dryness then the residue
was dissolved in distilled water and diluted to100mL with dis-
tilled water.2 mL of the sample solution was taken and Pd (Il)
was extracted and estimated using the proposed method. The
results obtained were in close agreement with theoretical val-
ues. (Table. 5)

Table. 5
Amount Amount o %
Amount Ef Pdd”) 8I) Fgund Fgund
oun Found |with with R.S.D.

of .
Samples|py m with |with ~ |Stand- [Pro- (%)
e

certi rd Pro- q ardth q post%d q
ose method |metho
method pmethod
Pd- 99.99 (99.98 [0.45
char- 5% 4.48 % |4.46 % % % %

coal

*Average of six determination

6.2. 0.1 g Pd - CaCO, catalyst was taken in a beaker with
aquaregia and evaporated to dryness. The residue was leached
with dilute hydrochloric acid and diluted to 100mL with dis-
tilled water. 2 mL of the sample Solution was taken and Pd
(I) was extracted and estimated using the proposed method.
The results obtained were in close agreement with theoretical
values. (Table. 6)

Table. 6
Amount
Amount
Amount |f Pd (D 8& (I EA) d ;/o d
Found oun oun
Sam- |o with Found |with with R.S.D.
ples Pd (1) Stand-  |with Stand- |Pro- (%)
certified |34 Pro—d ardth q post(%dd
0se method [metho
method (RO 4

Pd -
CaCO. (47 % |4.68 % |4.63 % 909 9294 (974
cataly$

*Average of six determination

6.3. 0.1 g Pd - BaCO, Catalyst was taken in a beaker with
aquaregia and evaporated to dryness. The residue was leached
with dilute hydrochloric acid and diluted to 100 mL with dis-
tilled water. 2 mL of the sample Solution was taken and Pd
(I) was extracted and estimated using the proposed method.
The results obtained were in close agreement with theoretical
values. (Table.7)

Table. 7
AL T AN S
Amount |2 Pd () [Found [FOUN
Found g with
ST an  |with Foynd b, [pro- &
P certh)ied S}and— Pro- ard Enoest%‘]_l °
method |Posed Imethod |

method

Pd—
BaCO, (4%  [3.99 % [3.95 % [99.99% (3796 9,67
catalyst ° ?

*Average of six determination

187 | PARIPEX - INDIAN JOURNAL OF RESEARCH



Volume : 4 | Issue : 10 | October 2015 ISSN - 2250-1991

REFERENCES

1) Powers, D. C.; Ritter, T. (2011). “Palladium(lll) in Synthesis and Catalysis”(PDF). Top. Organomet. Chem. Topics in Organometallic Chemistry 35: 129-156.doi:10.1007/978-
3-642-17429-2_6. ISBN 978-3-642-17428-5. 2) 2.Chen, W. (2002). “Synthesis and Structure of Formally Hexavalent Palladium Complexes”. Science 295 (5553): 308. Bib-
code:20025ci...295..308C.doi: 10.1126/science.1067027. 3) Crabtree, R. H. (2002). “Chemistry: A New Oxidation State for Pd?”. Science 295 (5553): 288. doi:10.1126/
science.1067921. 4) Hammond, C. R. (2004). “The Elements”. Handbook of Chemistry and Physics (81st ed.). CRC press. ISBN 0-8493-0485-7. 5) “Atomic Weights and
Isotopic Compositions for Palladium (NIST)”. Retrieved12 November 2009. 6) Georges, Audi; Bersillon, O.; Blachot, J.; Wapstra, A. H. (2003). “The NUBASE Evaluation of
Nuclear and Decay Properties”. Nuclear Physics A(Atomic Mass Data Center) 729: 3-128. Bibcode:2003NuPhA.729....3A.doi:10.1016/j.nuclphysa.2003.11.001. 7) Mozingo,
Ralph (1955). “Palladium Catalysts”. Org. Synth.; Coll. Vol. 3, p. 685 8) Miyaura, Norio; Suzuki, Akira (1993). “Palladium-catalyzed reaction of 1-alkenylboronates with vi-
nylic halides: (1Z,3E)-1-Phenyl-1,3-octadiene”. Org. Synth.; Coll. Vol. 8, p. 532 9) United Nations Conference on Trade and Development. Archived from the original on 6
December 2006. Retrieved 5 February 2007. 10) Rushforth, Roy (2004). “Palladium in Restorative Dentistry: Superior Physical Properties make Palladium an Ideal Dental
Metal”. Platinum Metals Review 48(1). 11) Hesse, Rayner W. (2007). “palladium”. Jewelry-making through history: an encyclopedia. Greenwood Publishing Group. p. 146.
ISBN 978-0-313-33507-5. 12) Toff, Nancy (1996). The flute book: a complete guide for students and performers. Oxford University Press. p. 20. ISBN 978-0-19-510502-5.
13) Weithers, Timothy Martin (2006). “Precious Metals”. Foreign exchange: a practical guide to the FX markets. p. 34. ISBN 978-0-471-73203-7. 14) Zogbi, Dennis (3
February 2003). “Shifting Supply and Demand for Palladium in MLCCs". TTl, Inc. 15) Mroczkowski, Robert S. (1998). Electronic connector handbook: theory and applica-
tions. McGraw-Hill Professional. pp. 3—. ISBN 978-0-07-041401-3. 16) Harper, Charles A. (1997). Passive electronic component handbook. McGraw-Hill Professional. pp.
580-. ISBN 978-0-07-026698-8. 17) Evaluation of the long-term corrosion behavior of dental amalgams: influence of palladium addition and particle morphology. Colon
P1, Pradelle-Plasse N, Galland J. Dent Mater. 2003 May;19(3):232. 18) Kielhorn, Janet; Melber, Christine; Keller, Detlef, Mangelsdorf, Inge (2002). “Palladium — A review of
exposure and effects to human health”.International Journal of Hygiene and Environmental Health 205 (6): 417-32.doi:10.1078/1438-4639-00180. PMID 12455264. 19)
Zereini, Fathi; Alt, Friedrich (2006). “Health Risk Potential of Palladium”.Palladium emissions in the environment: analytical methods, environmental assessment and health
effects. Springer Science & Business. pp. 549-563.ISBN 978-3-540-29219-7. 20) Wataha, J. C.; Hanks, C. T. (1996). “Biological effects of palladium and risk of using palla-
dium in dental casting alloys”. Journal of Oral Rehabilitation 23 (5): 309-20. doi:10.1111/}.1365-2842.1996.tb00858.x. PMID 8736443. 21) Aberer, Werner; Holub, Henri-
ette; Strohal, Robert; Slavicek, Rudolf (1993). “Palladium in dental alloys — the dermatologists’ responsibility to warn?”. Contact Dermatitis 28 (3): 163-5.
doi:10.1111/.1600-0536.1993.tb03379.x.PMID 8462294. 22) Wataha, John C; Shor, Kavita (2010). “Palladium alloys for biomedical devices”.Expert Review of Medical
Devices 7 (4): 489-501. doi:10.1586/erd.10.25.PMID 20583886. 23) R. S. Young, Analyst: 76, 49(1951). 24) E W. Rice, Anal Chem; 24, 1995 (1952). 25) T.G. Fraser, F.F.
Beamish and W.A.E. Me Bryde, Anal Chem;26, 496 (1954). 26) O. Menis and T.C. Rains, Anal Chem.; 27, 1932(1955). 27) A.l. Busev and L.V. Kiseleva, Ves Mosk. Univ, 4,179
(1958). 28) C.V. Banke and R.V Smith, Anal. Chim. Acta; 21, 308 (1959). 29) B. Sen Ibid, 31,881 (1959). 30) U.B. Talwar and B.C. Haldar, Anal Chim. Acta; 21, 308 (1959).
31) A.l. Busev and V.M. Ivanov, Zh. Anal Khim;19, 232 (1964). 32) U.B. Talwar and B.C. Haldar, Anal Chim. Acta; 21, 308 (1959). 33) A.l. Busev and V.M. lvanov,. and L.V.
Kiseleva, Ves Mosk. Univ. SerKhim.; 1, 86 (1968). 34) W.F. Davis, Talanta; 16, 1370 (1969). 35) M.R. Patel and B.C. Haldar, Ind. J. Chem. Soc; 50, 569 (1973). 36) A.I. Radu-
shev and L.A. Statina , Zh Anal Khim. ; 28 , 2360 (1973) 37) S.K. Smhwani, Y. Dutt and R.P. Smgh . Ind. J.. Chem ;12, 110 (1974). 38) L.I. Masko, VP. Kerentseva and M.D.
Lipanova , Ibid; 30, 315 (1975). 39) E. Uhlemann, J. Hoppe, and D. Waltz , Anal Chim. Ada.; 83, 135 (1976). 40) M.V. Satake and T. Yamaguchi, Fukui Daigaku Kogakuba
Kenkyu, Hokubu;25, 95 (1977). 41) K.Toei, S Molomiza and S. Hamada, Bunseki Kagaku, 27, 668 (1978). 42) PW. Beaupre and W.J.Holland, Mikrocllim Acta, 1279 (1979).
43) Carillo. J and Guzman M, Ann Quim; 75, 550 (1979). 44) Khasnis D.V and Shinde ;Talanta ; 26, 593 (1979). 45) B.K. Deshmukh and R.B. Kharat; J .Ind. Chem. Soc ; 56,
213 (1979). 46) PW. Beaupre, W.J. Holland , Mikrocllim Acta ; 11, 479 (1979). 47) J.J.R. Mudakavi and T.V. Ramakrishna , J. Ind. Inst Sc; 61, 151 (1979). 48) M. Otomo, Anal
Chim. Acta, 116, 161 (1980). 49) K. Lal and S. MaDiotra , J. Ind. Chem. Soc ; 57, 233 (1980). 50) M.H. Jagadale , B.J. Desai and V.M. Shinde , Mikrocllim Acta ; 1, 353 (1980).
51) V.V. Yeole , A.D. Langade and V.M. Shinde , Mikrocllim Acta Il, 117 (1980) 52) L.N. Lokamina and T.I. Ignateva , Zh Anal Khim;35, 2170 (1980) 53) Z. Gregorowc;" and
E. Bobrowska, Micro Chem.J ; 2, 517 (1983). 54) B. Bembinski, Chem. Anal (Warsaw) 28, 161 (1983). 55) P. Chattopadhyay and S.K. Majumdar , Ind. J. Chem. 22, 91 (1983).
56) M. Balanc and S. Maspock , Micro Chirn Acta;l 1,11 (1983). 57) A.G. Asuero, M.J. Nawas, J.M. Baastista and D. Resales , Micro Chem.J.28, 183 (1983). 58) S. Tsurbuo,
T Sakai and S. Saibata , Chem. Pharm. Bull; 31, 67 (1983). 59) Gadiyar H.R, Gadag R. V, Nayak M.R , J. .Ind. Chem. Soc; 60, 889 (1983). 60) A. Wasey, PK. Bansai, B.K. Puri,
Analyst; 109, 601 (1984). 61) JA. Stratis, A.N. Anlhemedis, Analyst; 109, 373 (1984). 62) S.P. Bag and B. Bhattacharya , J. Ind. Chem. Soc; 61, 417 (1984). 63) He, Y, Liu. X,
Fenxi Huaxue; 12, 386 (1984). 64) Gadiyar H.R, Gadag R. V, Nayak M.R , J. .Ind. Chem. Soc; 60, 889 (1983). 65) O. Coufalova, G. Rudzita, G. Mezaraups and L. Cermakova,
Micro Chem J; 32, 24 (1985). 66) G. Zhang and Y. Wang , Fenxi Shiyanshi; 7, 8 (1988). 67) G. Zhang, Q. Hu, Y .Wang and G. Wang , Fenxi Shivyanshi; 10, 62 (1991). 68)
X.Q. Mao, FL. Tang and Q.P. Jin, Fenxi Huaxue; 20, 951 (1992) 69) Alamjyotand).D. Shanna , Ind. J. Chem. ; 036 A, 725 (1997) 70) Menoyo, B. and Elizalde, M.P., Solvent
Extraction and lon Exchange , 15,563,(1997). 71) Avila R.M.; Cote, G. and Bouer, O, Solvent Extraction and lon Exchange,10 ,811.(1992). 72) Zhu, Y. and Jiao, R., Radi-
ochem, Acta,69,191,(1995) 73) Zhu, Y., Radiochem , Acta ,68,95(1995) 74) Yang, H.; Lim, J. and Lee, E., Kongop Hwahak, 10,143(1999). 75) Yongjiun, L.; Jungming, X.;-
Jing, C. and Yingzhing, C. , J. Alloys Compd., 271,742,(1998) 76) Modolo , G. and Odoj, R., J. Radioanal. Nucl. Chem., 228,83,(1998) 77) Facon, S.; Cote, G. and Bauer, D.
Solvent Extraction and lon Exchange, 9,717,(1991) 78) Singh, R.; Khawaja, AR.; Gupta, B. and Tandon, S.N., Solvent Extraction and lon Exchange , 17,367,(1999) 79) Rice,
N.M. and Gibson, R.W., Proc. ISEC'96, Austriala, 1,715.(1996) 80) Sakurai, S.; Tachimori, S.; Pareau, D. and Durand, G., Proc. Symp. Solvent Extraction, 49. (1993) 81)
Steiner,L.; Xing, M. and Hartland, S., Process. Metall., 7B, 1175.(1992) 82) Rodriguez, M.A.; Cote, G. ;Mendoza, R.N.; Medina, T.I.S. and Bauer, D., Solvent Extraction and
lon Exchange, 16,471,(1998). 83) Argekar, A.P. and Shetty, A.K., Anal.Sci., 12,255,(1996) 84) Shinde, P.S. and Dhadke, PM., Indian J. Chem. Technol., 3, 367,(1996). 85)
Saily, A.; Khurana,U.; Yaday, S.K.and Tandon, S.N., Hydromettalurgy, 41,99(1996) 86) Behera, P. and Chakravortty, V., Indian J. Chem., 32,825(1993) 87) M. Karve, C. Gaur,
Journal of radio Analytical and Nuclear Chemistry , 273(2),405-409.(2007) 88) G.H. Jeffery, J. Bassett, J. Mendham, R.C. Denney, Vogel’s Textbook of Quantitative chemical
analysis, 5th Edn. 1989, 463. 89) G.H. Jeffery, J. Bassett, J. Mendham, R.C. Denney, Vogel's Textbook of Quantitative chemical analysis, 5th Edn. 1989, 177 90) A. |.Vogel,
Textbook of Quantitative Inorganic Analysis, 5th edition Pages. 384, 729, 738, 740, 742, 745, 746, 750.(1989). 91) G. H . Jeffery, J. Bassett, J. Mendham, R.C. Denney,
Vogel's Textbook of Quantitative chemical analysis, 5th Edn. 1989, 683.

188 | PARIPEX - INDIAN JOURNAL OF RESEARCH



