1622 © 1992 The Chemical Society of Japan

Bull. Chem. Soc. Jpn., 65, 1622—1625 (1992) [Vol. 65, No. 6

Extraction and Spectrophotometric Determination of Palladium
with Pyridine-2-acetaldehyde Salicyloylhydrazone
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A simple and rapid method is proposed for the separation by solvent extraction and spectrophotometric

determination of palladiuim(II) with pyridine-2-acetaldehyde salicyloylhydrazone (PASH).
tions were evaluated by studying critically pH, reagent concentration, and period of equilibration.

The optimum condi-
The palladiuim

was determined by measuring Pd(11)-PASH extracted complex in chloroform at 425 nm. The proposed method
offers excellent separation of Pd(Il) from rutheniuim, cobalt, nickel, copper, and rhodium. The method was
applied for the analysis of palladium catalyst and platinum ores.

Palladium is one of the platinum group metal and
finds extensive use in the electrical industry. It is used
in grids for electronic tubes, in electrodes for high
quality spark plugs, for contact metal in printed circuits.
Due to corrosion resistance, nature and in breadth of
alloying ability, palladiuim and its alloys have wide-
spread use in dental, medical devices and in jewellery
manufacture. Palladium is a good catalyst and is used
for hydrogenation and dehydrogenation reactions.

Palladium forms intensely colored complexes with
hydrazones, dyes, dithiocarbonates, oximes, and thio
compounds. Various extraction methods with di-2-
pyridylmethanone-2-(5-nitro)pyridylhydrazone,V  3,5-
dichloro-2-(2,4-diaminophenyl)pyridine and trichlo-
roacetate,? di-2-pyridyl ketone benzoylhydrazone,® 2-
(2-pyridylmethylimino methyl)pyrrole,* isonitrosothio-
camphor,® o-butyl dithiocarbonate,® diphenylthio-
violuric  acid,”  2-carboxy-2’-hydroxy-5-methylazo-
benzene® have been reported for the extraction of palla-
dium. However the existing methods suffer from lim-
itations such as longer extraction period,’37 tempera-
ture control,® narrow pH range*® less stability,? and
interference from other ions.}88) In some methods3—5
the extraction is not quantitative.

In the present work, we propose a simple and rapid
method for the extraction, separation, and spectropho-
tometric determination of palladium using pyridine-
2-acetaldehyde salicyloylhydrazone® as a reagent.
PASH reacts with palladium to give yellow colored
complex extractable into chloroform. Beer’s law was
obeyed over the concentration range af 0.5 to 3 ppm
palladium at 425 nm. Effect of pH, reagent concentra-
tion, shaking period, foreign ions etc. on the extraction
behavior have been studied.

PASH and its Pd(II) complex has the following struc-

tures;
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which were confirmed in IR spectrum.

Experimental

Instruments. A Bausch and Lomb spectronic-20 model
with glass cells were used for absorbance measurement. A
digital ELICO pH meter type LI-120, was employed for pH
measurements.

Palladium Stock Solution. This was prepared by dissolv-
ing | g palladium chloride (Johnson Matthey, London) in 2 ml
of concentrated hydrochloric acid, and diluted to 100 cm? with
double distilled water and standardized with dimethyl-
glyoxime.10

PASH was synthesized by the method reported in the
literature.? For the extraction of palladium 0.1% m/v solu-
tion of PASH was used.

All reagents and chemicals used were of A.R. quality.
Solutions of other ions were prepared by dissolving the corre-
sponding salts in distilled water or dilute hydrochloric acid.

Extraction of Palladium. To an aliquot of solution con-
taining 30 pg of palladium(1I), adequate amount of acetic acid
was added to have the desired acidity and the volume was
made up to 10 ml. The solution was equilibrated with 10 ml
of chloroform containing 1 ml of 0.1% reagent solution in
DMF-chloroform for one minute. The organic extract was
collected in a 10 ml standard flask and made up to the mark
with chloroform, if necessary. The absorbance of the solu-
tion was measured at 425 nm. Calibration curve was pre-
pared. Unknown amount of palladium(II) was determined
from the calibration curve.

The optimum extraction conditions were established by the
studies on effect of pH, reagent concentration, period of
equilibration. Tolerance of diverse ions was also studied.

Results and Discussion

Extraction Conditions. The extraction of palladium
was carried out over the pH range 0.5 to 10. The
results indicate that the quantitative extraction of palla-
dium occurs from pH of 2 to 4.25 (Fig. 1). Above and
below this pH range extraction was found to be
incomplete.

Absorption Spectra.. The absorbance spectrum of
the 30 pg of palladium complex extracted into chloro-
form showed that Amax occurs at 425 nm (Fig. 2). The
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Fig. 1. Effect of pH on the extraction of palladium(II)
with PASH into chloroform. Fig. 3. Distribution ratio of palladium(II) as a func-
tion of PASH concentration.
Pd=2X10-5 M, shaking time=60 s,
Slope of the plot of log Dps vs. log C=2.02, C=log

[PASH]/M.
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Fig. 2. Absorption spectrum of Pd-PASH complex . | | |
and PASH in chloroform. Concentration of 0.2 0.4 0.6 0.8
Pd(I1)=2.8X10-5 M, concentration of PASH=7.8X -
10+ M. Mole fraction

(O) reagent vs. chloroform.

(®) Pd-PASH complex vs. reagent Fig. 4. Plot of composition of the extracted species by

Job’s continuous variation method.
Concentration of Pd(II) and PASH =2X10—* M.

optimum metal:ligand ratio was found to be 1:14.

The system obeys Beer’s law over the concentration min of equilibration time. The sensitivity of the
range of 5—30 pg of palladium per 10 cm3 of organic  method defined by Sandell’s is 8.2 ngecm™2 at 425 nm
phase and the absorbance is stable for at least 56 h. It  and the molar absorptivity is 13,087.90 1 mol~'cm™1.

is further noted that extraction is quantitative after 1 Nature of the Extracted Species. The composition
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Table 1.
Pd(I1)” found
Sr. .
No. Synthetic mixture/Sample Present method Known method!3)
Hg ng
Synthetic mixture®
1 Ru, (100); Rh, (60); Pd, (50). 50.00 50.10
2 Co, (100); Cu, (25); Pd, (20). 19.95 20.00
3 Ni, (50); Cu, (25); Pd, (60). 60.00 60.05
Samples Pd(11) found/ % Certified value/%
1 Pt-ore 4.05 4.02
2 Pt-ore 3.03 3.05
3 Pd-BaSO0; catalyst 0.88 0.89
4 Pd-CaCOs catalyst 4.43 4.44
5 Pd-charcoal catalyst 27.00 27.00

a) Values in parentheses are in pg. b) Average of three determinations.

of the yellow Pd(Il) complex was determined by the
log-log plot of distribution ratio versus pyridine-2-
acetaldehyde salicyloylhydrazone (PASH) concentra-
tion, at a fixed pH. It shows molar ratio of 1:2 with
respect to PASH (Fig. 3). The composition was veri-
fied by Job’s continuous variation method!11? (Fig. 4).
Equimolar solution of reagent and Pd(II) (2X10—* M)
were mixed in complimentary mixture of five ml
volume. Thus the probable extraction mechanism can
be expressed as:

Pd(H20)?* +2(C14H1202N3)” <= Pd(C14H1202N3s)2+2H20

Effect of Foreign Ions. Various cations and anions
were investigated in order to assess the tolerance of these
ions on the extraction of palladium. The tolerance
limit for the variation was fixed at £29% in absorbance.
The results showed that in the extraction and determina-
tion of 30 pg of palladium(1l), 20 mg each of chloride,
iodide, sulfate, nitrite, nitrate, phosphate, thiocyanate,
acetate, oxalate, and tartarate did not interfere. Bro-
mide, fluoride, lead(1l), calcium(II), uranium(VI), and
nickel(I1) did not interfere upto 10 mg. Molybde-
num(IV) upto 5 mg, bismuth(111), zinc(11), iron(I11), and
copper(1l) upto 2 mg did not interfere. Titanium(IV),
thorium(IV), platinum(IV), gold(Ill), rhodium(IIl),
silver(l), cobalt(II), and selenium(IV) can be tolerated
up to 1 mg. Tungsten(V), barium(II), arsenic(III), tel-
lurium(IV), cadmium(1I), and chromium(III) upto 500
pg and 200 pg of ruthenium(IIl) did not interfere.
EDTA and thiourea upto 10 mg are masked with cop-
per(I1) sulfate (5 mg). Interference of 1 mg of vanadi-
um(V) and 5 mg of Sn(Il) masked by sodium fluoride
and sodium citrate respectively.

Palladium Estimation: I) Synthetic Mixtures. The
separation of palladium(II) from synthetic mixtures of
associated metals containing ruthenium(I1I), cobalt(II),
nickel(II), copper(Il), and rhodium(lIl) with varying
combinations was carried out. A suitable aliquot of
synthetic mixture was taken in a beaker and the pH of
the solution mixture was adjusted to 2.0 with [ ml of 7.5

M (1 M=1 moldm™3) acetic acid and the volume was
made to 10 ml with distilled water. The mixture was
extracted with 10 ml of chloroform with 0.1% PASH.
The two phases were separated and the organic phase
was stripped with 10 ml of 0.75 M acetic acid (pH=2).
The absorbance of the organic phase was measured
at 425 nm using reagent blank. The amount of pal-
ladium(I1) was determined from calibration curve.
Number of synthetic mixtures were analyzed by the
developed and known method!® and reported in Table
1. Pd-PASH complex did not show traces of asso-
ciated metals at the working pH. They show a good
agreement between the amount added and estimated.

II) In Catalysts. Palladium catalyst was analyzed.
About 0.1 g samples were digested with mixtures of
concentrated perchloric acid and nitric acid and brought
into solution. An aliquat of the solution was used far
the extraction and determination of palladium.

IIT) In Platinum Ores. Platinum ore of about 0.1 g
was digested with 20 cm3 of aquaregia. The solution
was filtered off and then the solution was made up to 25
cm?3.  An aliquot of solution was taken and extracted as
per general procedure. The values determined by the
present method were in good agreement with the certi-
fied values. The results of the analysis are presented in
Table 1.

References

1) -T. Kanetake and M. Otomo, Anal. Sci., 4, 411 (1988).

2) D. A. Fontan, C. B. Marone, and R. Olsina, Bull.
Chem. Soc. Jpn., 61, 412 (1988).

3) T. Nakanishi and M. Otomo, Anal. Sci., 1, 161 (1985).

4) F. Capitan-Garcia, J. M. Bosque-sendra, P. Entrena,
and F. Molina, Bull. Soc. Chim. Belg., 96, 333 (1987).

5) S. K. Majumdar, P. Chattopadhyay, and P. K. Paria, J.
Indian Chem. Soc., 62, 544 (1985).

6) A.Kumar, M. Gautam, and B. K. Puri, Microchem. J.,
33, 256 (1906).

7) F.Kamil, R. S. Chawla, and S. K. Sindhwani, J. Indian
Chem. Soc., 65, 790 (1988).

8) C. Bandyopadhyay, B. C. Roy, and M. B. Saha, J.



June, 1992] Palladium, Extractive Separation and Spectrophotometric Determination with PASH 1625
Indian Chem. Soc., 63, 707 (1986).

11) P.Job, Ann. Chim. (Paris), 9, 113 (1928).
9) M. Garcia-Vargas and M. dela Guardia, Analyst, 105, 12) H. Irving and T. B. Pierce, J. Chem. Soc., 1959, 2565.
965 (1980).

13) Z. Marczenko, “Spectrophotometric Determination of

10) A. L Vogel, “A Textbook of Quantitative Inorganic ~ Elements,” Ellis Horwood, Chichester (1976).

Analysis,” 3rd ed, Longmans, London (1961), p. 512.




