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A simple and rapid method is proposed for the extraction, separation, and spectrophotometric
determination of palladium from salicylate media using Aliquat 336 dissolved in xylene as an extractant. The
optimum conditions were evaluated from a critical study of pH, salicylate concentration, Aliquat 336

concentration, and period of equilibration.

The palladium in the Aliquat 336 phase is determined

spectrophotometrically with 4-(2-pyridylazo)resorcinol (PAR) at 530 nm. The proposed method described the
scheme for the separation of platinum, nickel, copper, cobalt, zinc, and manganese from binary mixtures. The
method was extended to the analysis of palladium catalyst and platinum ores.

Palladium, one of the platinum group of metals,
find 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. Palladium is a good catalyst and is used for
hydrogenation and dehydrogenation reactions. Due to
corrosion resistance, non-toxic nature and in breadth
of alloying ability palladium and its alloys have
widespread use in dental, medical devices and in
jewellery manufacture.

Various extraction methods such as dioctylsulpho-
xide,? trioctylamine,26:.9 trilaurylamine,® tribenzyl-
amine,? triisooctylamine,!? octylaniline,® Aliquat 336,49
trioctylphosphinoxide,® and trioctylphosphine?
have been reported for the extraction of palladium
from media such as chloride, bromide, nitrate,
perchlorate, acetate, succinate, and EDTA. However
the existing methods suffer from limitations such as
longer extraction period,!~® narrow pH,? solvent
dependence,® and temperature control.” In some
instances the extraction is not quantitative.2-3.8:9

In the present work, we propose a simple and rapid
method for the extraction, separation, and spectro-
photometric detemination of palladium from sodium
salicylate solution using Aliquat 336 as an extractant.
The palladium in the Aliquat 336 phase is determined
spectrophotometrically with 4-(2-pyridylazo)resorcinol
(PAR) at 530 nm.

Experimental

Instruments. Absorbance measurements were made on a
Unicam SP 500 spectrophotometer with 1 cm silica cells and
pH was measured on a Control Dynamics digital pH meter
with a combined glass electrode.

Palladium Stock Solution. This was prepared by dissolv-
ing 0.16 g palladium chloride (Johnson Matthey, London)
in 100 cm3 of distilled water containing 2 cm3 of hydro-
chloric acid. The solution was standardized by the dimethyl
glyoxime method.1? Solutions of lower concentrations were
prepared by the dimethyl glyoxime method.1? Solutions of
lower concentrations were prepared by appropriate dilution
of stock solution.

Extraction Solution. A 5% m/v solution of Aliquat 336
(Fluka) in xylene was prepared, equilibrated with equal
volume of 1 mol dm3 sodium silicylate solution and used

for the extraction of palladium(II).

Reagent Solution. 4-(2-Pyridylazo)resorcinol (PAR) solu-
tion, 0.1% m/v used for palladium determination.

All other chemicals used in this work were of analytical
reagent grade.

General Extraction Procedure. To an aliquot of solution
containing 4—30 pg of palladium add 0.4g of sodium
salicylate to give concentration of 0.1 moldm™2 in a total
volume of 25 cm3. Adjust the pH of the solution to 5.0 with
dilute hydrochloric acid or sodium hydroxide solution and
equilibrate the mixture for 30 seconds in a separatory funnel
with 10 cm?® of 5% Aliquat 336 solution. Separate the two
layers, discard the aqueous phase and add 2 cm3 of 0.1% m/v
PAR solution to the Aliquat 336 phase. After shaking the
mixture for 90 seconds, separate the organic phase, and dry
with anhydrous sodium sulphate and measure the absor-
bance of the orange colored palladium-PAR complex at
530 nm against a reagent blank.

Results and Discussion

Extraction Conditions. The extraction of palla-
dium was carried out over the pH range 3.6—12.0 with
various sodium salicylate concentrations (0.0125 to
0.125 mol dm—3) and amine concentration (0.5—5%
using xylene as the diluent). The results indicate that
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Fig. 1. Extraction of palladium as a function of pH.
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the quantitative extraction of palladium occurs from
0.1 mol dm~! sodium salicylate solution adjusted to a
pH of 4.5—7.0 (Fig. 1). A single extraction for 30
seconds with 10 cm3 of 5% Aliquat 336 is adequate for
the quantitative extraction of palladium; prolonged
shaking has no adverse effect on the extraction. The
metal content in the Aliquat 336 phase is determined
by measuring the absorbance of the colored complex
and referring to the previously constructed calibration
curve.

Spectral Characteristics. The extracted palladium
may be determined spectrophotometrically in the
Aliquat 336 phase with PAR. The palladium-PAR
complex shows maximum absorbance at 530 nm (Fig.
2). The color system obeys Beer’s law over the
concentration range 4—30 pg of palladium per 10 cm3
of organic phase and the absorbance is stable for at
least 36 hours. The characteristic spectrophotometric
data are reported in Table 1.

Nature of the Extracted Species. The log-log plot
of distribution ratio versus salicylate concentration (at
fixed pH and Aliquat 336 concentration) or versus
Aliquat 336 concentration (at fixed pH and salicylate
concentration) yielded a molar ratio of 1:2 with respect
to both Aliquat 336 and salicylate (Figs. 3 and 4).
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Fig. 2. Absorption spectrum of Pd-PAR complex in
Aliquat 336.

Table 1. Spectrophotometric Data for Determination
of Palladium after Extraction with Aliquat 336

Value

2.36X104 mol~! cm™!
4.5ng cm2

Parameter

Molar absorptivity
Sandell’s sensitivity

Mean absorbance? 0.400

Standard deviation of 0.006
absorbance

Coefficient of variation 1.58%

a) Six determinations of 18 pg of palladium.
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Aliquat 336, which is a quaternary amine, acts as a
liquid ion exchanger and extracts the anionic
palladium-salicylate complex. Hence the extracted
species was thought to be an ion-pair complex of
probable composition (RsN+);Pd(OCsH4COO),2~.
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 was defined as the amount of foreign
ion required to cause a £2% error in the recovery of
palladium using the proposed method. The results
showed that in the extraction and determination of
18 ug of palladium(II), 540 pg of platinum(IV), 360 pg
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Fig. 3. Plot of log (distribution ratio) versus
log (Aliquat 336 concentration) at a fixed salicylate
concentration of palladium(II).
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Fig. 4. Plot of log(distribution ratio) versus
log (salicylate concentration) at a fixed pH and
Aliquat 336 concentration of palladium(II).
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Table 2. Analysis of Synthetic Mixtures

Amount found®

Coefficient of variation/%

Standard deviation

Recovery/%

Composition of synthetic mixture?

Sample
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a) Values in parentheses are masses quoted in pg. b) Average of six determinations.
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each of aluminium(III), arsenic(III), molybdenum-
(IV), and tellurium(IV), 270 ug each of tungsten(V)
and sulfate, 180 pg each of silver(I) and tartrate,
145 pg each of manganese(II), chromium(IV), bis-
muth(III), antimony(III), nitrate, bromide, fluoride,
and oxalate, 90 pg each of barium(II), titanium(IV),
gold(I1l), iodide, ascorbate, chloride, phosphate, ni-
trite, and thiocyanate, and 55 pg each of lead(Il), citrate,
and cyanide did not interfere. By prior washing of the
organic phase with water 180 pg each of nickel(II),
cobalt(II), and copper(II) do not show interference in
the subsequent estimation of palladium with PAR.
However, equal amounts of uranium(VI), iron(III),
thorium(IV), zirconium(IV), and EDTA interfere
severely and must be absent.

Separation of Palladium(Il) from Platinum(IV).
The extraction of palladium(II) into Aliquat 336 by
the recommended procedure facilitates its separation
from platinum(IV) as it does not extract into Aliquat
336 and remains completely in the aqueous phase.
The aqueous solution containing platinum(IV) is
evaporated to dryness, treated with perchloric acid to
decompose salicylate and finally taken up in water.
Platinum is then determined with tin(II) chloride
method spectrophotometrically.’®  The extracted
palladium(II) from the organic phase is subsequently
determined as described under general extraction
procedure. The results of the separation are reported
in Table 2.

Separation of Palladium(II) from Nickel(IT), Cobalt-
(I), Copper(Il), Zinc(Il), and Manganese(II). The
separation of palladium(II) from binary mixtures
containing nickel(II), cobalt(II), copper(II), zinc(II),
and manganese(Il) was made possible by stripping
nickel, cobalt, copper, zinc, or manganese with water.
These metal ions were determined spectrophotometri-
cally using dimethyl glyoxime,® 1-(2-pyridylazo)-2-
naphthol,4:19 or 4-(2-pyridylazo)resorcinol!6-1? meth-
od. Finally palladium was determined in the
organic phase as described in the general extraction
procedure. The recovery of palladium and that of the
added ion were greater than 99.0%. The separation
results of binary mixtures are reported in Table 2.

Analysis of Palladium in Standard Catalyst and
Platinum Ores. The proposed method was applied
to the separation and determination of palladium in
palladium catalyst and platinum ores. Catalyst
sample of 0.1g was digested with mixtures of
concentrated perchloric acid and nitric acid and
brought into solution. An aliquot of the solution was
used for the extraction and determination of pal-
ladium. Platinum ore of 0.1 g was digested with
20 cm3 of aqua regia. The silica was filtered off and
then the solution was made up to 25 cm3. An aliquot
of solution was taken and extracted per general
extraction procedure. The values determined by the
present method were in good agreement with the
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Table 3. Analysis of Palladium(II) in Standard Samples

Palladium present

Coefficient of

: a) o .

Sample (Certified value)/% Palladium found/% Standard deviation variation/%
Pd/Charcoal catalyst 27.0 26.8 0.109 0.408
Platinum ore 3.05 3.02 0.025 0.612
Platinum ore 4.02 4.00 0.019 0.628

a) Average of six determinations.

certified values. The results of the analysis are
presented in Table 3.

The authors thank the University Grants Commis-
sion, New Delhi for financing the project and for the
award of fellowship to N. M. S.

References

1) M. Mojski, Chem. Anal. (Warsaw), 25, 799 (1980).

2) V. Mikulay, F. Macasek, and P. Rajec, J. Radioanal.
Chem., 51, 55 (1979).

3) C. Pohlandt, Talanta, 26, 199 (1979).

4) M. H. Campbell, Anal. Chem., 40, 6 (1968).

5) M. Mojski, J. Radioanal. Chem., 46, 236 (1978).

6) M. R. Shivade and V. M. Shinde, Indian J. Chem., Sect.
A, 21, 336 (1982).

7) M. Mojski, Talanta, 27, 7 (1980).

8) H. M. N. H. Irving and R. H. Al. Jarrah, Anal. Chim.
Acta, 74, 321 (1975).
9) E. Neokova, K. Vasilev, and L. Tsoneva, Rudodobir.
Met., 24, 47 (1969).
10) M. Y. Mirza, Talanta, 27, 101 (1980).
11) A. I Vogel, “A Textbook of Quantitative Inorganic
Analysis,” 3rd ed, Longmans, London (1961), p. 512.
12) E. B. Sandell, “Colorimetric Determination of Trace
Metals,” 3rd ed, Interscience, New York (1958), p. 774.
13) Z. Marczenko, “Spectrophotometric Determination of
Elements,” Ellis Horwood, Chichester (1976), p. 370.
14) H. Fleschka and J. Garrett, Talanta, 15, 595 (1968).
15) B. F. Pease and M. B. Williams, Anal. Chem., 31, 1044
(1959).
16) G. Goldstein, W. L. Maddox, and M. T. Kelley, Anal.
Chem., 46, 485 (1974).
17) D. Nonova and B. Evtimova, Talanta, 20, 1347 (1973).




