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A preconcentration procedure has been established
for the determination of trace amounts of pallaldium
with a solid ion-pair of tetradecyldimethylbenzylammo-
nium (TDBA) and iodide on microcrystalline naphtha-
lene using a simple funnel-tipped glass tube as the pre-
concentration column. Palladium reacts with protocate-
chuic acid to form a water-soluble coloured complex an-
ion. The complex anion forms a water-insoluble palladi-
um-protocatechuic acid-TDBA complex on naphthalene
packed in a column. Palladium is quantitatively retained
on the naphthalene in the pH range 4.0-7.0 and at a flow
rate of 2 ml/min. The solid mass consisting of palladium
complex and naphthalene is washed from the column
with 5 ml of dimethylformamide (DMF) and trace
amounts of palladium measured by atomic absorption
spectrometry at 244.8 nm. The detection limit is 0.0257
ug/ml. The developed method has been tested for the
determination of palladium in synthetic as well as actual
samples.

Some metal ions may be preconcentrated using
some adsorbents such as green tea leaves!, chelating
resin?, silica gel®, thiol cotton* and polyurethane
foam®. Some of these are fairly effective but their
preparations are sometimes cumbersome and the
desorption of metal chelate involves the slow pro-
cess of elution.

In the present note, an efficient method of pre-
concentration and separation of Pd is reported using
an ion pair adsorbent composed of I~ and TDBA*
supported on naphthalene. The metal is determined
directly by AAS method and conditions have been
developed for the determination of palladium in
synthetic and actual samples. The newly developed
method is economical, rapid and sensitive.

Experimental
A standard palladium solution (5 ppm) was pre-
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pared by diluting 1000 ppm standard palladium
chloride (Wako Pure Chemical Industries Ltd, Ja-
pan) with doubly distilled water. A 0.5% solution of
protocatechuic acid was prepared in distilled water.
Buffer solutions of pH 8-11 and 3-6 were prepared
by mixing 0.5 M aqueous ammonia/0.5 M ammoni-
um acetate and 0.5 M acetic acid/0.5 M ammonium
acetate respectively in appropriate volumes using a
pH meter®. A Perkin-Elmer model 403 atomic ab-
sorption spectrometer fitted with a palladium hol-
low cathode lamp and a Toa-Dempa HM-5A pH
meter were used. A funnel-tipped glass tube (50 X 6
mm i.d.) was used as a preconcentration column.
The column was plugged with coarse polypropylene
fibres and packed with naphthalene to a height
of 1.0-1.5 cm.

Preparation of TDBA-I-naphthalene adsorbent

A solution of naphthalene was prepared by dis-
solving 20 g of naphthalene in 40 ml of acetone on a
stirring-hot plate system at 35°C. The solution was
transferred to 1500 ml of water containing 3.5 g of
potassium iodide with constant stirring, and then to
it was slowly added a solution of TDBA (1.5 g) in
500 ml water. The naphthalene mixture, coprecipi-
tated with TDBA and iodide ions was stirred for 3
hr and allowed to stand for 2 hr. The supernatant
solution was drained off by decantation and the
mixture was washed twice with water. The slurry of
naphthalene in water was stored in a brown bottle.

General procedure

An aliquot of palladium solution (0.5-35 ug of
palladium) was taken in a 20-ml beaker and to it
were added 0.8 ml of 0.5% protocatechuic acid and
0.5 ml of the buffer (pH 5.5). The solution was dilut-
ed to 20 ml with water. This solution was passed
through a column packed with naphthalene-I-TDBA
adsorbent at a flow rate of 2 ml/min. The packing
was washed with small volumes of water and aspi-
rated for a few minutes while pushing with a flatted
glass rod. The metal complex along with the naph-
thalene was stripped with 5 ml of DMF from the co-
lumn. This solution was aspirated into an air/acety-
lene flame and the absorbance was measured at
2448 nm against the reagent blank.

Results and discussion

The optimum conditions were established by tak-
ing 15 g of palladium. The retention of palladium
on this adsorbent was found to be constant and
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maximum in the pH range 4.0-7.0. All the experi-
ments were carried out at pH 5.5. The addition of
0.5-3.0 ml of the acetate buffer did not affect the ret-
ention but the use of 0.5 ml buffer is recommended.
The flow rate was varied from 1-20 ml/min and it
was observed that 2 ml/min was the optimum flow
rate. The percent retention of palladium on this ad-
sorbent remained constant when the volume of the
aqueous phase did not exceed 160 ml. In all the sub-
sequent experiments 20 ml of the aqueous solution
was used for convenience. Different volumes (0.1-
2.0 ml) of 0.5% protocatechuic acid solution were
used. The retention of palladium remained constant
when 0.2 ml of this reagent was used, but a volume
of 0.8 ml is recommended.

Various solvents were tried to dissolve the naph-
thalene-Pd-protocatechuic  acid-TDBA  complex
from the column. The solid material is insoluble in
common organic solvents such as toluene, 1,2-dich-
loroethane, nitrobenzene, methyl isobutyl ketone,
chloroform, diethyl ether, o-dichlorobenzene, tri-n-
butyl phosphate, benzene, xylene, carbon tetrachlo-
ride, but soluble in methyl alcohol, ethyl alcohol, r-
butyl alcohol, #-amyl alcohol, iso-amyl alcohol, 1,4-
dioxane, acetonitrile, DMSO, acetone and DMF.
DMF was found to be the most suitable solvent.

It was found that 5 ml of this solvent was sufficient
to dissolve the mixture. Since only a small volume of
the solvent is required to dissolve the complex and
naphthalene, it is essential to study the effect of the
surplus water attached to naphthalene. It was found
that the surplus water decreased the absorbance by
10% leading to an error in the determination. Thus,
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it is necessary to eliminate the water attached to
naphthalene in the column by aspirating it.

Based on the optimum conditions described
above, a calibration curve was plotted over the con-
centration range 0.5-35.0 ug of palladium (0.1-7.0
ppm) in 5 ml of the DMF solution. Seven replicate
determinations of 15 pg of palladium gave a mean
absorbance of 0.106 with a relative standard devia-
tion of 0.7%. The detection limit was 0.0257 pg/
ml’*,

Effect of diverse ions

Sample solutions containing 15 pg of palladium
and various amounts of diverse ions were prepared
and analyzed by the general procedure. The follow-
ing (amount shown in parentheses) ions did not in-
terfere. Sodium acetate (100 mg), NH,Cl, Na,SO,
(30 mg each), KNO, (20 mg), Na,P,0,. 10H,0 (15
mg), KCN, Na, K tartrate, KH,PO,, H,0, (5 mg
each), ammonium citrate, Na,C,0, (3 mg each),
NaCl, NH,F, Na,S,0; (2 mg each), NaClO,. H,0,
NH,SCN (1 mg each), KI, EDTA (10 pg each) and
EGTA (5 pg). Among the cations examined, Ca’*,
wet Mg?* (1 mg each), Cr® Ni?* (800 pg each),
Ag* (150 ug, 800 ug after masking with 2 mg of
Na,S,0;), Mo®*, Cd?*, Cu®* (500 ug each), Co*",
(400 ug), Pb**, Pt*, Au** (300 pg each), Zn*",
Hg?* (200 pg each), Bi**, AI** (150 pug each), V**,
Ru**, Mn*>* (100 pg each), Fe** (50 pg, 100 pg af-
ter masking with 2 mg of Na,C,0,), Fe?* (3 ug, 100
ug after masking with 2 mg of Na,C,0,)and Cr** (3
ug, 100 ug after masking with 2 ml of 30% H,0,)
did not show any interference. Thus the method is
fairly selective and can be applied for the determi-

Table 1—Determination of palladium in synthetic and real samples

Composition of sample (%) Palladium taken

(ng)
Pt-Pd-Au (20:20:60) 12.00
Ag-Pd (80:20) 30.00
Co-Pd (95:5) 30.00
Ni-Pt-V-Pd (60:20:9.5:10.5) 12.00
Ni-Pt-V-Pd (60:30:7:2.5) 6.00

Pd/alumina 5.12% (by direct AAS method)
Pd asbestos 9.89% (by direct AAS method)}
0.5% protocatechuic acid: 0.8 mi; pH: 5.5; Wavelength: 244.8 nm.

“masked with 2 mg of Na,$,0,.
*masked with 1 mg of potassium sodium tartrate.

Palladium found Average value Recovery
(ug) (ug) (%)
12.21,12.00 12.00 100.0
11.80, 12.00
29.86,30.28 30.31 101.0°
31.13, 30.06
29.14,29.71 29.57 98.6°
30.00,29.43
11.75,12.25 11.85 98.8
11.63,11.76
6.00,5.91 5.96 99.3
6.09,5.83
5.6710.09 — —
10.11 £0.13 — -
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nation of palladium in synthetic and real samples
(Pd/alumina and Pd/asbestos).

The developed method has been tested for the
synthetic mixtures corresponding to the standard al-
loys of palladium reported in the literature’. The
synthetic mixtures containing various metal ions
listed in Table 1 were prepared and the general
procedure of estimation was followed. A 10 mg
amount of Pd/alumina was completely dissolved in
5 ml of conc. HNO; and 2 ml of HCIO, on a water-
bath. The mixture was evaporated to dryness and
dissolved in 1 ml of 1 N HNO; and 10 ml of water.
This was filtered and the volume made up to 100 ml
in a flask. A sample of palladium asbestos (10 mg)
was ashed in a crucible, dissolved in 5 ml of aqua re-
gia on a water-bath and evaporated to dryness. The
residue was dissolved in 3 mi of conc. HNO; and
evaporated to dryness. This was dissolved in water
containing 2 ml of 0.5 NHNQO,, filtered and diluted
to 100 ml with water in a standard flask. An aliquot
(1 ~2 ml) of the sample solution was taken in a
beaker and similar procedure was followed.

Thus it is observed that use of the ion-pair materi-
al produced from iodide and TDBA on naphthalene
provides a simple, rapid and economical method for
the column preconcentration of palladium in sam-
ples. The proposed method is the first attempt to
scparate  palladium using the reaction of

Pd-protocatechuic acid complex anion with the
quarternary ammonium cation. The solvent extrac-
tion gives a simple and cfficient separation proce-
dure, but it is difficult to extract some metals in the
presence of surfactants because of the emulsion for-
mation in two phases on shaking. In such a case,
larger amounts of salting-out agent must be added in
the solution for the phase separation of the complex.
The proposed method has proved to be effective for
the analysis of trace amounts of palladium in syn-
thetic and real samples. There is no need of regener-
ation of the adsorbent as needed in ion exchange
and Chelex-100 methods. The sensitivity of the
method may be improved further by using other
optical analytical techniques of analysis like graphite
furnace AAS.
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