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ABSTRACT : A sensitive and selective extraction - spectro-
photometric method for the determination of trace amounts of
palladium is reported. The method is based on quantitative
extraction of brownish tetrabutylammonium tetraiodopalladium
(Il)ion pair into a small volume of chloroform atpH 1.3 - 12.0,
followed by spectrophoto- metric measurements. The Beer's law is
obeyed over the range 0.02 - 1.09ugml-! at 445 nm with the molar
absorptivity of 5.3 x 108lmol-‘cm-\. The Sandell's sensitivity is 0.80
mg cm-2 for 0.001 absorbance unit. The method has a wide range
and is simple, rapid and free from interferences from many cations
and anions. The procedure was applied to the determination of
palladium in the activated carbon.
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INTRODUCTION :

Prior to 1930, palladivm was used only in including coating agents [2], brazing alloys [3],
moderate amounts, principally in dental alloys petroleum {4] and electrical [5,6] industries as
and jewelry [1]. With increased and reliable well as a wide variety of catalytic chemical
supplies available, it has found a widespread use reactions {7]. Thus, because of its increasing use,
in different areas of science and technology, the separation and determination of palladium
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in trace levels are of special interest.

Most of the spectrophotometric methods
reported for the determination of PA(II) are based
on the chelate formation with organic reagents
[8-13] or ion pair formation with basic dyes
[14-16]. However, these methods usually suffer
from poor selectivity, due to interferences from
several commonly associated ions, relatively low
sensitivity and need for the rigid control of the
pH. In additon, some of the ion- association
compounds precipitate out at the phase boundary
or on the walls of separatory funnels when the
aqueous solution is shaken with an organic
solvent [16].

It has already been reported that addition of an
excess amount of potassium iodide to the aqueous
solution of Pd(II) results in the formation of a
brown coliloidal solution of K;[PdI4] complex
[17]. In this work, we found out that the use of
tetrabutylammonium iodide, instead of KI, not
only provides the required iodide ion for the
complex formation with Pd(II), but also its
cation serves as a suitable counter ion for the
formation of an ion- association compound with
[PdI4)*~ ion which is quantitatively extractable
in a small volume of chloroform. In this paper,
we wish to report a sensitive and selective
extraction- spectrophotometric method for the
determination of palladium in ppb levels,

EXPERIMENTAL :
Reagents

All of chemicals used in this study were of
highest purity available and were used as
recieved.

Tetrabutylammonium iodide (TBAI, Merck
Darmstadt; Germany) solution, 0.3% w/v,
Prepared in triply distilled water.

Palladium (11) stock standard solution. An
appropriate amount of PdCl; (Merck) was
dissolved in 25 ml of 1 M hydrochiloric acid in a
100 ml volumetric flask. The solution was diluted
1o the mark with triply distilled water and the
concentration of palladium was determined
gravimetrically using dimethylglyoxime [18]. The
working solutions were prepared by suitable
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dilution of the stock solution
Potassium chloride (Merck) solution, 3 M.
Prepared in triply distilled water.

Apparatus

The visible spectra were obtained with a
Beckman DK-2A ratio recording spectro-
photometer and the absorbance measurements
were made with a Perkin- Elmer 35 spectro-
photometer. The pH values were determined
with a Corning 125 pH meter.

Procedure

In a 100 ml calibrated flask place an aliquot of
the sample containing 2-109 ug of Pd(1I). Add 2.5
ml of 0.3% TBAI and 5 ml of 3 M KClI solutions
and dilute to the mark with triply distilled water
and mix well. Transfer the solution into a 250 ml
separatory funnel. Extract the mixture with 4 mi
of chloroform (exactly measured) by shaking the
funnel vigorously for 5 min. Allow the phases to
separate and measure the absorbance of the
organic phase at 445 nm against a reagent blank.

Determination of Palladium in the Activated
Carbon. The dreid sample (~ 0.2 g) is treated with
two 20 ml portions of aqua regia and heated
nearly to dryness. After cooling, 10 ml of triply
distilled water is added and the solution is filtered.
After washing the precipitate with several
portions of dilute nitric acid, the filterate is
diluted to volume with water in a 250 ml
calibrated flask. The palladium content is then
determined according to the above procedure. In
this case, because of the relatively high
concentration of nitrate ion, it is necessary to add
some extra amount of potassium iodide to ensure
the complete complex formation of Pd2+ jon.

RESULTS AND DISCUSSION :
Absorption spectra

The absorption spectra of the ion- association
compound and of the corresponding reagent
blank in chloroform are shown in Fig. 1. As it is
seen, the brownish complex shows two maxima at
550 and 445 nm. Since the intensity of the 445 nm
band was higher, in one hand, and the spectral
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Fig. 1 : Absorption spectra of the ion- association
complex of Pd(II) with TBAI, (A) the reagent
blank , (B) in chloroform

contamination from the interferences was much-
lower, on the other, this wavelength was used for
the further studies. The molar absorptivity at
445 nm was found to be 5.3 x 10° Imol~lcm—!,
where the blank shows a negligible absorbance.

Effect of pH

The optimum pH for the complete extraction
of palladium with TBAI in chloroform was
studied over the range of 0.9- 12.9, using proper
amounts of HCl or NaOH for the pH adjust-
ment. The results are given in Fig. 2. It is
observed that the extraction is quantitative in
the pHrange 1.3- 11.9. Beyond this range the
percentofextraction (%E)decreases drastically.
The decrease in 9%E at pH values greater than
11.9 is probably due the formation of palladium
hydroxide, whereas the decrease in extraction at
high concentrations of H;O* can be explained
on the basis of competition between tetrabutyl-
ammonium and hydronium ions for Pdi;—2

Effect of TBAI concentration

The influence of TBAI concentration on the
extraction process was studeid in Fig. 3. The
extraction is quantitative when the TBAI to
Pd(II)mole ratio of about 9 is reached. A further
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Fig. 2 : Effect of pH on the extraction of Pd(II).
Conditinns:
Pa(Il): 1.0120g mi!
KCl:5mlof 35 M

TBAI: Im of 1.5% in HyO
.lm“; 445 nm

Color: brown

excess of TBAI has no effect on %E.
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Fig. 3: Effect of TBAI concentration of the extraction of

Pd(ll).
Condition:
Pddl): 1.012 ug mi} KCh:5mlof35 M
Amax 445 nm Color: brown
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Effect of ionic strength

The ionic strength of the aqueous solution of
Pd(1I) was found to influence the extraction
process (Fig. 4.). There is an increase in %E
with ionic strength, maintained by the addition
of KCl solution. Quantitative extraction resuits
at ionic strength 0.11 M. When the ionic
strength was adjusted with potassium
perchlorate, instead of KCl, the same results was
observed.

100 —ar -+ - -
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HE
60 b
40
1 1 i ]
! 0.1 0.2 0.3 4 0n.s
1I™M)

Fig. 4: Effect of ionic strength on the extraction of Pd(II)
Conditions:

Pd(il): 1.012 pg mi~!
Amax 45 mn

TBAL: 2 ml of 03% in HxO

Color: brown

Effect of shaking time

The extraction of Pd(II)with TBAI into
chloroform is very rapid. A shaking time of 3-6
min was found sufficient for quantitative
extraction.

Effect of organic solvents

The extraction of tetrabutylammonium
tetraiodopalladivm (II)ion pair was examined in
carbon tetrachloride, benzene, isobutanol,
diethyl ether, diethyl ketone, methyl isobutyl
ketone and chloroform. It was found that the
extent of extraction in the first four solvents is
very low, while quantitative extraction is casily
achieved in the rest. However, the reagent blank
in diethyl ketone and methyl isobutyl ketone was
found to absorb light considerably in the
wavelength regionofinterest. Thus, chloroform
with negligible reagent blanks absorption (Fig.
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1) was chosen for the extraction process.

Beer's law study

A calibration graph for palladium was
obtained over the concentration range 0.02- 1.09
ug ml~1(r=0.99960) of Pd{Ihat 445 nm. The
Sandell’s sensitivity [19] for 0.001 absorbance
unit was found to be 0.80 mg cm~2 The relative
error (95% confidence level)for 0.402 ug ml—! of
palladium was +1.6% (12 replicates). The
complex is stable for at least 48 hr in organic
phase. It should be noted that, by the used of a
50:1 aqueous to organic phase volume ratio,
instead of the recommended value of 25:1 in the
procedure, the palladium concentrations lower
than 0.02 ug ml~! could also be easily
determined.

Effect of diverse ions

In order to determine the sensitivity and
utility of the method, palladium (II) was
extracted in the presence of several other ions.
The results are given in Table 1. An error of
*2% was considered tolerable in the
experiments. As it is seen, none of the cations
and anions used interfere in the extraction of
palladium, and most of them can be tolerated at
a very high level.

APPLICATION :

The proposed method was applied success-
fully to the determination of palladium in the
activated carbon (Aldrich, Chemicals, Inc
Milwukee WI,USA) using the standard additon
method. Three different sample solutions were
prepared by the sampling procedure described in
the experimental section and the amount of
Pd(II) was determined according to the recom-
mended procedure. The precent of palladium in
the activated carbon used was found 1o be 10.21
=+ 0.17 which is in a satisfactory agreement with
the reported value of 10% by the company.
Acknowledgment :

The suport of this work by the Shiraz

University Research Council is gratefully
acknowledged.

17



Iran. J. Chem. & Chem. Eng

Extraction - Spectrophotometric ...

Vol 11, No. 1, 1992

Table 1: Tolerance of Pd(il) - TBAI System to Diverse lons. Conditions: Pd(11), 0.40
pgmi'l; TBAI, 2 ml of 0.3% in Hz0 ; KCl, 5 ml of 3.5 M ; Apax , 445 nm.

. N
Foreign ion Molar ratio Foreign ion Moiar raion
Os(VIII) 884* Ag(D) 609+
Cu(II 4136* Pb(II) 1269*
Ni(IT) 4477* AI(IIT) 9742*
Co(II) 4460* Ce(IID) 5055*
Zn(Il) 4021* PY(IV) 50
Ca(I) 2338° Fe(III) 38
Mo(VII) 2740 As(1II) 351
W(VII) 857* Sn(1I) 221
HE(ILI) 1325* Hg(II) 52t
Mn(1l) 4784 TI(T) 64F
Th(IV) 283+ ClO,~ 2646*
Te(IV) 515* NO3™ 4385*
La(IlI) 473* CH3CO0™ 4460*
Bi(IlI) 314* BrOa~ 2057
V(III) 1290* H,PO 2~ 2712*
Ca(II) 1640* 103~ 1504*
Rh(III) 638 OCN™ 63
In(II1) 572* SO32- 3280*
Zr(IV) 720* F- 13850*
Sb(I1I) 540* S042- 2741*
Se(IV) 832¢ NO;~ 115
. J/
*  Above of which was nor tested.
+ After separation of precipitate by decantation
1 After addition of some eara TBAIL
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