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ABSTRACT 
Thymol Blue dye is used as a reagent for the spectrophotometric determination of Pd(II). The reagent 
forms a yellow colored complex with palladium(II) instantaneously at pH 3.0-5.0. A twofold molar 
concentration of the reagent is necessary for the full development of the colour intensity. Beer’s law is 
valid over the concentration range 0.0-9.57µg ml-1 and the optimum range for the effective 
spectrophotometric determination is 1.06-9.57 µgml-1 . The complex has absorption maximum at 470 nm 
with molar absorptivity 2.12 × 104 Lmol-1cm-1 and sensitivity is 0.47 ng ml-1 respectively. The standard 
deviation has been found to be 0.0006. 
 
Keywords:  Thymol Blue, Palladium, Spectrophotometry. 
______________________________________________________________________________ 

 
INTRODUCTION 

 
Palladium has been used in various ways as a hydrogenation catalyst, microcoductors in the electronics, 
hard alloy in dentistry and in the last few years as a component in the three-way catalysts in automobile 
exhaust catalytic beads. Due to the introduction of palladium, platinum and rhodium for use in catalytic 
converters in motor vehicles, the emission of these metals into the environment has increased. In addition, 
an increased uptake of palladium by plants has led to soil pollution. Palladium is thought to be one of the 
strongest allergens from health hazard viewpoint [1,2]. For these reasons, establishing rapid and accurate 
methods for the determination of palladium for industrial process, quality and pollution control is 
important. Many sensitive methods, such as Spectrofluorimetry, X-ray fluorescence spectrometry, Neutron 
activation analysis, Atomic absorption spectrometry have widely been used for the determination of 
palladium. However, Spectrophotometric methods have gained popularity for palladium determination as 
advantageous in respect of simplicity and low operating costs. A wide variety of spectrophotometric 
reagents, such as azo dyes, rhodamine derivatives, porphyrin ligands, thiourea derivatives, 8-hydroxy  
aminoquinoline derivatives and nitroso dye have been developed for the determination of palladium [3-
12]. Many organic reagents for the spectrophotometric determination of palladium have been reviewed by 
Beamish[13].More recently, procedure based on palladium complex with 3-(2’-thiazolylazo-)2,6-
diaminopyridine[14], 2,3-dibromo-4-carboxy benzene-1,10-phenanthroline[15], 1-(5-bromo-2-
pyridylazo)-2-naphthol-6-sulfonic acid[16] and pyrogallol red –H2O2 [17], But in all the above cases 
complexation has been reported at an elevated temperature. The sulphur containing ligands form more 
stable complexes with palladium(II). Some sulphur containing ligands such as substituted thioureas  
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[18-23], 2 arylthi-p- nitroacetophenone[24], thiosemicarbazones[25],2,2’-dithiodianiline[26], have been 
reported for spectrophotometric determination of palladium (II) from associated elements, but these suffer 
from lack of selectivity and are time consuming. 
Some other extractive spectrophotometric methods have also been developed for the determination of 
palladium (II). Some of them have the advantage of simplicity, sensitivity or specificity. The method 
described here, however, is superior to each of these in sensitivity, specificity, precision and in the 
concentration range that can be used. The indicator used is thymol blue.  

 
MATERIALS AND METHODS 

 
An UV- visible spectrophotometer (ELICO, Model SL-159) with quartz cells of 1.0 cm path length was 
used for absorbance measurement. An ELICO digital pH (Model LI-120) with combined glass calomel 
electrode was used for pH measurements. All chemicals used were of AR grade (Merck). A 1060 µg ml-1 
solution was prepared by dissolving 2.134 g of PdCl2 in 2 ml of concentrated HCl and then diluting to 1000 
ml with distilled water and the solution was standardized by known methods reported in the literature [27]. 
The standard stock solution of thymol blue of 1.0 × 10-2 M concentration was prepared in aqueous alcohol 
(40%v/v). 
 
Recommended Procedure: An aliquot of solution containing 10.6 µg ml-1 palladium (II) was taken in a 
10 ml measuring flask, & 2 ml of 1.0 × 10-4 M of the reagent was added to it. The contents were diluted to 
the mark with aqueous alcohol (40%v/v), keeping the pH constant, the absorption spectrum of the resultant 
yellow colored palladium (II)- thymol blue complex was recorded against blank from which the value of 
λmax was obtained. The optimum experimental conditions in regard to -  1. The concentration of the reagent 
(thymol blue), 2. The concentration of the palladium(II), 3. The pH of the medium and 4. Ascertaining the 
λmax - of the palladium (II) thymol blue complex were established. 

RESULTS AND DISCUSSION 

The absorption spectrum of the palladium (II)- thymol blue complex in aqueous alcohol was studied over 
the wave length range 340-610 nm. The yellow colored complex exhibited absorption maximum at 470 
nm, where reagents shows negligible absorption at this wavelength. The effect of the quantity of the 
reagent on the intensity of color was also studied. It was found that minimum 2- fold excess of the reagent 
was required for full colour development. The colour develops instantaneously on mixing the two 
solutions and remains stable for 40 minutes. The optimum pH for the formation of this complex is 4.0. 
The system adheres to Beer’s law in the range 0.0-9.57 µg ml-1 of the palladium (II) with optimum range 
of 1.06-9.57 µg ml-1 of the metal (Figure 1). The molar absorptivity calculated over the range studied was 
2.12 × 104 L mol-1 cm-1, while sensitivity was 0.47 ng ml-1. The standard deviation & coefficient of 
variance as determined of a series of measurements made according to the optimum conditions were 
0.0006 and 0.30 respectively. This speaks the volume for the precision for the present spectrophotometric 
method for the determination of palladium (II) using thymol blue as the analytical reagents. It is 
worthwhile to mention here that this method has an edge over some recent spectrophotometric methods for 
the determination of palladium (II) using other reagents (Table 2). Further, the mole ratio method gives the 
composition of this palladium (II)- thymol blue complex as 1:2 (Pd :T.B::1:2). 
The effect of diverse ions on the spectrophotometric determination of Palladium (II), using Thymol Blue 
as the reagent has been studied in the terms of tolerance limit which was set as the amount (µg ml-1) of the 
diverse ions causing an error of ± 1% (table 1). It has been concluded that the following cations and anions 
do not interfere in the spectrophotometric determination of the Palladium (II). 
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Figure  1. Plot of Absorbance vs Concentration (C) of Palladium(II)– Thymol Blue complex 

Table 1. Effect of diverse ions on the Spectrophotometric Determination of Palladium (II) using Thymol 
Blue as the reagent, Palladium (II) = 2.12 g mL-1 

 

S. 
No. 

Diverse 
ion 

Added  as Amount of a 
diverse Ion added 

(g mL-1) 

Pd (II) found 
(g mL-1) 

Relative 
error  
(%) 

1 NO2
- NaNO2 115.8 2.098 -1.03 

2 NO3
- NaNO3 149.9 2.110 -0.47 

3 CH3COO- CH3COONa 140.0 2.129 -0.42 
4 Cl- KCl 178.0 2.135 0.70 
5 Br- KBr 199.9 2.126 -0.30 

6 I- KI 317.0 2.127 0.28 
7 CO3

2- 
Na2CO3 

154.5 2.11 -0.47 

8 SO4
2- K2SO4 238.0 2.126 0.28 

9 PO4
3- Na2HPO4.12H2O 237.4 2.135 0.70 

10 NH4
+ NH4NO3 898.9 2.099 -0.99 

11 Na+ NaNO3 574.9 2.097 -1.08 
12 Pb2+ Pb(NO3)2 518.0 2.144 1.13 
13 Hg2+ HgCl2 494.9 2.10 -0.94 
14 Cu2+ Cu(NO3)2.3H2O 157.0 2.126 0.28 
15 
 

Cd2+ Cd(NO3)2 280.0 2.112 -0.37 
Contd. 

16 Al3+ Al2(SO4)3.16H2O 269.8 2.106 -0.66 
17 Fe3+ FeCl3 1566 2.128 -0.37 
18 Cr3+ CrCl3.6H2O 2598 2.139 -0.61 
19 Zn2+ Zn(NO3)2 4900 2.126 -0.28 
20 Mn2+ MnSO4.H2O 1374 2.103 -0.80 
21 Ni2+ Ni(NO3)2.6H2O 146.7 2.111 -0.42 
22 Co2+ Co(NO3)2.6H2O 735.31 2.105 -0.70 
23 Ba2+ BaCl2.2H2O 343.0 2.135 0.70 
24 Sr2+ Sr(NO3)2 214.0 2.132 0.56 
25 Ca2+ Ca(NO3)2 999.4 2.145 1.17 
26 Mg2+ Mg(NO3)2.6H2O 564.5 2.112 -0.37 
27 K+ KCl 970.0 2.126 
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Table 2. Comparision of the present method with some recent spectrophotometric methods for the 
determination of Palladium (II) 

 
Reagent Sensitivity 

(g mL-1 ) 
Linear range (g mL-

1 ) 
Molar 

absorptivity (L 
mol-1 cm-1) 

Ref. No. 

4 – Salicylamido – 1- 
diactylmonoxime (SDT) 

- 0.09 – 3.6 3  104 28 

Glyoxal Bis (4 – phenyl – 3 – 
thiosemicarbazone (GBPT) 

- 50 - 500g/25ml (a) 3.2  10-3 at 
(b) 1.5  103 

         29 

Phenanthraquinone 
Monothiosemicarbazone (PTS) 

0.025 23.4  
- 

30 

0.0083 7.2   
N – Acetyl – L – Cystcine - 4.0 – 65.3 - 31 
4,4’ – Bis (dimethylamino) 
thiobanzophenone (TMK) 

- 0 – 0.8 1.96   105 32 

Disulfoton - 2 – 17 - 33 
5, 6 – Dimethyl – 1, 3 – 
indanedione – 2 – oxime 

- - 2.98  104 34 

Pyridine – 2 – Acetaldehyde 
salicyloyl hydrozone 

- 0.12 – 8.0 1.3  104 35 

2 – (2 – Benzothiazolylazo) – 5 
– dimethylamino – 4 – alyl 

arsomic acid 
 

- 0 – 1.6 6.65  104 36 

1 – (Thiazolylazo) – 2 – 
hydroxynaphthalene – 3, 6 – 

disulphonic acid 

- 
 

2 10-6 – 1.5  10-4 M 1.1  104 37 

3 – (5’ – Tetraazolylazo) – 2, 6 
– diaminotoluene 

 
 

- - 5.2  104 38 

1, 4 – Dihydrazino phthalazine 
 

- 0.12 – 8.0 2.6  104 39 
 
 
 

5 – (5 – Nitro – 2 – pyridxlazo) 
– 2, 4 – diaminotoluene 

 

- 0 – 0.9 1.25  105 40 

N, N’ – Dipyridylthiourea 
 
 

0.0065 0.24 – 2.88 2.36  104 41 

1 phenyl – 3 – (2 – thiazolyl) 
thiourea 

- 25 - 180 1.56  104 42 

2, 4 – dihydroxyacetophenone 
thiosemicarbazone 

- 0.7 – 12.0 1.3  104 43 

5 – [ - (4 – Chlorophenol) 
azo] rhodamine 

- 0 25 /25 ml 2.96  104 44 

5 – (3 – Carboxylphenylazo) – 
8 – aminoquinoline 

- 0 – 10 /25 ml 8.4  104 45 

2 – (2 – Thiazolylazo) – 5 – 
dimethylamino benzoic acis 

0.391 0.12 – 1.75 8.70  104 46 

Thymol Blue 
 
 
 
 

0.0032 
ng/ml 

0 – 10.6 3.1  104 Present 
Method 

 

APPLICATIONS 
 

Present method is rapid and accurate method for the determination of micro amounts of Palladium (II) in 
different types of samples i.e. in effluent and soil analysis to control Palladium pollution.  
It is a simple method and has low operating cost. 
It is a sensitive, selective and convenient method for the determination of Palladium. 
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CONCLUSIONS 
 

A comparison of the proposed methods with other spectrophotometric methods (Table 2) shows the 
Thymol Blue is one of the most sensitive, selective and convenient spectrophotometric reagents for 
palladium. 
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