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Abstract 

A simple and highly sensitive method is proposed for the determination of palladium with 2-mercaptoethanol using 

spectrophotometer. The Pd(II) formed1:2, a yellow colored complex with 2-mercaptoethanol in a buffer(potassium hydrogen 

phthalate-hydrochloric acid)  of pH 4. The detection limit and quantitation limit of the palladium(II) determination are found 

to be 0.396 µg cm
-3

 and 1.200 µg cm
-3

 respectively. The Beer’s law obeyed over the concentration range 1.39-8.36 µg cm
-3

 of 

palladium(II). The optimum concentration range for maximum precision was deduced from Ringbom’s plot and was found to 

be 2.79-8.36 µg cm
-3

. The molar absorptivity and Sandell’s sensitivity of the complex were found to be 2.2634 x 10
4
 dm

3
 mol

-1
 

cm
-1

 and 7.2154 x 10
-3

 µg cm
-2

, respectively.  The absorbance value of the complex was not effected by the presence of 

various cations and anions. The investigated method was applied for the determination of Pd(II) in alloy and catalyst 

samples. 
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Introduction 

Palladium was discovered by William Hyde Wollaston and it 

was named after the asteroid Pallas
1
. Palladium is one among 

the platinum group elements. It is largely used in catalytic 

converters
2
, jewelry and dentistry

3
. It is also used for the 

storage
4
 and purification of hydrogen gas

1
. During making of 

white gold, palladium can be used as an alternative to platinum
2
. 

Catalytic convertors are major sources of increase in palladium 

content in environment
5
. Pd at very low doses can act as 

potential allergen
6
. Recently it has been reported that palladium 

containing dental implants can cause allergic contact 

dermatitis
7
. Thus a rapid, selective and sensitive method for the 

determination of palladium is explored. 

 

Various sensitive analytical techniques like neutron activation 

analysis
8
, atomic absorption spectrometry

9
 and 

spectrophotometry
10-29

 have been used for the determination of 

palladium. Spectrophotometric methods are popular for the 

determination of palladium due to their simplicity and low cost 

of operation. A variety of organic reagents containing nitrogen 

and sulphur as donor atoms, has been used for palladium(II) 

determination. Most of these reagents suffer from limitations 

such as critical pH, long time for colour development, 

requirement of heating, interference of other ions e.t.c. In the 

investigated method, 2-mercaptoethanol has been used as a new 

analytical reagent for palladium(II) determination using 

spectrophotometer. The results obtained indicate that 2-

mercaptoethanol is a highly sensitive, selective and convenient 

reagent for the determination of palladium.  

 

Material and Methods 

Materials: Measurements of absorbance were made on UV-

Visible spectrophotometer (Jasco model V-360 manufactured by 

Jasco Corporation, Japan) using Quartz cell with a path length 

of 1 cm. Measurements of pH were made using digital pH meter 

(model EQ-610) supplied by Equiptronics Instruments (India). 

0.2902 g of palladium chloride was dissolved in minimum 

volume of dilute KCl solution, and then diluted to 250 cm
3
 with 

distilled water to obtain the stock solution. Then the method of 

gravimetry
30 

was used to standardize the stock solution. By 

dilution of the stock solution to the required volume, working 

solutions were prepared. A known volume of 2-mercaptoethanol 

was dissolved in distilled water to get 0.01% solution. 

 

0.2M KCl, 0.1M C8H5KO4, 0.1M NaOH, 0.1M KH2PO4, 

0.025M Na2B4O7.10H2O solutions were prepared by dissolving 

the respective salts in appropriate amount of distilled water. 

0.1M and 0.2M hydrochloric acid were prepared by diluting the 

appropriate amount of 10.2M hydrochloric acid using distilled 

water. These solutions were mixed in required amounts to 

prepare the buffer solutions of various pH. 

 

Metal salts were separately dissolved in and made up to 100 cm
3
 

using distilled water to get solutions of respective metal ions. 

Alkali metal salts were dissolved in distilled water to obtain 

solutions of anions. 
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Method: Different amounts (34.84 to 348.35 µg) of Pd(II) were 

taken in separate 25 cm
3
 standard flasks, each  containing 10 

cm
3
 of 0.01% 2-mercaptoethanol solution. Each solution was 

made up to the mark using buffer solution of pH 4 and shaken 

well for uniform concentration. A wavelength of 315 nm was 

used to measure the absorbances of solutions, against reagent 

blank which is prepared in the identical manner but without the 

addition of palladium. Absorbances were plotted versus 

concentration to get the calibration plot. 

 

Analysis of palladium alloy and catalyst samples: To a 

known weight of alloy or catalyst sample, aquaregia was added 

and heated until the sample almost advance towards dryness. 

The dilute hydrochloric acid was added to the residue and the 

solution was filtered. The filtrate was diluted to a known 

volume using distilled water. The dimethylglyoximate method 
1 

was employed to standardize the stock solution. Known volume 

of the stock solution was used for the determination of 

palladium as per the investigated procedure. 

 

Results and Discussion 

Absorption spectra: Pd(II) formed a light yellow coloured 

complex with 2 mercaptoethanol. Wavelength region 300-800 

nm was selected to record the  absorption spectra of reagent 

solution against buffer blank of pH 4 followed by  the solution 

of Pd(II)- 2-mercaptoethanol complex against reagent blank. 

The spectra of the complex is presented in the figure-1. 

 

Detection Limit and Quantitation Limit: For the 

determination of Pd(II), the detection limit
31

 was calculated 

(DL=3.3σ/S ) as 0.396 µg cm
-3 

and quantitation limit
31

 was 

found [QL=10σ/S where σ  represents standard deviation of the 

regent blank (n=5) and ‘S’ represents slope of the calibration 

curve ] as 1.200 µg cm
-3

.   

 

Effect of pH: The effect of pH on the development of colour 

intensity of the complex was studied.  A plot of pH versus 

absorbance at 315 nm (figure-2) shows maximum absorbance at 

pH 4. Hence the further studies were carried out at the optimum 

pH 4. 

 

Effect of reagent: 0.2 to 3.0 cm
3
 of 0.01% 2-mercaptoethanol 

solution was added to a series of 25 cm
3
 standard flasks, each 

containing 0.4 cm
3
 of a 348.35 µg cm

-3
 palladium(II) solution. 

The solution was made up to the mark using buffer solution of 

pH 4. Absorbance remained constant (figure-3) from addition of 

2 cm
3
 to 3 cm

3
 of the reagent. Surplus of 2-mercaptoethanol did 

not affect the absorbance of solution.  

 

Validity of Beer’s Law: 0.1-1.0 cm
3 

of 348.35 µg cm
-3

 Pd(II) 

solution and 10 cm
3
 of 0.01% 2-mercaptoethanol solution  was 

added to different 25 cm
3
 standard flasks. The solution in each 

standard flask was made up to the mark using the buffer 

solution of pH 4 and absorbances were measured at 315 nm. A 

graph plotted between amount of palladium(II) and 

corresponding absorbance (figure-4), shows the linear plot 

passing through the origin. It obeys the Beer’s Law in the range 

1.39 µg cm
-3

 to 8.36 µg cm
-3

 of Pd(II). 

 

Sandell’s sensitivity and Molar absorptivity: From Beer’s 

law data, Sandell’s sensitivity was calculated as 7.2154 x 10
-3

 

µg cm
-2

and molar absorptivity as 2.2634 x 10
4
 dm

3
 mol

-1
 cm

-1
. 

 
Ringbom plot: A Ringbom plot (figure-5) was established by 

ploting log [Pd(II)] versus (100-%T).  The optimum range of 

2.79-8.36 µg cm
-3

 of the metal was obtained. 

 

 

Figure-1 

Absorption spectra of Pd(II)-2 Mercaptoethanol Complex 
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Figure-2 

Effect of pH on Pd(II)-2 Mercaptoethanol Complex 

 

 
Figure-3 

Effect of Reagent concentration on Pd(II)-2 Mercaptoethanol Complex 
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Figure-4 

Beer’s Law plot of Pd(II)-2 Mercaptoethanol Complex 

 

 
Figure-5 

Ringbom plot of pH on Pd(II)-2 Mercaptoethanol Complex 
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Precision and accuracy: To assess the precision and accuracy 

of the method, determinations were carried out for a set of five 

measurements of 2.84-8.16µg cm
-3

 of Pd(II), under the 

optimized experimental conditions. The results are presented in 

the table-1. The relative error and relative standard deviation do 

not exceed ±0.47 % and 0.42 % respectively. The results 

indicate that the proposed method is precise and accurate. 

 

Composition of the Pd(II) -2-mercaptoethanol complex: By 

Job’s method of continuous variation (figure-6) the composition 

of the Pd(II)-2-mercaptoethanol was  found to be 1:2. It was 

further confirmed by the mole ratio method (figure-7). 

 

Table 1 

Precession and accuracy in the determination of palladium(II) 

Pd(II)  (µg cm
-3

) 
Relative error 

(%) 

Standard deviation 

(µg cm
-3

) 

Relative  standard deviation 

(%) 
Taken Found* 

2.84 2.83 -0.35 0.012 0.42 

4.26 4.24 -0.47 0.007 0.17 

5.67 5.65 -0.35 0.012 0.22 

7.09 7.07 -0.28 0.02 0.35 

8.16 8.13 -0.37 0.012 0.15 

*Average of five determinations 

 

 
Figure-6 

Continuous variation plot of pH on Pd(II)-2 Mercaptoethanol Complex 
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Figure-7 

Mole ratio plot of Pd(II)-2 Mercaptoethanol Complex 
 

Effect of diverse ions: The absorbance value of Pd(II)-2-

mercaptoethanol [4.26 µg cm
-3

 Pd(II)]complex was studied in 

the presence of foreign ions. The tolerance limit was fixed as 

deviation of ±2% in the absorbance value. The following ions 

did not interfere at the amounts in µg cm
-3 

shown: Ag(I)(05), 

Ba(II)(140), Zn(II)(1500), Pb(II)(50), Ni(II)(200), Co(II)(50), 

Ru(III)(10), Au(III)(10) fluoride(200), chloride(300), 

bromide(500), sulphate(100), phosphate(120), tartarate(150), 

borate(150), acetate(100), oxalate(250) and nitrate(120). 

 
Applications: Palladium alloy and catalyst samples were 

explored according to the proposed procedure to affirm the 

suitability of the investigated method. The results f investigated 

method has been matched with the results of the reference 

method 
32

. The Student’s t-values at α=0.05 and the variance 

ratio F-values calculated at α=0.05 did not go beyond the 

theoretical values. The accuracy and precision of the results, of 

investigated method attune with that of the reference method. 

Hence it can be effectively applied for the analysis of palladium 

in alloy and catalyst samples with fair degree of accuracy and 

precision (table-2 and table-3).  

 

Table 2 

Determination of Pd(II) in solutions of alloy composition 

 Proposed method Reference method
32 

b
F-

test
 

c
t-

test Alloy Composition 

% 

Pd(II) 

found
a
 

(%) 

Recovery(%) 

Relative 

error 

(%) 

Relative 

standard 

deviation 

(%) 

Pd(II) 

found
a
 

(%) 

Recovery 

(%) 

Relative 

error 

(%) 

Relative 

standard 

deviation 

(%) 

Dental alloy 

Ag+Pd+Au 

66+23+11 

23.9 100.4 0.39 0.068 23.08 100.3 0.35 0.084 1.45 0.91 

Gold platinum ceramic alloy 

Au+Pd+Ru+Ag+In+Sn 

28.0+43.9+0.1+19.5+3.5+5.0 

43.7 99.5 -0.46 0.1368 43.8 99.8 -0.23 0.2146 1.02 2.00
 

a
Average of five determinations, 

b
Tabulated t-value for 8 degree of freedom at P (0.95) is 2.306 , 

c
Tabulated F-value for (4, 4) 

degree of freedom at P (0.95) is 6.39 
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Table 3 

Determination of Pd(II) in catalysts 

 Proposed method Reference method
32 

b
F-

test
 

c
t-test 

Palladium 

Catalyst 

Pd (%) 

Certified  

Value 

Pd (%) 

Found
a
 

Recovery 

(%) 

Relative 

error 

(%) 

Relative 

standard 

deviation 

(%) 

Pd(II) 

found
a
 

(%) 

Recovery 

(%) 

Relative 

error 

(%) 

Relative 

standard 

deviation 

(%) 

Pd-BaCO3 5% 4.97 99.4 -0.60 0.42 4.96 99.2 -0.80 0.41 1.01 0.77 

Pd-charcoal 10% 9.97 99.7 -0.30 0.54 9.94 99.4 -0.60 0.49 1.22 0.92 

a
Average of five determinations, 

b
Tabulated t-value for 8 degree of freedom at P (0.95) is 2.306, 

c
Tabulated F-value for (4, 4) 

degree of freedom at P (0.95) is 6.39 
 

Conclusion 

The method is rapid and reliable. The colour development is 

rapid and takes place at room temperature. Slight variation of 

experimental conditions did not affect the intensity of the 

colored species. The method is useful for the accurate and 

precise determination of Pd(II) in alloy and catalyst samples. 

The proposed method doesn’t require any solvent extraction, 

cooling or heating and free from interference from many cations 

and anions. 
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