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Summary 

       A Selective and sensitive method has been advanced for the estimation of Pd (II)  This 

work is based on the coordination of Pd(II) with  5- [(4-Hydroxy phenyl )azo]- 4,6-dihydroxy-

2-mercapto pyrimidine (HADP) to form color product ,that has a maximum  absorption at( 

605) nanometer and ε of( 1.11 x 10
4
)
 
L. mol

-1
.Cm

-1
. The relative error ,relative standard 

deviations and  stability constant  for Pd(II) were (-0.8 ,+1.2%) ,(0.51,0.72%) and 4.12 x10
8 

L
2
.mole

-2 
.The new reagent and it complex have been prepared in ethanolic  solution. 

Conductivity values for complex is consistent with those predicted an electrolyte.                                                                                   

     Keywords : HADP, Spectrophotometry ,Chelation , Palladium (II)   

Introduction 

      Palladium group metals (PGM) are used in different chemical process. They exhibit good 

chemisorption ,high activity towards  reactant and at high temperature resistance to oxidation 

processes
1
.Interested of Palladium-complexes that  are active structures in the biological and 

deferent fields of sciences 
2-4

. Azo compounds are sensitive chromogenic reagents as well  as 

complexing agent . They have been utilized for extraction –photometric and 

spectrophotometric determination of many metal ions due to excellent selective and sensitive 

above a wide extent of pH and because they are relatively convenient to prepare and purity 
5-

8
.Some determination methods are derivative spectrophotometry

9-12 
,atomic 

absorption
13

,electrochemical
14-16

 , chromatography 
17,18

 and flow injection analysis 
19,20

. This 

research reports a simple ,  Selective and , highly sensitive spectrophotometric technique for 

the estimation of Pd(II).The method  is depend on the selective chelating formation  of Pd(II) 

with 5- [(4-Hydroxy phenyl )azo]- 4,6-dihydroxy-2-mercapto pyrimidine (HADP).                                                                                                                          

     

Experimental 

     The  chemical used were of analytical grade except Pd (phCN)2Cl2 was prepared by reported 

method 
21

.  

A-  5- [(4-Hydroxy phenyl )azo]- 4,6-dihydroxy-2-mercapto  pyrimidine HADP reagent was 

prepared according to the following
22 

   Scheme .1.                                    
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Scheme.1.Preparation of HADP reagent 

B- preparation of complex [Pd (C10H7N4O3S)Cl2]  

       The compound was synthesized by stichiometric from ligand  in 25 ml of ethanol. ,then 

poured drop wise with stirring  to equalize  1:1 Pd chloride salt in 25 ml hot distilled water. 

The solid precipitate was filtered off, recrystallized with ethanol and dried.                                                                                                                                  

Apparatus 

      Spectrophotometric measurements were made with [UV-visible – 1700] double beam 

spectrophotometer using 1 cm quartz cells. Conductivity measurements were made at room 

temperature utilizing an [Alpha digital conductivity model -800]. The pH values were 

performed with WTW PH-meter 720.                                                     

 Reagents  

Palladium (II) stock solution (1000µg.ml
-1

) 

      Dissolve 0.3591 g of Pd (phCN)2Cl2 in 100ml of deionized water, working  standard Pd(II) 

solutions were prepared by simple dilution of the suitable volume of standard Pd(II) solution 

100 µg.ml
-1

 with deionized water .                                            

5- [(4-Hydroxy phenyl )azo]- 4,6-dihydroxy-2-mercapto pyrimidine (1x10
-3

M) 

      0.066 g of reagent HADP   prepared dissolved in 250 ml of ethanol , working HADP 

solutions was prepared by simple dilution of suitable volume of reagent solution  (1x10
-3

M) 

with ethanol .                                                                                     

Foreign ion solution (100µg.ml
-1

) 

       These solution were prepared by dissolving an amount of the compound in deionized water                                                                                                                

Procedure of determination of Pd(II) as complex with HADP 

      Into a chain of 10 ml volumetric flask, transfer rising volume of Pd(II)   working 

solutions100µg.ml
-1

 to the extent of the Calibration group , add 1.5 ml of 1x10
-3

M of HADP. 

The PH was adjusted by 0.05 M HCl and NaOH .The complex formed in water and diluted up 
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to 10 ml with deionized water at room temperature. Measure the absorbance at 605nm for 

complex versus a reagent blank prepared in the similar way but containing no Pd(II) . 

 

Results and discussion  

 Spectra 

      The result of this work  indicated that the reaction of Pd(II) with HADP yields soluble 

coloured complex which can be used for determination of Pd(II) .This coloured product has a 

maximum absorption at 605 nm Fig. 1. The bonds showing in the range of( 290-445) nm are 

assigned to  [ π        π 
*
]

 
transition  other bands spotted in the zone of 605 nm is attributed to  [ 

n         π 
* 
] electronic transition 

23,24 
.                

 

Fig .1. Absorption spectra of the reagent HADP (L) versus ethanol as blank and the complex of  

Pd (II) with HADP (L+Pd) versus HADP as blank. 

The influence of different parameters on the absorption of color complex was investigated and 

the reaction condition were optimized. 

Effect of reagent of concentration 

      Different Concentration of HADP solution were added to constant quantities of Pd(II) . 1.5 ml of 

1x10
-3 

M reagent was found sufficient to improve the color  to be optimum for the concentration 

range(0.5-10 µg.ml
-1

 ) of Pd  (II) Fig .2.          
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Fig.2. Effect of the concentration of HADP 

Effect of pH 

         The effect on absorbance was studied via added adjusted of 0.05 M hydrochloric acid and 

sodium hydroxide. The absorbance of the complex  was maximum and constant in the pH 

extent shown in Table 1,Fig 3.                                                            

 

Fig.3. Effect of pH on the color intensity of  [HADP-Pd(II) 

Table .1. Analytical factors of Pd(II) –HADP complex        

 

 

 

 

 

 

 

 

Effect of reaction time and temperature    

       Colour intensity of  Pd(II)  complex with HADP reached a maximum after reacted  

immediately  and became stable after one min in the general procedure and the colour was 

constant for at least 72 hrs. In practice , the same absorbance was obtained when the colour 

was developed at room temperature (25-30 
0
C), but when the volumetric flask were placed in 

Pd(II) Characteristic  

605 Absorption maxima (nm) 

4-6               PH range 

0.2-5.0           Beer
,
slaw range (µg/ml) 

1.11x10
4           

 Molar absorptivity (L.mol
-1

.cm
-1

) 

0.00224          Sandell
,
s sensitivity (µg.cm

2
) 

4.12x10
8
         Stability constant (L

2
.mole

-2
) 
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an ice –bath (0 
0
C) or in water bath at (45 

0
C) a loss in colour and constancy were observed 

,therefore it is recommend that the colour reaction should be made at room temperature for 

complex of  Pd(II) with HADP.          

Calibration Graph 

       Under the recommended  conditions of procedure, a linear calibration graph of  Pd(П) was 

obtained , that Beer
,
s law is followed over the concentration extent of  (0.2-5.0 )µg /ml with a 

correlation coefficient 0.9655 and an intercept of 0.0611 Fig.4 The molar absorptivity and 

Sandell
,
s sensitivity are given in Table 1.                             

 

Fig.4 . Calibration graph of Pd(II) as complex with HADP 

Conductivity measurement 

         The solubility of complex in acetone and ethanol allowed of the molar conductivity of( 

10
-3

)
 
M solution at 25 

0
C and ,by  comparison the electrolytic nature  for complex . The low 

Values of molar conductance data  list in Table. 2 indicate that  the complex is non electrolyte.                                                                                         

Table .2. Conductivity Value of complex 

Molar conductivity S.mole
-1

.cm
2 Complex 

 Ethanol    Acetone                

30 18 Pd (C10H7N4O3S)Cl 

 

Accuracy and precision 

      The accuracy and precision of the method, Pd(II) was determined at three concentrations. 

The results are shown in Table.3 indicate precision and accuracy   suggested method.                                                                                                                                                                          
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Table .3. Accuracy and precision  of the proposed method For five determinations 

                              

                              

                         

 

 

Interferences    

       The influence of foreign ions on the estimation  of this ion was examined .To exam of 

foreign ions were estimated by the general procedure, in the presence of their respective 

interference ions .  Each of these metal  ions can be estimated without any interference  in the 

presence of a more than a 20 fold excess of cations and anions Table .4.                                                                                                                            

Table .4. Effect of foreign ions 

E% Amount added µg.ml
-1 

interference 

ions 

1.2+ 10 Ni
++ 

+3.4 10 Cu
++ 

3.5+ 10 Pb
++ 

0.0 10 Cd
++ 

1.5+ 10 Zn
++ 

1.2- 10 Ag
+ 

1.3- 10 Ba
++ 

0.4- 10 Cl
- 

1.3- 10 Br
- 

2.3- 10 CO3
-- 

Composition of Complex   

        The composition of the complex was studied via mole ratio method 
25

   Fig.5. A fracture 

at 1:1 suggested the formation of [Pd (C10H7N4O3S)Cl2]  Fig .6. 

 

R.S.D.%* E%* Amount taken (µg/ml)pd(ǁ) 

0.51 0.6- 1 

0.72 0.8- 2 

0.60 1.2+ 3 
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Fig. 5. Mole ratio method of the complex  [Pd(II) – HADP] 

 

Fig .6.The Suggested the formation of [Pd (C10H7N4O3S)Cl2] 
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