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The complexes of some rare earths [Ce(III), Pr(III) ,  Nd(III) ,  Sm(III) ,  
Tb(III) ,  Dy(III) ,  and Ho(III ) ]  with 5-chloropyridine-2,3-diol (CPD) were 
studied potentiometrically in 50~ dioxane-water at  a ionic strength of 0.1 M 
(NaC104) at 35 -t- 0.1 °C. The proton-ligand stabil i ty constant of CPD and the 
stabili ty constants of its complexes with the metals have been determined using 
the Calvin-Bjerrum technique as modified by Irving and Rossotti. The order of 
the stabil i ty constants is found to be Ce < Pr  < Nd < Sm < Tb < Dy < Ho. 

( K eywords : Stability constants) 

Potentiometrische Untersuchungen der Komplexe einiger trivalenter 
Seltenerdmetalle mit 5-Chlorpyridin-2,3-diol 

Es wurden die Komplexe yon Ce(III), Pr(III) ,  Nd(III) ,  Sm(III) ,  Tb(III) ,  
Dy(I I I )  und Ho(III)  mit 5-Chlorpyridin-2,3-diol (CPD) in 50~ Dioxan-Wasser 
bei einer Ionenst~rke yon 0,1 M (NaCI04) und einer Temperatur yon 35 _T 0,1 °C 
potentiometrisch untersueht. Die Proton-Ligand-Stabil i t~tskonstante yon 
CPD und die Stabil i t£tskonstanten der Metallkomplexe wurden nach der 
Methode von Calvin-Bjerrum mit der Irving-Rossotti-Modifikation bestimmt. 
Die Reihenfolge der Stabili t~tskonstanten ergab sich folgendermaBen: 
Ce < Pr < Nd < Sm < Tb < Dy < Ho. 

Introduct ion 

5-Chloropyr id ine-2 ,3 -d io l  (CPD) ( I a ,  I b )  has  been used  for the  
s p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  of  i ron,  p a l l a d i u m  a n d  o s m i u m  1' 2. 
S tud ies  of  i t s  complexes  wi th  some b i v a l e n t  m e t a l  ions have  been  also 
been  car r ied  ou t  p o t e n t i o m e t r i c a l l y  1. A s u r v e y  of  t he  l i t e ra tu re ,  
however ,  r evea l s  t h a t  no work  has  h i t h e r t o  been  done  on i ts  complexes  
wi th  ra re  ear ths .  The  p r e sen t  i nves t i ga t i on  dea l s  w i th  t he  
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potent iometr ic  studies of  the complexes of  Ce(III) ,  P r ( I I I ) ,  N d ( I I I ) ,  
Sm(I I I ) ,  Tb( I I I ) ,  D y ( I I I )  and  H o ( I I I )  with CPD in 5 0 ~  d ioxane-water  
at  a ionic s t rength  bf  0.1 M (NaC104) and  at  a t empera tu re  of  
35 __ 0.1 °C. 

H 

Ia Ib 

Materials and Methods 

A pure sample of CPD was obtained from K & K laboratories and its solution 
was prepared in dioxane without further purification. The solutions of the metal 
perchlorates were prepared using metal carbonates or oxide of Anal R grade. All 
these perchlorate salt solutions were standardised complexometrically 3. All 
other chemicals used were reagents of Anal l~ grade. 

A Beckman pH meter (model SS-2) with a glass electrode assembly was used 
for pH measurements. The pH meter readings obtained for the dioxane-aqueous 
medium were corrected according to the method of Van Uitert and Hass 4. 

A thermostat MLW (type NBE) GDR was used for constant temperature. 
Tetramethyl ammonium hydroxyde (TMAH) was used as titrant. Its 

solution was standardized with potassium hydrogen phthalate. 
The following solutions (total volume 20 ml) were titrated against TMAH 

(M/20). 

(i) 1.0mlHClO~ (0.01M) + 1.0mlNaClO 4 (2.0M) + 10mldioxane + 8ml 
water. 

(ii) 1.0ml HC10~ (0.01 M) + 1.0ml NaCIO 4 (2.0M) + 10ml CPD (0.01 M) 
in dioxane + 8 ml water. 

(iii) 1.0ml HC104 (0.01M) + 1.0ml NaClO 4 (2.0M) + lml  metal 
perchlorate (0.01 M) + l0 ml CPD (0.01 M) in dioxane + 7 ml water. 

The proton-ligand stability constant (log K~) and metal-ligand stability 
constant were calculated by the method of Calvin-Bjerrum 5'6 as modified by 
lrving and Rossotti 7. 

Results and Discussions 

The values of  r7 A at  different corrected pH values were calculated 
f rom the  t i t ra t ion  curves of  solutions (i) and (ii). The pro ton- l igand  
s tabi l i ty  cons tan t  was calculated by  p lo t t ing  a g raph  gA vs. pH. The 
pro ton- l igand stabi l i ty  cons tan t  value was also calculated by  the p]ot  of  
log (1 -- ~A)/gA. The values found  by  these methods  agree quite well. 
The mean  value of  the pro ton- l igand  stabi l i ty  cons tan t  is 8.06. The 
second pro ton- l igand s tabi l i ty  cons tan t  could no t  be de termined  
potent iometr iea l ly  since CPD is a considerably weaker  base and  exists 
a lmost  ent irely in the form I b. 
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Our findings are in agreement with those already reported 1. From 
the ti tration curves of solution (ii) and (iii) values for ~ and p L  were 
calculated. The ff values were plotted against the corresponding p L  
values. From these formation curves the values of the metal-ligand 
stability constants were calculated. The stability constants thus 
obtained were refined using other computational techniques s (see Table 
l ). I t  was not possible to evaluate values of log K 2 as hydrolysis of metM 
complexes takes place at g < 1. 

Table 1. Metal-ligand stability constant (logK1) of the complexes of CPD 

Ce Pr Nd Sm Td Dy Ho 

logK 1 7.15 7.32 7.45 7.82 8.75 9.12 9.25 

The order of the stability constants was found to be: Ce(III) < 
Pr ( I I I )  < Na(II I )  < Sm(III)  < Td(III )  < Dy( I I I )  < Ho( I I I )wh ich  is 
in agreement with the findings of Stagg and Powell 9. 
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