
Stability constants and thermodynamic functions 
of praseodymium(iIi), neodymium(lil) 
and samarium(lI1) with tyrosine 

The capacity of amino acids to form metal complexes is of theoretical and 
practical significance in understanding the bioIogical action of these metal ions, 
Though there is considerrble information about formation constants of metal 
complexes of amino acids r l ‘, littIe work appears m have been reported for complexes 

*’ oftymsine . The present paper deals with the study of complexes of tyrosine with 
Prs+ Nd3+ and Sm3+ in aqueous solution at 0.1 ionic strength &NO,)_ Most of the 
am& acids are present as singIe protonated from HL in the pH region 27 to 8.5. A 
few amino acids oamr as H,L, H,L+ form over the whole range. This is true for 
tyrosine where protons of the phenolic group are not release& In the present in- 
vestigation, the compIexation reaction was observed to take pIace in the narrow 
range of 65 to 8-0, and therefore tyrosine has been taken as HK. 

Ail chemicaIs used were either BDH or Aldrich AnaIaR qua&y. The solution 
of the Iigand and metal nitrate were prepared in CO,-free conductivity water, pH 
metric titrations were carried out with carbonate-fm 0.1 M KOH, The concentration 
of the li_=d was always 25 x 10 -’ M and that of the metal ion 5x 10e3 M_ An 
appropriate quantity of potassium nitrate (1 M) solution was added to maintain a 
constant ionic stren_ti of 0-I M. Dry nitrogen was bubbled to ensure the absence of 
oxygen and carbon dioxide- The stability aurstauts of the metals and proton com- 
pfexesweredeterminedat25f0_1;35$-0_1 and45fO.l”Cinathermostatbathusing 
the C&in-Bjermm pH titration technique8-g, pH was measured on a Digicord pH 
meter having a sensitivity of f0.002 and was caiibrated with suitable buffers before 

use_ At the end of each titration, a curve was plotted between the volume of KOH 
consumed and the coIresponding pH_ The shapes of the curves were as usual. In our 
caIcuIations, the concentrations were corrected for the change in voI_e produced by 
the addition of a&ah during titration- 
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RSULXSANDDISCUSION 

Eu, 5, pL were ca.IcuIated by employing the relationships derived by Calvin and 
Wilson*_ The proton-&and formation curve was obtained by plotting the degree of 
formation (En) of the proton complex against the pH value- The proton-@and 
stability constant log Kp (amino functionaI group) of the ligand has been obtained 
by the Bjerrum half integral method’, also by pointwise c&u&ion and graphical 
methods’“, The compIex-Ii_eand formation curve was then obtained by pIotting E 
versus pL. Metal-ligand stability constants were determined by the Bjerrum half 

integral method, pointwise caIcuIation and graphical methods using the following 
equation : 

log K =pL 1 - logi 
n 

2-E 
log Kz = pL-Iog =--i 

II- 

The w&es of overaIl changes in free energy (AG”), enthaIpy AH” and entropy AS” 
have been determined by using the welEkuown temperature coefficient and Gibbs- 
Hehnholtz equation’ ‘_ The mean values of the piOtOMtiOIl constant, stabiity 

constants and thermodynamic parameters are summa&ed in TabIe l_ The dcul2ted 

error in the stability constants is +O_OI log K. The error in AG“ and AP values 
caIcuIated from stability constants lie in the range G.2 to 0.5 kcaI mol- ’ and that for 
AS’ is G-5 Cal “C- 1 mol- l_ 

The vaIues of E approach 2 for Pr3+, Nd3+, Sm3+ chelates with tyrosine 
indicating the formation of 1 ;I and I :2 complexes. The order of the overall stability of 
these complexes is Sm3*>Nd3+>Pr3+ at 25,35 and 45°C as expected from their 
eIeetronic conQuration_ The data show an increase in vaIue of Iog Kr, log Ki and 
IogK, with increase in tempetatunz This shows that a higher temperature is 
favourabIe for the formation of complexes because of an increased number of cohisions 
with in- in kinetic energy of-the mokcuks and the& stabilities are enhanced_ 
Comparison of metaf-ligand stabx%ty constant values of tyrosine with those of serine 
leads to the conclusion that the unionized hydroxy group is not participating in 
compIex formaticm6-1 =_ The free energies of formation (AG”) have a more negative 
valuewithincrease in temperature showing that complex formation is a spontaneous 
process- The formation of all compIexes is an endothermic reaction and it explains 
the increase in the vaIues of formation constants with rise in temperature_ The 
entropy (ASO) vaIues are positive in all cases indicating a favourabIe entropy for the 
formation of compIexes_ 
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