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The thermodynamic functioJIS of La(IU) and Ce(lll) with glutamic acid were 
determined potentlometri..-ally in aqueous solution at 30"±0.1" and 40"±0.1" in an ionic 
stnngth of0.1 M KCI. The stability constants (log k) changes in free energy (6G), 
enthalpy (6H) and entropy (6S) for complexes are reported. 

AMINO ACIDS are of great biological importance 
as many of them are essential for human life. 
Therefore study of nature of linkage formed 

between amino acids and metal ions is of great im
portance. The complexes of many amino acids with 
several metal ions in aqueous solutions are reported in 
literature. The complexes of Ce(UI) and Y(III) with 
arginine, lysine, methionine, threonine. tryptophan, 
histidine and phenylalanine were studied by Rogozine 
et al 1 • 11 • Sekhon and Chopra 8 determined thermodyna
mic parameters of Ce(Jil) and Y(Ill) with leucine. 
valine, proline, and hydroxyproline by potentiometric 
titration technique. Trivedi and Sunar4 and Agarwal 11 

have reported the stability constants and thermodyna
mic functions of Nd(III), Sm(UI), Pr(lll) and Gd(III) 
with aspartic acid respectively. The literature survey 
reveals that no work has been reported so far with 
glutamic acid (another amino acid) with rare earth 
metals. Therefore the study of interaction of glutamic 
acid with rare earth metals has been taken. In this 
paper the pH-metri~ investigation was made to study 
the !liability con'ltants, overall change in free energy 
{60), enthalpy (6H) and entropy (L\S) ofLA(III) and 
Ce(III) complexe<~ with glutamic acid at ddf«?fent 
temperatures. 

Experimental 
La(N08 13 and Ce(N03 ) 8 were dissolved in con

ductivity water. The metal content of the solutions 
were gravimatically estimated by precipitating as 
oxalate and then igniting as oxlde 5 - 7 • Standard 
carbonate free NaOH was used for potentiometric 
titrations. Glutamic acid was used in the form of 
mono sodium glutamate. All the chemicals used were 
Anai-R(B.D.H. or equivalents). 

The experimental pro:edure involved a se~ of 
pH-titrations of glutamic acid with standard NaQH 
solution in the absence of and in the presence of metal 
ions at 30° and 40° in a constant temperature water 
bath where the temperature was electrically controlled 
within 0.1 °. The following sets were prepared for 
pH-titrations. 

• For cprresponderu;e. 

(i) 10 mi. of O.OSM HCI + 9.5 mi. of IM KCl 
+ 30.5 ml. of H 11 0. 

(ii) J 0 ml of 0.05M HCI + 8.5 mi. of 1M KCI 
+20 mi. of 0.05 M Ligand solution+ 11.5 
mi. ofH11 0. 

(iii} 10 mi. of O.OSM HCl + 7.9 mi. of 1M KCI 
+ 20 mi. of O.OSM Ligand solutiota + 10 mi. 

ofO.OlMLa (N08 )a +2.1 mi. of H 90. 

(iv) 10 mi. of O.OSM HCI + 7.9 mi. of 1M KCI+ 
20 ml. of O.OSM Ligand solution. + lOml. of 
0.01 M Ce(N08 ) 8 + 2.1 mi. of H 110. 

In all the titrations volume (50 mi.) and ionic 
strength (0.1M KCI) were kept constant. 

Results and Discussion 

The curve for set II shows only one point of inflec
tion. hence tl!ere is only one dissociable hydrogen ion 
in this glutamic acid. Although there are two car
boxylic groups in the glutamic acid showing two dis
sociable H+ ions, but one carboxylic group's activity 
is hindered by the presence of amino group adjacent 
to it, only one dissociable H+ ion was observed. The 
proton-ligand stability constant and metal ligand stabi
lity ponstant were calculated by Calvin-Bje~ruml8• 9 • 1 01 

pH-titration technique as adopted by Irving and 
Rossotti 11• 

At different pH, the horizontal distances between 
the curves of sets II and Ill and sets II IV mea
sures quite accurably the additional base consumed 
due to complex formation, i.e., 

M 8 + NaG.H--NaG:MH + H+ 

(where M 8 denotes rare earth metals and 
NaG.H denotes sodium glutamic acid) 
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Fig, 1. Formation Curves at 30° 
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Fig. 2. Formation Curves at 40° 

Therefore at various pH, different :ft. and log (;l} i.e. 
Jog k values were obtained for each metal at 30±0.1° 
and 40° ± 0.1 o by integral method. The above ii and 
log k values are plotted for each temperatures and 
Jog k were read directly from graphs at ii = 0.5. 

Stoichimetry (I : l) of metal-ligand were deter
mined by pH-titration method as well as by conduc
tometric titration method as adopted by Job111 as 
shown in the Fig. 3. In both the cases the complex 
formation occurs in the pH-range 6.25 -7.15 after that 
hydroxide formation takes place . 

t 
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Fig. 3. Stoichiometry by lob's method. 

The proton-ligand stability constant and dissocia
tion constant of ligand, the metal-ligand stability cons
tant and the thermodynamic functions of the complexes 
at 30° ± 0.1° and 40° ± 0.1° are all summarized in the 
following Table. 

TABLE-PRoroN-UGAND, METAL-LIGAND sTABILITY CONSTANFS AND THI!RMODYNAMIC PUNCTlONS OP THB 
COMPLEXES AT lol=O.l M KCI. 

Proton-Ligand stability 
constant (log pkH1 
Dissociation constant of 
ligand 
Metal-Ugand stability 
constant (log k) 
Change in free tnergy 
(A 0) in KCal.fmole 
Change in enthalpy 
(A H) in KCal./mole 
Change in entropy 
(A S) in Cal./degreeftnole 
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La (III) 
Ce(III) 
La(lll) 
Ce (III) 
La (III) 
Co (Ill) 
La (III) 
Ce(ID) 

30°±0.t• 
9.675 

2.113 X JQ-10 

3.585 
3.795 

-4.971 
5.261 

-8.461 
-7.160 
-11.52 
-6.269 

40"±0.1° 
9.465 

3.428 X I0-10 

3.390 
3.630 

-4.855 
-5.19~ 

For the dilfercnc:e 
of to• 
-1152 
-6.266 
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The thermodymanic parameters of the complexes 
were calculated by the following relationships 

60= - RT log k 

.6.0 6H T • .6,S 
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