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The thermodynamic parameters for the complexation reaction of Ieucine, 
valine, proline and hydroxyprofine with cerium(II1) and yttrium(II1) were determined 
potentiometrically in aqueous soIution at 25, 35’C and ,Q = 0.1. The values for the 
formation constants have been reported. The values of enthalpy changes (AH) and 

entropy changes (As) are positive for all systems. The cheIation effect is believed to 

be essentially an entropy effect. 

II’iiODIXl-iON 

A study of metal-amine acid complexes is of immense importance from a 
bioIogica1 standpoint as it is likely to contribute to a better understanding of the 
linkage involved in metal-protein interactions. Though there is considerable informa- 
tion about formation constants of co-ordination compleses of amino acids in aqueous 

solution, very IittIe data are available in literature on the enthalpies and entropies 
of complex formation of cerium(III) and yttrium(III) with the amino acids. A study 
has been initiated in this Iaboratory on the thermodynamics of interaction of such 
metal ions with amino acids in aqueous soIutions. For such systems, the formation 
constant data is avaiIable for compIexes of c&um(IIIj and yttrium(II1) with threonine, 

methionine, lysine and arginine ‘_ 

Rogozina ez aL2 reported the complex formation of cerium(IIIj with tqtophan, 
histidine and phenylalanine in aqueous solutions. In the present paper are reported 
the formation constants, enthaipy changes (AH) and entropy changes (AS) associated 
with formation of complexes of Ieucine, vaiine, proline and hydroxyproIine with 

cerium(III) and yttrium(III). 

EXPERIMJZhTAL 

Materials 

Standard carbonate-free potassium hydroxide3 was used for the potentiometric 
titrations. Hydrochloric acid was prepared from AnaIar (BDH) grade acid. AI1 

inorganic saIts were of Analar grade. The solution of Yrn was prepared by dissolving 
its nitrate (BDH) in doubly distilled water and estimated as usua14. Ce2(S04)3- 
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8Hz0 (BDH) was used for preparin, = the solution. The amino acids, D,L-leucine, 
D,L-vaiine, L-proline and L-hydroxyproline were obtained from Merck Laboratories, 

Germany. All the amino acids were used after drying for 24 h at IOO’C. All the 
solutions -.vere prepared in doubIy distilled water. The pH was measured by a systronic 
pH meter using gIass and caIome1 electrodes. The measurements were checked before 
and after the titration with standard buffers. The titrations v:ere carried out at 25 
to.1 and 35 fO.1 ‘C in a constant temperature water bath. 

Procedure 

The mole ratio of metal to ligand was kept I:5 in order to fulfil the maximum 
co-ordination number of metal ion. The following solutions (total volume 20 ml) 
were titrated against standard alkali by pH-titration method: (A) 2.00 ml of HCI 
(0.005 M); (B) A -I- 2 ml of Iigand (0.05 M); and (C) Bt2 ml of metai (O-01 M). 

An ionic strength of 0.1 was established by addition of a calculated amount of 
potassium chloride. The plots of pH against the volume of alkali required to obtain 

the corresponding pH change were plotted. The shapes of titration curves were 
obtained as usual. 

In order to determine the protonation constants and successive formation 
constants, the Calvin-Bjerrum5-6 pH-titration technique as adopted by Irving and 

Rossotti? was used. The proton&on constants and formation constants were caI- 
cuIated on the basis of a formation function, applying the least-squares principle’. 

RESULTS AND DISCUSSION 

The formation curves of cerium(III) and yttrium(II1) complexes may be seen in 
Figs. I-4. The E values for complexes of cerium indicate the formation of I:1 com- 

piexes in pH range 6.00-7.50. The Z values for compIexes of yttrium(III) show that 
they are greater than I and Iess than 2, indicating the formation of I:1 and I:2 com- 

Fig. I. Formation curves for Y*%xrnino acid systems. 
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Fig. 2. Formation curyes for Y “‘-amino acid systems. 

Fig 3. Formation curves for Ce*“-amino acid systenx. 

plexes in pH range 6.00-7.75. From the metal titration curves, precipitation was 

observed in the cases of cerium and yttrium above pH 7.50 and 7.75 respectively_ 
The values of protonation constants of the hgands and the successive forma- 

tion constants for various systems are given in Tables 1 and 2. The following rela- 
tionships were used to derive the thermodynamic parameters 

AG= --RTin K 

AG = AH- TAS 
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Fig_ 4. Formation curves for Cl?‘-amino acid systems. 

TABLE f 

PROTONATION CONSTANTS OF AMIXO ACIDS (j~=O_l M) 

Amino acid 

Ieucine 

vzllirl: 

proline 

hydroxyproline 

TC-3 

25 
35 

25 
35 

25 
35 

25 
35 

PK, 

2.33 
218 

130 
33) _- 

1.95 
I.85 

1.82 
1.75 

PG 

9.60 
9.35 

9.80 
9.56 

10.55 
10.30 

9.70 
9.55 

The values of free energy of formation (A@, enthaIpy changes (AH) and entropy 
changes (AS) are summarized in Tables 3-5. VaIues of formation constants are 

accurate to 20.05 log units and derived AN values are accurate to + 0.6 kcal moIe_ I. 
The vaIues of log Z JKz are positive in all cases (Table 2) Similar results have 

been reported in literature and have been expkined due to combination of factors, 

such as statistics, steric hindrance and for charged ligands due to couiombic interac- 

tions. In comparing the complex-formation properties of proline and hydroxyproline, 
we observed that more stabIe complexes are formed in the interaction of cerium and 

yttrium with proline. Thus the introduction of -OH group reduces the stability of 

complexes which is in accordance with Perkins findingsg. VaIine forms more stable 



TABLE 2 

FORhIATION CONSTANTS OF MEAL COMPLEXES OF AMINO ACIDS 

Amino acid 

Ieucine 25 426 3.90 8.16 4.63 
35 4.45 4_2Q 8.65 492 

dine 25 4-79 4.27 9.06 5.02 
35 4.59 4.48 9.07 5.22 

probe 25 5.40 4.81 10.2i 6.00 
35 5.55 5.05 10.60 6.08 

hydroxyproline 25 4.52 4.40 8.92 4.90 
35 4.56 4.48 9.04 5.20 

TABLE 3 

FREE ENERGY D.4TA (in kcal mole-I) OF METAL-AMINO ACID COMPLEXES 

Amino acid 

Ieucine 

pi CT..” 

T(‘C) 
--AC1 -AG, -AG -AG1 

25 5.811 5.320 11.131 6.397 
35 6275 5921 12196 6.935 

valine 25 6.533 5.824 12.357 6.847 
35 6.471 6.317 IL788 7.360 

proIine 25 7.365 6.560 13.925 8.198 
35 7.825 7.120 14.945 8.572 

hydroxyproIine 25 6.165 6.002 12.167 6.683 
35 6.430 6.317 12741 7.331 

TABLE 4 

ENTHALPY DATA (in kcal mole-‘) OF METAL-AMINO ACID COMPLEXES 

Amino acid 

feucine 7986 12609 20_5?5 9.666 
vaIine -8.406 8.826 4.200 8.406 
proline 6.304 10.087 16.391 2942 
hydroxyproline 1.681 3.362 5.043 12.609 

a AH= AH, f W, calculated from formation constants at 25 and 35°C. 
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complexes than leucine. Thus lengthening of chain of r-amino acids with increase 
in molecular weight also decreases the stability. Similar results of a decrease in the 
stability of r-amino acid complexes with increase in chain length were reported by 
Malley and MellorrO. 

From Table 4, it is evident that the reactions of cerium and yttrium with all 
amino acids are endothermic. It is seen from Table 5 that in all systems. entropy 

TABLE 5 

ENTROPY DATA (in cal degree-’ more-I) ON METAL-AMINO ACID COMPLEXES 

Amino acid 

yrxx Cl?“’ 
T (‘c) 

AS, AS, AS ASI 

Ieucine 25 46.275 60.134 106.409 53.575 

35 46.279 60.152 106.411 53.sso 

vahc 25 - 6.252 49.136 42.554 51.159 
35 - 6.279 49.141 42.862 51.163 

proiine 25 45.546 55.834 101.680 37.360 
35 45.850 55.840 101.690 37.355 

hydroxyproIine 25 26.3 I5 3 1.406 57.72 I 64-705 

35 26.321 3!.410 57.73 I GLiOS 

changes (As) are always positive. The reaction between an amino acid anion and a 
cation wouId result in a decrease of the number of free charged ions in the solution. 

As a result of this, the entropy term (AS) strongly favours complex formation I’_ 

Thus chelation effect is believed to be essentially an entropy effect. The data obtained 
on the stabilites of these complexes of tervalent yttrium and cerium with amino acids 
suggest that many elements, including rare earth elements, enter into the structures of 
various enzymes, hormones and vitamins, forming physiologically active complexes 

with proteins 
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