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Stepwise stability constants of the complexes of thioglycolic acid with Y3+, 
h3i, e2t and UO$’ have been determined by the potentiometric technique of 

Irving and Rossotti in aqueous solution at 2535 and 45 “C, respectively o( = 0.065 M). 
The stability of Y3+ and I_a3+ complexes increases whereas it decreases with the 
increase in tempcxature in the case of Be*’ and UOs* complexes_ The values of 

enthalpy changes (AH) are positive in the case of Y3+ and La3’ and negative in the 

case of Be’+ and UO :+_ The complexes of Y 3 +, La3’ and UOz+ are entropy 

stabilized_ It has been observed that stabilities vary directly with the increase in the 
ionic strength of the medium in the case of La3’, Be2 t and UO:* complexes. 

IXTRODUCTION 

The sulphydryt compounds are efficient inhibitors for many enzymes Thio- 

glycolic acid contains both -COOH and -SH groups Its chelating behaviour with 

different metal ions has been reported in the literature by various workers’-’ whereby 

it has been recommended as a coiorimetric reagent for the determination of various 
metal ions. However, very little work has been reported on the titration studies 

involving pH measurements for the determination of stepwise stability constants and 

thermodynamic parameters of thioglycolic acid complexes. Sarin and Munshi6 
reported the determination of stepwise stability constants and some thermodynamic 
functions of In(IIT) complexes with thioglycolic acid. The knowledge of affinity of 

thioglycolic acid towards metal ions may lead to a better understanding of the enzyme 

mechanism as thioglycolic acid is a potential ligand containing -COOH and -SH 

groups which are generally involved in enzyme mechanism_ Thus the present work 

describes the determination of stepwise proton-ligand and metal-&and stability 
constants of thioglycotic acid with Y3 +, La3 +, Be2 + and UOsf- at X,35,45 “C and 

at ionic strengths of 0.065,0.15 and 0.25 M, respectively_ The Bjerrum-Calvin7-8 pH 
titration technique as used by Irving and Rossottig has been employed for these 

investigations_ The values of free energies of formation (AG), enthalpy changes (AN) 
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and entropy changes (AS) associated with the complexation reaction have been 

evahrated by the temperature coefficient equations. 

Maierids 

-411 chemicals employed were of reagent grade. Thioglycolic acid was obtained 

from E. Merck Lab., Germany. The sohttions containing the metai were prepared 
from their respective reagent grade nitrates. The carbonate-free solution of sodium 

hydro.xide was prepared by standard technique using Analar material. Stock solutions 

of sodium perchiorate (neutral) and perchloric acid were prepared by dissolving 
AnaIar (Biede!) NaCIO, - H,O and Analar HCIO, (E. Merck) in twice-distilled water. 

The stock soIution of thioglycolic acid (0.1 M) was standardised against sodium 

hydroxide potentiometricahy. Sodium hydroxide (O_ I M) was aIso standard&d poten- 

tiometricahy with standard potassium hydrogen phtha!ate solution. The concentra- 

tion of perchloric acid (0.05 AM) stock soIution was aIso confirmed by potentiometric 

titration against sodium hydroxide_ 

Procedure 
The following mixtures for the potentiometric titrations were prepared: mix- 

ture A: perchioric acid (0.05 M); mixture B: perchloric acid (0.05 M)+thiogIycoIic 

acid (0.1 M); mixture C: perchIoric acid (0.05 M); thioglycohc acid (0.1 M)tmetaI 

solution. 
The ionic strengths of the soIutions were adjusted using an appropriate amount 

of neutral sodium perchlorate solution (1 IV) as supporting efectrolyte. The final 

voIume was adjusted to 20 ml using twice-distilled water_ The titrations were run in 

duplicate taking a (10: 1) ratio of the Iigand to metaI ion. The titrations were carried 

out in a nitrogen atmosphere at different temperatures with the titration cell immersed 
in a thermostatic bath (+0-l “C)_ A “Systronix” pH meter wi”Lh a glass and caIome1 

electrode assembly was used for pH measurements. 

The graphs between pH and the volume of alkali were required to be able to 

pIot the corresponding pH changes. The shapes of the titration curves were as usual_ 

The protonation constants and stability constants were caiculated on the basis 

of formation function appiying various computational methods”. The caIcuIated 

values of proton-ligand stability constants of the @and and the successive stability 

constants (Iog KJ of the various systems at different temperatures and difherent ionic 

strengths are given in Tables I and 2, respectively- The error limits are +0.05 for 
log K, values_ The formation curves of thioglycolic acid complexes with different 

metal ions for various systems are shown in Figs. I and 2. From a perusal of formation 

curves it is seen that Z values lie between 0 and 2 in a11 cases. The titration studies 
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Thennodqmmnic functions 

The thermodynamic functions for the formation of compIexes from equilibrium 

constants at various temperatures were determined assuming the heat of reaction to 

be constant ever the selected temperature range_ Thus the changes in Gibb’s free 

energy were computed using the Van ‘t Hoff isotherm, whiIe the changes in entropy 

were evaluated by using the following equations 

AH= -RS, 

AS= 
AH-AG 

T 

Where S, is the slope of the linear plot of In K vs. l/T_ The values are summarized in 
TabIe 3. The AG, AH and AS values are not the standard AG”, AH” and AS” which 

are obtained from the extrapolated values of concentration stability constants to zero 

ionic strength_ The accuracy of AH values is &OS kcal mol- ’ and that of AS values 

is k2 cal deg- r mol- I_ 

TABLE 3 

THERMODYNAMIC FUNCXIO‘NS OF MmAL-THIOGLYCOLIC ACID COMPLEXES 
AT 35X AND IONIC STRENGTH OF 0.065.M 

Mead ion -AC (kcul mot - 1) AH (kcai mol- I) AS (cd kg- I moi- I) 

Y3f 14.1 22.1 117.5 
Ia3+ 10.8 36.6 153.9 
&2i 16-i - 24.4 -25.0 
UOf’ 19-7 -11.1 28.0 

The greater the negative vahre of AG, the greater is the stability. The vaIue of 

AG will be higher if AH is negative and AS is positive_ A positive entropy effect, i.e., 

increase in randomness in system will increase the stability of the complex. Corn- 

pIexation is favoured by entropy change in terms of release of originahy bound watm 

molecules ’ ‘_ According to Moeller et aLI the majority of the rare earth metal ion 
chelates are entropy stabilized_ 

In general, the more negative AH becomes, the Iess positive AS is. The formation 
of species which are favoured by enthalpy change, largely retains the primary hydra- 

tion sphere of the La3+ ions and are of outer sphere, ion-pair type. Those complex- 

the formation of which is antagonized by enthaIpy changes, but favoured by entropg 

changes, suffer rupture of primary hydration sphere and are of the inner sphere typo 

as described by Grenthe’ ‘_ 

The values of -AG are 14.1, 10.8, 16.7, 19.7 kcal mol-’ in the case of Y3+ 

La3+, Be’+ and UO;+ complexes which are in the order U02 > Be>Y > La, thus 

justifying the observed stability order. The vaiues of AH and AS are positive for Y3* 
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and La3’ complexes- The high positive vafues of AH and AS cIeariy indicate that the 
reaction is endothermic. 

The enthaIpy and entropy changes of compIex formation of lanthtide ions 

with charged ligands are often described by using a simple electrostatic model in 

connection with the Frank and Evans iceberg concept. Species in water solutions are 

surrounded by a cloud of water molecules with a geometry different from that of bulk 

water. The complex has a greater radius and reduced charge as compared to the 

reactants, and therefore, water molecules wiI1 be rekued in the association reactions. 
It was pointed out by Williams that usually where a high entropy of reaction was 

observed, the reaction involves a combination of positive and negative ions. In the 

combination of positive and negative ions, there is a neutralization of charge, so that 
the complex formed is Iess hydrated and the remaining water molecules are under less 

restraint than the free meta cation and ligand anion. Thus the entropy increase 

favours the formation of complex. Accordingly in the present case, it would, there- 
fore, be evident that increase in entropy is due to the combination of positive and 

negative ions with displacement of water molecules from hydration sphere of Y3+ 

and La3 i ions_ Thus Y 3 + and La3 t compiexes are stabilized by large entropy changes. 
fn the case of uranyl complexes, the vaiues of AH and AS are - 1 I-l kcal mol- 1 

and 28 cal deg’ ’ mol- I, respectiveiy, showing thereby that both the enthalpy and 

entropy terms are favourabie for the formation of complexes. 
The value of AH is - 24.4 kcaI mot- ’ and that of AS is - 25 cal deg- 1 mot- I 

in the case of Be’+ complexes, clearly indicating that the complexes are enthalpy 
stabiiized- The high negative vaIce of AH and the negative value of AS indicate that 

Be’+ retains the primary hydration and its complexes are of outer sphere, ion-pair 

t4pe- 
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