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ABSTRACT 

Thermodynamic step-wise stability constants for the interactions of lanthanide(II1) ions 
with phthalanilic, 4-methylphthalanilic, 4-chlorophthalanilic, 4-bromophthalanilic and 4- 
nitrophthalanilic acids were determined at 22, 30 and 40 o C by the Bjerrum-Calvin titration 
technique as adopted by Irving and Rossotti. The order was found to be: Ho(II1) > Dy(II1) > 
Tb(II1) > Gd(II1) < Eu(II1) > Sm(II1) > Nd(II1) > Pr(II1) > La(III), with each anilic acid, 
while the stabilities of the complexes of different anilic acids with the same metal ion were in 
the order: phthalanilic acid < 4-methylphthalanilic acid > 4-chlorophthalanilic acid > 4- 
bromophthalanilic acid > 4-nitrophthalanilic acid. Free energy, enthalpy and entropy changes 
for the formation of these complexes were also determined which indicated that the chelation 
was through nitrogen of secondary amide and carboxylate groups. 

INTRODUCTION 

A survey of the existing literature reveals that the interactions of anilic 
acids with zirconium and thorium [l-3] have been used for their gravimetric 
and amperometric determinations. Studies have also been carried out on the 
interactions of bivalent transition metal ions with phthalanilic [4] and 
maleanilic acids [5], and of lanthanide(II1) ions with maleanilic acids [6]. 
Anilic acids containing secondary amide and carboxylate groups as coordi- 
nating sites are very important from pharmacological, analytical and in- 
dustrial points of view [7-91. Here we report the values of the thermody- 
namic stability constants, AF, AH and AS, for the interactions of 
lanthanide(II1) ions with phthalanilic acids. 

EXPERIMENTAL 

Reagents and solutions 

For details, see our previous paper [5]. 
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Physical measurement and titration procedure 

The procedure was as reported earlier [5]. The accuracies of the pK values 
of the acids and the log K values of the complexes are f0.025 and +0.05 
log units, respectively. The accuracy of these values varies from + 3.40 to 
+5.06 kJ mol-’ for AH and from +4.20 to +6.30 J k-’ mol-’ for AS. 

RESULTS AND DISCUSSION 

The values of pK, and pK, corresponding to the deprotonation of the 
carboxylic group and the secondary amide group, respectively, at 22, 30 and 
40 o C and at ionic strength 0.1 M NaClO, are given in Table 1. Table 2 
summarizes the values of the stability constants. The values of A F, AH and 
A,S corresponding to the first, second and third step reactions are given in 
Table 3. The order of pK, values is: 4-methyl P > P > 4-chloro P = 4-bromo 
P > 4-nitro P. Thus, the inductive and mesomeric effects influence the 
liberation of protons from -NH-, -NO,, -Cl or -Br which reduces the 
electron density at the reaction centre and readily leads to proton liberation. 
The reverse is true for the methyl derivative. A similar trend is observed in 
pK, values. The possibility of the formation of polynuclear species can be 
ruled out in view of the high metal to ligand ratio (1 : 10) which was 
maintained in these studies. The formation curves determined from 
ligand-metal ratios of 10 : 1 and 15 : 1 were found to be identical. The X,,, 

TABLE 1 

Protonation constants of phthalanilic acids in 0.1 M NaClO, at 22, 30 and 40 o C 

Acid Temp. ( o C) PK, PK, 

P 22 4.35 11.15 
30 4.25 11.10 
40 4.15 10.90 

4-methyl P 22 4.45 11.30 
30 4.38 11.15 
40 4.33 11.00 

4-chloro P 22 4.10 11.10 
30 4.00 10.95 
40 3.90 10.85 

4-bromo P 22 4.12 11.13 
30 4.05 11.00 
40 4.00 10.88 

4-nitro P 22 3.80 10.90 
30 3.65 10.85 
40 3.55 10.70 

P = Phthalanilic acid. 
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of these solutions in the visible region further confirmed the presence of 
identical species. The highest value of E (average number of ligands at- 
tached per metal ion) was found to be 3, indicating a 1: 3 stoichiometry in 
the complexes. The values of log K,, log K,, log K, and log & regularly 
increase from lanthanum(II1) to holmium(II1) except in the case of 
gadolinium (III). Such behaviour has also been observed in other systems 
[lO,ll]. This exception in the case of Gd(II1) complexes may be due to the 
combined effect of ligand field stabilization energy and the hydration 
number of the metal ion. 

The large entropy values for the formation of these complexes are due to 
the contributions from both translational and configurational changes. The 
decrease in entropy change for the second and third steps of the reaction 
may be attributed to statistical effects which are also reflected in the values 
of AF and log K (stepwise values). As there is no change in the structure, 
the transitional entropy change should be less significant than the changes 
due to the gradual increase in bond strength and steric hindrance as the 
ionic radius decreases. The high exothermic values of enthalpy changes 
indicate the involvement of nitrogen in the coordination because the contri- 
bution due to the involvement of the carboxylate group is either very small 
or endothermic. 
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