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(R- 8 September 1975) 

The metal chelates of I-hydroxy-Z-naphthoic acid have been studied earlier 
by various workers _ I4 The stability constants and some thermodynamic functions 
of the chelates of Zn”, Cd2’ and Hgzt formed with l-hydroxy-2-naphthoic acid 
are reported in this communication. 

All chemicals used were of B.D.H. AnalaR quality. The twice-distilled con- 
ductivity water was used in all experimental work. The solution of l-hydroxy- 
2-naphthoic acid (0.05M) was prepared in absolute alcohol, whereas the solutions 
of nitric acid, po’tassium nitrate and metal nitrates were prepared in conductivity water 
by dissolving the requisite quantities. Potassium nitrate (l.OM) soIution was used to 
maintain constant ionic strength at O.IM. 

The titrations were carried out at 30,35 and 40°C. The pH was measured on a 
digicord pH meter M 120. For each set of experiments three titrations were performed 
by the Calvin-Bjerrum’.” pH titration technique as modified by Irving and Rossotti’. 

(i) A& titrafion. Nitric acid (O.OlM, 5.00 ml)+.potassium nitrate (l.OM, 

4.95 ml)+absoIute alcohol (35.00 ml)+conductivity water (5.05 ml). 
(iii Reagent titration. Nitric acid (O.OlM, 5.00 ml) +potassium nitrate (1 .OM; 

4.35 ml) f reagent (O.O5M, 5.00 ml) + absolute alcohoI(30.00 ml) + conductivity water 
(5.65 IIIQ. 

(iii Me& titration. Nitric acid (O.OlM, 5.00 ml) + potassium nitrzte (l.OM. 
4.20 ml) + reagent (0_05M, 5.0 mQ + metal solution (0.01 M, 5.00 ml) + absolute 
alcohol (30.00 ml) +conductivity water (0.80 ml). 

The titiai volume of the solution was 50 ml in each case. All the above solutions 
were titrated against O.lM potassium hydroxide solution at the above-mentioned 
temperatures in a thermostat After addition of each portion of alkali, the pH was 
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noted and a correction suggested by Van Uitert and Haas’ was applied to it. The 
plots of the pH of the solution against the volume of the alkali added gave curves of 
the usual shape. 

RESUL-IS AND DLSCUSSION 

The proton ligand formation curve was obtained by plotting the degree of 
formation (ri,) of the proton-@and complex against pH value, using the relationship 
derived by Irving and Rossotti’, 

The practical proton-&and stability constant (iog ‘K:) of the &and has been 
obtained as Bjerrum half%tegral method and also by pointwise calculation method 

at different points using the following equation: 

log %,H = pH+Iog (rr,- 1)[(2-En) 

In the case of 1-hydroxy-2-naphthoic acid, since there are very few values of iiH 
below one, the value of log ‘KY has therefore, been eahzulated by using the fJlowing 
relationship: 

log pKyv~ = 2pH(at&= 1) 

The complex-ligand formation curve was then obtained by plotting the degree 
of formation of the complex (ri) versus-log Digand] using the relationship derived by 
Irving and Rossotti’. 

The metaGligand stability constants were determined by the Bjemun ha& 
integral method6 and also by pointwise calculation method using the following 
equations: 

log K1 = pL-log (1 -z-)/E 

and log K2 =pL-log (2-E)/(E-1) 

The values of overall changes in free energy (AG”), enthalpy (AW) and 
entropy (AS”) accompanying complexation have been determined using the temper- 

ature c&kient and Gibbs-Helmholtz equation9. 
The value of AG’ was obtained from the expression AG = --RTln fi_ AW 

was determined with the help of an isobar equation. 

which may be rewritten as 

d(logB) -AZP 
d(IIT) = - 4.576 

The values of log /3 obtained at different temperatures were plotted as a fknction 
of l/T. The gradient of the tangent drawn at the point corresponding to 35°C was 
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determined and equated to -AH”/4.576. T’he value of AH” was thus obtained. AS” 
was then evaluated from the relation_ 

AH’---AC” 
AS” = 

T 

The mean values of protonation constants, stability constants and thermo- 
dynamic parameters are summarized in Table 1. 

The formation curves (E vs. pL) show that E approaches a value of 2 for Zn”, 
Cd’+ and Hg’+ chelates of l-hydroxy-2-naphthoic acid indicating the formation of 
both 1:I and I:2 compIexes. The data show an increase in the values of logPKy. 
IOU ‘KY, log K, and log K2 with increase in temperature. The order of overall .= 
stability of these complexes is Zn* * B Cd2 i > Hg2* at 30, 35 and 40%. This is to be 
expected since the metal with a large ionic potential, i.e., charge-to-radius ratio should 
form more stable complexes. ks on moving down the soup, the charge-to-radius 
ratio decreases, the stability also decreases_ The free energies of formation (AG’) of 
the complexes have more negative values with the increase of temperature, showing 
that complex formation is a spontaneous process. The formation of al1 the complexes 
is an endothermic reaction and it explains the increase in the values of formation 
constants with rise in temperature. The entropy change (AS’), accompanying the 
formation of a complex is positive in all cases. 
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