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3-Hydroxynaphthalene-2-carboxylic acid is an efficient complexing agent. The 
hydroxy group being orrho to the carboxylic acid group forms well defined compiexes 
with several metal ionsXS6. Amongst the trivalent metals, yttrium(III) by virtue of its 
resemblance to rare earth metal ions, is expected to form strong complexes. Recently, 

compiexes of few lanthanides with 3-hydroxynaphthalene-2-carboxylic acid have 
been prepared in which coordination through the oxygen of the hydroxyi group of the 
acid has been indicated with the help of UV, visible and IR spectra’. Thermodynamic 
stability constants of Y(W), Ce(III) and La(W) complexes with the same &and in 
aqueous dioxane (Xl%, v/v) at 30°C and four different ionic stren_@hs has aIready 

been reported by us’. 
In the present investigation, the stability constants of the chelates of 3-hydroxyi 

naphthalene-2-carboxylic acid with Y(IIl), Ce(II1) and La(III) have been determined 
in aqueous dioxane (SO%, v/v] at 20, 30 and 40°C and at ionic strength 0.1 M KNOJ 
using the Irving and Rossotti titration technique’ _ 

EXPERiblENTAL 

Dioxane was purified by the recommended procedure’“. The double distilled 

CO, free water was used in all experimental work. The solution of the ligand (0.05 M) 
was prepared by dissoIving it in dioxane. 

Photovolt digital pH-meter type M-120, having an accuracy of IO.002 units 
was calibrated by suitable buffers before use. All experiments were performed at 20, 

30 and 40°C and at p = 0.1 M (KNOJ in (SO%, v/v) aqueous dioxane mixture- 
The three solutions (total volume SO ml in each case) were prepared as fohows: 

(A) 1.0x IO-* M ISNOB; (B) i-Ox IO-* M HNO,+5.Ox IO-’ M Iigand; (C) 1.0x 

IO- ’ M HNO, +-5-O x lo- 2 M &and+ 1 .O x IO- ’ M metal ion solution, such that 
the concentrations of the common ingredients were identical in different cases. An 

appropriate quantity of potassium nitrate solution (I .O M) was added to maintain 
the ionic stren_@h at 0.1 M. The above solutions were titrated against standard 

potassium hydroxide solution prepared in aqueous dioxane (50%, v/v). The shapes 

of the titration curves were as usual. 
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The con&trations were corrected for the changes in volume produced by the 
addition of alkali during titrations_ 

Values of formation fundions EA. E and pL were cakukted using the standard 

expressions9_ 
LogpK: was obtained from the formation curve piotted between ir, vs. pH 

by interpokion at haIf ii,, value. It has also been caIcuIated by interpoiation at 
valious ir, valnes- 

In the case of 3hydroxynaphthaIene-2carboxylic acid, since there are very few 

values of FiAt one, the vaIue of log pKr has been obtained by using the following 

relationship: 

log pKFpK!j = 2pH(atii,,= 1) 

The plots of ii M_ pL for the complexes indicate that the values of E obtained 

are of the order of 2, at an apparent pH 6.5 which is approximately the hydrolysis 
region of the wreath metal ion_ Regions above this value were not empioyed for 
cakuIations_ It may thus be infkrred that I:1 and 1~2 metal cheIates of 3hydroxy- 

naphtha.Iene-2-carboxylic acid u&h Y(III), Cc(M), and La(lTI) are formed by the 
metal ion and the oxygen of the o-hydroxy group as weIi as the carboxyIic acid group. 

Stability constants of the metal complexes (log Ki, log Kz) were obtained from 

the E vs_ pL formation curves and treated by interpolation at half E values”, inter- 

TABLE I 

VALUES OF PROTONATION CONSTANTS. 
STABILITY C0NZiXANl-S AND THERMODYNAMIC FUNmfONS AT 
THREE TEMPERATURES 

curkm c;brornnu Tkmp_ cc) - AG (kud awl- ‘) AH’ 
(karimoi- ‘) <kcaImol- ’ 

do 30 40 20-c MT 4o’C of 3O’C *.-‘I 
ar 3O’C 

HO rw? PG! II52 IL25 1095 
logPei 278 2.65 245 

h%PBt I430 I3.90 13.40 

Y(lI9 Iog& 8-70 855 830 

her _837 813 S-00 
losB2 17.07 16-68 1630 2288 23-13 23.3s -16-S 21.0 

=(I19 tit?& S-67 852 8.21 
b? jr2 7s7 752 7.36 
roga 16.54 16.04 IS57 2217 m 22KO -203 63 

Lam.0 log& 851 820 7.98 
log Kz 7-78 757 739 
Log& ldt9 IS_77 IS37 21-W 2186 2201 -19-S 7-8 
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polation at various E values and graph&I method12 and extended to an aqueous 
dioxaue mixture by Van Uitert and Haasz3. 

The error limits are &O.OS for log Kz and log K, values. 
The mean values of proton&ion constants (Iog pKf, log pKg) and formation 

constants (Iog &, log &J are reported in Table I. 
The values of overaII changes in free energy (AG”), enthaIpy (ANO) and entropy 

(AS”) accompanying compiexation have been determined using the temperature 

coefficient and Gibbs-HeImhoItz equati~n’~ UabIe I). 

The accuracy of Ac”, AH” and AS” vahes is FO.08 kcaI mol-‘, +O.l kcal 
mol- ’ and 20.3 cai degree- ’ moI- ‘, respectively- 

Tli& values of protonation constants and formation constants decrease with 

increase of temperature. The order of overaIl stability (Iogj?2) is Y(III)>Ce(III)> 
La(Ill) as expected on the basis of their electronic co&&ration. The free energies of 

formation (AG”) of the complexes have more negative values with increase of 

temperature showing that complex formation is a spontaneous process. The enthaIpy 

change (AHO) being negative in aJ.I cases is favourable for the formation of these 

complexes. The entropy change (AT) being positive in a11 cases also favours the 
formation of complexes. 

REFERENCES 

I R. P. Aggarwal and R. C. Mchrotra. 1. Lrrs-common Metal. 3 (1961) 398. 

2 M. N. De&, Curr. Sci.. 34 (1965) 312. 

3 S. JL. Gupta and R. N. Soni, J. I.. Gem. Sot.. 43 (1966) 473. 
4 0. Makitit, Skomen KemistiI. B, 39 (I 966) 26,175. 

5 S. L Gupta and R N. Soni. I. Inrtipn C&m. sor, 44 (1967) 195. 
6 S. S. Sandhu, J. N. Krmmria and R S. Sandhu, L Indiim C&m. Sot.. 53 (1976) 435. 
7 Y. H. Dcshpandc and V. R. Rao, L Lmorg. N&f. Chem., 35 (I 973) 3626. 
8 S. S. Sandhu. J. N. Kumzria and R. S. Sandhu, 7lkmochim. Acta. 16 (1976) 245 
9 H. Irving and H. S. Rossotti, L Chem. Sot.. (1954) 2904. 

10 A. I. Vogel, A TexM3ook of PracficaI Organic Chudrry. Longuzans Green. London, 1961, 
p. 177. 

11 J. Bjcnum. MeraI Ammine Formation in Aqrteow Sobrkm, P. Haw and Son, Copenhagen. 
1941, p. 298. 

12 H. Irving and H. S. Rossotti, 1. Chum Sot.. (1953) 3397. 
13 L.. G. Van U&u-c and C G. Haas, 1 Am chun. Sue, 75 (1953) 451- 
14 K. B. Yatsimirskii and V. P_ Vasil Ev, Iksttzbifi~ Constantsof Compkx Compotndr. Van Nostrand 

New York, 1960, p. 63. 


