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ABSlRACT 

The thermodynamic 
the compIexation reaction 

stability constants and thermodynamic parameters for 

of Be**, Mg2+ and Ca2+ with 3hydroxy-2-naphthoic 
acid have been determined pH metrically in a 70% v/v dioxane-water medium in the 
presence of potassium nitrate. The study showed the formation 15 and 1:2 complexes 
of Be=, Mg++ and 1: 1 complex of Cazi with 3hydroxy-2-naphthoic acid_ The 
order of overall stability is Be** > Mg’+ > Ca2+ 

The complexes of 3-hydroxy-2-naphthoic acid with different metal ions have 

been studied by various workers underdifferent experimental conditions’-4. Recently, 
complexes of lanthanides with 3-hydroxy-2-naphthoic acid have been prepared in 
which coordination through oxyga of hydroxy group of the acid has been 
indicateds*6_ Mehrotra et aL6 and Makitie’ have reported the stability constants 
of Be*’ complex of 3-hydroxy-Z-naphthoic acid in a 50% v/v ethanol-water medium, 
In the present study, the stability constants of Be*‘, Mgzl and Ca** with 3hydroxy- 
2-naphthoic acid have been determined in a 70% V/v dioxane-water medium at 
three temperatures and at an ionic stren_& of 0.05, 0.10 and 0.15M KNO, . The 
thermodynamic formation constants and thermodynamic parameters have been 
evaluated therefrom. 

DCPERIMENTAL 

The pH titration technique of Calvin-Wilson* as modified by Irving and 

Rossotti’ has been empIoyed in the present investigation. All chemicals used were of 
BDH AnalaR quality. Dioxane was purified by the method described by Vogel’*_ 
The double-distilled CO= free water was used in all experimental work_ A photovoit 
Di&ord pH meter having a sensitivity of 0.002 was calibrated by suitable buffers 
before use. The thermostat bath temperature was maintained at 20fO.l,- 3O_tO_l 
and 4OkO.l “C and titrations were carried out in a 70% V/v dioxanewater mixture. 

The three solutions were prepared as follows: A, 1,0x lO-=M HN09 ; B, 
1.0x 10’‘M HNO,;S.Ox 10-2M l&and; C, 1.0x 10-2M HNO,+50x 10-2M 
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Iigand+ I.0 x IO-%i metal nitrate soIution. AXI appropriate quantity of potassium 
nitrate (2OM) was added to maintain the desired ionic strength of 0.05, 0.10 and 

0.15M. The initiaI voIume of the soWion was 50 ml in all cases. The above solutions 
wee titrated against 0.15M KOH prepared in a 70% Y/V dioxancwvater mixture. 
In caIculaGons, the connations were corrected for changes in volume produced 

by the addition of alkali duriig titration. The shapes of the cnrves were as usual. 

&, ii, pL were caIcuIated by empIoying the relationship derived by Inring and 
Rossotti9. The practicaI proton-&and stabiity constant, Iog pK’: was obtained from 
the proton-ligand formation curve plotted between i& versus pH as Bjerrum ha& 
integral method and pointwise calculation method. In the case of 3-hydroxy-2- 
naphthoic add, since there are few values of ir, below one, the value of iog ‘KF was 

obtained from the relationship 

log pKy pKT = 2pH (at & = 1). 

The plots of E versus pL for the complexes indicate that the values of E obtained 
arc of the order 2 in case of Be’* and Mg2+. This suggests that 33e2+ and Mg2+ 

forms two types of complexes in the proportions I:1 and 1:2 with the @and. However, 
in the case of the Ca2+ compkx the E value rem&s less than I indicating the forma- 
tion of a lrl complex only. Wztal Iigand stability constants log KS and log K2 were 

calculated from the formation cnrves obtained by plotting graphs betwm ii and pL 
using Bjemun haIf integral method, interpolation at wuious E values and graphical 
methodsi’as extended to the watex-dioxane mixtare by Van Uitcrt and Haasf2. 

The values of Iog ‘KY, logpK:, log K, and log Kt obtained by different methods 

agree fm wcII and their average v&es are summarized in TabIe 1. The data show 

an increase in log Kg and Iog K2 vaIuw with the increase in temperature which 

indicate that higher temperatnres are favourabIe for complex formation. The order of 
ovaail StabiIity is BeZ+>Mg2+>ca2+ as expected from their eIectronic configura- 
tion. Siice the charge to radins ratio decreases, the stabiIity also decreases. This 
may he the reason for the formation of the 19 compiex 0nIy in the case of Ca2+. 

ThestabiLity dacreases with an increase in ionic strength. The thermodynamic values 

of stabiiIity constants were evaluated by extrapoIation to zero ionic concentration 
from plots of Iog K versns fi (TabIe 2). The caIcuIated error in stability constant 

is _Fo.o5 log K, 
The vaInes of overaIl changes in free energy (AGO), enthaIpy (AH“) and entropy 

(AS?) accompanying OompIexation have been determined using the Gibbs-HeImoItz 

cqnation UabIe 1). T3e v&es of AG” were obtained from the eon AG” = 
--RTIn /3. AEI” was determined with the hefp of an isobar eqnationr 
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TABLE 2 

SABILITY CON!XANTS OF 3-HYDROXY-2-NAPJSTHOIC ACID AT 3O=C 

?onicscrargch log K, Ez+ B2+ Cat+ 

9-68 1258 
212 756 

II.80 20.14 
9-86 13-05 
214 S-52 

I2aI 21.57 
lOJ3 13.65 
217 IO_28 

lZ40 23.93 
1098 1509 
2% 13.83 

1325 29-w 

422 325 
387 - 
8.09 - 

4-85 4.42 
4.08 - 
8.93 - 

5.33 5.91 
4.63 - 
Q-96 - 

688 9.40 
565 - 

12sO - 

which may be rewritten as 

d(iogB)-’ -AH=’ 

d(llZ-) = - 4.576 

The values of log fl obtained at &f&rent temperatures were plotted as a function of 

IjT- The gradient of the tangent drawn at 30°C was determined and equated to 
-AiF’/4.576_ AH” w-as thus obtained. AS” was then evaluated from the reIation: 

bs” _ AH--ACT’ 
- 

T 

The values of AG” and AW’ are accurate to l-5 kcal mol- ’ and As” to 
f5calmoI-1deg-1_Thef ree energies of formation (AG”) of the complexes have 
more negative v&es with an increase in temperature showing that complex formation 
is a spontaneous process_ The positive W values for the compIexes indicate an 
endotkrmk restion and explain why the formation constants have higher vaiues at 

G#= -peratnns, The Iarge entropy change (AF) accompanying the compkxa- 

tion reaction is due to liberation of water moIecules from the hydration sphere of 
_ the metal during complex formation, 
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