
NOTES 

important to add that the values of log f1MAL for 
ternary complexes are higher than the mean of 
log KMAs and log KMLs• indicating the higher stabi­
lity of mixed complexes. 
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THE complexation reactions of catechol with 
La(III), Ce(III), Pr(III), Nd(III), Sm(III), 
Gd(III), Tb(III), Dy(III), Ho(III) and Y (III) 

have been studied potentiometrically at 25 ± OS 
in aqueous solution with potassium nitrate as 
supporting electrolyte. The thermodynamic stabi­
lity constants have been evaluated. The trend in 
the stability of these complexes has also been 
discussed. 

A survey of the literature revealed that some 
studies1 - 8 have been made on the complex forma­
tion ability of catechol with tervalent lanthanide 
ions. However, no attempt appears to have been 
made to determine the thermodynamic stability 
constants of the complexes of catechol with Ln(III). 
In view of the above, the present study deals with 
the determination of thermodynamic stability 
constants of La( lll), Ce(III), Pr(III), Nd(III), 
Sm(III), Gd(III), Tb(III), Dy(IH), Ho(III) and 
Y(III) complexes with catechol by extrapolating 
the determined formation constants at different 
ionic strengths (0.05, 0.2 and 0.35M, zs•) to zero 
ionic strength. The experimental technique used 
was that of Calvin and Bjerrum 4 ' 5 as modified by 
Irving and Rossotti 6 • 

Experimental 
Materials : The lanthanide nitrates (Indian Rare 

Earths Ltd.) were dissolved in double distilled 
water and standardized by oxalate method'. All 
other reagents used were of AR grade. 

Apparatus : A Philips pH meter (PR 9405M) 
fitted with glass and calomel electrodes was used 

"To whom correspondence should be addressed. 
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for measuring pH. The instrument was standar­
dized by using BDH buffer tablets of pH 4 and 9.2. 

Procedure : Three solutions (total volume 50 
ml in each case) of following compositions were 
prepared : 3.91 x 10-s M nitric acid, 3.91 x to-aM 
nitric acid+3.0x 10- 8 M ligand, and 3.91 x I0- 8 M 
nitric acid+ 3.0 x w-s M ligand+ 5.0 x I0- 4 M metal. 
Appropriate amounts of potassium nitrate (2M) 
were added to maintain the desired ionic strengths. 

The mixtures were thermostated at 25 ±OS and 
were titrated pH metrically against a standard 
sodium hydroxide solution (0.6993M). For the 
sake of brevity titration curves obtained at It= .05M 
(25 ± 0.5") for La(III)-catechol system have only 
been given in Fig. 1 [the acid titration curve (A), 
ligand titration curve (B) and complex titration 
curve (C)]. 
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Fig. l. pH titri!.tion curves: A-Acid, B-Ligand, C-Comp 
titration curves; p.=0.05M (KNO.l, 25". 

Results and Discussion 

The protonation constants of the ligand and 
stepwise stability constants of metal ligand com­
plexes were calculated as follows : 

The iiA values calculated at various pH values 
from acid and ligand titration curves using Irving 
and Rossotti equation 6 were plotted against the 
values of pH. From the formation curves, the 
values of protonation constants obtained at half iiA 
values were computed using computational 
techniques 8 • 9 , viz., Pointwise calculation method, 
Correction term method and Curve fitting method. 
The mean values are given in Table I. 

The stepwise metal-ligand stability . c~nsta~ts 
were calculated using· ligand and complex titratiOn 
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curves. The values were computed using the above 
computational techniques and the mean values are 
presented in Table I. The metal-ligand stability 
constants decrease with an increase in the ionic 
strength of the media is in accordance with 
HUckel's theory1o. 

TABI.. 1-VA:r.U•s Oil BTABII.ITY CoNSTANTS OP Ln(III) 
Co:vl':r.•x•s AT lUi" AND DIPI'·R·NT IONIC BTR.NGTHS 

Oa.tions log Kn P==0.85Jf 1'==0.2M 1'==0.05M I'==O.OOM 

a+ 

Nd'+ 

ny•+ 

log K~ 11.46±0.06 11.59±0.0£ 11.80±0.08 

log x!' 9.!17±0.08 9.!19±0.03 9.45±0.08 
log K 1 8.05±0.05 8.4!1±0.03 9.1!1±0.03 9.60 
log K 1 7.51±0.06 7.46±0.0!1 8.!10±0.09 8,60 
log x. 9.18±0.01 9.68±0.0!1 9.96±0.011 10.40 
log K 1 8.25±0.05 8.46±0.08 9.09±0.05 9.50 
log K 1 8.68±0.0!1 8.99±0.01 9.65±0.0l 10.20 
log K 1 7.88±0.011 8.0£±0.06 8.74±0.01 9.25 
log K 1 9.07±0.07 9,49±0.01 10.00±0.04 10.58 
log x. 8.10±0.0!1 8.26±0.08 9.01±0.05 8.60 
log K. 9.U±0.05 9.99±0.04 10.86±0.0!1 11.00 
log x. 8.119±0.06 9.11±0.09 9.44±0.02 9.90 
log n:. 9.!11±0.08 9.70±0.01 10.86±0.04 1o.98 
log K 1 8.50±0.00 8.55±0.03 9.116±0.0l 9.78 
log K, 9.58±0.05 9.89±0.03 10.50±0.04 11.11 
log K 1 8.84±0.0!1 9.31 ±0.06 9.78±0.05 10.!10 
log K, 9.!16±0.04 9.93±0.0/S 10.39±0.07 10.95 
log x. 8.77±0.04 9.!18±0.03 9.61±0.05 10.00 
log K 1 9,61±0.0/S 10.26±0.0!1 10.5!l±O.OIS 11,!10 
log K1 9.00±0.05 9.41±0.06 9.80±0.05 10.80 

8. B. L. KUSHWAHA, C. K. V•R:vA, OM PRAJU.SB and 
B. P. MUSBRAN, J, Ind-ian Oh.sm. Soc., 19'17, 54, 285. 

!l. M. CA:r.VIN and K. W. Wt:r.soN, J . .A.msr. Ohem. Soc., 1945, 
67,9003. 

5. J, BJ!l:RRU:v, Metal amine formation in aqueous solutions 
(P. Haase and Bon, Copenhagen), 19!1.1. 

6. H. M. IRVING and H. B. ROSSOTTI, J, Ohem. Soo.,1964, 
2904. 

7. G. B. WANG.R1', R. G. WAI.KRR and V. A. BT.NGJUt, 
.AnaZra' Oh.sm., 1952, 24, 1986. 
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log x. 9.u±o.05 9.69±o.o7 1o.87±o.os u.o8 poTENTIOMETRIC d b 
log x. 8.!15±0.05 8.89±0.05 9.56±0.01 10.11 stu ies have een carried out 

---------------------- on metal complexes ofCu~~+, Zn~+, Ni•+, Cost 

ya+ 

Linear plots were observed when log K,. values 
were plotted against .J;i. Thermodynamic step 
stability constants (Table 1) were obtained by 
extrapolating the experimentally determined 
stability constants to zero ionic strength. A more 
or less increasing trend of stability constants was 
observed with decreasing ionic radii for lighter 
lanthanides. The only exception was with Ce(III), 
and this anomalous behaviour is probably due to 
the tendency of cerium towards quadrivalency. 
Stability order shows a break at or very near Gd 8 + 
ion which has been interpreted as corresponding to 
either the stability of the half-filled (4f') arrange­
ment for Gd 8 + ion or the change in ionic radii 
centering at the Gd 8 + ion which allows a change 
in the coordination number of the cation11 •11 • 

The heavier lanthanides do not show a regular trend 
as has been observed in a number of systems1R. 
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and MgB+ with 2-hydroxy-1-naphthalidine-p­
acetylaminoaniline. The dissociation constants of 
the ligand and formation constants of its metal 
chelates have been determined by Bjerrum's method 
at 25±0.1", and at ionic strength O.IM NaCl06 in 
75 : 25 (vfv) dioxan-water medium. The order of 
stability of chelates is found to be Cu>Zn>Co> 
Ni>Mg. 

Experimental 

The ligand 2-hydroxy-1-naphthalidine-p-acetyl­
aminoaniline was prepared by adding an equimolar 
quantity of p-acetylaminoaniline to 10 gm of 2-
hydroxy-1-naphthaldehyde dissolved in 50 ml of 
ethanol and reftuxing the reaction mixture on a 
water bath for an hour. After cooling, the solution 

. was filtered to give the crude product which was 
repeatedly crystallised from alcohol to get an 
analytically pure compound having m.p. 139" 
(observed). (Found: C, 74.10; H, 5.20; N, 9.05 
per cent. Calcd. for C10 H18 N 110 11 ; C, 74.02; H, 
5.19; N, 9.09 per cent) and C=N stretching fre­
quency, 1624 cm-1. 

The experimental techniques used in the present 
investigation were the same as reported earJier1·1 • 

Results and Discussion 

It may be mentioned here that the Jigand does 
not undergo hydrolysis under the experimental con· 
ditions described. This was indicated by the rapid 
attainment of equilibrium during the titrations and 


