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Scluff bases derived from the condensation of oxindole with anthranillic acid and p-alanine and their lanthanon 
(m) chelates have been syxthesized and characterized by physicochemical techniques. Potentiomern'c studes 
have been canied out by Iiving-Rossotti method in 30% (vlv) dioxane-water media (p = 041M, and 0-05M, 
and 0.10M NaC10J at 25, 35 and 45°C. AG", AH" and AS" of the metal chelates have also been evaluated. 

Key wards: 0-(N-u-oxindohmino) benzoic acid and 0-(Na-oxmdolimino) propanoic acid chelates, stahiiity 
constants, dissociation constants. 

1. Introduction 

Several reactions of lanthanon (111) ions with polydentates were reported1" earlier in 
these laboratories. A s w e y  of the literature has revealed that no work has been done 
so far on the lanthanon (111) chelates of the Schiff bases derived by the condensation 
of oxindole with anthranillic acid (H20B) and p-alanine (H20P), respectively. Hence, 
physicochemical investigation on these chelates was undertaken and its Endings are 
reported in the present communication. 

2. Experimental 

All the chemicals used were of Anal-R grade and used without further purification. 
The instruments employed were the same as reported earlier4. 

2.1. Synthesis of HzOB and H20P 

HzOB and H20P were synthesized by the condensation of oxindole with anthranilic 
acid or p-alanine in the presence of piperidine as the condensing agent. After refluxing 
equimolar ethanolic solutions of these compounds for 2-3 h, the light brownish yellow 
and pale yeUow solutions obtained were filtered hot, concentrated and cooled when 
brownish yellow (H20B) and pale yellow (H20P) crystals were obtained. These were 
reclystallised from ethanol (Fig. 1). 



~ N - - ~ ~ - - ~ x i n d o l i m i n o )  
benzoic acid (H,OB) 

FIG 1. 

O-(N-cu-oxindolimino) 
propanoic acid (H,OP) 

T l ~ e  authenticity and purity of thc ligands were established by elemental analysis, 
molecular weight, 'H nmr and ir spectra. HzOB (m.p., 78°C) Found: C, 71.10; H, 
4.22; N, 1068; Calc for (Ci5HI2N202): C, 71.42; H, 4.76; N, 11.11% H20P (m.p., 
118°C) Found: C, 70-31: H, 5.50; N, 13.24; Calc for (C,,H12N20Z): C, 70.58; II, 
5.86; N, 13.72%. 

2.2. Synthesis of la~thanon (JII) chelates 

To an ethanolic solution of NIOB or H20P ( 4 4  M) a solution of lanthanon (111) 
nitrate (42  M) in 80% ethanol was added gradually and the mixture was stirred 
magnetically. Dilute ammonia (1:20) was added dropwise to thc mixture until a flo- 
cullent mass way obtained which was stirred continuou,ly for 4-5 h. The mash was 
then filtered under suction. washed with hot ethanol and preserved in a vacuum 
desiccator. 

The ligand soJution was prepared in 30% (vlv) dioxane-water media. Potentioinet- 
ric studies were carried out by Irving-Rossotti technique in 30% (vlv) dioxane-water 
solution (p = 0-1 M, 0.05 M and 0.01 M NaC104 ) at 25", 35" and 45°C and PH 
values were corrected for partially aqueous media'. The C, H and N contents in the 
complexes were determined by standard methods after destroying the organic part 
first with aqna regia and then with couc. sulphuric acid. The experimental results 
obtained were found satisfactory. The metal nitrates (RDH) and the solvents were 
reagent-grade chemicals. 

3. Results and discussion 

The pK, and pK2 values of H,OB were found to be 9.45 and 4.98 at 25T ,  9.08 and 
4-59 at 35T,  8-68 and 4.28 at 4YC, the corresponding values for K O P  were found 
to be 9.52 and 5.19 at 2YC, 9.23 and 4.675 at 35"C, 8.61 and 4.38 at 45T ,  respec- 
tivcly (I*. = 0- 1 M NaCI04). 
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Table 1 
Themadynamic parameters of the lanfhanon (PID chelates of HzOB aod H20P at p = 0 

Meral log Bo - AG" (A7 mu/-') -UP AS" 
ion (KJ moi-') (JK" moi-I) 

25" 35" 45" 25" 35" 45' ar 35°C ar 35°C 

In terms of Harried's equation, p ~ ~ ,  PK: and 0 at 35°C were found to be 13.67 (13.90), -12.97 (24.92), 
and 750 (818), respectively. 

The values given in parentheses are those of the H20P chelates. 

These values suggest the biprotic nature of the ligands. The pK1 and pK2 values 
of H20B and H20P decreased with increasing temperature. By plotting ii vs pL, the 
formation curves of the metal-ligand systems were obtained. The values of stability 
constants derived from the formation curves were refined by different computational 
methods6. The stabilities of these metal chelates were found to follow the order 
La(~I)~Ce(~)~Pr(III)~Nd(III)~Sm(III)<GdI)Th()<Dy(III)~Ho(III)~ Er(II1) 
which is in accordance with the lanthanide contraction. 

Thermodynamic stabilities were obtained by extrapolation of measured formation 
constants to zero ionic strength in the plot between log of stability and fi where 

is the ionic strength. 

3.1. Thermodynamic parameters 

The AGO, AH" and ASo values (Table I) were evaluated using Gibbs-Helmholtz equa- 
tion. Log Po values decreased with increase in ionic strength of the medium, in 
agreement with Huckel equation. The stabilities decreased with increase in tempera- 
ture. 
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The AG" valucs of all the chelates have morc negative values at 45°C than at 35 
and 25°C. The negative values of AHo suggest the exothermic nature of the reaction 
and positive values of AS" suggest favourable chelation reactions. The data were also 
anaiysed in terms of Harned equation7 and the values of 0 ,  pKH and pKz were 
evaluated. The AH values obtained by Harned's equation and Gibbs-Helmholtz equ- 
ation were found to be in agreement. 

3.2. Solid chelutes 

Based on elemental analysis and ebulliometric molecular weight determination, thc 
solid lanthanon (111) chelates approached 1:2 (metal-ligand) stoichiometry. 

La(II1) chelates were fouud to be diamagnetic. The observed magnetic rnonlents 
for the remaining rare-earth chelatcs were in good agreement with the typical values 
for lanthanide sulphates and indicated the presence of 0, 1, 2, 3, 5 ,  7, 6, 5, 4, 3 
unpaired electrons in La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er compiexes, respec- 
tively. 

The bands observed in the case of Pr(1II). Nd(III), Sm(III), Tb(III), Dy(III), 
Ho(1II) and ER(II1) chelates were attributed to the transition from ground levels 
'H4, 'Hsi2, 7F6, . 'Ig, 4115r2, respectively, to the excited J levels of 4f" con- 
figuration. thereby exhibiting six coordination number. But intra-ligand charge trans- 
fer bands were observed in La(1ll) and Gd(II1) chelates. 

In the lanthanon(II1) chelates of H20B and HIOP, uC = N and vNH were found 
to be lowered (- 15-30 cm-I) indicating coordination of thc Iigands through the 
> C = N and >NM groups. In the ir spectra of metal chelates, new hands in the far- 
infrared region at 52lL5-550 and 400140 cm-' werc observed which werc assigned to 
v(M-0) and v(k-N) modes. respectively. 

In the 'H m r  spectra of the HzOB and H@P, signals due to COOII and -NH 
protons appeared at 611-7 and 11.5 and 6.66 and 6.62 ppm, respectively. The position 
of signals due to C H 2  (83.05-3-12) (multipiet) in H20P and aromatic protons (67.13) 
(multiplet) in HzOB were found unchanged in the metal chelates. 

The results obtained conclusively indicate hexa-coordinated octahedral geometry 
for the lanthanon(II1) chelates under study. 
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