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A series of schiff bases derived from 2-hydroxy-1-naphthal-
dehyde with 2-chloroaniline, 2-ethoxyaniline, 2-methoxyaniline and
2-methylaniline have been synthesized. Their chelating tendencies
towards lanthanide(III) metal ions have been investigated poten-
tiometrically at 30 £ 0.1°C in 60% (v/v) dioxane-water medium and
0.1 M (NaClOy) ionic strength. The lanthanides form 1 : 1and 1:2
complexes with all the schiff bases and the trend in log K values
shows a break at gadolinium.

INTRODUCTION

Schiff bases and their metal complexes have been the subject of intensive
research due to their novel structural features, interesting spectral and magnetic
properties and their industrial and biological importance. Extensive data on the
stabilities of transition metal complexes in solution are available with various
substituted schiff bases'™. However, there is no systematic solution study of the
complexes of transition metals with the schiff bases derived from 2-hydroxy-1-
naphthaldehyde. This encouraged to carry out the present investigation.

EXPERIMENTAL

All the chemicals used were of AR grade. The schiff bases were prepared by
the condensation of 2-hydroxy-1-naphthaldehyde with 2-chloroaniline, 2-ethoxy
aniline, 2-methoxy aniline and 2-methylaniline. The products obtained were
recrystallised from ethanol and their purities were checked by TLC, elemental
analysis and IR. The metal nitrates were dissolved in doubly distilled water and
standardized by the known methods™ . All the other solutions were also prepared
in doubly distilled water.

A digital pH meter (Elico, model LI-120) in conjunction with a combined
electrode was used for pH measurements. The Calvin-Bjerrum method modified
by Irving and Rossotti” was used to obtain pK and log K values. The measure-
ments were made at 30 £0.1°C at p=0.1 M (NaClO,) in 60% (v/v) dioxane-
water medium.

The pK and log K values were determined by half integral method, pointwise
calculations and also by the method of least squares. In all the calculations, pH
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correction and volume correction factors have been applied for the dioxane-water
mixture.

RESULTS AND DISCUSSION

The pK; and pKj; values of schiff bases which represent the deprotonation of
NH group at azomethine atom and phenolic OH group were determined at
n, = 1.5 and 0.5 respectively. The values were further checked from the plots of
log [(2 = npa)/(ns — 1)] vs. B and na/(1 —np) vs. B (B = pH meter reading). These
proton-ligand stability constants are presented in Table-1.

TABLE-1
PROTON-LIGAND STABILITY CONSTANTS OF SCHIFF BASES

Medium: 60% (v/v) dioxane-water mixture
Temp: 30 £0.1°C, p=0.1 M (NaClOy)

Ligand number Ligand PKy1 pK2
Ly N-[2-hydroxy- 1-naphthalinidine]}-2chloroaniline - 9.56
L2 N-[2-hydroxy- 1-naphthalinidine]-2-ethoxyaniline 4.39 10.49
L3 N-[2-hydroxy- 1-naphthalinidine]-2-methoxyaniline 4.29 9.94‘
Ls N-[2-hydroxy-1-naphthalinidine]-2-methyaniline 424 9.75

The schiff base L; has —Cl at 2-position to azomethine nitrogen of the schiff
base and it does not display pK, value. The absence of pK; value in this ligand
may be due to strong electron withdrawing effect of —Cl atom present in the
ligand. The electron density on the azomethine nitrogen is almost totally
withdrawn by the chlorine resulting in the generation of positive charge on the
azometine nitrogen. Hence protonation of azomethine nitrogen does not take place
resulting in the absence of pK, value.

L, and L; are having —OC,Hs5 and —OCH; group at 2-position to amine
group and L, having —CHj group. This can be explained on the basis of
dominating nature of +M effect of —OC;Hy/—OCH; group over +I effect of
—CH;. This may be attributed to the fact that ethoxy and methoxy groups increase
electron density on the azomethine nitrogen to a greater extent than methyl group
resulting in stronger bonding. Hence in case of L, and L; there will be decrease
in acidity, i.e., increase in pK, values as compared to L,.

The pK, value of L; is lowest as —Cl is at 2-position, hence —I effect, i.e.,
strong acidity. L, shows higher pK, value than L, as in L, +1I effect due to
—CH; group causes decrease in acidity. L, and L; having + M effect because of
—OC,H;s and —OCH; groups, hence decrease in acidity of phenolic —OH shows
higher values of pK, compared to L; and L,.

The metal-ligand titration curve deviates from the ligand titration curve in the
pH range 4.0 to 8.0. The difference between the log K; and log K, values
calculated by pointwise calculation method and half integral method was less than
one log unit, indicating simultaneous formation of 1:1 and 1:2 complexes.
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-Therefore least squares method was used to calculate accurate values. The values

of log K, and log K, and log B are shown in Table-2.

FORMATION CONSTANTS OF LANTHANIDE(III) METAL
IONS WITH SCHIFF BASES

TABLE-2

Medium: 60% (v/v) diox?ne-water mixture
Temp: 30 £0.1°C, p=0.1 M (NaClOy4)

M Stability
constant LI L2 L3 L4
La log K, 6.03 7.13 6.33 6.14
log K, 498 6.17 515 5.14
log B 11.01 13.30 1148 1128
log K; 6.08 7.26 6.52 6.47
Ce log K, 5.03 6.33 531 5.58
log B 1111 13.59 11.83 12.05
log K, 6.32 7.57 6.64 6.57
Pr log K, 5.57 6.81 5.52 5.84
log B 11.89 14.38 12.16 12.41
log K; 6.41 7.64 6.68 6.62
Nd log Kz 5.51 7.15 5.74 5.89
log B 11.92 14.79 12.42 12.51
log K; 6.65 7.72 6.76 6.68
Sm log K, 6.06 7.11 5.87 6.03
log B 12.71 14.83 12.63 1271
" logK; 6.69 797 6.92 6.73
Eu log Ky 6.07 7.24 6.09 6.03
log B 12.76 1521 13.01 1276
log K; 6.58 1.73 6.66 6.61
Gd log K, 6.08 7.20 5.80 598
log B 12.66 14.93 12.46 12.59
log Ky 6.60 8.20 7.55 697
Tb log K, 6.10 7.28 6.69 634
log B 12.70 15.48 14.24 1331
log K; 6.47 7.80 742 6.77
Dy log K, 6.02 7.20 6.61 6.22
log B 12.49 15.00 14.03 12.99
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It is observed from Table-2 that the lanthanides show a linear increase of
overall stability constants with increase in atomic number up to Eu(III) after which
there is a sudden fall at Gd(III), i.e., gadolinium break. The stability constant then
increases at Tb(III) and Dy(III). Such behaviour was found for the most rare earth
complexes with various ligands®®.

If the bonds are ionic, the Born relation E = (¢%/2r)(1 — 1/D) should hold for
the energy change on complexation of a gaseous ion of charge ‘e’ and radius ‘r’
in a medium of dielectric constant ‘D’. Singce the stability constant is related
directly to this energy, the log k should increase linearly with 1/r.

The plot of 1/r vs. log K; values of the rare earth shown in Fig. 1 indicates
that the stability constants of metal complexes increase with increasing atomic
number (i.e. decrease in ionic radius) from La(IIl) to Eu(Il). There is, however,
a discontinuity found at Gd(III). From Gd(III), the plot shows maxima and minima
in log B values of these complexes indicating their greater stability, which may
be attributed to the increased covalent character'®.

It is also concluded from the observed nature of graphs that the present schiff
base complexes with lanthanide metal ions are predominantly ionic in the first
part, i.e., from La(III) to Gd(III) and covalent in character in the second part, i.e.,
from Tb(III) to Dy(III).

When log B values were plotted against pK values, no linearity could be
obtained. Ionisation potential of the metal ion and donor atoms, tendency of metal
ions to form m-bonds, ligand field stabilization of ligand are some of the factors
which affect the linear relationship.

Plot of log k, Vs. 1/r

log k;

L1

1

Fig. 1.
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