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Absorption Spectral Studies on Pr(III) and Nd(III) Metal
- Complexes with Schiff Base Ligand in Dioxane-water Media
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The interaction of Schiff base ligands, H,AD, H,AB, H;BD,
H,BB and H,BA with Pr(Ill) and Nd(III) ion have becn studied in
different metal-ligand stoichiometry and pH in 20% dioxane-water
medium. The absorption spectra have been recorded in visible
range. The sharp bands in the spectra have been individually an-
alysed by Gaussian curve analz'sis and various energy and intensity
parameters such as Racah (EX), Slator-Condon (Fy), Landé (C49),
oscillator strength (P) and Judd-Ofelt parameter (T}) etc. have been
computed using Partial and multiple regression methods. The bond-
ing parameter (b'?) and nephalauxetic ratio (B) have been evaluated.

Key Words: Absorption spectra, Pr(III), Nd(III), Complexes,
Schiff base.

INTRODUCTION

The sharp line like bonds arising from transitions among different levels of
4f" configuration exhibit red shifts as well as some broadening when lanthanide
ion undergoes complexation. The 4f orbitals which lie deep in the core do not
generally participate in chemical bonding. However, recent studies have provided
definite proof for their involvement in bonding as shown by the intensification
of the laporate forbidden 4f-4f transition as well as the shift observed in the
energies of the transitions.

A search through literature*® reveals that very little work has been done on
electronic spectra of metal ions, Pr(IlI) and Nd(III) complexes with Schiff base
ligands, namely, o-(0-benzoylmethylbenzylideneimino) benzoic acid (H,AD),
o-(0.-2-oxopropy! benzylideneimino) benzoic acid (H,BD), o-(0-2-oxopentyl-
ideneimino) benzoic acid (H,AA), 2-(a-benzoylmethylbenzylideneimino) propa-
noic acid (H,BD), 2-(a-2-oxopropyl benzylideneimino) propanoic acid (H,BB),
3-(a-2-oxopentylideneimino) propanoic acid (H,BA), in 20% dioxane-water
medium. The electronic spectra of the complexes in different metal - ligand
stoichiometry (1:1,1:2,1:4 and 1 : 6 ) have been recorded and various energy
and intensity parameters, viz., Slator-Condon, Racah, Landé, oscillator strength,
Judd-Ofelt and nephelauxetic ratio have been computed.
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EXPERIMENTAL

The Schiff base ligands have been synthesized by condensation of dibenzoyl
methane, benzoyl acetone and acetyl acetone with 3-alanine and anthranilic acid,
respectively, as per literature procedure7. The ligands were characterized by
various physico-chemical methods. The sample solutions for recording electronic
spectra of Pr(IIl) and Nd(III) metal ions in the ligand’s environment having
different metal-ligand (M-L) stoichiometry (1:1,1:2,1:4and'1:6) in 20%
dioxane-water medium were prepared.

The absorbance measurement of the solutions of different stoichiometry shows
maximum absorbance for 1:2 metal-ligand ratio in the pH range of 7.5-8.5.
Hence, all the different parameters were calculated for this metal-ligand stoichio-
metry.

All the spectra were recorded in solution in the range of 200900 nm on a
Beckman DU 600 spectrophotometer.

All chemicals and reagents used were of AnalaR or AR grade. The lanthanide
acetates were obtained from Indian Rare Earth Ltd., Udyogmandalam, India.

RESULTS AND DISCUSSION

Energy parameters: The energy level structures of 4f configurations arise
as a result of coulombic and spin-orbit interactions, which are expressed as
electronic repulsion (Fy, E¥) and Landé parameter ({4) respectively. These
parameters can be evaluated by solving Taylor series expansion equations® .

dE; oE;
Ej(F. G =Eqi(F¢. 8 )+ T L AF+=+A
j(Fk C«‘f) EOJ( k C4f ) =246 aFk k agf C4f
where Eg; = the zero order energy of level j.
F, =F? + AF,
Car=C3 + ALy

- AF, < F?2, Al << L4

The difference between the observed E; values and zero-order ones, AE;, can
be expressed as

dE; JE;
AEi= I —LAF +—LA
= 2 op, At g, Al

The magnitude of parameters F,, F4, Fg and {,; were computed using regression
analysis and refined by the least squares techniques.

For all the complexes of both the metal ions the order of Slator-Condon
parameter is found to be F, > F,> F¢ and values are summarized in Table-3.

On complexation, contraction or expansion of wave function occurs, which is
reflected by changes in values of F, and { parameters with respect to the
corresponding free ion values. This phenomenon is known as nephelauxetic
effect, and can be expressed by the nephelauxetic ratio'

N
Fi

where C and f refer to the complex and free ion respectively.
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The values of nephelauxetic ratio for all the metal complexes were found less
than one. The values of this parameter were summarized in Table-3. This indicates
that metal-ligand interaction is not merely ionic but there is mixing of metal and
ligand orbitals, and hence covalent nature of metal-ligand bond may be concluded.

The bonding parametcr-(bm) is also related to nephelauxetic ratio () by the

lelatio“

The values of energies (E) for peaks of various transitions of all metal-ligand
complexes are summarized in Tables 1 and 2.

The change in values of all these parameters in all the complexes and also in
the various metal and ligand (M-L) ratios (1 : 1,1:2,1:4and 1:6) is not
much appreciable. Further, this shows that ligands have little effect on the spectral
pattern thereby indicating largely outer sphere (high spin) complexation'!and also
metal-ligand interaction is not merely ionic.

The decrease in the value of the Landé parameter ({4) is more than
Slator-Condon (F,) parameter indicating that the ligands affect the spin-orbit
coupling more than the electrostatic repulsion.

Intensity parameter

The intensity of absorption bands was measured in terms of oscillator strength
(P), calculated by performing a Gaussian curve analysis of the curve. The
oscillator strength (P) of a transition between the ground state (fN\ujl to excited
state IfV_wj) of the lanthanide ion in solution is given by

Pobs = 54 6TAV(fNWj| |U® || Ny /25 + 1)

where the unit tensor operator U connects the initial and final states through
three phenomenological parameters, Ty, (A = 2, 4, 6). These parameters are related
to the radial part of 4f" wave function, wave function of perturbing configuration
and ligand field parameters that characterize them and the immediate environment
around the metal ion. These parameters and oscillator strength of all the bands
observed in Pr(III)-metal ion-complexes and Nd(III)-metal ion complexes are
given in Tables 1 and 2.

The Judd-Ofelt parameter (T,) is found negative in the present case as expected
for Pr(III) metal-ion complexes and this may be due to overlapping of f-d
transition in the region of f-f transition. The presence of this tail enhances the
intensity of 3P, in the visible region. For the present case the values of T,
parameters are too low, thereby indicating outer sphere (high spin) complex-
ation.'? But in Nd(III) metal ion, the T, parameter has been considered to be an
indication of the immediate coordination environment.

The ratio of Judd-Ofelt parameter T,/T¢ of Pr(Ill) complexes and Nd(III)
complexes has been found in the range 0.16-0.29 and 0.62-0.97 respectively,
suggesting that coordination is through the oxygen and nitrogen donor atoms.

The highest values of oscillator strength have been found for 1 : 2 metal-ligand
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stoichiometry in the pH range of 7.5-8.5 in both the complexes; so it can be
inferred that 1 : 2 metal-ligand stoichiometry in the pH range of 7.5-8.5 has more
molecular stacking and molecular association, thereby indicating favourable
stereo-environment around the metal ion for complexation.

Hence, at large it may be concluded that interaction of Pr(III) and Nd(III) ions
with the Schiff base ligands has not been ionic but covalent and on the basis of
oscillator strength the order of covalency may be given as

H,AD <H,BD <H,AB <H;AA <H,BB <H,BA

The complexation and covalency have been found related to spectral intensity
(i.e., oscillator strength). The metal-ligand stoichiometry affects the oscillator
strength. Higher the value of oscillator strength, higher will be the complexation
and covalency. This is in agreement with earlier findings* °,
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