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Oscillator Strength and Intensity Parameters of Sm(III),
Ho(III) and Er(III) Metal Complexes
with Some Schiff Base Ligand
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The absorption spectra of Schiff base ligands, o-(0-benzoyl-
methylbenzylideneimino) benzoic acid (H,AD), o-(a-2-oxopropyl-
benzylideneimino) benzoic acid (H,AB), o-(-2-oxopentylidene-
imino) benzoic acid (H,AA), 2-(a-benzoyl methylbenzylidene-
imino) propanoic acid (H;BD), 2-(a-2-oxopropylbenzylideneimino)
propanoic acid (H,BB) and 3-(ai-2-oxopentylideneimino) propanoic
acid (HBA) with Sm(III), Ho(III) and Er(III) ions have been stud-
ied in different metal-ligand stoichiometry in 20% dioxane-water
medium. The oscillator strengths for the 4f-4f multiplet to multiplet
transitions are empirically determined from the absorption spectra.
The intensity parameters T), (A = 2, 4, 6) for all the complexes were
evaluated by applying the Judd-Ofelt theorem to the observed os-
cillator strengths. The values of the intensity parameters are com-
pared and discussed to investigate the sensitivity of the intensity
parameters to the ligand environment.
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INTRODUCTION

A great deal of work has been done on the electronic spectra of lanthanide(III)
complexes, specially on complexes of oxygen donor ligands in order to under-
stand the factors responsible for the narrow line widths in the absorption spectra
and nature of chemical bonding in the complexes. The 4f orbitals which lie deep
inside 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 transition as compared to free aquo ions.

Lanthanide(III) ions show very characteristic 4f-4f absorption spectra which
correspond to transition from the ground multiplet to the excited multiplet. These
transitions are forbidden in principle by an electric dipole moment, but are
partially allowed by the induced electric dipole moment. Judd* and Ofelt’
individually derived significant theoretical expressions for the oscillator strength
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of the induced electric dipole moment, taking account of the mixing between the
4f orbitals and other orbitals.

A survey of literature® ’ revealed that no work has been done on absorption
spectra of Sm(III), Ho(IlT) and Er(IIl) complexes with bioactive ligands, i.e.,
Schiff base, namely, o-(a-benzoylmethylbenzylideneimino) benzoic acid
(H,AD), o-(0-2-oxopropylbenzylideneimino) benzoic acid (H,AB), o-(0-2-0x0-
pentylideneimino) benzoic acid (H,AA), 2-(a-benzoyl methylbenzylideneimino)
propanoic acid (H,BD), 2-(a-2-oxopropylbenzylideneimino) propanoic acid
(H,BB) and 3-(0i-2-oxopentylideneimino) propanoic acid (H,BA). The absorption
spectra of the complexes in different metal-ligand stoichiometry and pH range in
20% dioxane-water medium have been recorded. The maximum absorbance has
been observed for the sample solution having 1 : 2 metal-ligand stoichiometry in
the pH range 7.5-8.5 for all the metal complexes. So, the oscillator strength and
Judd-Ofelt parameters have been computed using absorbance for 1 : 2 metal-
ligand stoichiometry employing partial regression method.

EXPERIMENTAL

The Schiff base ligands have been synthesized by condensation of
dibenzoylmethane, benzoylacetone and acetyl acetone with B-alanine and anthra-
nilic acid, respectively, as per literature procedure®. The ligands thus obtained
(H,AD, H,AB, H,AA, H,BD, H,BB and H,BA) were characterized and identi-
fied.

The sample solutions for recording absorption spectra of Sm(III), Ho(Ill) and
Er(IIT) metal ions in the ligand environment having different metal-ligand (M : L)
stoichiometry, 1:1,1:2,1:4 and 1 : 6 and pH ranges 5.5-6.5, 6.5-7.5, 7.5-8.5,
8.5-9.5 (1 :2 M : L ratio only) in 20% dioxane-water medium have been prepared.

The absorbance measurements of the sample solutions in different stoichio-
metry show maximum absorbance for the sample solution having 1 :2 metal-
ligand ratio in the pH range of 7.5 to 8.5.

All the spectra were recorded in solution in the range of 200 nm to 900 nm
on a Beckman DU 600 spectrophotometer.

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

RESULTS AND DISCUSSION

The absorption spectra of Sm(IIl), Ho(Il) and Er(Ill) complexes were
measured in near UV-Vis wavelength range. The intensity of absorption band 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
gr(:usnd state (fN\pjl excited state |fN\|1j ) of the lanthanide ion solution is given
by™

Poos = Z TV (N | UP||yf Y/ (2j+1)  (A=2,4,6)

where Vv is the transition energy (expressed in wavenumbers),
(fN\uj" UO‘)||fN\|Jj' ) are the reduced matrix elements of the unit tensor operator
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u®, connecting the initial and final states of transition and T, parameters are
generally called Judd-Ofelt intensity parameters. These parameters are related to
the radial part of 4f" wave function, wave function of perturbing configuration
and ligand field parameters that characterised them and the immediate environ-
ment around the metal ion.

The three Judd-Ofelt intensity parameters (T,, T4 and Tg) were obtained from
the empirically determined oscillator strength by the partial and multiple regres-
sion method. The values of oscillator strengths have been computed by the
relation

Py = 4.6 X 107° X £, X AV}
where €, = molar extinction coefficient and AV,;, = half band width

The value of oscillator strength of each band i 1s recalculated from the values

of T,, T4 and T computed by using the relation* 3
Py = T, V[UPP + T,V[UYP + T4 WU

The computed values of oscillator strengths (Pg,s and Py) and Judd-Ofelt
parameters of all the bands observed in Sm(III), Ho(III) and Er(III) metal ion
complexes have been summarised in Tables 1-3.

The r.m.s. deviation (o) between P, and P, of Sm(III), Ho(III) and Er(III)
have been found to be 0.054-0.148, 0.209-0.302 and 0.340-0.706, respectively.
The low values of r.m.s. deviations for all the complexes support the apphcablhty
of Judd-Ofelt theory of f-f transition for lanthanides.

The Judd-Ofelt intensity parameters T, (A =2, 4, 6) for Sm(III), Ho(IlI) and
Er(IIT) complexes with Schiff base ligands have been determined to demonstrate
the sensitivity of these parameters to the coordination environment. Among the
three (T,, T4 and T¢) parameters, T, is the most sensitive to co-rdination
environment. The sensitivity of T, to the coordination environment appears from
the matrix element of U® which is only determined from the electronic states in
the ground and excited states of free ion.

The ratios of Judd-Ofelt parameters T/Tg for Sm(III), Ho(Ill) and Er(III)
complexes have been found in the range 0.978-1.180, 0.808-0.917 and 0.845-
1.183, respectively suggesting the co-ordination is through the oxygen and
nitrogen donor atoms’.

The highest values of oscillator strength have been found for 1 : 2 metal-ligand’
stoichiometry in the pH range 7.5-8.5 in all the complexes; so it can be inferred
that 1 : 2 metal-ligand stoichiometry in the pH range 7.5-8.5 has more molecular
stakirg and molecular association, thereby indicating favourable stereoenviron-
ment around metal ions for complexation. Hence, it may be concluded that
interactions of Sm(III), Ho(III) and Er(IIl) ion with the Schiff base ligands have
not been merely 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 < H2BA

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 oscillator strength, hlgher will be complexation and coval-
ency. This is in agreement to earlier findings'®.
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