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Electronic Spectral Studies of Some Schiff Base Chelates of
Pr(III) and Nd(III) Metal Ions in Terms of Energy
and Intensity Parameters
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Six Schiff bases, namely, H,PAA, H,PBA, H,PDB, H,PCA, H,PCV
and H,PCT have been synthesized from o-amino phenol with acetyl ace-
tone, benzoy! acetone and dibenzoyl methane, respectively, and pyrrole-2-
carboxaldehyde with B-alanine, L-valine and taurine, respectively, by
condensation process. Electronic spectral studies of twelve chelates of
metal ions, Pr(III) and Nd(III) with these ligands were carried out in
different stoichicmetric ratios of metal-ligand in solution. The various
energy parameters such as Slater-Condon (Fy) Racah (Ek), Lande ({4¢) and
intensity parameters such as oscillator strength (P), Judd Ofelt parameters
(T») have been computed using partial and regression statistical method.
The bonding parameter (') and nephelauxetic ratio () have also been
evaluated.

Key Words:: Schiff base chelates, Energy and intensity parameters,
Bonding parameters, Nephelauxetic ratio.

INTRODUCTION

Lanthanon(III) ions are known to pose interesting bonding interactions with
various types of ligands and therefore these are often used as a spectroscopic
probe as surrogates for calcium ion in the studies of biological system as well as
diagnostic agent in clinical medicine'. Much work on metal chelates has been
carried out with Schiff bases as nitrogen and oxygen donor ligands* 3

A survey of literature*” has revealed that no spectroscopic studies have been
made on trivalent Pr(III) and Nd(III) ions with six tridentate biprotic ligands
derived from o-amino phenol with acetyl acetone, benzoyl acetone and dibenzoyl
methane, respectively, namely, 2-(0.-oxopentylideneimino) phenol (H,PAA), 2-
(o-oxopropylideneimino) phenol (H,PBA) and 2-(o.-benzoylmethylbenzylidene-
imino) phenol (H,PDB) and pyrrole-2-carboxaldehyde with (3-alanine, L-valine
and taurine respectively, namely, o-(2-pyrrolideneimino) propanoic acid
(H,PCA), o-(N-a.-pyrrolideneimino) isopropyl ethanoic acid (H,PCV), and o-(N-
a-pyrrolideneimino) ethane sulphonic acid (H,PCT), in aqueous media.

The values of the various electronic spectral parameters like Judd-Ofelt (T;),
Slater-Condon (F,), Racah (E%), Lande (€4¢), oscillator strength (P), nephelauxetic
ratio (B) and bonding parameter (b"?), which give useful informations regarding
spin-orbital interactions, interelectronic repulsion, nephelauxetic effect and bond-
ing in complexes, have been calculated by using partial and multiple regression
method involving the theories given by Slater-Condon, Lande and Judd-Ofelt.
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EXPERIMENTAL

Preparation of ligands

The three ligands H,PAA, H,PBA and H,PDB have been synthesized by
refluxing the equimolar solution of (0.01 M) o-amino phenol with acetyl acetore,
benzoyl acetone and dibenzoyl methane, respectively, and the other three ligands,
namely, H,PCA, H,PCV and H,PCT were synthesized by refluxing the equimolar
solution of (0.01 M) pyrrole-2-carboxaldehyde with (3-alanine, L-valine and
taurine, respectively, in the presence of piperidene as a catalyst on water bath for
2-4 h. The resulting solutions were filtered while hot and dried as per literature
procedure®.
Preparation of metal-ion solution

Lanthanon acetates have been used for the preparation of metal-ion solution
in double-distilled water which were duly standardized by the conventional
methods’.
Preparation of metal-ligand (sample) solution

The sample solutions were prepared by taking metal and ligand solutions in
stoichiometric ratio M :L) of 1:1,1:2, 1:4 and 1:6 to record the spectra.
The electronic absorption spectra of these sample solutions have been recorded
on a spectrophotometer in the range of 200-1200 nm. A Beckman D-600
spectrophotometer has been used with a scan speed 600 nm/min. It has been found
that the absorbance of the sample solutions having 1 : 2 metal-ligand stoichio-
metry is maximum and hence for this metal-ligand stoichiometry, pH variation
was made in the range of 5-10, to ascertain pH range of maximum molecular
stacking that is complexation (in the solution).

RESULTS AND DISCUSSION

Energy parameters

The Slater-Condon (F,) and Lande ({4 ) parameters have been calculated using
the following equations (1-3) as suggested by Wong'® !!:

AE;= I OE | dFAF, +3E; | 3¢, ALy (1)
(k=24,6)

F, =0.1381F, )

Fg=0.151F, 3)

The values of energies for different peaks of various transitions have been
summarized in Tables 1 and 2 for Pr(III) and Nd(III) chelates, respectively, and
the values of various energy parameters have been shown in Table-3 for both
metal chelates.

On the basis of these data it has been found that the values of F, parameter
(Slater-Condon) decrease from free-ion value, indicating decrease in interelectro-
nic repulsion due to complexation and the values range from 310.495 to 323.961
and 319.133 to 323.447 for Pr(III) and. Nd(III) metal chelates, respectively. The
order of Slater-Condon parameters has been found to be F, >F,>Fg and the
observed values of F¢/F, (0.0151 and 0.0146 to 0.0151) are less than F/F, (0.1381
and 0.1585 to 0.1675) for Pr(IIl) and Nd(II) metal chelates, respectively. The
decrease in the value of {4 (as compared with free ion) clearly suggests the
decrease in spin-orbit interactions indicating a general red shift and the value
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ranges from 684.073 to 694.586 and 855.527 to 880.729 for Pr(IlI) and Nd(III)
metal chelates, respectively.
Nephelauxetic ratio (3) and Bonding parameter (5]

The bonding parameter (b'?) is related to nephelauxetic ratio () by the relation

b'2=[(1 - By2]"* @)

and the values of these have been listed in Table-3. From these values it has been
found that the nephelauxetic ratios () for all the systems are less than one
indicating that the metal-ligand interaction is not ionic but there is a mixing of
metal and ligand orbitals, i.e., the metal-ligand bonding in these chelates is not
mere ionic but there is covalency in them.
Intensity parameters

The oscillator strength of each band has been computed using the following
equation:

Pps = 4.6 X 1072 X €000 X AV 12 )
where Av,, is half band width and €, is molar extinction coefficient.

The solution spectra have been analyzed by resolving each band into Gaussian
curve shape to enable evaluation of oscillator strength. The bands for different
transitions have been identified by comparing the values of energies with
corresponding energy level in free metal ion. The small r.m.s. deviation (o, ,,)
for Pr(IlT) and Nd(IIT) metal-chelates between experimental and calculated values
of oscillator strength (+0.411 to 0.97 x 107 and +110.684 to 122.061), respec-
tively, are listed in Tables 1 and 2 indicating the suitability of relation used.

The oscillator strength values which are a measure of intensities of specific
electronic transitions or degree to which a specific transition is allowed, show
marked dependence on the cation environment'2. The oscillator strength values
besides several minor interactions are composed of prominently three main
parameters known as Judd-Ofelt parameters (T, T4 and Tg). The values of these
parameters are listed in Tables 1 and 2 for Pr(III) and Nd(III) metal chelates,
respectively.

The Judd-Ofelt equation for experimentally observed oscillator strength is
given by

Pops = Tov[UPT + Tv[UOP + Tv[UO) 6)
where v is energy of the band (cm™), T,, T, and Tg are Judd-Ofelt parameters.

There is much variation in Judd-Ofelt parameters (T,, T4 and T¢) and these
values follow the order T, <T,<Tg which is in good agreement with the
lanthanon metal ion characteristics'>. These parameters show a marked difference
in the values of Pr(III) and Nd(III) metal chelates. Higher values of T¢ for Pr(III)
metal chelates than Nd(III) metal chelates is due to the large cation size of Pr(III)
metal ion than that of Nd(IIl) metal ion, which may experience a greater
disturbance of hydration sphere as a result of intimate Pr(III) and Nd(III)-ligand
contact on chelation. Similarly the smaller values of T, parameters of Pr(III) than
that of Nd(III) may be due to the increased covalent interaction with decreased
cationic size due to lanthanon contraction'® !4, In lanthanons the 4f-orbitals are
deep seated and thus are less available for bonding and ligand field stabilization
energy effects are also negligible. Under these conditions the Pr(IlI) and
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Nd(III)-ligand interaction are expected to be predominantly ionic. A change from
ionic to ionic-covalent bonding is due to lanthanide contraction. The ratio T,/T
indicates the symmetry around the cation and are from 0.1810-0.1981 and
0.8021-0.9292 for Pr(III) and Nd(III) metal chelates respectively. This indicates
that there is a very slight change in symmetry around Pr(IlI) and Nd(III) in the
present case.

Conclusion

In all the cases metal-ligand bondIng is not merely ionic but the data suggest
covalency in them. From the values of various parameters, the order of covalency
of Pr(Ill) and Nd(IIT) metal-chelates with these ligands are as follows:

. H,PAA>H,PBA > H,PDB > H,PCA > H,PCB > H,PCT

On the basis of the above observations it has been found that in all the cases
the absorbance values were highest in the solution having 1:2 metal-ligand
stoichiometry and at pH range 7.5-8.5. Thus it may be concluded that in this
condition there is greatest molecular stacking and favourable stereo-environment
for complexation and this is also confirmed by using Job’s'> method.
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