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An Absorption Spectral Study of 4f-4f Transitions for the
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By employing absorption difference and comparative absorption
spectrophotometry, the interactions ‘of Pr(IIl) with DL-valine, L-
leucine, L(-)-hydroxyproline, DL-alanine, L(+)-arginine and p-al-
anine in aqueous and different aquated organic solvents have been
discussed. The magnitude of various electronic spectral parameters
like Slater-Condon (Fy), Racah (E¥), Lande factor (%4f),
nephelauxetic ratio (f), bonding (bm), percentage covalency (8)
and intensity parameters like oscillator strength (P) and Judd-Ofelt
electric dipole intensity (T,) parameters have been evaluated using
partial and multiple regression analysis following linear curve ana-
lysis and Gaussian curve analysis. The changes in the oscillator
strengths of the different 4/-4f transitions and experimentally deter-
mined Judd-Ofelt parameters (T)) are going to explain nature of
binding of lanthanide with different ligands in aqueous and different
aquated organic solvents.

Key Words: Spectral studies, Pr(III), Amino acids, Aquated
organic solvents.

INTRODUCTION

The study of the chemical bonding between trivalent lanthanide ions (Ln
and amino acids or peptides has its origin in the interest in using these ions as
structural probes in biological systems, particularly in those systems which
contain Ca?* in their structure' 2. Lanthanides coordinate with the unprotonated
carboxyl groups of amino acids. Sherry et al.? suggested that alanine participates
in monodentate coordination with lanthanides from Pr** to Tb**, and in bidentate
coordination from Dy** to Yb*. The study of the substances doped with certain
impurities has been found to be very useful in the field of science and technology®.
Katzin® applied the ability of lanthanide ions as absorption difference probe in
studies of sugar acids and amino acids as ligands. In this paper, Pr(IIl) ion has
been doped with ligands namely DL-valine, L-leucine, L(+)-hydroxyproline,
DL-alanine, L(+)-arginine and B-alanine in different 50% (v/v) solvents—water,
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CH,;0H, CH;CN, dioxane, DMF and their equimolar mixtures. Pr(IIT) absorption
spectra yield four bands in the visible region. Various electronic spectral
parameters, viz., Slater-Condon (F,), Racah (EX), Lande spin orbit coupling
constant (£,), Nephelauxetic ratio (B), bonding (b'?), percentage covalency (5),
oscillator strength (P) and Judd-Ofelt Intensity (T,) parameters for the different
ligands have been evaluated.

EXPERIMENTAL

Pr(III) nitrate of 99.9% purity was purchased from CDH Analytical Reagent
and amino acids from Loba-Chemie Indo-Australian Co. The solvents used are
CH;0H, CH,CN, DMF and dioxane, they are of AR grade from Qualigens. The
saturated solutions of ligands and Pr(IIl) nitrate of 102 M were prepared in
different solvents (50% v/v). The solution spectrum of each solution at pH 4 and
at temperature 298 K were recorded on a Perkin-Elmer Lambda-35 upgraded with
high resolution and expansion of scale having water jacket cell holder in the range
350 nm-900 nm.

For Pr(Ill) complexes, the values of interelectronic parameters, i.e.,
F,, F4, Fg and &4 were determined by using the technique developed by Misra et
al.

: SE.
Egps = Eoj + 5= AF, + = ALy (1)

dF, 884
Then, we get approximate values of F, and E_,4f by using the partial regression
method. Approximate values of F, and Fg¢ are obtained from the following
relation:

F F
—4-0.13805 and —2=0.0151 2
F2 F2

Nephelauxetic ratio ‘B’ measures the change in F, with respect to free ion,
which is defined as:

R, & Bu+ B2
Biergi Bmpl and B[—z—} &)

where, F; and Fi refer to parameters in complex and free ion respectively.
The amount of mixing of 4f-orbital and ligand orbital can be given by another
bonding parameter b2, which is related to nephelauxetic effect and is defined

as:
12
12 _ 1-p )
i

Sinha’ introduced another parameter known as the percentage covalency
parameter (8%) which is defined as:

_[1-8
5%-[ B }XIOO )
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The oscillator strength (P) is directly proportional to the area under the
absorption curve. This is given by

[ __om .
P=431x10 [mzm)z]jemvdv ©)
where €,,, = molar extinction coefficient
V = energy of transition in wave number
1 = refractive index of the medium
The experimental value of oscillator strength (Py,) of absorption band given
by Gaussian Curve Analysis® is

Pops = 4.6 X 1072 X €, X Vi1 )

where, V5, = half-band width
€max = Molar extinction coefficient
The observed oscillator strengths (Py,) of the transition energies were
expressed in terms of parameters defined by Judd®’ and Ofelt'® known as the
T,, T4 and T4 parameters which are given by the following equation:

P,
—2% = [(U)PT; + (U + (U T ®

where U is the matrix element given by Carnall ef al.!' and v is the energy of
transition.

RESULTS AND DISCUSSION

The sensitivity of hypersensitive bands in lanthanides towards coordination
environment has been recognized since long. A few, however, are very sensitive
to the environment and are usually more intense when a lanthanide ion gets
complexed than it is in the corresponding aquo ion. Such transitions are called
hypersensitive transitions!2. The transitions *H, — °P,, *P,, >P, and 'D, of Pr(III)
do not obey the selection rules for hypersensitive transition, but have been found
to exhibit substantial sensitivity in the complexes!>. The comparative absorption
spectra of Pr(IIl) : DL-valine, Pr(IIl) : L-leucine, Pr(IIl) : L(-)-hydroxyproline,
Pr(1II) : DL-alanine, Pr(IIl) : L(+)-arginine and Pr(III) : B-alanine in aquated DMF
(50%) are given in Fig. 1. The addition of ligands (i.e., DL-valine, L-leucine,
L(-)-hydroxyproline, DL-alanine, L(+)-arginine and B-alanine) in Pr(Ill) ion
results in the red shift in all the energy bands but the changes in the intensity data
are substantial. The changes in the intensity data are seen from the intensification
of intensities of 4f-4f transition bands when the ligands are added. The intensifi-
cation of the bands was interpreted in terms of increased interaction of 4f-orbitals
with ligand orbitals. The intensification of bands, especially of *H, — P,
transition can be correlated with lowering of the coordination number and
shortening of the metal-ligand distance. From Tables 1 and 2, one can clearly see
that in all the systems there is decrease in Slater-Condon (F,), Racah (EX) and
spin-orbit interaction (€, which indicates lowering of both columbic (Fy) and
spin-orbit interaction (§,) parameters thus leading to expansion of the central
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metal-ion orbital when the ligands are added to Pr(IIl) ion. The values of
nephelauxetic éffect (B) in all the systems range from 0.9446 to 0.9471, i.e., its
values is less than unity and the values of bonding parameter (b'/%) are positive
which indicates covalent bonding. It is in accordance with the theory of f& f

transitions reported earlier

14, 15
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Fig.1. Comparative absorption spectra of (a) Pr(IIl):B-Alanine ~-—— (b) Pr(II):L(+)-Arginine ——
(c) Pr(llI):DL-Alanine - -- - -- (d) Pr(1II):Hydroxyproline — (e) Pr(1Il):L-Leucine =------

(f) Pr(llI):DL-Valine

in DMF(50%)

From Table-3, we can see that the variation of solvent has significant effect
on the oscillator strengths of 4f-4f bands and this leads to variation in the
magnitudes of Judd-Ofelt (T,) parameters. When L-leucine, L(-)-hydroxyproline,
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L(+)-arginine and B-alanine are added to Pr(IIl) in different solvents, in general,
we find maximum intensities observed in cases where dimethylformamide (DMF)
is the organic solvent or DMF is one of the organic solvents. It is also seen that
when DL-alanine is added to Pr(Il) in different solvents, we find maximum
intensity in cases where the solvent mixture is CH;CN and dioxane and the
minimum intensity is observed when L(-)-hydroxyproline is added to Pr(III) in
the solvent mixture CH;O0H : Dioxane.

From Table-3 one can clearly see that T, occasionally showed negative values
which become meaningless. This is because only the *H, — °F, transition
occurring around 5200 cm™! has a significant U® matrix element. Here, the T
parameter is most significant followed by T, and T,.
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