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NOTE

Intermolecular Inter-ligand Interaction in Mixed Ligand
Complexes of Lanthanides(III) Involving Histidine
and Some Amino Acids

VIVEK TIWARI* and RASHMI SINGHAI
Department of Chemistry, Dr. H.S. Gour University, Sagar-470 003, India

The formation constant studies on binary and mixed ligand com-
plexes of Pr(IlI) and Nd(III) involving histidine (hist) as primary
ligand and o-alanine (oi-ala), valine (val) or leucine (leu) as sec-
ondary ligands have been undertaken to evaluate the extra-stabliza-
tion in the mixed ligand complexes due to possible occurrence of
intramolecular inter-ligand interaction. Stability quantifying param-
eters (A log k and AA log k) indicate significant inter-ligand inter-
action.
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Lanthanoids on account of their large size and high coordination number are
aptly suited for the formation of their mixed ligand complexes’. Similarly in view
of their class ‘A’ character” they are also observed to have good complexing
abilities for the ligands containing various donor atoms'. Besides these the
spectral properties of lanthanoids have also been studied with great interest® in
view of their intense sharp peaks*, cation solvato dynamicss, symmetry of the
cation coordination polyhedra®, f-shell behaviour’ and the nephelauxetic effect®.

The formation constant studies on binary (log Kyg) and mixed ligand
complexes (log Kyay) of Pr(III) and Nd(III) involving histidine (hist) as primary
ligand and o-alanine (0i-ala), valine (val) or leucine (leu) as secondary ligands
have been evaluated to examine the possibility of the occurrence of intramolecular
inter-ligand interaction. Changes in spectral parameters, viz., oscillator strength
(P), Judd-Ofelt parameter (T)), changes in inter-electronic repulsion (Racah)
parameter (SE¥) and the nephelauxetic ratio (SE*SE') have also been evaluated
in order to examine the changes in spectral parameters as a result of mixed ligand
complexation. The changes in spectral parameters have also been attempted to
serve as additional spectral evidence for the occurrence of intramolecular
ligand-ligand interaction.

All the chemicals used were of AR/ BDH/Fluka AG or standard purity grade.
Irving-Rosotti pH titration technique has been used to determine the formation
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constant of the binary and mixed ligand complexes. Titration sets were prepared
in double distilled water and the ionic strength was kept constant at ca. 0.2 mol
dm™ using ca. 1-0 mol dm™ KNO;. Carbonate-free NaOH ca. 0.02 mol dm™
was used in titration sets. The readings were recorded on an Orion-950 autotitrator
module with a precision of £0.001 units. The pH titration readings were subjected
to a self-devised PASCAL compiled computer programme to evaluate the
formation constant values, which were then subjected to SCOGS computer
programme for refinement. The formation constant values thus obtained were
used to evaluate the extra-stabilisation parameters to examine the possibility of
the occurrence of intramolecular inter-ligand interactions in the mixed ligand
complexes. ‘

The values of formation constants for 1:1 binary and 1:1:1 ternary
complexes for Pr(III) and Nd(III) along with the A log k values and the extra-
stabilisation parameters AA log k, K; and (%) MAL,; are recorded in Table-1. An
increase in length or bulk of the non-coordinating side chain of amino acid is
expected to lower the stability of the complex due to steric hindrance. The A log k
values show, in general, less negative values which is indicative of extra-stabilisa-
tion of mixed ligand complexes. 0-Ala has been considered to be the smallest
ligand possessing negligibly small side chain (—CH,) attached to its
aminocarboxylate end which is involved in complexation. This extent of extra-
stabilisation has been numerically worked out in terms of AA log k values
(Table-1B).

TABLE-1
FORMATION CONSTANTS OF 1 : 1 BINARY (MA OR ML) AND 1 : 1 : 1 MIXED
LIGAND COMPLEXES (MAL) WITH THE A log k (PART-A) AND THE STABILITY
QUANTIFYING PARAMETER AA log k, THE EQUILIBRIUM CONSTANTS K; AND
% MAL,, (PART-B) FOR THE POLYMERIC EXCHANGE BETWEEN THE
MAL (OPEN) AND THE MAL (CLOSED) FORMS

PART-A <
Metal ligand Pr(1II) Nd(III)
parameter log KML log KMQL Alog K log KML log KMQL AlogK
o-Alanine (L) 6.08 5.84 -0.24 6.17 590 -027
Histidine (A) 429 — — 4.99 - =
Valine (L) 4.53 4.48 -0.05 4.67 4.60 -0.07
Leucine (L) 4.56 4.43 -0.13 5.01 4.93 0.08
PART-B
Me;al ligand Pr(III) Nd(III)
parameter  AAlogK K, (B)MAL, AAlogK  K;  (%)MALes
Valine 0.19 0.54 3543 020 0.58 36.89

Leucine 0.11 0.28 22.37 0.18 051 33.92
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An insight of the extra-stabilization phenomenon suggests a cooperative role
played by the substituted side chains. The proximal ends of the elongated
substituted side chains develop hydrophobicity and in an act of satisfying this
hydrophobicity'®, a folding of the side chains may take place across the
central metal. This may lead to the formation of polymeric species, viz., “closed”
or “interacted” [MAL,;] and “open” or “uninteracted” forms [MAL,] and there
may exist an equilibrium between these interacted and uninteracted forms as
MAL ;) <> MALy,y which is expressed by the constant Ky, (numerically equal
to 10481k,

A perusal of Table-1 (A and B) clearly suggests that the mixed ligand
complexes are extra-stabilized. The magnitude of this extra-stabilization, how-
ever, exhibits a sequence val < leu with respect to secondary ligands whereas
Pr(III) <t Nd(IIT) with respect to central metal ions.

The extra-stabilization sequence with respect to Ln(III) metal ions may be on
account. of their relative cationic sizes (ionic radius Pr(IIT) = 116 pm and Nd(III)
=115 pm) and the cation polyhedra. Both Pr(II) and Nd(III) exhibit tricapped
trigonal triprismatic polyhedra having a coordination number of nine.
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