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The complex of lanthanum (III) was synthesized by reaction of the respective inorganic salt with 3,5-pyrazoledicarboxylic 

acid in amounts equal to metal: ligand molar ratio of 1:2. The composition and the structure of the final complex was 

determined by means of spectral and elemental analyses. Significant differences in the IR and Raman spectra of the 

complex were observed as compared to the spectra of the ligand. The comparative vibrational analysis of the free ligand 

and its La(III) complex gave evidence that 3,5-pyrazoledicarboxylic acid bounds the La(III) through the deprotonated 

carboxylic oxygens. The DFT calculated geometries, harmonic vibrational modes and Raman scattering activities for 

the ligand were in good agreement with the experimental data, a complete vibrational assignment being proposed. The 

experimental IR and Raman bands of the ligand were assigned to normal modes on the basis of DFT calculations. The 

effect of the intramolecular H-bonds in the ligand on vibrational mode positions was also discussed. The characteristic 

IR and Raman bands of 3,5-pyrazoledicarboxylic acid and its lanthanum complex were specified and discussed. © Anita 

Publications. All rights reserved. 

I Introduction 

The ligand, 3,5-pyrazoledicarboxylic acid (H3pdc), known both as a multiple proton donor and 

acceptor, can use its carboxylate oxygen and pyrazole nitrogen atoms, which are highly accessible to metals, 

to form both monodentate and/or multidentate M-O and M-N bonds [1-8]. The coordinated structural motifs 

thus generated can then readily form hydrogen-bonded networks [9,10]. To date, the majority of known 

supramolecular assemblies are synthesized by direct reactions of metal salts with various ligands. 

This ligand possesses three different protonated hydrogens (Ha, Hb, and Hc, in Scheme 1). Although 

both Ha and Hb are attached to carboxylic oxygen atoms, the two experience quite different coordination 

environments. 

 

Scheme 1. The structure of the ligand 3,5--pyrazoledicarboxylic acid. 

The Hc in this ligand is linked to a nitrogen atom, and is more difficult to deprotonate than the other 

two hydrogen atoms. The difference in the binding power of these protons allows to deprotonate them at 

different pH levels. The flexible, multifunctional coordination sites of this ligand also give a high likelihood 

for generation of coordination polymers with high dimensions. Its functional groups (carboxylate and pyrazole 

ring) bind to metals selectively. For instance, the 'harder" lanthanide metals coordinate more preferably to 

oxygen atoms than to the 'softer" nitrogen atoms, while the latter show a strong tendency to bind to transition 
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