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PHYSICOCHEMICAL INVESTIGATION ON LANTHANON (111)
CHELATES OF MONOPROTIC TRIDENTATE LIGANDS
POSSESSING N-O-O MOIETY
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Department of Chemistry, University of Jodhpur, Jodhpur, India
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O-(N-furan-2-acetylimino) benzene sulphonic acid (HFB) and O-(N-
furan-2-acetylimino) ethane sulphonic acid (HFE) and their lanthanon (111) chelates
were synthesised and studied by physicochemical techniques. Irving-Rossotti method
was followed to determine the dissociation constant of the ligands and‘formation
constants of their chelates with La(I1I), Ce(II1), Pr(1II), Nd(II}), Sm(III), Gd(I1I),
Tb(I1I), Dy(I1I), Ho(111) and Er(111) metals in 30 per cent (v/v) dioxane-water medium
(¢ =0.1M, 0.05M and 0.01M NaClOy) at 25°, 35° and 45°C. The order of stability
constants of the metal chelates was found in accordance to the lanthanide-contraction.
Solid lanthanon chelates were characterised by molecular-mass, elemental analyses,
magnetic moment, conductance, IHNMR, and IR spectra. 1:3 (metal-ligand)
stoichiometry was displayed by the metal chelates in which the lanthanon showed
nine coordination number.

Key Words: Physicochemical Investigation; Lanthanon(ILI) Chelates of O-(N-furan-2-
acetylimino) Benzene Sulphonic Acid and O-(N-furan-2-acetylimino)
Ethane Sulphonic Acid

INTRODUCTION

RECENTLY, the lanthanon(III) chelates have drawn special attention because of their
possible application as laser materials. A perusal of the literature!:2 has suggested
that no work has been done on the La(III), Ce(III), Pr(III), Nd(III), Sm(III), Gd(III),
Tb(I1I), Dy(I1I), Ho(III) and Er(I1I) chelates of O-(N-furan-2-acetylimino) benzene
sulphonic acid (HFB) and O-(N-furan-2-acetylimino) ethane sulphonic acid (HFE),
and hence the same was undertaken and its findings are reported in the present paper.
Both the ligands possess furan oxygen, azomethine and sulphonic groups in identical
situation in their respective molecules and are expected to behave similarly towards
the lanthanons(III).

EXPERIMENTAL

Synthesis of Ligands

HFB and HFE were synthesised by refluxing for 1-2 hours mixtures of equimolar
ethanolic solutions of 2-acetyl furan with orthanilic acid or taurine in presence of
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a drop of piperidine. The solution was filtered hot, concentrated and cooled when
light yellow (HFB) and brownish yellow (HFE) crystals obtained, were recrystallized
from ethanol. (M.P. 135° (HFB), 120°C (HFE)). The composition and purity of the
ligands were tested by T.L.C. IR, lHNMR and elemental analtyses. For HFB, Found:
C, 54.29; H, 12.31; N, 5.15; S, 11.93; Calcd., for (C;;H(NSOy): C, 54.34; H, 12.45;
N, 5.28; S, 12.07% and for HFE, Found: C, 44.14; H, 5.53; N, 6.32; S, 14.70; Calcd.
for (CgH,(NSO,): C, 44.26; H, 5.69; N, 6.45; S, 14,75%. Synthesis of lanthanon(III)
chelates: To an ethanolic solution of HFB and HFE (0.02M), a solution of lan-
thanon(III) nitrate (0.02M) in 80% ethanol was added and the mixture was stirred
magnetically. Dilute ammonia (1:20) was added dropwise to the mixture until a floc-
culent mass was obtained. It was stirred continuously for 1-2 hours, filtered, dried
and preserved in vacuo.

A digital pH-meter of the type DPH-77 (Unitec) equipped with a glass-calomel
electrode assembly was used for the pH-determination. All the measurements were
carried out in 30% (v/v) dioxane-water medium and pH were corrected for partially
aqueous media.? Potentiometric titrations were carried out using the Irving-Rossotti
method.* For this purpose, three sets of solutions were prepared: (i) perchloric acid
alone; (ii) perchloric acid + HFB or HFE solution; and (iii) perchloric acid + HFB
or HFE solution + Ln(IIl) nitrate solution. These solutions were titrated against
carbonate-free 0.1M NaOH in an inert atmosphere and the titration curves had the
usual shapes.

RESULTS AND DISCUSSION

The log K*'of HFB at 4 = 0.1M was found 5.82 at 25 °C, 5.56 at 35 °C and 5.23
at 45 °C and for HFE these values were found to be 6.48, 6.18 and 5.90, respective-
ly. These values decrease with rise of temperature and iricrease of ionic strength. The
log K'ivalues of HFB and HFE also suggest them to be monoprotic ligands.

Formation curves of the metal-ligand systems were obtained by plotting 7 v/s
pL. The refinement of formation constants was done by computational methods,
such as interpolation at various n values, correction term, convergence formula and
successive approximation.

The stability of the metal chelates follows the order La(Ill) < Ce(Ill) < Pr(1il)
< Nd(III) < Sm(11I) < Gd(IIl) < Tb{II) < Dy(III) < Ho(III) < Er(IIl) in agree-
ment with the lanthanide contraction.

The thermodynamic stability constants (log 8°) were obtained by extrapolation
of the measured formation constants to zero ionic strength on a graph plotted bet-
ween log of stability constants vs Vi where g is the ionic strength.

The values of overall change in free energy ( oA G*), enthalpy ( 2 H°) and entropy
(a §°) were evaluated from the thermodynamic stability constants (log K) (Table I)
using Gibb's-Helmholtz equation. a G™ and A H* values of metal-chelates wege
negative in all cases which suggested spontaneity of the chelation reactions. The
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positive values of 4 S§° indicated that entropy term was favourable for chelate-
formation.

In terms of Harned’s relation® the values of # (the temperature at which pKH
was minimum) and pK X @KHatt = 0) and pK* were evaluated (Table 1). The a H®
values as obtained from Harned’s equation and the Gibb’s-Helmholtz equation, were
found in agreement.

Solid Chelates

Yield, elemental analyses, molecular mass, magnetic moments and conductance
of the metal chelates are summarised in Table II. These compounds did not possess
sharp melting points but decomposed above 250 °C without melting giving their ox-
ides between 290-385 °C. The low conductivity suggested these compounds to be non-
electrolytes. Based on these data we conclude that 1:3 (metal-ligand) stoichiometry
was displayed by these compounds.

The magnetic moment values of the lanthanon chelates as determined by Guoy
method, correspond to the formula p = g[J(J+ 1)}/2 and confirmed the tripositive
state of the metal ion in these chelates. The La(Ill) chelates was found to be
diamagnetic. The observed magnetic-moments (Table 1) for the remaining lanthanon
chelates were in good agreement with the typical values for the lanthanide sulphates®
and indicated the presence of 2, 3, 5, 7, 6, 5, 4 and 3 unpaired electrons in Pr(111),
Nd(1I), Sm(III), Gd(111), Tb(11I), Dy(111), Ho(I1I) and Er(I1I) chelates, respective-
ly. The magnetic data indicated absence of metal-metal bonding and consequently
spin-exchange did not occur but the metal-chelate occurred as monomers. Magnetic
moments of the chelates when plotted against atomic numbers of the lanthanons gave
an unequal double humped curve as usual.

IR Spectra

Comparison of the IR spectra of the ligands with those of their lanthanon(1II)
chelates indicated coordination of the ligands through azomethine nitrogen, sulphonic
oxygen besides furan ring oxygen in HFB and HFE.

IR spectra of HFB and HFE consisted of two major bands in the ranges of
1195-1160cm~! and 1630-1610cm-! assignable to »so,y and v, c-n, respectively. In
the spectra of lanthanon(I1I) chelates the bands in the range 1195-1160 cm-! disap-
peared suggesting coordination through SO;H group. ¥ .y of both the ligands in
the range 1630-1610cm-! was shifted to lower frequency side on chelation, indicating
involvement of azomethine nitrogen in coordination. The appearance of three new
bands in the narrow ranges of 585-555, 445-425, 540-520cm™! in the lanthanon(1II)
chelates indicated the formation of M-O, M-N and M-O (furan ring oxy-
gen) bonds, respectively.

The absence of an IR band in the range 250-100cm™! indicated the non-existence
of M-M bond in the chelates. No absorption band was found beyond 3000cm-! in-
dicating the anhydrous nature of the chelates.
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'HNMR Spectra

To substantiate further the bonding in these chelates 'HNMR-spectra of HFB
and HFE and their Ln(III) chelates were recorded in CDCl,/TMS. The chemical
shift values (6, ppm) of different protons are given below.

The signal due to -SO3H proton of the ligands HFB and HFE appeared at
8-11.10 and -11.67ppm, respectively; but disappeared in the spectra of the correspon-
ding Ln(11I) chelates. The multiplet due to furan ring proton appeared at 6-6.25 (HFB)
and 4-6.32 (HFE) ppm and aromatic proton at 5-7.48 (HFB) ppm and aliphatic pro-
ton (-CH,-) at 6-2.98 (HFE) ppm undergo deshielding in the chelates indicating the
bond formation of the ligands with the metal ions.

Based on the above evidences lanthanon(I11)-HFB and -HFE chelates, may be
assigned the structures as shown in Fig 1.

0
= /\ = /N
0—->Lnrl3 50, 0—ln’3 50;
/C:—_—N SCc=N CH,
H3C H3C \c/
H2
HFB- CHELATES HFE— CHELATES

FiG 1 Ln (II3) Chelates of HFB and HFE
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