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Lanthanide(III) perrhenato complexes of mono N-oxides of
1,10-phenanthroline (PhenNO) and 2,2’-bipyridine (BipyNO) with
the general composition Ln(ReO4)s3-2L (Ln=La, Ce, Pr, Nd, Sm, Gd,
Tb, Dy, Ho or Yb and L=PhenNO or BipyNO) have been synthe-
sized and characterized by elemental analyses, molar conductance,
magnetic susceptibility, DTA and infrared spectra. The probable
coordination number of eight has been assigned to Ln™ ion in
these complexes.

INTRODUCTION

It is well known that coordination numbers greater than six are favoured
in lanthanide systems.! The variation in coordination number (six tc twelve)
observed in lanthanide complexes may be attributed to steric factors and
electrostatic forces of attraction and repulsion, rather than bond orientation
by the well shielded 4f-orbitals of the metal ion. Thus, the relatively large
size of the lanthanide ions generally allows accommodation of more than six
donor atoms in the coordination sphere. In view of the variations in stoichio-
metry from ligand to ligand,® observed for the various lanthanide(III) com-
plexes, it was considered worthwhile to study the complexes of lanthanide-
(IIT) perrhenates with mono N-oxides of 1,10-phenanthroline (PhenNO) and
2,2’-bipyridine (BipyNO).

EXPERIMENTAL

The hydrated lanthanide perrhenates were obtained by the reaction of dilute
perrhenic acid and lanthanide basic carbonate? Ligands PhenNO and BipyNO
were prepared by methods of the Corey et al.* and Muzase.’ 2,2’-Dimethoxypropane
(Aldrich) and other reagent grade organic solvenis were used throughout,

All the complexes were synthesized by dissolving 2 mmol of the hydrated
lanthanide(III) perrhenate in absolute ethanol and a dehydrating agent (2,2’-dime-
thoxypropane) and the mixutre was warmed on a water bath with constant
stirring. A warm ethanolic solution of respective ligand (2.25 mmol) was added
dropwise. Allowing the reaction mixture to cool, a crystalline precipitate was
gradually obtained. The new complex was filtered, washed with small portion
of ethanol and then with ether and dried in vacuo over P4Oj4. All the physico-
-chemical analyses were made as reported earlier.®”
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RESULTS AND DISCUSSION

The analytical data (Table I) show that lanthanide(III) perrhenates form
1:2 adducts with PhenNO and BipyNO. The present complexes possess high
melting points at which they decompose. All the complexes are moisture
sensitive and are quite stable and can be stored for long periods without any
apparent change. The complexes are generally soluble in common organic
solvents. The molar conductance values in nitromethane show them to be
1:1 electrolytes; hence the perrhenate ions behave as ionic as well as covalent.

La(III) complexes are diamagnetic as may be expected from their closed
shell electronic configuration and absence of unpaired electrons: All other
complexes are paramagnetic in nature at room temperature. It is due to the
presence of 4f-electrons which are effectively shielded by 5s25p® electrons.
Experimental data show that the magnetic moment of the metals remain
unchanged upon coordination with these ligands, indicating thereby that
4f-electrons do not participate in bond formation.®” The magnetic moments
of these complexes are within the range predicted and observed in the com-
pounds of paramagentic ions as reported earlier.®?

Infrared spectra: The free ligands exhibit a rich spectrum in the 1620—
200 cm™ region.' The important IR data are given in Table II. All the
spectra are similar in major details and show no significant dependence on
the central metal ions. The (N—O) stretching frequencies, observed in the
1270—1230 cm® region in the free ligands are shifted towards lower fre-
quencies in the complexes due to coordination of oxygen to the metal ion.2
The N—O bending in free ligands, observed in the 850—800 cm™ region
exhibits small shifts in the spectra of the complexes as expected. Coordination
through the heterocyclic nitrogen atom is suggested by frequency shifts and
splittings of several IR bands associated with vibration of the heterocyclic
ring.!?13 A positive shift has been observed in the vibrations associated with
C—H out-of-plane deformation due to tightening of the aromatic ring on com-
plexation. In far IR region v (Ln—O) and v (Ln—N) have been identified.t">!*
The overal IR spectral evidence suggests that these ligands act as bidentate
O,N-chelating agents forming six-membered chelate rings with Ln*3.

The occurrence of strong band at ca. 900 cm™ (v;) indicates at least one
perrhenate group present outside the coordination sphere. This view is
supported by the conductance measurement. In addition to this band, four
other bands in 980—850 c¢cm™' region also appeared suggesting the coordinated
perrhenate groups in the adducts and coordinated in the bidentate manner.

Thus, it is inferred that the Ln?®" ion is surrounded by six oxygen atoms
and two nitrogen atoms (four oxygens of bidentate perrhenate ions, two
oxygens and two nitrogens from two bidentate ligands) in these complexes
and, hence, a probable coordination number eight has been assigned to
Ln*" ion.

DTA. studies: A small endcthermic peak at ca. 80°C is due to the
hygroscopic nature of these complexes. In the region 280—320 °C, the only
exo peak is due to decomposition of the complexes. The peak at about 480 °C
is due to oxidation of carbon formed during the decomposition. The endo peak
around 580 °C is due to sublimation of Re,Os. Finally, an exotherm at cc.
820 °C is due to the formation of Ln,Os.
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SAZETAK

Magnetokemijsko i spektralno ispitivanje kompleksnih spojeva mono-N-oksida
1,10-fenantrolina i 2,2’-bipiridina s lantanid(III) perenatima

R. K. Agarwal

Pripravljeni su u naslovu nabrojani spojevi op¢e formule Ln(ReO4)s-2L (Ln=La,

Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Yb i L=PhenNO, BipyNO) te im je odredena
molarna vodljivost, magnetska susceptibilnost, DTA i IR-spektri.

Ln®*-ion u opisanim kompleksima ima vjerojatno koordinacijski broj csam.





