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Abstract

Complexes with composition Ln(F3C—COO);-2(3-picNO)-xH,0 were synthesized. Ac-
cording to X-ray powder patterns and IR data five series of isomorphous compounds
were detected: La—Nd; Sm—Eu; Gd>Tm, Y; Ho, Er, Tb; Dy, Yb, Lu. They behave as non-
electrolytes in methanol. IR spectra show a shift of ¥NO to lower frequencies, as compared
with the free ligand, as a result of coordination through the oxygen. The bands attributed
to the anions indicate two modes of coordination. The neodymium spectrum at 77 K
shows that the central ion is not involved in a cubic site. Electrostatic bonds between
Nd3* and ligands were evidenced by the nephelauxetic, Sinha's parameters and covalent
factor from the room temperature spectrum. Using the electronic emission spectrum, at
77 K, it was possible to conclude that europium ions present two different symmetry
sites, since a splitting of the 5D, — "F, band was observed. The complex species are
probably polymeric or at least dimeric, and europium ions are involved in two different
sites, but with the same Cj;, symmetry.

1. Introduction

Lanthanide trifluoroacetate complexes with 3-picoline-N-oxide (3-picNO)
as ligand and of composition Ln(F;C—COO0);-2(3-picNO)-xH,0) (the water
content is close to unity, varying from 0.75 to 1.33) were prepared and
characterized.

2. Experimental details

A mixture of the hydrated lanthanide trifluoroacetates and the ligand
(molar ratio, 1:2) was gently warmed and the complexes were precipitated
by addition of dry ethyl ether under vigorous stirring with a glass rod. The
compounds were decanted, washed with ether and dried in vacuo over
anhydrous calcium chloride.

Lanthanide ion content was determined by EDTA complexometric titration.
Carbon, hydrogen and nitrogen were measured by the usual microanalytical
procedures.

Conductance measurements were performed at 25.0040.02 °C using a
pointer galvanometer, a resistance box and a Leeds and Northrup cell
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(K.=0.107 08 em™"). IR spectra were recorded in a Perkin—Elmer 1750
spectrophotometer using KBr pellets or Nujol mulls between KBr windows.
X-ray powder patterns were obtained on a Rigaku RU-200B instrument using
Cu Kea radiation. The absorption spectra of the neodymium compound were
obtained on a Cary 2300 spectrophotometer. The fluorescence spectrum of
the europium complex was recorded on an MPF-4 Perkin—Elmer spectro-
fluorometer with 394 nm excitation. Thermogravimetric (TG) studies employed
Perkin—Elmer TGA-7 and DSC-7 systems using ca. 2 mg samples and several
heating rates.

3. Results and discussion

Analytical results are in accordance with the proposed composition
Ln(F3C—C00);- 2(3-picNO) - 2H,0 (Table 1). According to TG analysis water
is eliminated in the 40—130 °C range. Differential scanning calorimetry curves
for the lighter lanthanides reveal more than one peak in this range. The
water content varied but was generally close to unity. Detailed studies related
to the decomposition of the complexes are under investigation. The non-
hygroscopic complexes are only sufficiently soluble in methanol where con-
ductance data (A,=60 Q7! em? mol™1) are indicative of a non-electrolyte
behaviour [1].

X-ray patterns, that in several cases indicate poor crystallinity, can be
arranged, considering also IR data (Table 1), in five series as follows: (a)
lanthanum-neodymium; (b) samarium—europium; (¢) gadolinium, terbium,
yttrium; (d) holmium, erbium, terbium; (e) dysprosium, ytterbium, lutetium.

All IR spectra exhibit water bands [2]. The v (NO) stretching bands of
the compounds cannot be clearly distinguished from the corresponding B-
CH (ligand) and »,(CF3), v,,(CF3) (trifluoroacetate) frequencies, as they occur
in the same region (1210-1130 em™1) [3-5]. However, the general aspect
of the bands exhibits a tendency towards lower frequencies, indicative of a
¥(NO) shift as compared with the free ligand (1269 cm™!) and interpreted
as a ligand coordination to the Ln®* ions through the oxygen atom of the
NO group. Further evidence is provided by the shift of the y-CH band
(877-755 em™1) towards higher frequencies [6].

The »,,(COO ™) mode corresponding to the trifluoroacetate in the adducts
appears resolved into several components (1730-1620 cm™!) (Table 1).
Since the CF;C00~ ion possesses a low C, symmetry [5] and since all its
frequencies in this region are allowed, the former behaviour cannot be
attributed to an ion symmetry decrease in the compounds [7, 8], a structural
and chemical non-equivalence of trifluoroacetates being much more acceptable
[8—11]. Evidence which favours this interpretation is further provided by
compounds already characterized crystallographically [12—-14]. It is suggested
that the trifluoroacetate groups are bonded to the metal centre both as bridge
and as bidentate ligands. This suggestion is also based on the comparison
of the resolved »,,(COO ") stretching mode frequencies with the 1688 cm™!
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mode of sodium trifluoroacetate [5, 7, 15, 16]. However, as the distinction
between the different trifluoroacetate coordination modes is not unambiguously
clear, a monodentate coordination is not to be totally excluded [17]. Detailed
X-ray single-crystal diffraction studies are clearly necessary in order to establish
definitely a correlation between stretching frequency shifts and structural
parameters.

Figure 1 shows the absorption spectra of the neodymium compound in
the 2G, *Gg e < *Ig2 and 2P, « *Iyy, transition regions. The number of bands
of the 77 K spectrum is indicative of an involvement of Nd®* in a non-cubic
symmetry. The spectroscopic parameters 8=0.989, b¥2=0.0735 [18] and
6=1.09 [19] indicate an essentially electrostatic bond between Nd®* and
the ligands. The spectrum in methanol solution is different from the room
temperature solid state spectrum owing to modifications around the central
ion.

The 77 K emission spectrum of the europium compound is shown in
Fig. 2. More than three or five lines are observed in the °Dy—°F; and
5Dy — F, transition regions respectively, suggesting different coordination
modes around the metal centre, since all f—f transitions have a maximum
of 2J+1 components [20]. The ®Dy— “F, hypersensitive transition is the
most intense, indicating low symmetry sites without inversion centres. As
both the °D, and “F, levels do not resolve under crystal field effects, the
5D, — "F, transition can present multiple lines only when differently coordinated
europium(Ill) species are present [21, 22]. The fact that they are resolved
permits us to conclude that the complex species are possibly polymeric or,
at least, dimeric, containing bridge trifluoroacetates, europium ions being
involved in two different sites. The extent of the polymerization may be also

560 570 580 590 600 810 ~.nm

Fig. 1. Absorption spectra of neodymium complex: room temperature (—-—); 77 K (----- );
methanolic solution (—).
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Fig. 2. Emission spectrum of the europium compound at liquid nitrogen temperature.

responsible for the different amount of water detected. The presence of the
’D, — “F, band is suggestive of C,, C, or C,, symmetries [23]. On the basis
of the number and intensity of bands we suggest europium ions involved in
different sites but with the same Cj;, symmetry [24].
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