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Abstract

The complexes [Ln(pic);(DTSO);] (Ln=La, Lu and Y; pic=picrate; DTSO=1,3-dithiane-1-oxide)
were synthesized and characterized. Indirect structural determination by far infrared spectroscopy is
presented. Results from thermal decomposition of these complexes by TG/DTG and DSC tech-
niques are reported.

Keywords: DSC, far infrared spectroscopy, lanthanide, TG/DTG

Introduction

The chemistry of the lanthanides and their complexes is a research area that has arisen
much interest, motivated by a wide range of applications of these compounds as
solid-state lasers, luminescent probes, catalytic processes and other uses [1-3]. The
use of sulfoxides as neutral ligands in lanthanide picrates complexes has been an ob-
ject of investigation at our laboratories [4—9]. Their preparation and thermal behavior
of hydrated lanthanide picrates have already been reported [10-15]. In this work,
studies on indirect structural determination and thermal behavior of complexes
[Ln(pic);(DTSO);] are described.

Experimental

Hydrated lanthanide picrates, Ln(pic);-xH,O, were prepared by reaction of hydrated
lanthanide hydroxycarbonates and picric acid in aqueous solution [15]. The ligand
1,3-dithiane-1-oxide (DTSO) was prepared by oxidation of 1,3-dithiane with sodium
metaperiodate [4, 16]. The complexes were obtained by reaction in absolute ethanol
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of Ln(pic);-xH,O and DTSO at 1:3 molar ratio. The yellow crystals formed were
washed with ethanol and dried under vacuum over anhydrous calcium chloride.

Lanthanide ions were determined by complexometric titration with EDTA using
xylenol-orange as indicator. Microanalysis of carbon, hydrogen and nitrogen were
performed using a Perkin Elmer mod. 240 elemental analyzer. IR spectra were re-
corded on a Nicolet FTIR-8100 spectrometer using KBr pellets.

The indirect structural determination of the complexes by far infrared spectros-
copy (600—150 cm ') was made using a spectrometer Nicolet Nexus 670 in polyeth-
ylene matrix.

TG/DTG experiments were performed in a TGA-50 Shimadzu instrument under
dynamic air atmosphere (50 mL min ') at a heating rate of 10°C min . DSC mea-
surements were performed in a dynamic nitrogen atmosphere (50 mL min ') at heat-
ing rate of 10°C min ', using a differential calorimeter DSC-50 Shimadzu. A small
amount of material (1.5-2.0 mg) was used for the TG/DTG and DSC analysis.

Results and discussion

The lanthanide contents of Ln (Ln=La, Lu and Y), C, H and N found in the com-
plexes are in agreement with the proposed stoichiometry: [Ln(pic);(DTSO);]. Ac-
cording to the infrared spectra, vSO (1049 cm ') shifts in the free ligand to lower fre-
quencies in the complexes (<985 cm') indicate coordination of DTSO through the
oxygen. The bands due to picrate, v,s NO, and vs NO,, suggest coordination through
the phenolic group and one oxygen atom from an ortho-nitro group.

Single crystal X-ray analysis on the Gd complex [4] showed that the Ln(III) ion
is 9-coordinated to three monodentate DTSO ligands and three bidentate picrate ions
in a monoclinic crystal system (P2,/c) and coordination polyhedron as a distorted
monocapped square antiprism.

Absorption spectra at the far infrared region (600—150 cm™"), which corresponds
to the spectral region where the vibrations of the structure of the compound take place,
provide indirect structural information. Analysis on the spectra (Figs 1 and 2) led to
conclude that the compounds constitute an only isomorphous series. The spectra
showed several bands, from which the most intense, observed in the spectra of all the
compounds from the series, are at about 540, 530, 430, 370, 300, 270 and 210 cm .
The large number of bands in the far infrared spectra of these compounds, as showed in
Table 1, is in agreement with their low symmetry. The similarity of the spectra indi-
cates that the compounds belong to the same isomorphous series and to the same sym-
metry of the previously investigated [4] gadolinium picrate DTSO complex.

Figures 3 and 4 show the TG/DTG and DSC curves for Gd and Dy complexes.
When analyzing TG and DTG curves, and from stoichiometric calculations, it was
possible to suggest that the thermal decomposition, in the temperature range investi-
gated (25-900°C), occurs in two stages. The events are sequential and no plateaus
were observed in the TG curves. The first event, corresponding to 52% of mass loss,
occurred in the 110-400°C range. The second event, corresponding to 27% of mass
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Fig. 1 Far IR spectra of complexes: [Ln(pic);(DTSO);], Ln=La, Pr, Sm and Gd
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Fig. 2 Far IR spectra of complexes: [Ln(pic);(DTSO);], Ln=Gd, Dy, Er and Yb

loss, ended at 750°C. The corresponding peaks in DTG curves from these events oc-
curred at about 300 and 550°C, respectively.

In the DSC curves it was observed that the fusion and decomposition events oc-
curs separately, as endothermic events (peaks around 180°C) and exothermic
events (310°C), respectively. The exothermic event in the thermal decomposition re-
leased ca. 2500 kJ mol "

J. Therm. Anal. Cal., 75, 2004



MIRANDA JR. et al.: RARE EARTH ELEMENT PICRATES 581

2 Gd(III)
100 o —— -
10 oy
“.:: E
7 s z
= 7 =
E 3 5 2
é’ 8| =
50 S =
— E [-¥]
Elg ==
[a) — 0
[=]
g
0 200 400 600 800
Temperature/°C
Fig. 3 TG/DTG and DSC curves for [Gd(pic);(DTSO);]
Dy(I11) 10
100 | ——f———__ _
0.00 - - Vo DTG -
=11
T \\\\///H/ g
— \U g
E Loost E
£ = 5 ‘g
1 w
& 50 2 — =
a2 Lo = 3
=
L __DbscC ~__ TG =
- D m
015 . . . . 0l
0 200 400 600 800
Temperature/°C

Fig. 4 TG/DTG and DSC curves for [Dy(pic);(DTSO);]
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Fig. 5 IR spectra of residues obtained at 900°C
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The final product of the thermal decomposition was identified as LnyO,SOy. It was
characterized by elementary analysis and infrared spectra. The IR spectra (Fig. 5) from
the sample, obtained at 900°C, showed absorption bands characteristic to sulfate ion. The
v1, v3 and v4 bands appear nearly in the 1000, 1060—1230 and 600665 cm ' ranges, re-
spectively. The observed bands are in agreement with previous works [17, 18].
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