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ABSTRACT

Uranyl nitrate complex with 1,3-dithiane-1-oxide (DTSO) was synthesized by reaction of the
hydrated uranyl nitrate with DTSO in ethanol solution. The complex was characterized by CHN
microanalytical and infrared spectra. The emission spectrum of the uranyl ion shows four groups of
lines of intrinsic luminescence of the matrix. Thermal behavior of the complex was investigated by
thermogravimetric (TG) and differential scanning calorimetric (DSC) analysis. The structure of the
complex resolved by X-ray showed that the uranium atom is octa-coordinated with two oxygen
atoms, two bidentate nitrate ions and two DTSO ligands.
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I. INTRODUCTION

The uranyl ion possesses some properties which
make it a potential component for a solar energy
conversion system. It absorbs light in the shorter-
wavelength range of solar spectrum, producing a relatively
long-lived excited state[1]

Uranyl ion luminescence is often studied in non-
complexing, acidic solutions where it exists entirely in the
simple hydrated form (UOzzJ")a,q or else in complexing
media such as phosphoric acid, phosphate, fluoride or
sulphate which enhance its Iuminescence for its
determination, but few papers were reported in solid state.

The uranyl ion (UO,*") has a linear structure, where
the uranium(VI) is placed between two oxygen ions. The
hydrated uranyl nitrate is a yellow crystal with 2, 3 or 6
water molecules. This salt has the structure
[UO,(NO3),(H,0),]-xH,0 where x = 0, 1 and 4. The
uranium is octa-coordinated in which the linear uranyl ion
is coordinated to two water molecules and two bidentate
nitrate ions. Other water molecules are linked by hydrogen
bonding [2]. The early property of this salt is the high
solubility in many organic solvents, permitting the solvent
extraction of uranium from aqueous solutions [3]. Among
the uranyl applications, it can be cited its use as
actinometers, solar collectors and photocalyst [4,5,6].

The use of sulfoxides as neutral ligands in
lanthanide complexes has been an object of investigation.
Complexes containing dithiane sulfoxides have been
prepared, with the following compositions:
Ln(pic);:3DTSO (pic = picrate, DTSO = 1,3-dithiane-1-
oxide) [7], Ln(pic);-4-cis-DTSO,- 2H,0 (pic = picrate, cis-
DTSO, = cis-1,3-dithiane-1,3-dioxide) [8],
Ln(pic);-1.5TDTD (pic = picrate, TDTD = trans-1,4-
dithiane-1,4-dioxide) [ 9,10].

The purpose of this work is the study of the
synthesis and characterization of an uranyl complex
obtained by reaction of the ligand 1,3-dithiane-1-oxide
(DTSO) with the uranyl nitrate hexahydrated and of their
luminescent properties.

II. EXPERIMENTAL

The ligand  1,3-dithiane-1-oxide  (DTSO),
molecular formula C,H;3S,0, with the structural formula
presented in Figure 1, was prepared by oxidation of 1,3-
dithiane dissolved in methanol at 5°C with sodium
metaperiodate in aqueous solution, as described by Carlson
with some modifications [6, 11].
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Figure 1. Structural Formula of the DTSO Ligand.

The complex was synthesized by reaction of an
ethanolic solution of hydrated uranyl nitrate and the DTSO
ligand in the same solvent at 50 °C (molar ratio 1:2).
Yellow crystals were obtained after ten days, at room
temperature. The crystals were separated, washed with
cold ethanol and maintained under vacuum over anhydrous
calcium chloride.

CHN microanalytical procedures were performed
in a Perkin-Elmer 240 instrument. IR spectra were
recorded on a Nicolet FTIR-8100 spectrometer using KBr
pellets.

The structure of the uranyl complex was
determined by single crystal X-ray analysis. The X-ray
crystallographic data were recorded on an Enraf-Nonius
CAD-4 Mach3 diffractometer in the /20 scan mode at
293 K, using graphite monochromated MoKa radiation
(A=0.71073 A).

The excitation and emission spectra of the
[UO,(NO3),(C4HgS,0),] powder samples were performed
in a SPEX Fluorolog-2 spectrofluorimeter, model FL212
system, double grating 022 m SPEX 1680
monochromators, and a pulsed lamp as excitation source
using the front face mode. This apparatus was fully
controlled by a DM300O0F spectroscopic computer.

Thermal behavior of the complex was
investigated by thermogravimetric (TGA) and differential
scanning calorimetric (DSC) analysis. TG/DTG were
performed in a TGA/SDTA 851 instrument under dynamic
air atmosphere (50 mL min’"), heating rate of 10°C min™
up to 900 °C. DSC measurements were performed in a
dynamic nitrogen atmosphere (50mL min™) at heating rate
of 10 °Cmin’! up to 700 °C, using a DSC-50 Shimadzu cell.

III. RESULTS AND DISCUSSION

The results of microanalyses of the complex: C
(14.7%), H (2.4%) and N (4.0%) agree with the calculated:
14.4, 2.4 and 4.2%, respectively. The contents of C, H, and
N are in agreement with the proposed stoichiometry
[UOz(NO3)2(C4Hgszo)2], where C4HgSzO is the DTSO
ligand.

According to IR spectra, Figure 2, shifts of vSO of
the free ligand (1049 cm™) to lower frequencies in the
complex (960 cm™) indicate that the DTSO is coordinated
to the uranium atom through the oxygen. The UO,*"
symmetric stretching band was found at 924 cm. Bands
attributed to the nitrate ions (v1=1278cm", v,=1029cm’,
vi=747cm”, v4=1524cm™ and v¢=807cm’") suggest the
bidentate coordination.
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Table 1 presents the crystal data collection and
refinement data The single crystal structure, Figure 3,
shows that the uranium is octa-coordinated, where the
linear uranyl ion is coordinated to two monodentate DTSO
ligands and two bidentate nitrate ions. The structure of the
complex showed that the crystals are triclinic and space
group P1.
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Figure 2: Infrared spectra of the complex
[UO»(NO3),(C4H;S,0),]

TABLE 1: Crystallographic data of the structure.

Empirical formula CsHgN,0,0,S,U

Formula weight 666.51
Temperature (K) 293(2)
Wavelenght (&) 0.71073
Crystal system, triclinic
space group P1
Unit cell dimensions

a(A) 5.958(1)
b(A) 8.045(1)
c(A) 10.240(1)
o (%) 78.42(1)
B () 71.43(1)
18 77.91(1)
Volume (A% 490.8(1)
Molecules per cell, Z i

Calculated density, D, (g cm’3) 2.25
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Figure 3. Structure of the
complex[UO;(NO3),(C4HsS,0);]

The uranyl ion exhibit a highly characteristic

luminescence both in solid state and in solution. The
luminescence phenomenum is assigned to emission from
the lowest °I, state, displaying considerable vibrational
structure. As in the absorption spectrum, the shape and
intensity of the emission spectrum are very sensitive to the
particular environment of the UO,** species.
Figure 4 shows the emission spectra of the complex
[UO,(NOs),(CsHS,0),] at 298 K. As expected,
characteristic lines in visible spectra appear with maxima
in 499.5, 501.35, 515.7, 516.57, 538.50, 544.10, 564.09
and 574.68 nm when excited in 400 nm. When compared
with the precursor salt (omitted spectra), loss in the
luminescence intensity is observed. The excitation spectra
presented in. In the figure 5 we present the excitation
spectra monitored in three different wavelengths and the
profile of spectra are the same in the region of 350-500nm
. The intensity is slowly modified. In the region of 250 —
300nm we can see the displacement of the band attributed
to the matrix to the ultraviolet region with decrease of
excitation.

Comparing the spectra in two different excitation
lines Figure 4 (400 and 290 nm) using the same slit, it was
possible to establish that the excitation in 400 nm is more
effective than in 290 nm in the sequence of absorption,
energy-transfer, emission involving distinct absorbing and
emitting components, while the profiles of the spectra are
the same.
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Figure 4. Emission  Spectra  of the  Complex
[UO,(NO;)»(C4HsS,0),] Excited in 290 and
400 nm at Room Temperature.
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Figure 5. Excitation  Spectra  of  the
[UO,(NO3),(C4H;S,0);,] with
Monitored at Room Temperature.

Figure 6 presents the results of thermal
decomposition of the complex. The results obtained from
TG and DTG curves and stoichiometry data suggested that
the thermal decomposition, in the temperature range
investigated (25 — 1200°C), occurs in four stages. The first
event is the loss of one ligand occurring below 220°C,
corresponding to 20.5% of mass loss with a maximum rate
loss at temperature of 176°C observed in the DTG curve.
The second event (237 - 265 C); corresponding to about
10% mass loss occurs with a maximum rate loss at 247°C.
The third event of loss mass is observed in the range 267 -
295°C and corresponds to the loss of the second (ultimate)
ligand, occurring with about 16% mass loss at maximum
loss rate at 278°C. The fourth event (376 - 443°C) of
decomposition suggests the formation of uranyl oxide,
U0, as the final residue.
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Figure 6. TG and DTG Curves of the Complex
[UO2(NO3)2(C4H;S,0),].
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DSC curve presented in the Figure 7 indicates the
events associated to the decomposition of the compound.
The exothermic peaks in the range of 180 up to 265°C
correspond to the first and second events of the TG

decomposition, while the endothermic peak observed in'

the range 252 up to 288°C is associated to the third TG
event. The fourth TG event corresponds to the discrete
endothermic event that occurs in the range of 400 - 450°C
in the DSC curve.
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Figure 7. DSC Curve of the Complex
[UO(NO3),(C4HsS;0),].

IV. CONCLUSIONS

In this work it was synthesized a new UO,*
complex. The elemental analysis results and TG data
suggested that the complex has the general formula
UO,(NO3),(C4HgS,0),. The TG/DTG data suggested that
the fourth event of decomposition produces U;Oy, as the
final residue. The infrared spectra showed that the DTSO
ligands are coordinated to the UO,*" ion by the oxygen
atoms and the NOs™ ions are bidentate.

The single crystal X-ray defined the final structure
of the compound.

: The luminescence is assigned to emission from the
lowest state °II, characteristic of uranyl luminescence
spectra. The sequence of absorption, energy-transfer,
emission - involving distinct = absorbing and emitting
components is more efficient in 400 nm excitation than in
the 290 nm line for the uranyl compound analyzed.
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