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Abstract

The synthesis, characterization and thermal decomposition of pyridinium uranyl acetate are presented. The identi®cation of

the compound was performed by chemical analysis and by infrared spectroscopy. Thermal decomposition of pyridinium

uranyl acetate took place in several steps due to the decomposition of the salt to UO2, and to partial oxidation to UO3 and

formation of U3O8. The intermediate and the ®nal products of thermal analysis were identi®ed by means of

thermogravimetric, differential thermal analysis and X-ray powder diffraction. # 2000 Elsevier Science B.V. All rights

reserved.

Keywords: FTIR spectra; Pyridinium uranyl acetate; Synthesis; TG-DTA analysis; X-ray powder diffraction

1. Introduction

Great interest for the uranium compounds in the

world is due to the possibility of their application in

nuclear industry on one hand, and in medicine on the

other. Also, they have very important environmental

aspects. This is why complexes of the uranyl ion,

especially uranyl carboxylates, have been found inter-

esting for many investigators.

Thermal decomposition of double uranyl salts with

Li�, Na�, K�, Rb�, Cs� and NH4
� have been studied

by Dunaeva et al. [1]. Also, investigations on several

uranyl carboxylato compounds with some alkyl sub-

stituted ammonium ions have been reported. Thus,

tricarboxylatouranates of methylammonium and ethy-

lammonium [2] were synthesized and investigated by

X-ray diffraction, infrared (IR) spectroscopy and ther-

mal analysis, as well as, tetraalkylammonium tricar-

boxylatouranates(VI), R4N[UO2(O2CR)3], (R�Me,

Et) [3].

Hydrazinium uranylcarboxylato complexes,

N2H5[UO2A3], (A�Oac, O2CEt) have been studied

by Seisenbaeva et al. [4]. According to their investiga-

tion, the thermolysis occurs in a narrow temperature

range yielding UO2.21±2.22 as a ®nal product. One of

these compounds, hydrazinium uranyl acetate, was

studied in our laboratory as well [5]. The compound

was characterized by spectral, crystallographic and

thermal analysis, and some differences in thermal

decomposition were found. Namely, the decomposi-

tion occurred in three steps. Two of them are due to the

decomposition of hydrazinium uranyl acetate to UO2

via (NH4)2U2O7 and the third one to partial oxidation

of UO2 to UO3 and formation of U3O8.
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The monohydrate of the same compound was

obtained by Kuppusamy et al. [6] and studied by

electronic, infrared spectroscopy, thermogravimetric

(TG) and differential thermal analysis (DTA).

Recently, we have also reported the synthesis, IR

spectral analysis and thermal decomposition of hydro-

xylammonium uranyl acetate [7].

Continuing our work on synthesis and investigation

of uranyl acetates with non-metallic cations, the inves-

tigation of pyridinium uranyl acetate is presented in

this paper. To the best of our knowledge, the results

presented here have not been reported yet.

2. Experimental

Pyridinium uranyl acetate was obtained by slow

evaporation of the reaction mixture of uranyl acetate

and pyridinium acetate in acetic acid (2 mol lÿ1)

solution, taken in molar ratio 1:6. The precipitate

was ®ltered off, washed with water and ethanol and

dried on air. Yellow needle-like crystals, stable at

room temperature, were obtained.

The compound was identi®ed and studied by ele-

mental analysis, Fourier transform infrared (FTIR)

spectroscopy, X-ray powder diffraction and thermal

analysis.

The elemental analysis (C, H, N) was performed

according to Liebig's method (C and H) on the Cole-

man Model 33 analyzer and N was determined by the

method of Dumas. Uranium was determined gravime-

trically.

The FTIR spectra from KBr pellets were recorded

on Perkin-Elmer System 2000 in the frequency range

4000±400 cmÿ1.

The X-ray powder diffraction patterns were

obtained on a Jeol-diffractometer, model JDX-7E with

a goniometer model DX-GO-F, using Cu Ka radiation

with Ni ®lter.

TG and DTA curves were recorded on a NETZSCH

thermoanalyser in ¯ow of dry air, in the temperature

range from 20±8008C, at a heating rate of 58C minÿ1,

with a-Al2O3 as a reference substance.

3. Results and discussion

The experimental values from the quantitative che-

mical analysis (C, H, N and U), and the mass loses

during thermal decomposition at certain temperatures,

followed by the theoretically calculated values are

given in Table 1.

As can be seen, the results correspond to the

empirical formula (C5H5NH)[UO2(CH3COO)3]. In

order to con®rm these results we recorded and ana-

lysed the FTIR spectrum of the synthesized compound

as well. The spectral analysis showed a well agree-

ment with the supposed formula of the compound. The

IR spectral analysis was performed comparing this

spectrum with those of several different uranyl com-

pounds [8±11], acetate compounds [12±18] and uranyl

acetate compounds [4,6±8,19±22].

As shown in Fig. 1. the expected vibrational bands

of the constituent groups: C5H5NH�, UO2
2�, CH3 and

COOÿ are evident. At about 3450 cmÿ1 there is a

broad band which can be attributed to either NH

stretching modes and/or vibrations related to NH

stretches. The bands in the 3100±3000 cmÿ1 region

can be assigned as CH stretching vibrations of the

aromatic ring. The bands due to the antisymmetric and

symmetric stretching vibration of CH3 group appear in

the region between 2980±2890 cmÿ1 and are probably

overlapped with a complex band which is found in the

same region. Similar picture as in our spectrum

between 3600 and 2600 cmÿ1 is observed also in

the FTIR spectrum of pyridinium chloride [23].

A complex band in the region from 1800±

1300 cmÿ1 appears, as well. Here, the bands from

Table 1

Results of the chemical and thermal analysis of pyridinium uranyl acetatatea

w(C) (%) w(H) (%) w(N) (%) w(U) (%) Dm (%)

to 2408C to 5608C to 7808C

Experimental 25.25 2.98 2.72 45.00 26.60 50.53 49.60

Theoritical 25.06 2.87 2.67 45.05 26.33 48.78 46.76

a w: mass fraction; Dm: mass loss.
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some vibrations of NH, COOÿ, CH3 groups and the

aromatic ring are expected. We assigned the bands due

to these vibrations using the previously made assign-

ments of the infrared spectra of some acetate com-

pounds [12±18], uranyl acetate compounds [4,6±8,19±

22] and pyridinium chloride [23]. Thus, we assigned

the band at 1638 cmÿ1 to deformation NH vibrations,

whereas an intensive band at 1540 cmÿ1 due to the

COOÿ antisymmetric vibrations. Two bands are found

at 1460 and 1415 cmÿ1 in the region of symmetric

stretching COOÿ vibrations. The one at 1460 cmÿ1

can originate or be strengthened by the band from the

antisymmetric bending vibrations of CH3 groups. We

assigned the band at 1350 cmÿ1 to the symmetric

bending vibrations of CH3 groups. One should bear

in mind that in this region (1650±1300 cmÿ1) bands

from C=C stretching modes of the aromatic ring

appear, as well. They can contribute to the shape

and intensity of the bands appearing in the discussed

region.

In accordance to the previously published assign-

ments of some uranyl acetate compounds [4,6±8,19±

22], the bands at 1052 and 1010 cmÿ1 can be attrib-

uted mainly to the rocking CH3. The shoulder around

940 cmÿ1 probably originates from stretching C±C

modes whereas intensive band at 920 cmÿ1 and a

weak one at 885 cmÿ1 we assigned as antisymmetric

and symmetric stretching vibrations of UO2
2� ions

[8±11].

The appearance of a sharp band at 768 cmÿ1 is

probably due to the g(CH) of the pyridine ring. We

assigned the intensive band at 675 cmÿ1, as well as the

weak one at 608 cmÿ1 as symmetric bending and

wagging COOÿ vibrations, respectively.

In order to obtain more information about the

thermal stability of the obtained compound, TG and

DT analyses were performed. TG and DTA curves,

under dynamic conditions, are shown in Fig. 2.

Thermal decomposition takes place in several

stages. In the ®rst one the compound decomposes

to uranyl acetate, in the temperature range from

120±2408C. This is followed by an endothermic peak

with maximum at 2008C. The experimental value for

mass loss, in this stage, is 26.60%, while the calculated

one is 26.39%. Taking into account these values, it can

be assumed that in the ®rst stage pyridinium acetate

releases.

In the next stage, in the temperature range from

240±5608C, uranyl acetate decomposes to uraniu-

m(IV) oxide. Thus, the experimental value for mass

loss on the TG curve is 23.93%, which is in good

agreement with the calculated value (22.39%). This

stage is characterized by three endothermic peaks on

DTA curve. A sharp peak appears at 3408C, but two

small peaks appear at 380 and 5308C, as well. Actu-

ally, ®rstly a nonstoichiometric oxide of uranium is

formed. It is well known that uranium forms non-

stoichiometric oxides of genaral formula UO2�x

Fig. 1. FTIR spectrum of pyridinium uranyl acetate.
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(x�0.2±0.22) [2,4]. Thus, the two endothermic peaks

at 380 and 5308C, can be due to transformation of

some nonstoichiometric oxides to UO2 that is con-

nected with a very small mass loss.

In the temperature range from 560±6408C, no

changes are observed, but from 640±7808C, the slight

weight increase on TG curve and also an exothermic

peak with maximum at 7408C on DTA curve appear.

These changes are probably due to partial oxidation of

UO2 to UO3. Above 7808C, a reaction in solid state

between UO2 and UO3 takes place resulting in U3O8

as a ®nal product of thermal decomposition. This can

be concluded both from the X-ray powder diffraction

pattern of the residue of thermal decomposition and

from its color which is dark green. The total experi-

mental mass loss up to 7808C is 49.46% and the

calculated one is 46.76%.

In general, the thermal decomposition can be

expressed by the following reactions:

�C5H5NH��UO2�CH3COO�3�
! UO2�CH3COO�2 �70ÿ240�C� endo

(1)

UO2�CH3COO�2 ! UO2 �240ÿ560�C� endo

(2)

UO2 � 1
2

O2 ! UO3 �640ÿ780�C� exo (3)

UO2 � 2 UO3 ! U3O8 �above 780�C� (4)

In order to obtain more data about the intermediate

products during the thermal decomposition, we under-

took isothermal measurements at 200, 400 and 6008C.

Also, X-ray powder diffraction patterns were recorded

of pyridinium uranyl acetate and of the residues of

thermal decomposition (Figs. 3 and 4).

The initial compound is crystalline (Fig. 3a), and

the intermediates (Fig. 3b and Fig. 4), as well. The d-

values and the relative intensities of pyridinium uranyl

acetate are given in Table 2. However, we could not

recognize any compound at 2008C. The powder dif-

fraction patterns of the residues at 400 and 6008C,

both show the formation of U3O8 (U3O8 File No. 2±

276: 4.15x; 3.43x; 2.649; 1.776; 3.365; 2.614; 2.074;

1.954) [24]. The main reason for U3O8 formation at

lower temperatures (4008C ) is probably due to the

isothermal heating for 1 h in presence of air.

Fig. 2. TG and DTA diagrams of pyridinium uranyl acetate (m�280.00 mg).
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