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Abstract 

The synthesis, nature and an evaluation of thermal decomposition kinetic parameters 
(E, Z, AS*) of the complexes of U(W) with 4,6-dihydroxycoumaran-3-one and 0-vanillin 
oxime are reported and discussed on the basis of elemental analysis, IR, electronic spec- 
tral and thermoanalytical studies. The complexes are found to have the compositions 
IU0,(C,H50J2* ;?C,H,OHI and [UO,(C,H,NO,I,-ZH,Ol with distorted octahedral sym- 
metry and the mechanism of thermal decom~sition is of the random nucleation type. 

INTRODUCTION 

4,6-Dihydroxycoumaran-3-one and O-vanillin oxime have been reported 
to give colour reactions with uranyl ion [l]. It was therefore considered 
interesting to study in detail the nature and thermal decomposition of the 
complexes formed in the solid state. 

EXPERIMENTAL 

4,6-Dihydro~coumaran-3-one i&3] and ~-vanillin oxime [4,5] were pre- 
pared by known methods. The complexes were prepared by refluxing the 
uranyl nitrate and the ligand (M: L=l : 10) in ethanol. The precipitated 
complexes were washed free of excess of ligand with acetone and dried in 
vacuum over anhydrous calcium chloride. Carbon, hydrogen and metal 
contents were estimated by a micro-anal~ical method; IR spectroscopy 
(4000-2~ cm-‘) and DRS (50~0-IOO~ cm-*> were carried out using a 
Perkin Elmer 377 grating IR spectrophotometer and a VSU2P (Carl-Zeiss) 
spectrophotometer respectively. 

The thermal decomposition studies of the complexes were done using a 
Paulik-Paulik MOM derivatograph (Hungary) [6] for the simultaneous 
DTA and TGA using a-alumina as the reference material and a heating 

’ Author to whom correspondence should be addressed. 

OO~-6031/91/$03.50 0 1991 - Elsevier Science Publishers B.V. All rights reserved 



286 

rate of 10’ C min-I. The kinetics of thermal decomposition of the com- 
plexes were investigated by the non-isothermal methods of Piloyan et al. 
171, Coats and Redfern [S] and Horowitz and Metzger [9]. The values 
obtained from the Piloyan et al. and Coats-Redfern methods were plotted 
against T- I. In the case of the Horowitz-Metzger method, values obtained 
were plotted against 8, (0, = T- T,, where T, is peak temperature). 
These plots were analysed for various values of the kinetic parameters. 

RESULTS AND DISCUSSION 

The elemental analyses for the complexes give the metal, carbon and 
hydrogen content values well in conformi~ with the calculated values for 
the compositions (see Table 1). 

The nature of the complexes is supported by IR spectral studies [lO,ll]. 
4,6-Dihydroxycoumaran-3-one shows v(O-HI, v(C=O) and v(O-C) stretch- 
ings at 3520, 1670 and 1070 cm-’ respectively and O-vanillin oxime shows 
v(O-H) and v(C==N + C-C) stretchings at 3350 and 1625 cm-’ respec- 
tively. These values shift to lower values on complexation with metal ion. 
The bands due to v(O-H) stretching disappear as the proton gets ab- 
stracted. Additional bands in the [~UO~(C~H~O~)~ * 2C,H,OH] spectrum 
at 1150, 825 and 700 cm-’ corresponding to v(M-0) and v(M-0 + C-C) 
are observed. Similarly additional bands in the [U0&C,H,N03), - 2H,O] 
spectrum at 1040 and 760 cm-’ corresponding to v(M-0) and v(M-0 -I- 
C-C) are observed. 

The electronic absorption spectra reveal the nature of the complexes. 
The complexes show bands at 40816, 25000 and 20000 cm-“. U(W) with 
its 5f” electronic configuration has no 5f -+ Sf or 5f --+ 6d transitions [K&-15]; 
the appearance of bands in their reflectance spectra can therefore be 
assigned to electron transfer bands. These charge transfer bands suggest 
distorted octahedral structures for the complexes. 

The TG curve (Fig. 1) shows that the complex [UO,(C,H,O,), * 

2C,H,OH] starts decomposing at 333 K, this continues up to 503 K and 
corresponds to the loss of the two coordinated ethanol molecules. The 
residual complex further decomposes at 508 K up to 835 K when no further 
loss in mass is noted; this corresponds to the loss of the ligand moiety. One 
endothermic peak at 403 K in connection with the loss of ethanol molecules 

TABLE 1 

Elemental analyses (observed %/calculated %*o) 

Complex Metal Carbon Hydrogen Nitrogen 

ZU02(CSH,0,),.2C,H,0Hl 39.0/38.5 39.0/38.7 3.0/2X - 
[U0,(CsH,N0,),.2H,01 36.8/37.1 29.4/30.3 3.5/3.1 5.0/4.4 



287 

032’ I 

100 200 300 400 500 6i)o 700 

TEMPERATURE “C - 

Fig. 1. Simultaneous TG-DTA curves: ---, [UO,(C,H,O,),.2C,H,OHl (1); -, 
WO,(C,H,NO,),~2H,Ol (2). 

and one exothermic peak at 663 K in connection’with the loss of the ligand 
moiety from the DTA curve are observed. 

Similarly the complex [UO,(C,H,NO,), * 2H,O] starts decomposing at 
313 K, this continues up to 468 K and corresponds to the loss of the two 
coordinated water molecules as indicated by the two endothermic peaks at 
340 and 443 K from the DTA curve (Fig. 1). The complex further decom- 
poses at 473 K continuing up to 823 K when no further loss in mass is 
noted. This mass loss is equal to the loss of the ligand moiety; correspond- 
ing to this, one exothermic peak is observed at 540 K in the DTA curve. 
The oxide, U,O, is formed as the end product in both cases. 

Non-isothermal kinetics of the first steps have been studied. From the 
values of (Y (the fractional mass loss), the corresponding (1 -a)” values 
were calculated where IZ depends upon the reaction model. The corre- 
sponding values of g(cr) = d/;(a) were calculated for the equations of 
Piloyan et al. [7], Coats and Redfern [8] and Horowitz and Metzger [9] with 
different values of IZ. Plots giving the best linear fits were as follows: 
log a/T2 vs. Tp2 (Fig. 2) for equations of Piloyan et al. [7]; log( -ln((l - 
(r)/T2>) vs. T-’ (Fig. 2) for equations of Coats and Redfern [8]; and 
log( - ln(1 - a)) vs. 8, (Fig. 3) for equations of Horowitz and Metzger [9]. 
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Fig. 2. Piloyan et al. [71 plots: *, complex (1) and x , complex (2) when W=log (Y/T’. Coats 
and Redfern [8] plots: 0, complex (1) and *, complex (2) when W = log[ - ln((1 - (u)/ T’)]. 

This suggests a random nucleation mechanism. The plots of a-T (K) (Fig. 
4) for both complexes are of the same pattern and also suggest a random 
nucleation mechanism [16]. The curves with an accelerator-y period without 
any apparent induction period thus indicate that no surface nucleation or 
branching occurs during the first step of decomposition. 

The values of slope, intercept and energy of activation were obtained 
from Figs. 2 and 3. The values of Z in the case of Piloyan et al. and Coats 
and Redfern were obtained by employing eqn. (l), while the values of Z in 

20 LO 60 60 

Fig. 3. Horowitz and Metzger [91 plots: o, complex (1) and 0, complex (2). 
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Fig . 4. (Y--T(K) graphs: 0, complex (1) and o, complex (21. 

the case of Horowitz and Metzger were obtained by employing eqn. (2). 
The entropies of activation (AS*) were calculated using eqn. (3) 

(3) 

where R represents the molar gas constant, j3 the rate of heating (K s-l), 
K is the Boltzmann constant and h is Planck’s constant (see Table 2). 

From the above discussion it is concluded that 4,6-dihydroxycoumaran-3- 
one and O-vanillin oxime behave as bidentate ligands. The complexes 
decompose in two well-defined steps involving a random nucleation mecha- 
nism, forming U,O, as the end product. 
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