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THERMAL DECOMPOSITION OF METAL COMPLEXES 

VII. UEWNYL NITRATE-UREA SYSTEM: SYNTHESIS AND 
DECOMPOSITION 
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(Fztivlea 25 Mkrcb 1977) 

The thermal synthesis of the known complexes U02(N03)2(urea)2, U02 
(N03)2(urcr),, U02(N0,)r(urea), and UO,(NO,)l(urea),[l~J_EWJ and the un- 
reported complexes U02(N03)2(~rea) - II,O[I] and U02(N03)2(urca)6[VI] has 
been carried out by solid-solid interaction in a thermoanalyzer and the enthalpy 
changes of formation have been calculated. Two different thermal behaviours have 
been exhibited from [XJ-[iv] and from CV]-[Vu complerrcs, as shown z&o from the 
“activation energy” values. In each case, the thermal decomposition does ilot occtir 
through a stepwise release of urea molecules. 

In previous works, some of us have studied the thermal decomposition of metal 
complexes in order to correlaic, within the described limits, the strength of the metal- 
ligand bond with g or Al-I, parameters obtained from therrnoanalytical curves’- 6. 

Considering the usefulness of solid-solid reactions for the preparation of 
complexes7Y”, in this work we use this technique, carrying out the syntheses 
directly in a thermoanalyzcr, by introducing into the crucible stoichiometric mixtures 
of the reactants with the following purposes: (i) to observe by DTA curve *the complex 
formation, calculating the associated enthalpy change; (ii) to investigate, in continuity 
with our prrevious works, the subsezquent thermal decomposition of the reaction 
products. 

This work concerns the uranyl nitrate-urea system which, as known7, gibes 
rise to some adducts by solid-solid interzction Here, WC extend the study to other 
stoichiometric ratios between the reactants, obtaining in this way also the formation 
of the two new species UOz(N03)&rea - Hz0 and U02(N03),urea6. 

” We have wmsicicred the thermal sy~&~&i and decomposition of the following 
.sysluns:. ‘, . . . - . a. 

(1) UOz(NO,), - 6H20 + ;rea --, .U02(NC+urea. - H,O -+ 5&O ’ 



(2) U02(NO& - 6H20 -+ n urea + UO,(NO~),(urea), -i- 6HxO 

(n = 1; 2; 3; 4; 5; 6) 

(3) UO,(NO,)&u-ea). i m(un=) + UO2(NOMurea),+, 
(n = 2; m = 1;2;3;4) 
(n=33;m= 1;2;3) 
(n -= 4;m -- I; 2) 
(rx = 5; m -- I) 

Therefore. the following compicxes have been prepared and characterized: 
UO,(KO,),u~ - Hz0 [I]; UO,(NO,),(urea), [II]; 
U0,(N0,)2(ilrea), [III]; U02(N0,),(urca), [IV-j; 
UOANOMuWs [Yl; UWNO,),(u=06 [VI]- 

The complexes [I] and [VI] are unreported in literature. 

EXPERIMEhiAl. 

_Ma?erials 
Reagent grade uranyl nitrate hexahydratc and urea were used without further 

purification. 

7hermal analysis measuremenls 

Simultaneous TG, DTG and DTA were carried out with a Mettler thermo- 
analyzer at heating rates between 0.5 and 4’C min- r in dynamic nitrogen atmosphere 

(IO I h- I)_ A Mettler T-TD3 crucible holder, 0.3 ml platinum microcrucibies and 
thermally inactive AIZO, as reference material were used. The reactions were performed 
by introducing into the thermoanalyzer closely powdered stoichiometric mixtures of 

the reactants. the total wei_ght of the system being about 25 mg. The AH of the 
formation process of the complexes has been evaiuated by measuring the area of 
DTA peak with a planimeter, for at Iast five experiences, calibrating the apparatus by 

melting A/f. The kinetic parameter, c, for the decomposition reactions wascalculated 
by literature methods (12, 13). 

The simultaneous analysis of evolved :-ascs was performed with a Balzers QMG 
3 1 i spectrometer_ 

IX specrru (4x.x?4?5 cm- ‘) 
They were performed with a Perkin-Elmer 257 spectrophotometer using KBr 

pellets and hexachlorobutadicne or Nujol mulls betwan NaCl plates. 

RESULTS ASD DECLSSXON 

The analytical data for the ne-a [I] and [Vi] complexes are reported in Table 1. 
Properties and analytical data of [II-J-M compounds agree with those reported’. 

The water molecule in [I] is contirmed by tbermogravimetric anaIysis and 
infrared measuremmts; the I-R. spectrum shows in the region 350-3200 cm” a 



TABLE 1 

Comph w x2 C(%J W( 22 N( Y4J --- ___------ - -____-___- __ __ .____. _ 
Cakd- Found Cakd- Found Caicd. Fbund Calcd. Found 

(11 So.43 50.12 255 258 1.28 1.19 11.86 11.51 
Wr’l 31.56 31.39 9.55 9.30 3.2 1 3.16 25.99 25.93 

broad band assigned to the OH, stretching coupled with the NH2 stretching 

modes. In the region 2000425 cm- ‘, the I.K. spectra of the [I] and [VI] complexes 
are correspondingly analogous lo those of the complexes [Ii] srnd [V-J; in catch LZC 
the spectra show the band amide I at 1680 cm- ’ in the free ligand, shifted to longer 
waveIengths, thus indicating cation-oxygen bond formation. 

THMMAL SY hTmc3!j 

For the investigated reactant system 

UOz(N03)2 - 6H,O -i urea (I) 

the firs& weight loss, due to the release of five water mo!ccules. occurs in the range 
25-150°C; the DTA curve shows a very broad endothermic peak which covers this 
temperature range entirely. If the product U02(N0&urea - Hz@ is cooled and 
heated again no weight loss or DTA peak is observed in the range 2%15O’C. 

The thermoanalytical curvt’s of the investigated reacting system: 

UOz(N0,)2 - 6H20 -i- &Mea) (2) 

show, in the temperature range 25-15O’C, a weight loss, due to the release of the six 
warvr molecules, beginning at room temperature, and a broad DTA endothermic peak. 

The thermoanalytical curves of the anhydrous r*,acting system: 

UOJNO,),(urea), + m(urea) (3) 

show, before a weight loss takes place at about 200’C, two DTA endothermic peaks 
in the range 80-130°C. 

It is interesting that the thermoanal_ytical curves from about 2CWC, coincide 
for the two diffcrcnt systems (2) and (3) when m + n = p- In both cases, the same 

ampI= UOz(NO~Mu=9,+.=, is formed- For readon (2), after the end of the 
broad peak, when the sample is cooled and then heated a-tin, the first weight loss and 
the broad DTA peak are not observed. The DTA curve shows only a peak coinciding 

with the latter DTA one of the corresponding system (3). This endoihermic peak is due 
to the melting process of the obtained complex that takes place without decomposition 
whereas the former DTA peak in system (3) arises from complex formation. Examples 

of DTA curves are reported in Fig- 1, 
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Fig_ 1. la) DTA cuzrc of tk produa U~O~k(urc&; (b) DTA curw of the -can UOz(NOa)_ 
(ura)z -+ urea in the LcznpcarLJn nngc SG-I5o”C. 

Fig 2. fhcnnd ~CCOXTI~MCOII of COIXIP~X [I]. 

T.4BLE 3 

~AR’TLNG T?3fFEELtTL, (“C) OF UMfPIM UXMATIO.~ (71) ASD COMPLEX WELR_SG (fi), ASD VALCFS 
OF f3XSlAI.PY OF FORMATTO~ (kd I-d- *) OF COIWPLDCES [IHvi] I?Y THE ItFACTIoN: ut-k@io+or(rrS), 

+ munza 

Vah of n 

2 
1 
2 
2 
2 

3 
3 
3 

Vahe of m ‘7-1 TJ dH RczlclIon pmdur 
-w--e .-. -_-._ .- 

0 __ 202 - 
I 74 114 12 
2 80 110 2.7 

p$l 

3 80 118 4.5 CW 
4 78 120 8.7 Nil 

1 e3 IS0 I.6 WI 
2 80 118 3.4 
3 78 120 7.6 

4 1 74 118 1.7 
4 2 76 120 6.1 

5 I 80 120 4.3 WJ 

In reaxion (2), the water substituted by urea in the coordination sphere, eado- 
thermicaliy evolves, ‘This is the only exhibited process, and it covers the entire thermal 
range in which the DTA curYe should show the formation and melting peaks of the 
campamds. The temperatures at which the two DTA pea.ks begin and the dtl values 
for reaction (3) are reported in Table 2. 

Reacfion (3) involve.. the substitution of one or more bonds U-O of nitric 
group with bonds U-O of urea. it ap_pears that the formation of all the complexes is 
enthzdpicaily unfavored. 
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The first step of the thermal decomposition of UO,(NO,),urea - Hz0 ccxre- 
spends to the following stoichiometry: 

UO,~O&mza - Hz0 (s) -+ U02(NOJzurea (s) t Hz0 (v) 

The DTA curve (see Fig. 2) shows that an exothermic process follows the endothermic 
one before the dissociation is completed, in agreement with the occurrence of simui- 
taneous structural rearrangements. Probably, oxygen atoms of the nitric p;roup, that 
are not engaged in the formation of the initial units, can MI the coordination sphere 
of adjacent uranium atoms giving rise to polymeric structures. 

For the complexes p&[lVJ, the first mzction is: 

UO,(NO,),urea, (s) -, UO,(NO&urea (s) i (n - 1) urea (v) 

This is the stoichiometry of the overall process. However, when n is greater than two, 
DTG curves do not exhibit a regular behaviour, thus suggesting that a stepwise release 
of urea occurs, though the different steps ax overlapped and unseparable in the 
described experimenta conditions. An example is reported in Fig. 3. Owing to the 
impossibility to separate the successive steps, this is not a method to obtain one 
complex fro-m another by relm of the required number of moles of urea. 

LUO,(NO&urea], obtained from [II], [III], and [lq shows the same 
thermoanalytical behaviour of that obtained from [I] and, therefore, it is assumed 
to be pofymeric too. This complex decomposes exhibiting only an exothermic DTA 

peak, giving rise to UO, and unidentified products. It is probable that ox-red reactions 
involving urea molcculc ad nitric groups occur. This conclusion is supported by 
the mass spcclra of the evolved gases: the recorded spectra show, during the decom- 
position, peaks corresponding to NO and CO,. At temperatures above 5OO”C, UO, 
gives, as known, U308. 

L c 

160 230 'C 

Fig. 3. l.hmnd daomposiliou of complex [UI]. 

Fis. 4. Tbamd dseomposition of compkx LVJ. 
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TABLE 3 

___._ _.-_-.----.-mm _-.- 

Corn&x &I’ EL’ 
______--__-.-- -_ 

111 21.9 106 

Wi 41.6 106 

WI 25.8 106 
WI 14.9 106 

EI 
29.7 57 
32.8 63 

___--__ -.-- __.__._ ._ .-. _- - - -__._ -.-.-_.--- --- - ----- 

For the complexes [V] and [VJ]. the decomposition process is quite diffcrcnt 
(Fig. 4). in neilher of these cases there is formation. as intermediate product, of 
[ UG2(N03)2urea J. and it is impossible to follow the stoichiometry of the processes by 
thermoanalytical curves. Some indic&ions were obtained by mass spectroscopic 
analysis of the evolved gases: a sharp increase of 17 vak was observed at the beginning 
of the weight loss. It is known. on the other hnd, that proas%s of deamination of 
UT= may occur through the condensation of urea molecules. It is therefore re.z.uonable 
to suppose that the steric and eiectronic situation achieves the condensation of five 
or six molecules of urea giving rise to very unstable complexes. Only after the end of 
deamination. the dccompoAion of nitric groups WZIS obvrvccl by mass spectra. 

The %ztiva tion ener@s”, kz,, reported in Table 3, concerning the release of 

urea molecules for the complexes [JJ]. [JII], and [JV] show that the replacement of 
nitric groups with uz-c~ molecules in the coordination sphere of uranyl ion, increzws 
the weakness of the JJ-0 bands involved in this first step of decomposition. This is 
in agreement wirh the endothermicity of the formation process of the szunc complexes. 

The cz values (see Table 3) of the second step of decomposition, are equal for 
the complcxts [JJ]. [JIfl. and [ik2. but dimerent for [VJ and [VI], confirming tke 

two observed thermal bchaviours. 
It has been reprted’ tbt the complex [lV] must be considered as a mixture, 

in the 1: I stoichiometric ratios of the complexes [JIJ] and [V]. The described 
thermoanAyticaJ results do not a_gree with this conclusion. However, it annot be 
excluded that the complexes [IJJ] and [VJ, present in the I : J stoichiometric ratio. 
during the melting: give actually rise to the complex [IV]. 
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