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ABSTRACT 

The thermal decomposition reactions of (Net4)2UX6, X = Cl, Br, were studied 
in nitrogen and oxygen atmospheres. Isothermal and dynamic techniques were used 
to edirate activation energies for the reactions in nitrogen. The bromo compfex 
seems to be more resistant towards decomposition than the chloro complex. 

The solution chemistry of uranium (IV), in the prcscncc of various anionic and 
neutral donor ligands, has been investigated extensively over the last few yours’. 
Very little fundamental information is avdiable on the thermal behaviour oiurdniurn 
(IV) halides. Van Wazer and John’ reported a kinetic study of the oxidation of 
uranium tetrachloride in an oxygen atmosphere- The oxidation process consisted of 
two independent steps which were described as: 

(i) UCI, + O2 + UO,CI, j. Cl, : E, -= 50 W mol-’ 
(ii) 3U02C12 + O2 -+ IJB08 .:- 3C12 : .E* - 189 kJ mol-’ 

In addition, U02C12 was found to decompose to U30, when ignited in air, while 
UOz was the product when nitrogen instead of air was used’. The oxidation of UBr, 
by oxygen was described by similar =ct.ior&, i.e., 

(i) UBr, + 0, ---, UO,Br, + Br, 
(ii) 3UOrBr, -+ O2 -+ U,OII + 3Br, 

The reactions were studied in the temperature rzoge 15&2CKFC, but uo ener_q 
parameters such as activation energies, are reported. 

The present investigation was undertaken in an attempt to elucidate the solid- 
state decomposition kinetics and, if possible, the mechanism of the decomposition of 
the hezaha!o uranium (IV) species. Isothermal and dynamic thermogravimctric 
studies were therefore performed on (Net,)2UCi6 and (Net,),UBr6 in oxygen and 
nitrogenatJnospheKS . 
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EXPERlMEh7AL 

Materials 
(Net&UC16 and (Nct,),UBr6 were prepared by mixing stoichiometric 

arnountc of the corresponding ura.nium (IV) halide, dissolved in acetone, and tetra- 
ethyl~mmonium halide, dissolved in acetonitrile. The pale green solids were recrystal- 
lized from boiling acetonitrile, vacuum dried and analysed. The analytical results are 
given in Table I. 

TABLE ! 

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

CO~pOUd bhznium (9;) HaIi& (X J 
_ -.. - ..- . . . . . . . _-. .---- 
CUfC. Foud Cak. Fouui 

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

CW&UC% 33.47 33.5 29,9G 29.8 
(Xa&lJBrr 24.35 a*4 49.05 49,l 
_.-__.-. . -. . .-_. -- -. - -.-. ..-P.__ _..... ..-m. _ 

7%ermogrmimelric measuremen Is 

X Perkin-Elmer TGS-2 thermobalance wils used to collect all data. The 
temperature axis was calibrated using magnetic standards. A flow of approximately 
60 ml min’ ’ of the required _gzs, oxygen or nitrogen, was maintained down the furnace 
tube, 27 mm i-d. A platinum cup wzs used as samp!e holder. 

Isothermal measurements wcr’c perform& on 2 7 mg samples in the cemperz- 
ture rzngc 600-700 K. 

The data collected were fitted to a variety of kinetic rate laws’ using a Hewlett- 
Packard 983OA computer. The minimum standard deviation in alpha obtained from 
llle Ieaz,t-squares fitting of the best straight line was used as the criteria for the most 
applicable mte law. 

Dynamic mthurernents were made at constant heating rzltes of X5,5, IO and 
20 K min”. using sample wei:&ts of <- 7 mg. In order to check the effect of sample 

size on the ztiivation energy, sample weights varying between 3 and 15 mg were used 
at a constant heating rate of 5 K min' ‘. The data obtained were processed to give 
values for the ener_ey of activation (E,) using the integral technique proposed by 
Coats znd Redfern’. Reaction orders n = 0; 0.5; 0.67; and 1.0 were used for the 
calculations. The value of n, gving the! minimum standard cieviacion from the Ieast- 
squares fitting of the best straight line, was used as the order describing the reaction- 

(I} Detmnpsition readolu in oqxen 
The TG and DTG curves for the decomposition of (Nct,),UC16 in oxygen, 
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Fig. 1. TG and DTG cun-es for the dcampMion of (Netr)zUCtc in oxygen. Heating rate: (a) 2.5 K 
min-1; (b) 5 K min-1. 

using a heating rate of 2.5 K min’-’ are given in Fig. 1. it seems to sug2cst a two-step 

decomposition process: 

(i) (Net,j,IJCl, --) product A 
(ii) Product A + U308 

Product A had no definite composition and it seems to bc a mixture of UO,, U30S 
and U02C12, similar to the decomposition described for UBr,. A surprising fact was 

that (Net,),IJO,CI, seems to be ruled out as a stable intermediate in the decomposi- 
tion reaction. The decomposition reaction w&as found to be very xnsitive to the 

heating rate (/3)_ When p 3 K min-- ‘, a highly exothermic reaction occurred over the 

z range 0.4 to 1.0. The DTG curve Hven in Fig. 1 (shoulder at 602 K to the main peak) 
suggested that the initial stages of the decomposition might be dcscribcd by the 
reaction: 

(Net,)ZUC16 --) (Net&iC15 -r Net&I 

although no stable intermediate of such a PaLure could have been detected. This type 

of dissociation reaction is not uncommon and was observed” in the thermal de- 
composition of (C,Hl,+ 1 NH3)rMnC14. The thermal dccom_position of the bromo 

complex, (Netr)2UBr6, in an oxygen atmosphere was found to be different from the 
chloro analogue discussed above. The TG and DTG curYes (Fig_ 2) suggcst& that 

the overall decomposition process could be represented by the following three 
individual processes: 

(i) (Net&UBr6 -i- O2 -+ (Netl)zU02Br4 + Brt 
(ii) (Net,),U02Br, -+ U02Br2 f 2(Net&Br 
(iii) 3U02Br, -i- 0, -+ U,O, -+ 3Br2 

It was noticed that simultaneously with the formation of the yellow (Net,)zUOIBr,, 
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a bbck impurity, probably UC& and/or Us&, was formed, similar to the dccomposi- 
tion3 of L!Br,. The reaction was found to he less sensi tivc to the heating raw, S~IXC it 
beczme exothermic only when /3 3 IO K min”. 

(2) Deconpsifion reuclims in nifrogen 

The decomposition reactions of the complexes in a dynamic N2 (99.5%) 
atmosphere were found to differ from their anzdogucs in oxygen. The TG and DTG 
curves obtained using a heating rate of 5 K min- ’ (Fig. 3) suggested similar mans 
for both compounds, ix., 

3(NetJ2UX6 + U,08 f 6Net,X + 6X2 

Ttrt oxygen present in the N, suzms to be suficimt for tk oxidation reaction to 0cNr. 
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Fig. 4. Plots of [- In(l - a)]* wrsus time for (Net&UCic and (Netr)tUBr~. 

Fig. 5. ArrIwnius plots for @&)2ua6 and (NctMJBrc 

TABLE 2 

-_-_-..- m-m -.-.------. _.- -----_ 

Compowd Isothermal Dynamic 

(Arrklrks plots) (Chars-Redfirn eqn) 
(kJ nwl- 1) (kJ 4-l) 

---- ._ ---m.- .--- 

(lW&UcIb 115 156 
(N@UEh 181 185 
-_ -- -. -- _-.-_ . __.- 

J.sothermal studies indicated that the Erofeev equation, [-ln(l - z)’ = kz], 
was consistently the most applicable rate law for both decomposition reactions (see 
Fig. 4). Values for the activation energies were obtained from Arrhenius plots (Fig- 5) 
and are listed in Table 2. 

Trezmeat of the dynamic data using the Coats-Redfern equation indicated 
zero-order decomposition kinetics, n = 0, for both reactions. The activation energies 
obtained from this equation (Table 2) are average values obtained using diflerent 
sample sizes and heating ra!zs as indicated in Tabiz 3. Thex values s#m to be fairly 
insensitive to sample si,ze and heating rate. 
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TABLE 3 

_ _-- .__ __- --- --P-P--.-- - 

compod fffahg rare Sample size Acriranh erwgy 
(K tnin-‘) ffd (kJ mol- ‘) 

. _._.-..._ __-_-._ ---- . ..-. --m-----.-P 

(?G~;kUC& 5 4.35 155 
5.52 147 
6.90 151 
9.45 170 

13.16 158 
5 6.95 156 

10 7.10 1% 

20 6,m 162 

5 3.07 179 
7.48 179 

IO.96 187 
IS.73 IS8 

5 7,m 185 
10 7.10 191 
20 7.05 I8a 

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

The isothermzd and dynamic data suggested a similar mechanism, random 
nucleation, for both reactions. The consistent higher activation encr_q obtained for 
the bromo complex su_qested that the compIex is more resistant to decomposition 
than the chloro complex. It is, however, clear that in order to describe the mechanism 
of the decomposition rczctions, various factors, such as cation cfiect, atmosphere, 
etc. will have to be investigatrd cxefully. 

Isothermal and dynamic decomposition studies indicated that (Nct,),UX, 
where X -.: Cl and Br decomposes to yield UjO,. The nature of the decomposition 
reaction is determined by the atmosphere used. A dynamic oxygen atmosphere 
produced an exothermic reaction under non-isothermal conditions; /3 3 5 K min-’ 
for (Net,),UCI, and /? a 10 K min- * for (Net,)=UBr,. Isothcrmlzl studies in dynamic 
nitrogen atmosphere suggested similar mechanisms for both decomposition reactions. 
The bromo comp!cx was found to be more resistant towards decomposition than the 
chloro complex. 

The authors wish to thank the Council for Scientific and.Indust&ial Research, 
the South African Atomic Energy Board and the University of Port Eiizzbeth for 
financial assistance and Professor W. J. McGill, University of Port Elizabeth, for 

stimulating discussions. 
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