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Reactions of Uranium Metal with Alcohols

11

M. TERESA VILHENA*, ANGELA M. T. S. DOMINGOS and A. PIRES DE MATOS
Departamento de Quimica, Instituto de Energia, LNETI, Estrada Nacional No. 10, 2685 Sacavém, Portugal

Received November 2, 1983

Two new routes for the synthesis of uranium
alkoxides are reported. One is based on the reaction
of uranium metal with a mixture of carbon tetra-
chloride/alcohol and the other on the anodic ‘dissolu-
tion’ of uranium metal in alcohol.

Introduction

Pitts [1] has reported reactions of plutonium and
uranium metals in mixtures of CCly/alcohols, as part
of a study of the dissolution of irradiated fuel ele-
ments. Although the author reports the formation of
alkoxides, no products were isolated and charac-
terized. In this work we describe the reaction of
uranium metal with CCl,/C,HsOH (1:1). We also
report preliminary results obtained on the direct
electrochemical synthesis of uranium alkoxides, in
particular the electrosynthesis of U(OC,Hs),. Little
has been published [2] concerning the electrosynthe-
sis of metal alkoxides, the most recent work being
made by Shreider et al. [3].

Expérimental

All reactions were carried out under an inert
atmosphere of nitrogen on Schlenk apparatus or
vacuum line. All the compounds were handled in an
inert atmosphere glove box in which the water and
oxygen contents were lower than 20 ppm.

Uranium metal was obtained from a pilot-plant in
our laboratories and was used as metal turnings. The
oxide layer was removed by dissolution in nitric acid
and the metal was further washed with water, alcohol
and acetone. All solvents were dried by conventijonal
methods [4] prior to use. Lithium chloride was
vacuum dried at 50 °C.

IR spectra were obtained as mujol mulls on Csl
plates with a Perkin-Elmer 577 spectrometer. Elec-
tronic spectra were recorded on a Cary 17 Varian
spectrophotometer. 'H NMR spectra were run on a
Perkin Elmer R32 spectrometer. C, H, N elemental
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analyses were performed on an automatic Perkin
Elmer 240C analyser. Cl and U were determined
gravimetrically by standard methods.

Reaction of Uranium Metal with CCl,/C,H;OH (1:1)

The reaction was carried out in a double Schlenk
apparatus, which consisted of two Schlenk compart-
ments separated by a glass frit [5]. 10 ml of the mix-
ture CCl,/C,HsOH (1:1) were added to about 1 gof
uranium metal. The reactants were stirred at room
temperature.

The reaction started with evolution of hydrogen
and a green solution was formed. After the reaction
was complete, the solution was filtered and eva-
porated under vacuum. The green solid obtained was
formulated as UC1,(OC,H;),-xC,HsOH on the basis
of U, Cl, C, H analysis, L.R. and U.V. spectroscopy.
Ethanol was always present in the compound even
after further washings with pentane and drying under
vacuum,

Anodic ‘Dissolution’ of Uranium in Ethanol

The electrolyses were run at about 0 °C in ethanol
with LiCl as electrolyte (~0.1 M), the uranium metal
as anode and a cathode of platinum. The applied
currents ranged from 10 to 30 mA. At the beginning
of the electrolysis and close to the uranium electrode,
a deep red coloration was formed which quickly
turned green. Hydrogen evolution occurred near the
cathode, and after some time a green precipitate was
formed. The electrolysis was interrupted after 1 to 2
hours, the solution filtered and the precipitate
washed with ethanol by the Schlenk technique and
vacuum dried. This compound was extremely sensi-
tive to moisture and oxygen. Anal Calcd. for
U(OC;Hs),: U, 56.91; C, 22.97; H, 4.19%. Found:
U, 56.77; C, 20.75; H, 4.33%. Infrared spectrum
(Nujol mull, cm™): 1120s; .1090w; 1070s; 1030s;
910m; 880m; 460m;435m; 345m; 315m.

Results and Discussion

The 'H n.m.r. spectrum of the solution obtained
after the reaction of uranjum metal with CCl,/
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Fig. 1. Electronic spectrum of the reaction solution of U
metal with CCla/C,HsOH (1:1).

C,Hs;OH (1:1) shows evidence of the formation of
chloroform (also reported by Pitts [1]), suggesting
the existence of intermediate radicals of the type
CCl;". The electronic absorption spectrum of the
same solution is shown in Fig. 1, and is identical to
that of the isolated compound which is characteristic
of an U(IV) species. The main features of its ir.
spectrum are: absorption bands relative to the
alkoxide groups at 1100(s), 1060(s), 1020(s) and
920(m) cm™!, assigned to C—O stretching vibrations;
bands at 535(m), 470(m) and 450(m) cm™ ! assigned
to U—O vibrations; a weak band at about 250 cm ™!
which is attributed to the U—Cl stretching vibration
and a broad band at 3300 cm™' (O—H stretching
vibration) indicates coordinated ethanol. On the basis
of these observations, elemental analysis and a U/C]
ratio of 1:2, the compound was formulated as
UCL,(0C;Hs),-xC,HsOH (x ~ 0.5). The compound
is a dark green solid, sparingly soluble in toluene,
benzene and dichloromethane.

M. T. Vilhena, A. M.T.S. Domingos and A. P. de Matos

At present, the reactions of U metal with
methanol and isopropanol are being undertaken in
our laboratories and the products isolated are being
studied.

In the anodic ‘dissolution’ of U metal in ethanol,
the mechanism of the uranjum alkoxide formation is
not yet clear. In order to identify the uranium inter-
mediate species, a cell with separated cathodic and
anodic compartments was used. No precipitate was
formed but a clear green solution was obtained. Com-
parison of the electronic spectra of various solutions
taken at different electrolysis times with those of
UCl, and U(OC,Hjs), in ethanol led us to assume that
the intermediate species should be of the type
UCl;—n(0OC,Hs),. The anodic reaction would be the
oxidation of uranium metal with the formation of the
soluble UCl,_,(OC,Hjs), species, which will be later
reduced at the cathode. The cathodic reduction of
UCly—n(OC,Hs), may involve the formation of
radicals, elimination of the chloride ion, subsequent
interaction with the alcohol and evolution of hydro-
gen, as suggested by Shreider er al. [3] in electro-
syntheses of other metal alkoxides.
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