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X-ray powder diffraction studies of uranium(III)
formate, uranium(IIl) sulphate and double sulphates
of uranium(IlI) with ammonium, rubidium and
caesium reveal a striking similarity of uranium(III)
and the corresponding cerium{III) compounds.

The mode of thermal decomposition of the ura-
nium(Ill) compounds in oxidising and reducing
atmospheres is reported; two new anhydrous
uranium(IIl) compounds (NH4)U(SO,), and RbU-
(SO, ), could be obtained.

Introduction

The trivalent oxidation state which is character-
istic of lanthanides and transplutonium elements
has been rarely encountered in uranium except the
hydrides and halides [1]. This is essentially because
of oxidation of uranium(III) by air and water. More
recently, however, two ingenious methods have been
developed for preparation of uranium(IIl) com-
pounds. In the first method, reduction of uranium-
(IV) by liquid zinc amalgam in non-aqueous condi-
tion has been used by Drozdzynski and co-workers

to obtain uranium(Ill) formate and anhydrous ura-
nium(II1) chlorocomplexes of type M,UCl; and
MU,Cl; (M = NH,4, K or Rb) and UPO, [2-4].
Uranium(III) formate is reported to be trigonal like
lanthanide formates and belong to rhombohedral
system with space group R3m [2]. In the other
method, electrolytic reduction of aqueous uranium-
(VD) solution at low temperatures has been used by
Barnard et al. to get hydrated sulphates, double sul-
phates and also double chlorides of uranium(lII)
[5, 6]. Using the latter method, attempts to get
anhydrous uranium(II) compounds by vacuum heat-
ing have not been successful. The compounds were
characterised by magnetic and spectroscopic
measurements. However, no structural data is avail-
able on these compounds.

In this paper, X-ray diffraction and thermal studies
of following compounds of uranium(III) are report-
ed:

@) U(HCOO),

(i) U;(S04);°8H,0

(iii) (NH4)U(SO4);+4H,0
(iv) RbU(SO,),+4H,0
(V) CSU(SO4)2 *5.5 HQO

TABLE I. Chemical Analysis and Thermogravimetric Data on Uranium(III) Compounds.

Compound Uranium(%) Sulphate (%) Carbon(%) Hydrogen(%) % Wt. loss % Wt. loss
found at expected
Found Calcd. Found Caled. Found Caled. Found  Calcd. 200 °C in for com-
H, plete
dehydration
U(HCOO), 63.51 63.81 - - 9.35 9.65 1.17 0.81 - -
U,(S04)3-8H,0 521 524 314 317 - - - - 8.54 15.86
(NH4)U(804),-4H,0 45.7 458 364 369 - - - - 149 13.85
RbU(SO4),+-4H,0 40.2 40.9 325 32.7 - - - - 12.25 12.79
CsU(804),-5.5H,0 35.6 359 287 290 - - - - 7.0 14.95
NH,U(S0,), 53.25 53.12 4292 4285 — - - - - -
RbU(S04), 46.32 46.17 46.32 46.17 — - - - - -
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SRR It also includes the isolation of anhydrous (NH4)U-
(SO4), and RbU(SO,), compounds for the first time,

ag o from their respective hydrated salts.

=<

NN

59 § Bxperimental

RN All preparations were carried out in a glass

N> o apparatus with provisions for precipitation, filtration

853 and drying in inert atmosphere. Uranium(I1I) formate
was prepared by non aqueous method [2]. Uranium

S 2 @ tetrachloride was obtained by passing argon satu-
rated with carbon tetrachloride vapours over ura-
nium dioxide at 480 °C. The dark green uranium

§ § <5 ?2‘ $ tetrachloride was dissolved in anhydrous formic acid

NadNaS and reduced with liquid zinc amalgam. The olive
green solid obtained corresponded to the composi-

g 9 tion U(HCOO);.

3 9 Z Attempts made to prepare uranium(III) acetate by
a similar method were not successful. Uranium tetra-

— e o e n chloride solutions in glacial acetic acid on reduction

g8 8,§ with liquid zinc amalgam gave intense red solutions

characteristic of uranium(III). However, precipitation
could not be carried out without oxidation of
uranium(III).

Uranium(IIT)  sulphate, U,(S0,);°8H,0 was
obtained by electrolytic reduction of uranyl sulphate
(10 g in 100 ml of 1M sulphuric acid) at about 10 °C.
The precipitation of uranium(III) sulphate from the
cold aqueous uranium(III) solution was carried out
with alcohol.

The double sulphates were obtained by addition
of equimolar quantities of respective ammonium,
rubidium or caesium sulphate to the uranium(III)
sulphate solution obtained as above.

Table I gives the chemical analysis data for ura-
nium, carbon and hydrogen in uranium(IIl) formate
and uranium and sulphate in the sulphates and double
sulphates of uranium(IIl). Total uranium was deter-
mined gravimetrically as U3Og after ignition of
ammonium diuranate; sulphate was estimated as
BaSQ4; carbon and hydrogen were determined by
burning the sample in oxygen and estimating CO,
and H,;0 evolved by absorption in ascarite and
anhydrous copper sulphate respectively.

The X-ray powder diffraction pattemns of the com-
pounds were obtained by using Siemen’s X-ray dif-
fractometer (Cuk, radiation = 1.5418 A). The slides
were prepared and coated with Bostikote to prevent
surface oxidation. The density of the compounds
was determined by pyknometric method using
xylene.

Thermogravimetric analysis (TGA) and differen-
tial thermal analysis (DTA) were carried out by using
Mettler Thermal Analyser. The products obtained by
thermal decomposition in air, argon and hydrogen
were characterized using X-ray, infrared and chemical
methods.
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TABLE III. Structural Data on Uranium(IIl) Compounds.

No. Compound Crystal Lattice No. of Molecules Density Density
System Parameters (A) in Unit Cell (Z) Observed Calculated
glem®)  (g/em?)
1. UHCOO), Hexagonal a2 =10.68 3 4.4 4.6
c= 4.11
Rhombohedral a= 632 1
a=115°26'
2 U,(8S04)3+8H,0 Orthorhombic a= 9.93 4 34 3.7
b= 9.57
c=17.40
3 (NH4)U(SO4),+4H,0 Monoclinic a= 6.67 4 3.0 3.1
b =19.04
c= 8.75
g=97°
4 RbU(804),+4H,0 Monoclinic a= 6.66 4. 3.2 3.5
b =19.06
c= 8.75
g=97°
5 CsU(S0Q4),+5.5H,0 Orthorhombic a=16.92 8 3.7 3.7
b=18.89
c =14.56

The infrared spectra were taken using Perkin-
Elmer Spectrophotometer in the range (650 cm™!—
4000 cm™),

Results and Discussion

(A) X-Ray Diffraction Studies

The observed and calculated d spacings and observ-
ed intensities of powder diffraction lines have been
obtained and are presented in Table II. The patterns
were indexed using Hesse—Lipson and Buergers
methods [7]. In Table III are reported the crystal
class with lattice parameters and number of mole-
cules in the unit cell of each compound. The calcu-
lated and measured densities are also given.

X-ray diffraction data shows that uranium(III)
formate is similar to cerium(IIl) formate [8, 9] (unit
cell values of cerous formate @ =10.67 &, c =4.08 A;
hexagonal) and belongs to the space group C3V—
R3m with one molecule per unit cell. In analogy with
corresponding cerium salt, this compound has a 9
fold coordination of the carboxyl oxygens about the
uranium atom, six oxygen atoms forming the trigo-
nal prism and other three oxygen atoms equidistant
from the uranium atom. It was found that the X-ray
lattice parameter data of uranium(III) sulphate, U,-
(804)3°8H,0 is similar to that of cerium(III) sul-
phate octahydrate, Ce,(SO4);°8H,0 and has a space

group Cmca-D3} with 4 molecules per unit cell
[10]. Ces(S04)3+9H,0 on the other hand is reported
to be hexagonal [10]. This further confirms that
the uranium(IIl) sulphate prepared by us has the
composition, U,(SO4)3+8H,0. The very close simila-
rities of lattice parameters of the uranium(III) com-
pounds with the corresponding cerium(IIl) com-
pounds [9, 10] are in conformity with closeness of
the ionic radii of Ce3* with U3* (Ionic radii of Ce®" =
1.03 Aand of U3 =1.03 &) [11].

Hydrated ammonium uranium(III) sulphate and
hydrated rubidium uranium(III) sulphate are index-
ed on the monoclinic system with 4 molecules per
unit cell and cell constant data have similarity with
the data on ammonium cerium(III) sulphate (NHg)-
Ce(504),°4H,0 [12] and ammonium neodymium
sulphate (NH4)Nd(SO,4),-4H,0 [13]. However,
caesium uranium(III) sulphate CsU(SO4),*5.5H,0
is indexed on the orthorhombic crystal system and
contains 8 molecules in one unit cell. The differences
in the structures and compositions of the caesium
compound from the corresponding rubidium and
ammonium compounds could be attributed to the
differences in the ionic radii (Cs* = 1.69 A Rb* =
1.48 ANH; = 1.43 R) [14].

Barnard and co-workers have given a composition
(NH4)U(SO,4),°4.5H,0 for the ammonium salt
whereas from our X-ray data and comparison with
the corresponding cerium and neodymium salts
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[12, 13] it appears that the salt may be better
represented as NH,U(SO,4),°4H,0.

(B) Thermal Studies

Uranjum(Ill) formate and uranium(IIl) sulphate
were found to give U3Og in air at 800 °C. The sul-
phate decomposed in air viz.,

o, O,

350 C 600 C
U2(804)3°8H;0 — U,(OH,)(804); ——

o,

800 C
U02804 e U308

The decomposition of ammonium uranium(IIT)
sulphate in air was found to be similar to that of ura-
nium(III) sulphate i.e., at 650 °C, uranyl sulphate was
formed, and U,04 was the final product at 900 °C.
Caesium uranium(III) sulphate in air at 650 °C
decomposed into Cs,(U0,),(S0O4); as confirmed by
Xray and thermogravimetry [15]; and above
1000 °C, Cs, U, 0, was formed [16]. In argon atmo-
sphere at 900 °C caesium salt gave a mixture of Cs,-
U, 0,2 and UO, and gave UQ, as the final product at
temperatures greater than 950 °C. The decomposi-
tion of rubidium uranium(IIT) sulphate was found to
be incomplete even on heating in air at 950 °C. But
in argon, it gave Rb,U, 0, [17] at 900 °C as evident
from TGA and X-ray observations.

In hydrogen atmosphere at 200 °C ammonium ura-
nium(II1) sulphate was completely dehydrated, with-
out the oxidation of uranium(III), forming anhydrous
(NH;)U(S0O,), as confirmed by infrared and thermo-
gravimetry and chemical analysis, On heating for
25 hrs in hydrogen, the product was still noncrystal-
line. Rubidium uranium(IlT) sulphate also gave at
200 °C in hydrogen atmosphere anhydrous RbU-
(80,),. Results of chemical analysis of the two
anhydrous salts are given in Table I. Both the
anhydrous compounds on treatment with concen-
trated hydrochloric acid gave an intense red colour
which is characteristic of uranium(I11). On the other
hand, partial dehydration was observed with the
caesium salt on being heated at 200 °C in hydrogen
without the oxidation of uranium(IIT). The presence
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of water in the heated caesium salt was confirmed
by infrared.

Uranium(III) sulphate U,(SO4)3°8H,0, on being
heated at 200 °C in hydrogen atmosphere, was par-
tially dehydrated, without oxidation of uranium-

(II0).
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