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ABSTRACT
The thesis is divided into two sections .

Sectiony gescribes the preparations and properties
of some new complex compounds of uranivm{ VI). The ligznds
contain atoms from Groups V and VI of the Periodic Table.
Uranium{ VI) exhibits class "A" acceptor behaviour in which
the strength of co-ordination is: N > P, 0 > 8. In moss
of the uranium(VI) complex compounds water appears to

compete in the coordination sphere.

Section II describes the preparations and properties
of some new complex compounds of Th(IV). Some physical
neasurements, elemental analyses, infrared, ultraviolet =nd
vigible apecira and TGA measurements were carried out and

the results are discussed.
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SECTION I
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CHAPTER 1
INTRODUCTION
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Some Studies on the Coordination Chemistry

of Uranium and Thorium

The actinide elements, otherwise known as the 5%
iransition series, are the fourteen elements which follow
actinium, g = 83, in the Periodic Table. They result fron
the successive addition of electrons to the empty 5f orbi-
tals of the precursor element, and are analogous to the
lanthaﬁides,4f, transition series in this respect. In
contrast to the lanthanides, in which the normel oxidation
state is +3, both in aqueous solution and in the solid
compounds, the actinides exhibit a variety of oxidation
states in the early part of the series, up to and including
americium;. However, the common oxidation state of ameri-
cium and the remaining elements in agqueous solution is +3,
as in the lanthanides, with the sole exception of nobeliun,
4 = 102, for which the dipositive state appears tc be
extremely stable with respect to oxidation in agueous sol-
ution, apparently a consequence of the filled f shell elec~

tron configuration, 5f14, of the No >+ ion.

In the earlier part of the actinide series, the
higher oxidation states which can be attained indicate, at

least qualitatively, that the fourth and higher ionization
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potentials for these elements must be muich smaller than
those for the corresponding part of the lanthanide series.
No experimentally determined ionization potential data are
available for the actinides, but the differences between
the 4f and 5f transition series are probably rather similar

to those hetween the 3d and 44 transition elements.

As we are mainly interested in this work in the co-
ordination chemistry of two of the earlier actinide elem-
ents, thorium and uranium, we are going to refer +o the
chemistry of these two elements and their compounds, The
main reasons for this apparent imbalance are simply the
availability and the ease of working safely with these two

elements and their compounds.

CHEMI STRY OF URANIUM

The first of the actinides to be recognized as a
new element was uranium detected in a pitchhlende specimen
from Saxony by M.H. Klaproth in 1789. The discovery of
uranium fission in 1939 oy Hzhn and S'brassman2 stimilated
a detailed study of uranium chemistry, and this led to the
discovery of the heavier elements. Uranium is the third

element of the actinide series. It is the heaviest
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element to occur in nature in recoverable amounts. Its

isotopes are 211 ¢ —emitters. Naturally occurring uraniur

238U, 0.7¢ of °°°U ona

A%

contains three isotopes, 99.28 of

234, 3

trace of Uranium is known %o be of great imnortance

because it can be used as a rmaclear fuel.

Production of uranium metal usually involves reducing
the tetrafiuvoride with calcium4 or magnesiumD or by the
reduction of uranium oxide with carbon6 or by the zinc-

magnesium reduciion route7. The metal can be further puri-

fied by the zone melting methods.

Oxidatinrn States of Uranium

The most stable oxidation state of uranium is uran-
ium(VI). Uranium hexafluoride is technologically import-

235

ant for the separation of the fissible isotove U fronm

natural uranjum and its physical properties have been exten-
sively investigated ’10. Uranium hexafluoride is stable
towards nitrogen, chlorine, bromine, carbon dioxide but it
reacts violently with water at room temperature: under

controlled conditions this reaction yields the hexavalent

uranyl-fluoride, U0 2F2.
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Hexavalent Uranyl Compounds:

Uranyl sulphate.- It has been acceptedll for many years
that crystallization of uranium(VI) from agqueous sulpkuric
acid results in the formation of the yellow trihydrate

Uuo 280 4.3H 20 for which x-ray and thermodynamic data are avai-

12 13

lable” ", It is also claimed that thermal decomposition

of the trihydrate in air results in the successive formation
of a dihydrate, a monohydrate and anhydrous uranyl suiphate;
an alternative decomposition14 invelving U02804.1.5H20 and
UO’ZS()4 has been proposed. The existence of the trihydrate
as the stable phase obtained on crystallization from water,
15

and other reports concerning the existence of UO2SO4.H20
6

and UO2804.3.5H20l have, however, recently been queried
17

by Cordfunke who obtained UQ SO .2.5H20 by drying the

274

initial product of erystallization at 50°¢C or, alternatively,
by allowing anhydrous uranyl sulphate to kydrate over
saturated sodium chloride solution. Wet crystals in equi-
librium with saturated agueous uranyl sulphate solutions
apparently give the same x-ray powder diffraction pattern

as U02804.2.5H20, this pattern being somewhat different

from that previously reported for U02304.3h’20. Cordfunke
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also reported that U0 SO s 2.5H O decomposes directly %o

4

U02$C)4 without the formation of intermediate hydrates,

although it must be recognized that the rate of heating
during these experiments, 8°/min, wag appreciably faster
than the rate 3°/min, employed by certain earlier workersl3.

However, the existence of U0 _S0 .QHQO as a metastable phasell

2774
in the UO 4 -H O H2504 phase system is confirmed by
Cordfunke who also reported the formation of UO 4.1—*2804

2.5H20 at 26°C. I+ appears that the most satisfactory
route to the monohydrate involves heating together stoich-~
jometric amounts of UOQSO4 aQnd Uo 504.2.5H20 in g sealed
guartz vessel at 200°¢ for several hourslT. Thkis compound

is unstable when stored at room ftemperature.

Thermal decomposition of uranyl mllpha'te hydrates

. ‘ o) C18 .
yields the yellow, anhydrous ccmpound above 300 « Ho
structural dzta are availahble for the anhydrous compound.
On the bagig of Raman studies in non~aqueous solvents the

the t{ and 1/2 modes of the uranyl group in U0 2504 have

been assignedlg. Absorption and fluorescence spectrzl data
for uranyl sulphate and its hydrztes are discussed in the

excellent review by Rabinowitch and Beﬂford:ao and in a
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more recent publication by Pant and Pa.ndea. Thermodynamic
data are givenzg where the value calculsted for -AH\,

“289
is found to be 911 4 30 Kcal/mole.

23
According to Lean Marie Leoy et al, uranyl sulphate

tetrahydrate was prepared by the gentle heating of a solu-
tion of 4N H2SO 4 containing powder UO3 in stoichiometric
Proportions. Concentration of the solution +o sirupy cons-
igtency gave the tetrahydrate, UO2SO4.4H20 after three
days. But slow concentration gave another prpduct,
2{102804.7H20. The two hydrates gave different sets of
compounds on dehydration with only the eanhydrous salt in
common. It is stated that no passage from one set to the
other was possible during dehydration. Each hydrate was

characterized by its s8tability range, its vapour pressure

and its x-ray diffraction gpectrum.

Solvent extraction experiments of uranyl sulphate
indicates that the compound can be extracted24 from aque-
ous 1-3M H2SO4 solution by shaking with an equal volune of
ditutyl hydrogen phosphate or bis( 2~ethylhexyl) phosphoric

atid in CGHS or 0‘014. Uranium content in the organic

phase can either be caleculated as the difference, or esti-
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mated after re-extraction of urznium with Q.1M sodium

carbonate into the aquegus solution.

A serieg of anhydrous uranyl compounds of +the general
formula, U02X04, where X = 5, Cr, Mo or W, were studied by
L.M. Kovba et s12°. The results obtained reveal that they

are all isostructure. Infrared spectra of these compounds

confirmed that they can exist as stable anhydrous salts.

Uranyl chloride.— Uranyi chloride is a yellow solid of high

melting point, 751°k, which is converted to U 0g on ignit-
ion in air. It is moisture sensitive and the monchydrate
U02012.H20 and g higher hydrate U02012.XH20 where X > 3,
are known. Several methods for the preparation of anhydr-
ous uranyl chloride are reported, probably the best of
'bh03926 is the reaction of uranium tetrachloride with oxygen

at 300 to 350°C.

AR
UCly + 0, —— 00,00, + Cl,

Mixtures of halidesg, UCls, Ut’fl5 and UCl3 alsc react with
oxygen to give uranyl chloride, but UCl4 appears to be the
best starting materizal and better yields are obtained

uging this ma*thodg6 .
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