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ABSTRACT

The uranyl ion (UO22+) is a foundation of actinide chemistry, yet its "hidden" electronic and bonding

characteristic remains a major challenge for chemists to precisely ascertain. The hidden and factual

chemistry of U022" ion remain under investigations and presents major challenges for chemists to be

precisely ascertained. Integrating inorganic, organic, and biological functionalities into a single donor
system is a refined way to probe how different chemical environments influence the V022" core.

Addressing the challenges associated with uranyl ion (U022+) is critical for managing decades of
accumulated, unsafe nuclear waste.

Keeping the established views on uranyl ion chemistry and further to advance the understanding, the
current research in the form thesis entitled “Studies on Uranyl (UO2**) Ion Activity with (N,0) Based
Acyclic Organic Donor Species” was undertaken for further exploration. This research aims to
advance understanding of how acyclic ligands, specifically those containing both Nitrogen (N) and

Oxygen (O) donor interact with the linear uranyl ion in non-aqueous solvent medium.
Chapter 1 provides a concise and critical survey of the peculiar chemistry of V022" ion and its

relevance for current study. This also includes significance in understanding behavior of U02%" ion in
aqueous/non-aqueous medium. This also describe about the uranyl ion chemistry with the objectives of
current study in perception of the contribution of an inorganic chemist.

Chapter 2 summarizes the physicochemical techniques, such as elemental analysis (C, H, N), UV-
Vis, IR, ESI-MS, and NMR ('H and '*C) spectroscopic methods used for identification of newly
synthesized derivatives. Single-crystal X-ray diffraction studies also have been carried out wherever;
suitable crystals were obtained. Successively the findings and results with discussion of present research
work have been addressed in the Chapter 2-6.

Chapter 3 details the synthesis of di- and trinuclear uranium (VI) complexes of stationary Schiff

bases derived from hydroxyaromatic aldehyde and aminophenol derivatives. The formation of

\



[(UO2)3(u3-0)(L1)3]* or [(UO2)3(u3-O)(sap)3]* (where sap = N-salicylidene-2-aminophenolato) as
trinuclear oxo-bridged complex via the coordination of a water molecule in deprotonated form. The (u3-
O) anion (oxygen atom) bind three donor coordinated uranyl ions in a triangular arrangement where each
uranyl (VI) attained pentagonal bipyramidal coordination arrangement. The isolated species also features
a central (n3-O) bridge (an oxygen atom shared by three uranyl species) adopts a pentagonal bipyramidal

geometry, where the equatorial plane is covered by the donor species and bridging oxo-anion.

Chapter 4 details the Synthesis and structural aspects of uranyl complexes accessible from the donor
bases derived from the reaction of o-hydroxy aromatic aldehydes and 2-Amino-2-(hydroxymethyl)-1,3-
propanediol. The donor species allow the formation of a mononuclear species in solution however,
obtained as dinuclear species in crystalline form. Single-crystal X-ray diffraction analysis revealed a
dinuclear structure with characteristic pentagonal bipyramidal geometry around the UQ2**(VI) centre.
Chapter 5 details the mononuclear uranium (VI) complexes derived from prominent salophen and
related Schiff bases bearing (ONNO) and (ONNNO) donor atoms. Herein, uranyl complexes derived
from donor species N,N’-bis(salicylaldehyde)-1,2-phenylenediimino (salophen), N,N'-bis(2-hydroxy-
1-naphthaldimine)-o-phenylenediamine and bis-(2-hydroxy-1-naphthaldimine)-N-diethylenetriamine
(napthyl-salophen) with definite access of equatorial ONNO (N202) and (ONNNO) (N302) donor

planes for linear uranyl ions have been synthesized and characterized. ESI-MS studies has proven

significant in speciation of the complexation reaction of donor species and uranyl ions (UO22+). It
revealed presence of both major and minor species in solution along with the formation of high-
nuclearity complexes.

Chapter 6 details the Synthesis of acyclic (N502/ N503) donor species occasioning as mixture from

condensation of tetracthylpentaamine and hydroxyl-aromatic aldehydes and their U022* complexes.
The uranyl species crystallized from reaction solution with a donor species bearing robust

imidazolidine based (N503) species compared to the linear chain (N502) donor species present in

VI



reaction mixture. The formation of uranyl complexes UO2L1 and UO2L2 from mixture of organic
species (H3L1/ H3L’1-H3L3/ H3L’3) is confirmed by ESI-MS. Under the experimental condition
herein, only (1:1) (M:L) complexes were obtained from the reaction mixture present in CH3CN. These
studies also allowed in understanding mechanistic pathways of coordination process via uranium
speciation in non-aqueous systems and the ability of separation of a complex species derived from rigid
donor systems.

Hence, understanding the trends in chemistry and structural diversity of alteration products of primary
(or first formed) uranium compounds is important for predicting long—term behavior of radioactive
wastes in geological repositories and their geochemical migration. Since, some of the uranyl species as
a consequence of chemical processes provide alteration phases that may incorporate radionuclides into
their structures. These compounds, mainly peroxy—uranium species, are often considered as
transporting agents both in geological media and in deposits of spent nuclear fuel. Consequently, the
study of uranyl compounds is essential for both developing more efficient, sustainable nuclear energy

systems and for environmental remediation
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THF
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HBr
DMF
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DIPEA
Hz
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h
g
M
mp
equiv.

mmol

Anal.calcd.

NMR
mL

S
d
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ppm

Tetrahydrofuran
Trifluoroacetic acid
Hydrobromic acid
N,N-Dimethylformamide
Infrared
N,N-diisopropylethylamine
Hertz
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Hour
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