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ABSTRACT

The thesis entitled “Studies on reactivity and structural aspect of uranyl(VI) ion with
N, O and S/Se heteroatom substituted organic derivatives” deals with the study on
UO2%" ion towards a series of acyclic donor species bearing phenolic (-OH), azomethine
(-HC=N-), carbonyl (-C=0) and carboxamide (-NH-C=0) based organic functionalities
having (O, N and S/Se) donor atoms, which should have been synthesized for assessing
the functional activity of uranyl ion in both aqueous and non—-aqueous media. The thesis
work is organized into six chapters including a general introduction about uranyl chemistry
followed by materials and methods and remaining four chapters (III-VI) that explain the

current research findings.

Chapter | provides a brief key introduction to the goals and objectives of the
current study as well as inorganic chemists view about the behavior of the uranyl (V1) ion

in a variety of contexts including coordination chemistry.

Chapter 11 provides a list of the chemicals and reagents purchased from various
sources, together with information on the synthetic processes used to prepare starting
materials which are not commercially available. Furthermore, it describes the
physicochemical, spectroscopic, and crystallographic methods employed for the

characterization of newly synthesized derivatives.

Chapter 111 provides the synthesis, characterization, and responsive behavior of
di—and tripodal carboxamide (O, N hereto atom type donor species) towards UO2?* in non—
aqueous medium. The structural investigation on the interactive behavior of UO2%* ion and
donor species leads to isolation of uranyl complexes formed as a result of hydrolytic
activity. Nevertheless, it was observed that carboxamide species with uranyl ion, like other

metal ions, have shown hydrolysis nearly at neutral pH in methanol or acetonitrile.



Chapter 1V provides the development of donor molecules containing pyridine—
2,6—carboxamido functionality. The understanding of UO,?* ion with these donor
functionalities may be rewarding with several interesting findings that may be prove a
reasonable experimental tool in understanding the behavior of UO2?* ion in biological
systems. These donor species appeared to have potential for speciation of uranyl ion in both
aqueous and non—aqueous media. The isolation of UO2?" species as [UO2(NOs)4]*~ and
nonanuclear uranyl complex species well indicated that the carboxamide functionality in

current donor systems are reasonably stable and not hydrolysable.

Chapter V provides the binding abilities of 2,6—organoheteroatom disubstituted
pyridine—based donor species bearing diamides (—-NH-CO—pyridine—-CO-NH-) or sulfur
(-S—CO-—pyridine—CO-S-) incorporated donor functionalities. In natural environment, the
mobility of UO,2* ion is much influenced with the presence of H2O. The reaction outcome
suggests that the UO,%* ion and their interaction with humic substances (being considered
and proposed as remedial substrate for nuclear waste disposal) may be not so

straightforward with amide functionalities present in humic substances.

Chapter VI provides the synthesis of a sequel of new acyclic Schiff base type
organic species bearing donor combinations of phenolic (-OH), carboxylic (COOH),
azomethine (-HC=N-) and E (E= S or Se) donor functionalities as coordinating sites to
examine their potential in understanding the behavior of UO2?* ion in non—aqueous
medium. The donor species may allow one in exploring supramolecular interest of uranyl
chemistry as such possibility are also of great interest in alteration process of spent nuclear

fuel in uranyl chemistry.
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due to several isotopes of selenium including stable one i.e., "Se (0.86%),
6Se (9.23%), "Se (7.60%), "8Se (23.69%) and #Se (49.80%)].

6.3 'H NMR spectrum of donor species HzL1 in CDCls. 148

6.4 'H NMR spectrum of donor species HzL4 in CDCla. 149

6.5 13C {*H} NMR spectrum with assigned carbon signals for the species 150
H2L1 in CDCls.

6.6 BC{*H} NMR spectrum of donor species HzL4 in CDCls. 150

6.7 "7Se NMR spectrum of donor species HzLa4in CDCls. 151

6.8 Concentration—dependent absorption spectrum of donor species HzL1in 152
CH3CN.

6.9 Spectrophotometric UV-Vis. titrations: (a) spectroscopic changes upon 153
titrating HzL1 (1 x 107* M) with UO2(NO3)2+6H,0 (1 x 1073 M) in
acetonitrile, and (b) spectroscopic changes upon titrating HzoL1 (1 x 107*

M) with UO,(OCOCHz3)2+2H,0 (1 x 1073 M) in acetonitrile.

6.10 Changes in the emission intensity observed upon successive addition of 154
a solution of UO2(NO3)2+6H,0 (1 x 10-% M) to a solution of species HaL1
(1 x 10* M) (Aex. = 380 nm, Aem. = 400 nm) in CH3CN, starting from a
molar concentration of (UO,2*: HzL1) (1:1) up to (5:1).

6.11 Changes in the emission intensity observed upon successive addition of 155
a solution of UO2(OCOCHS3)2¢2H,0 (1 x 10 M) to the solution of
species HaL1 (1 x 10* M) (Aex. = 380 nm, Agm, = 400 nm) in CH3CN,
starting from a molar concentration of (UO2%*: HzL1) (1:1) up to (5:1).

6.12 ESI-MS spectrum of the complex species (C1). 158

6.13 ESI-MS spectrum of the complex species (Ca). 158

6.14 Overlay of the IR spectrum of (HzL1) (pink) with its complex with 160
UO2(NOs). (Blue) exhibiting (UO2?*: HzL1) (Cy) interactive behavior.

6.15 Overlap of the IR spectra of (H:Les) (Blue) and its complex with 160

UO,(CH3CO0), (pink) exhibiting (UO2**: HaLs) (Ca) interactive
behavior.
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6.16

Perspective view of complex (Ci) with bonded uranyl ion and atom-—
numbering scheme. Displacement ellipsoids are drawn at the 50%
probability level.

161

6.17

Perspective view of complex (Cz) with bonded acetate ions and atom-—
numbering scheme. Displacement ellipsoids are drawn at the 50%
probability level

163

6.18

Perspective view of complex (Cs) with bonded acetate ions and atom—
numbering scheme. Displacement ellipsoids are drawn at the 50%
probability level.

164

6.19

Perspective view of complex (Cs) with bonded acetate ion and atom—
numbering scheme. Displacement ellipsoids are drawn at the 50%
probability level.

164

6.20

Perspective view of complex (Cs) with bonded uranyl ion.

166

6.21

Packing diagrams of complex species (Cs) depicting short contacts
present along the cell axes ‘b’. Color code: C = grey, H = light grey, O =
red, U = blue.

167
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Abbreviations used

THF Tetrahydrofuran
TFA Trifluoroacetic acid
HBr Hydrobromic acid
DMF Dimethylformamide
IR Infrared

Hz Hertz

MHz Mega Hertz

h Hour

g Gram

M Molar

m.p. Melting point
equiv. Equivalent

mmol Millimole

Anal. Calcd. Analytically calculated
NMR Nuclear magnetic resonance
mL Milliliter

S singlet

d doublet

dd double doublet

t triplet

m multiplet

br broad

ppm parts per million
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