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ABSTRACT

The thesis entitled “Studies on Reactivity and Molecular Structures of
Uranyl (VI) lon in Response to O, N, S— based Acyclic and Cyclic Organic
Species in Non-Aqueous Medium” deals with the study on UO2%* ion towards a
series of acyclic and cyclic species bearing phenolic (-OH), (-HC=N-), (-C=0)
and (O, N, S) groups as donor functionalities for evaluating its functional activity
in non—aqueous medium. The thesis is divided into six chapters including general
introduction on uranyl ion, materials and methods and the research findings are
discussed in four chapters (llI-VI).

Chapter | provides a key introduction to inorganic chemist’s evaluation of
the behavior of uranyl (VI) ion in diverse environments including coordination
chemistry, as well as the goals and objectives of the current research.

Chapter Il provides the list of chemicals and reagents procured through
various sources and details of the synthetic procedures adopted for the preparation
of starting materials that are not commercially available. It also provides
information about the physicochemical, spectroscopic, and crystallographic
techniques used for the characterization of newly synthesized derivatives.

Chapter Il discusses the behavior of UO2?* ion in geometrically constrained
environment of di— and trianionic organic donor species derived from 2-
hydroxyacetophenone and dialkyl —diamines, —triamines, —tetramines, alcohols,
thio— and selenoethers. Coordinatively, UO2?* ion follow the classical pathways of
coordination chemistry with donor species used herein forming mono and dinuclear
complexes. The stability of the complexes in solution were found remarkable and
thus, the donor species might prove interesting tools to evaluate their potential as

an extractants for UO22* ion in non—aqueous medium.



Chapter IV discusses the activities of UO2?* ion towards acyclic organic
donor species bearing carbohydrazide or thio—carbohydrazide functionalities. This
study is particularly interesting since the complexes have significantly different
coordination geometries or ligand conformations than other oxo—metal (MoO2?*,
VO2?*) cation complexes previously reported. Naturally, the behavior of UO2%* ion
differs from that of other transition metal oxo—analogues. Nevertheless, these
donor species are important in understanding the role of hydration water, in
addition to the numerous parameters that determine the reactivity patterns of UO2%*
species.

Chapter V discusses the functional activities of UV'O22* ion with (O2N2S2)
type organic bases bearing (-OH), (~C=N-) and (—S-) donor functionalities. The
UO2?* ion with these species revealed a unique bonding pattern, in particular, with
intact [NOz3]~ anion portion of the uranyl moiety. Indeed, isolation of the UO2%* ion
from aqueous nitric media is a crucial step in front— and back— end of nuclear fuel
cycle. The donor species may have the potential to be used in the separation
process.

Chapter VI discusses the behavior of UO22* ion towards cyclic azo—oxa and
azo—thia crown ether type organic species with variable (O, N, S-) donor
functionalities. Herein, two uranyl complexes of distinct anions (i.e., OCOCHs or
NO3s) have been characterized by crystallographic methods. The donor species
appeared to be in folded structure and therefore different behavior of UO2?* ion
complexation with their respective anions is viable. The interaction of NOs or
OCOCHs anions with UO22* (V1) ions in reaction solvents is crucial and believed
that under external influences they may provide the next advancement in structural

complexities.
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5 M) (Aex. = 340 nm, Aem. = 360 nm) as UO2(OCOCHz3)2¢2H20 (1 x
103 M) in CHsCN, (d) species Lz (1 x 10-5 M) (Aex. = 340 nm, Aem.
=360 nm) as UO2(NO3)2+6H20 (1 x 10-3 M) in CH3CN, (e) species
Ls (1 x 10° M) (Aex. = 340 nm, Aem. = 385 nm) as
UO2(OCOCHS3)222H20 (1 x 103 M) in CH3CN and (f) species L3 (1
x 107° M) (Aex. = 340 nm, Aem. = 385 nm) as UO2(NO3z)226H20 (1 x
10-3 M) in CH3CN starting from (UO22*: L) (1:1) molar concentration
up to (5:1).
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4.10

Overlay of the IR spectra of (L1) (orange) and its complex with
UO2(OCOCHS3)2:2H20 (purple) exhibiting(UO2%* «L1) coordination.
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411

Overlay of the IR spectra of (L) (red) and its complex with
UO2(OCOCHS3)2:2H20 (green) exhibiting (UO2%* «L2) coordination.
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412

Overlay of the IR spectra of (Ls) (blue) and its complex with
UO2(OCOCHS3)2:2H20 (red) exhibiting (UO22* <L3s) coordination.
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4.13

ESI-MS spectrum of uranyl complex species (C>).
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4.14

ESI-MS spectrum of uranyl complex species (Cs).
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4.15

Perspective view of species L: showing the atom numbering
scheme with ellipsoids represent thermal parameters at the 50%
probability level.
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4.16

Perspective view of species Lz showing the atom numbering
scheme with ellipsoids represent thermal parameters at the 50%
probability level.
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4.17

Packing diagrams of (a) Species L; showing intra— and
intermolecular H-bonding and (b) Species L3z showing the water
molecule entrapped between the two molecules with H-bonding.
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4.18

Perspective view of 5—coordinated mononuclear uranyl complex
species C; showing the atom numbering scheme with ellipsoids
represent thermal parameters at the 50% probability level.
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4.19

Perspective view of 5—coordinated (a) expected dinuclear uranyl
complex species Cpa and (b) unexpected dinuclear uranyl
complex species Cp) showing the atom numbering scheme with
ellipsoids represent thermal parameters at the 50% probability
level.
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4.20

Perspective view of 5-coordinated expected dinuclear uranyl
complex species Cz showing the atom numbering scheme with
ellipsoids represent thermal parameters at the 50% probability
level.

117

4.21

Perspective view of 5—-coordinated unexpected dinuclear uranyl
complex species C4 showing the atom numbering scheme with
ellipsoids represent thermal parameters at the 50% probability
level.
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4.22

Perspective view of 5-coordinated dinuclear uranyl complex
species Cs showing the atom numbering scheme with ellipsoids
represent thermal parameters at the 50% probability level.
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51

ESI-MS spectra of species HzL1 and HzLio showing fragmentation
with the molecular ion peak in desired isotopic pattern due to
sulfur.[*Sulfur (16S) has four stable isotopes: %2S (95.02%), 33S
(0.75%), 34S (4.21%), and 36S (0.02%)].

145

5.2

IH NMR spectrum of species HzL1 (in DMSO-ds).
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5.3

1H NMR spectrum of species HzL1o (in CDCIs) with corresponding
proton signals.
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54

13C{1H} NMR spectrum of species HzL1 in (DMSO—ds).
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55

I3C{IH} NMR spectrum of species HzL1g in CDCls.

148

5.6

Concentration—dependent absorption spectra of (a) species HsL1
and (b) species HzL1o (in CH3CN).

150

5.7

Spectrophotometric UV-Vis. titrations: (a) spectroscopic changes
titrating species HaL1 (1 x 1074 M) with UO2(OCOCHS3)2:2H20 (1 x
1073 M) or UO2(NQOz)2:6H20 (1 x 103 M) in CH3CN to a molar
(UO2%*: H2L1) (1:1) ratio, (b) spectroscopic changes titrating
species HoL1 (1 x 107 M) with UO2(NOs3)2e6H20 (1 x 1073 M) in
CH3CN starting from (UO22*: HzL1) molar concentration (0.1:1) up
to (2:1).

151

5.8

Spectrophotometric UV-Vis. titrations: (a) spectroscopic changes
titrating species HzL1o (1 X 108 M) with UO2(NO3)2¢6H20 (1 x 1073

152
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M) in CHsCN and (b) spectroscopic changes titrating species HaL 10
(1 x 105 M) with UO2(OCOCHS3)2:2H20 (1 x 10-3 M) in CH3sCN
starting from (UO22*: HzL10) molar concentration (0.1:1) up to (2:1).

5.9

Fluorescence spectral changes upon successive addition of a
solution of UO2?* ion to a solution of (a) species HzL1 (1 x 10~ M)
(Aex. = 360 nm, Aem. = 380 nm) as UO2(OCOCH3z)2+2H20 (1 x 103
M) in CH3CN, (b) species HoL1 (1 X 10~* M) (Aex. = 360 nm, Aem. =
380 nm) as UO2(NO3)226H20 (1 x 10-3 M) in CHsCN, (c) species
Holio (1 x 105 M) (Aex. = 340 nm, Aem. = 360 nm) as
UO2(OCOCHS3)2:2H20 (1 x 103 M,) in CHsCN and (d) species
HoLio (Ix 10° M) (Aex. = 340 nm, Aem. = 360 nm) as
UO2(NO3)2:6H20 (1 x 10-3 M) in CH3CN starting from (UO22*: L)
molar concentration (1:1) up to (5:1) ratio.
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5.10

Overlay of the IR spectra of (HzL1) (purple) and its complex with
UO2(NOs)2 (green) exhibiting (UO2%* « H:L1) coordination.
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511

Overlay of the IR spectra of (HzL 1) (teal blue) and its complex with
UO2(NO3)2 (orange) exhibiting (UO22* < H2L10) coordination.
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5.12

ESI-MS spectra of uranyl complexes (C; and Cig).
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5.13

Perspective view of 6—coordinated mononuclear uranyl complex
(C4) showing the atom numbering scheme with ellipsoids represent
thermal parameters at the 30% probability level.
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5.14

Packing view of mononuclear uranyl complex species (C1) showing
intermolecular H-bonding interactions.
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5.15

Perspective view of 6—coordinated uranyl nitrate showing the atom
numbering scheme with ellipsoids represent thermal parameters at
the 50% probability level.
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5.16

Perspective views of (a) species (C1) showing cis—nitrate anions
intersecting by planes and (b) uranyl nitrate showing both the
trans—nitrate anions intersected by a single plane.

161
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6.1

ESI-MS spectra of species L, and Le showing fragmentation with
the molecular ion peak in desired isotopic pattern. [*Sulfur (16S)
has four stable isotopes: 32S (95.02%), 33S (0.75%), 3*S (4.21%),
and 3S (0.02%)].

179

6.2

IH NMR spectrum of species L1 (in CDCIs) with the assignment of
their corresponding proton signals.
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6.3

BC{*H} NMR spectrum of species L1 in CDCls.
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6.4

Concentration—dependent absorption spectra for (a) species L:
and (b) species Lzin CH3CN.

182

6.5

Spectrophotometric UV-Vis. titrations: (a) spectroscopic changes
titrating species L1 (1 x 104 M) with UO2(OCOCHS3)2:2H20 (1 x 10~
8 M) in CHsCN and (b) spectroscopic changes titrating species L
(1 x 10 M) with UO2(NO3)2¢6H20 (1 x 1072 M) in CH3CN, starting
from (UO2%*:L1) molar concentration (0.1:1) up to (2:1).

183

6.6

Spectrophotometric UV-Vis. titrations: (a) spectroscopic changes
titrating species L, (1 x 10-5 M) with UO2(OCOCHs3)2¢2H20 (1 x 10~
3 M) in CH3CN and (b) spectroscopic changes titrating species L
(1 x 1075 M) with UO2(NOz)2+6H20 (1 x 10-3 M) in CH3CN, starting
from (UO2%*:L2) molar concentration (0.1:1) up to (2:1).

185

6.7

Fluorescence spectral changes upon successive addition of a
solution of UO22* ion to a solution of (a) species L1 (1 x 10 M)
(Aex. = 370 nm, Aem. = 390 nm) as UO2(OCOCHS3)2:2H20 (1 x 10-3
M) in CH3CN, (b) species L1 (1 x 10* M) (Aex. = 370 nm, Aem. = 390
nm) as UO2(NOs3)226H20 (1 x 10-3 M) in CHsCN, (c) species Lz (1
x 10° M, ACN) (Aex. = 300 nm, Aem. = 320 nm) as
UO2(OCOCHS3)222H20 (1 x 103 M) in CH3sCN and (d) species L;
(1x 1075 M) (Aex. = 300 nm, Aem. = 320 nm) as UO2(NOs)2+6H20 (1
x 10-8 M) in CHsCN starting from (UO22*:L) molar concentration
(1:1) up to (5:12).
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6.8

Overlay of the IR spectra of (L1) (orange) and its complex with
UO2(OCOCHS3)2:2H20 (blue) exhibiting (UO2?* « L1) coordination.
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6.9

Overlay of the IR spectra of (L1) (orange) and its complex with
UO2(NO3)2:6H20 (green) exhibiting (UO2%* — L1) coordination.
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6.10

ESI-MS spectra of uranyl complexes (C, and C,).
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6.11

Perspective views of 5-coordinated dinuclear uranyl complex
species Ci (a) front view and (b) top view showing the atom
numbering scheme with ellipsoids at the 40% probability level.
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6.12

Perspective view of 6-coordinated complex species C; as a
dinuclear uranyl species (including H-bonding) showing the atom
numbering scheme with ellipsoids at the 40% probability level.
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6.13

Packing view of dinuclear uranyl complex species C, showing
intermolecular H-bonding interactions.
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