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1.1 Introduction 

1.1.1 Progress of coordination chemistry 

Studies on the Prussian blue substance employed as a pigment by artists began 

in the early 18th century. Coordination chemistry has advanced significantly since its 

inception in the 18th century. With an example of [Co(NH3)6]Cl3, Werner laid the 

foundation of coordination chemistry in 1913 [1]. He introduced concepts like 

coordination numbers, laying the foundation for modern understanding. Following that, 

research into coordination compound isomerism began [2]. Progress continued through 

the 20th century with the development of inorganic techniques, the exploration of 

various ligands, and applications in industry, catalysis, and materials science. Then, 

models for the composition and bonding of spatial structural arrangement of complexes 

are suggested. Bioinorganic chemistry emerged, focusing on the role of metal ions in 

biology, while green chemistry initiatives integrated coordination compounds into 

environmentally friendly processes. Coordination chemistry also contributes to 

nanotechnology and relies on computational methods to understand complex 

behaviours. Multidisciplinary collaboration is now common, making it a thriving and 

diverse field. Figure 1.1 emphasises further development in these areas [3]. The 

trajectory of coordination chemistry's progression has been accelerated by advances in 

organometallic, transition metal catalysis, optical, and bioinorganic chemistry.  

 

Figure 1.1 Progress of coordination chemistry. 
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1.1.2 Progress in Inner Transition Metal Coordination Chemistry 

The elements in the periodic table from Ce to Lu and Th to Lr are known as the 

inner transition metals or f-block elements. Inner transition metal coordination 

chemistry has seen significant advancement since the 20th century. The unique 

electronic configurations and properties of lanthanides and actinides have driven this 

progress. Researchers have focused on isolating and characterizing these elements [4–

6], leading to their integration into coordination chemistry. Notably, lanthanides exhibit 

distinctive magnetic and luminescent properties [7], making their complexes valuable 

in catalysis [8], luminescent materials [9], and medical imaging contrast agents [10]. 

On the other hand, the versatile coordination chemistry of actinides has critical 

applications in nuclear energy, environmental science, and nuclear waste management 

[11]. Ligand design, advanced spectroscopic techniques, and computational methods 

have all played essential roles in furthering our understanding of inner transition metal 

complexes. Research in inner transition series is a key, with applications spanning 

various scientific fields, including chemistry, physics, materials science, and 

environmental science [12–14]. 

1.2 Characteristics of Inner Transition Metals 

 Inner transition metal ions, specifically the lanthanides and actinides, possess 

distinctive characteristics (Figure 1.2). The filling of f-orbitals characterizes their 

electronic configuration. The general pattern for lanthanides (atomic numbers 58 to 71) 

is [Xe]4fn5d16s2, with n representing the number of f-electrons. Actinides (atomic 

numbers 90 to 103) generally have a more complex configuration [Rn]5fn6d17s2. These 

distinctive electronic configurations contribute to these elements' unique chemical and 

physical properties. They often exhibit magnetic behaviour and complex electronic 

spectra and form stable complexes with ligands [15,16]. Additionally, some actinides 

are radioactive and have crucial roles in nuclear applications [17]. Lanthanides have a 

regular 4f-orbital filling and unique magnetic properties [16]. The chemical reactivity 

of these ions varies depending on the specific element and oxidation state. These ions 

can exhibit varying degrees of ionic character in their chemical interactions. The ionic 

character of inner transition metal ions is influenced by factors such as their oxidation 

state, electron localization, and their ability to form stable complexes with ligands [18–
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20]. Their versatile nature allows them to display both ionic and covalent characteristics 

in different chemical applications.  

These elements can exhibit a broad spectrum of colours in their compounds, and 

this colouration is often particularly pronounced in coordination complexes [21,22]. 

The colour of inner transition elements varies significantly depending on the specific 

element, its oxidation state, the ligands present, and the electronic transitions involving 

their f-electrons. Factors like concentration and the chemical environment can also 

influence the observed colours, making these elements valuable in chemistry for 

identification and quantification [23,24]. Overall, inner transition metal ions have 

unique properties due to their electronic structure and high atomic numbers, making 

them important in various scientific and technological applications. 

 

Figure 1.2 Inner transition elements. 

1.2.1 Complex forming ability of Inner transition metals 

 Inner transition metals are recognized for their strong capacity to form 

complexes. This ability is rooted in their electronic structure and atomic characteristics. 

These ions have partially filled f-orbitals, high atomic numbers, and strongly localized 

f-electrons. Their cubic set of f-orbitals is characterized by its unique three-

dimensional, cloverleaf or dumbbell-shaped structure. These orbitals, labelled as 4f 

orbitals, consist of seven different orbital types (𝑓𝑥
3, 𝑓𝑦

3, 𝑓𝑧
3, 𝑓𝑥(𝑧2−𝑦2), 𝑓𝑧(𝑥2−𝑦2), 

𝑓𝑦(𝑧2−𝑥2), 𝑓𝑥𝑦𝑧)  with specific lobe orientations along the x, y, and z axes. These f-

orbitals are integral to the distinctive properties of lanthanides, including their complex 
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forming ability, luminescence, and magnetic behaviour [16,25]. Their distinct lobe 

orientation contributes to the complex electronic spectra and behaviour observed in 

compounds containing lanthanide elements. These metals can form complexes with 

higher coordination numbers due to several key factors [26–31]. These elements have 

large ionic radii, accommodating more ligands. They also possess numerous unpaired 

electrons in their partially filled f-orbitals, enabling bonding with a greater number of 

ligands. High positive charge density and variable oxidation states further contribute to 

their ability to form complexes with varying coordination numbers [26–31]. 

Additionally, their complex electronic structure and lack of steric hindrance facilitate 

the arrangement of ligands around the metal ion. This versatility in coordination 

chemistry is a distinctive characteristic of inner transition metals.  

 Research on complexes of inner transition elements covers a wide range of 

applications [32–36]. This field delves into coordination chemistry, luminescent 

materials, catalysis, actinide chemistry for nuclear applications, environmental and 

analytical chemistry for understanding their environmental behaviour, magnetic 

materials for electronics, medicinal applications in cancer treatment and imaging, and 

material science for the development of advanced materials [32–36]. This 

interdisciplinary research area is crucial for technological advancements, addressing 

environmental concerns, and gaining insights into fundamental chemical processes. 

1.2.2 Absorption and Emission Characteristics 

Inner transition metal complexes have distinctive absorption and emission 

properties due to their partially filled f-orbitals. These properties are influenced by the 

electronic structure of the metal ion, ligand interactions, and crystal field effects [37]. 

Their absorption spectra exhibit sharp and well-defined bands in the UV and visible 

regions due to distinct energy levels of f-electrons. These 4f electrons in lanthanides 

generate either sharp internal 4f-4f transitions that defy Laporte selection rules or broad 

f-d transitions that adhere to Laporte's allowed transitions [37]. While the Laporte 

(∆L=±1) and Spin (∆S=0) rules traditionally impose restrictions on 4f-4f transitions, a 

subset of spectral transitions, known as hypersensitive transitions, deviate from these 

limitations and exhibit significantly higher intensities [38,39]. These hypersensitive 

transitions are particularly remarkable due to their exceptional sensitivity to the specific 

environment of the ligands, thereby having a profound impact on covalency [40]. 
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Ligands around the metal ion create energy level differences, affecting absorption 

wavelengths. Mishra's findings indicate that the enhancement of the hypersensitive 

band often correlates with a reduction in the coordination number and increased 

participation of the metal's 4f orbitals in bonding with the ligating atom [38–40].  

Numerous theories have been proposed to elucidate the concept of 

hypersensitivity. The Judd-Ofelt theory has been employed to comprehend lanthanide 

intensities using three phenomenological parameters: Ω2, Ω4 and Ω6 [41,42]. The 

oscillator strength of hypersensitive transitions arises from the coulombic correlation 

between the transition-induced electric dipole of the ligand and the quadrupole of the f 

electrons of the metal ion. This correlation provides a quantitative description of the 

intensities of hypersensitive transitions in the spectra of lanthanide complexes. The 

alterations in oscillator strength of hypersensitive transitions serve to ascertain the 

symmetries of complex species in a solution and offer insights into their coordination 

number and molecular structure [43]. 

The focus and enthusiasm for luminescent inner transition complexes stem from 

the distinctive photophysical characteristics of inner transition ions, which are well-

suited for 'organic' lasers, offering high colour purity and optical amplifiers [36,44]. 

The optical properties of Ln(III) ions are distinguished by the contribution of the 4f 

electrons [36]. These ions display distinct excitation and emission profiles due to the 

unperturbed nature of the 4f electrons. The inner 4f orbitals are shielded by the outer 

5s²5p⁶ subshells, resulting in minimal vibronic coupling. Another characteristic is the 

extended lifetime of lanthanide ion emissions. As electric dipole transitions necessitate 

opposite parity configurations, the shift between 4f orbitals is Laporte-forbidden. This 

results in lanthanide compounds having emissions with a notably longer duration 

(typically ms–μs range) compared to organic compounds and transition metal 

complexes. Since the molar coefficients of f-f transitions are less, an organic 

chromophore is introduced to the Ln(III) ions [45]. The main ideas about the emission 

process of lanthanide ions can be explained using the Antenna effect energy diagram 

(Figure 1.3), which illustrates how energy is absorbed by the organic ligand, known as 

the ‘central ligand’. The central β-diketonate ligand absorbs energy and is excited to its 

singlet state, through intersystem crossing, then transits to its triplet state, and the 

energy is intramolecularly transferred to the energy levels of the Ln ion. [44]. In 

addition to the negatively charged β-diketonate ligand, Ln ion also needs a zero-charged 
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ligand (generally H2O, EtOH, etc.), called ‘neutral ligand’, to coordinate for structural 

stability. 

 

Figure 1.3 General diagram of “Antenna effect”. 

1.2.3 Covalency in inner transition metal complexes 

 Covalency in inner transition metal complexes refers to the extent of electron 

sharing between the central metal atom and the surrounding ligands. It is influenced by 

factors such as the nature of ligands, the oxidation state of the metal ion, orbital overlap, 

crystal field effects, bonding geometry, and steric hindrance [46,47]. Covalency in 

lanthanides is more extensively studied than in actinides due to their greater 

accessibility, lower cost, and partially filled 4f orbitals [46,47]. This covalent character 

can impact the reactivity and magnetic properties of these complexes. Oscillator 

strength and Judd-Ofelt parameters are important tools for assessing the covalent 

character of inner transition metal complexes [43,48]. Oscillator strength measures the 

intensity of electronic transitions and is higher in complexes with stronger metal-ligand 

interactions, indicating a greater degree of covalency [48]. The Judd-Ofelt parameters 

(Ω2, Ω4 and Ω6) are highly sensitive to covalency and are used to predict spectroscopic 

properties [43,49]. Additional parameters such as the Nephelauxetic ratio, bonding 

parameter, Sinha parameter, and angular overlap parameter can be employed to 

evaluate and establish relationships regarding the covalent characteristics of inner 

transition metal complexes [49]. Understanding these parameters is crucial for 

designing materials and optimizing their properties for lighting, laser, and sensor 

applications. 
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1.3 Acylpyrazolone: Special class of β-diketone ligands 

1.3.1 β-diketone ligands 

β-diketone ligands are organic compounds featuring two ketones (C=O) groups 

attached to a central carbon atom (See Figure 1.4). They are significant in coordination 

chemistry because of their chelating capability, allows them to form multiple 

coordination bonds with metal ions [50]. These ligands play a crucial role in catalysis 

and can be structurally modified to achieve desired properties in coordination 

complexes, contributing to various chemical processes and applications [51,52]. 

Research on β-diketone ligands encompasses their synthesis, coordination chemistry, 

and catalytic applications [52]. Study of their structures, metal-ligand bonding, and 

reactivity are often employed in materials science and biomedical fields, where they 

form metal complexes for various chemical reactions [53,54]. Computational chemistry 

aids in understanding their electronic properties [55]. Researchers examine these 

compound’s environmental and health implications, exploring variations in ligand 

structures and their involvement in supramolecular chemistry [56]. This research field 

is dynamic and continually evolving with new ligands and applications. 

 

Figure 1.4 Common structure of β-diketone ligands. 

1.3.2 4-acyl 5-pyrazolones 

 4-acyl-5-pyrazolones constitute a fascinating group of β-diketones in which a 

pyrazole is fused to a chelating moiety. They are organic compounds with a pyrazolone 

ring featuring an acyl group at the fourth carbon position (C-4). They are versatile in 

organic chemistry and have applications in pharmaceuticals, dyes, and coordination 

chemistry [57–59]. These compounds are notable for their involvement in various 

chemical reactions and unique structural characteristics, making them important in 

medicinal and synthetic chemistry. 

 Jensen described a direct one-step synthesis method [60], which involves 

acylation at the C-4 position of the pyrazole ring in a basic dioxane solution containing 

calcium hydroxide at reflux temperature. This calcium complex was stable under 
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alkaline conditions, which prevented unwanted further reactions. Subsequent treatment 

with an acid aqueous solution yielded the acylpyrazolone (AP) in a high yield as a solid 

powder that was insoluble in water. Figure 1.5 illustrates the typical synthesis pathway 

for 4-acyl-5-pyrazolone. This enables the creation of chelating ligands customized for 

effective coordination with a specific metal ion. This approach was successfully 

employed for the preparation of various 4-acyl substituted pyrazolones [60]. 

 

Figure 1.5 One-step synthesis route for 4-acyl-5-pyrazolone. 

1.3.3 Expansibility of 4-acyl-5-pyrazolones 

 One common reactivity of 4-acyl-5-pyrazolones involves the creation of Schiff 

bases that incorporate extended conjugated systems. These extended systems enhance 

the denticity of these ligands. Numerous recent studies have focused on pyrazolones, 

particularly those that feature hydrazone, semicarbazone, and thiosemicarbazone 

functional groups [59]. The versatility of 4-acyl-5-pyrazolones is primarily achieved 

through condensing a ketone group within pyrazolones with substituted hydrazine via 

a Schiff base reaction [61]. Various categories of ligands, ranging from class I to VI 

[59], can be encompassed under the general category of 'expanded pyrazolone-based 

ligands.' This expansion typically involves strategically utilising a 5-pyrazolone 

synthon, as described in Figure 1.6. Thus far, many bidentate, tridentate, tetradentate, 

hexadentate, bis-, tris-, and tetrakis-5-pyrazolones have been synthesized, and their 

coordination chemistry has been extensively investigated [59]. 

 

Figure 1.6 Expansion of 4-acyl-5-pyrazolones via Schiff base reaction. 
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1.4 Brief literature review on inner transition metal 

complexes 

1.4.1 Recent research work on inner transition metal complexes 

Recent progress addresses neglected effects like zero-field splitting and 

magnetic susceptibility anisotropy, enhancing the theory of paramagnetic chemical shift 

and relaxation enhancement [62]. As per the review by Chundawat et al. in 2021 [63], 

recent progress has focused on lanthanide-based coordination complexes, characterized 

by diverse ligands (Figure 1.7), showing promise for expanded antitumor efficacy. 

These complexes hold notable potential in radioimmunotherapy and photodynamic 

therapy, along with the attraction of therapeutic radioisotopes. 

 

Figure 1.7 lanthanide-based coordination complexes, characterized by diverse ligands 

as per the review by Chundawat et al. [63]. 

A collection of [LnIII(phen)(sal)3] complexes (where Ln represents Nd, Eu, Tb, 

Dy, Er, Yb, Sm) has been synthesized by Dragancea et al., revealing unique luminescent 

features [64]. With their determined single crystal structures, these complexes exhibit 

characteristic emissions typical of europium and samarium, alongside near-infrared 

luminescence observed in the ytterbium and neodymium derivatives. The unique 

feature of neodymium, dysprosium, and terbium metal complexes among all 

lanthanides lies in their distinct magnetic and luminescent properties, making them 

particularly valuable for applications in technologies such as magnetic materials, 



Chapter 1 

The Maharaja Sayajirao University of Baroda 11 
 

sensors, and optoelectronic devices. Nawrocki and Sorensen's research highlights the 

significance of understanding the solution chemistry of neodymium(III), which is 

crucial in various applications such as green energy production and electric propulsion, 

necessitating the development of predictive structure-property relationships [65]. 

Chebyshev et al. reported on the solid-state and sol-gel synthesis of neodymium 

molybdate Nd5Mo3O16+δ [66]. Their method enables the direct production of a single-

phase neodymium molybdate through the decomposition of the organic precursor, 

consequently reducing the synthesis temperature by 200 K. Llanos' research team 

suggests that the wide chemical diversity observed in chiroptical active lanthanide 

systems is valuable for attempting a systematic classification to elucidate general 

structural trends linked with their fundamental properties [67]. You et al.'s review 

highlights the appealing features of lanthanide coordination polymers, demonstrating 

their potential as effective and recyclable heterogeneous catalysts in various organic 

transformations [68]. Nd(III) complexes have been recognized as turn-on fluorescence 

sensors for the highly sensitive detection of 6-mercaptopurine, as demonstrated in the 

research conducted by Rajpal et al [69]. Balashova et al. identified first neodymium and 

dysprosium perylene complexes (See Figure 1.8) with distinct structures, leading to 

variations in their luminescent characteristics [70].  

 

Figure 1.8 The formation of mononuclear [LnI(Per)(DME)2]and LnI3(DME)2  

Perylene complexes of Neodymium and Dysprosium [70]. 

The photoluminescent evaluation of binary and ternary Tb(III) complexes 

(given in Figure 1.9) unveiled vivid green emission attributed to the 5D4→
7F5 transition 

under UV irradiation, showing enhanced emission upon secondary sensitizer inclusion, 

higher quantum yields in ternary complexes, and superior luminescence performance, 

as reported by Khatri et al. in 2022 [71].  
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Figure 1.9 Structure and synthetic path of Tb(III) complexes proposed by Khatri and 

research group [71]. 

Vijayalakshmi's research group has documented the production of cool white 

light and adjustable multicolour emission in Tb3+/Dy3+ co-activated glasses under 

various excitations, offering potential applications in WLEDs [72]. Aggarwal et al. 

conducted an in-depth study on ternary dysprosium complexes for white light emission, 

elucidating their semiconductor properties and optimal deactivation lifetimes, 

suggesting their applicability in diverse fields such as basic research, security printing, 

sensors, detectors, and OLEDs [73].  
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 In the actinide series, thorium and uranium show characteristic chemical 

properties, including variable oxidation states and complex coordination chemistry. As 

Tutson and Gorden's review outlined, thorium can form complexes with coordination 

numbers spanning from 5 to 12, offering utility as catalysts or actinide sequestering 

agents [74]. The advancements made in organo-f-element chemistry throughout 2015 

are outlined in the review authored by Frank T. Edelmann [75]. Atoini and colleagues 

investigated seven uranyl ion complexes with polycarboxylates, employing 1,1ʹ-

Dimethyl-4,4ʹ-bipyridinium ("paraquat") as a structure-directing counterion in solvo-

hydrothermal synthesis [76]. This approach led to the discovery of novel arrangements 

and facilitated an analysis of the weak interactions implicated. In January 2024, 

Banerjee's research team conducted quantum chemical calculations to explore the 

electronic structures and complexation behavior of methyl-substituted phosphonic 

acids with uranyl (VI) nitrate [77]. Eralie et al. reported on 8-coordinated thorium 

pyrasal complexes (Figure 1.10), highlighting their photometric properties and 

elucidating how the electron-withdrawing effects of the pyrazine ring induce changes 

in the thorium coordination environment, resulting in a secondary solid-state extended 

structure that minimizes pi-pi stacking [78].  

 

Figure 1.10 Structure of thorium pyrasal complexes reported by Eralie et al. [78]. 

Jin et al. explored the solvent extraction behaviours across various systems, 

examining the complexation mechanism of phenanthroline amide with U(VI), Th(IV), 

and Sc(III) [79]. Similarly, Selva et al. have revealed that azo dyes, Schiff bases derived 

from hydrazides, and organo-phosphine oxides serve as prominent molecular sensors 

for recognising Th4+ [80]. 
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1.4.2 Complexes of inner transition metals with acylpyrazolones 

One of the primary benefits of Acylpyrazolone ligands is their capability to 

create enduring complexes with a wide range of elements, including main group, 

transition metals, lanthanides, and actinides [81], which can be utilized for various 

purposes. Acylpyrazolone has been used in inorganic chemistry to separate and 

determine rare earth elements and actinides [82]. Research on acylpyrazolone 

complexes with inner transition metals is an area of active study in chemistry. These 

complexes are known for their unique properties and applications.  

 As per findings of Taydakov and colleagues (given in Figure 1.11), complexes 

involving Gd(III), Yb(III), and Lu(III) with 1,10-phenanthroline and 1,3-bis(1,3-

dimethyl-1H-pyrazol-4-yl)propane-1,3-dionate demonstrate efficient light absorption 

properties, acting as effective antennas for sensitizing Yb3+ near-infrared (NIR) 

luminescence at 980 nm [83]. Additionally, Taydakov and colleagues investigated the 

interaction between 1-phenyl-3-methyl-4-cyclohexylcarbonyl-pyrazol-5-one (HQCY) 

and europium and gadolinium nitrates in the presence of alkalis (MOH = LiOH-CsOH) 

in different proportions [84]. Nine-coordinated complexes featuring a tricapped trigonal 

prismatic geometry have been documented along with computational analysis [85]. 

 

Figure 1.11 complexes involving Gd(III), Yb(III), and Lu(III) with 1,10-

phenanthroline and 1,3-bis(1,3-dimethyl-1H-pyrazol-4-yl)propane-1,3-dionate [83]. 

Drawing from the existing literature, we synthesized and characterized diverse 

derivatives of acyl pyrazolone, including their Schiff bases and subsequent complexes 

with inner transition f-block elements such as U, Nd, Dy, Tb, Th, among others. These 

compounds were thoroughly characterized using spectroscopic techniques, including 

single crystal x-ray diffraction. Additionally, we employed computational methods like 

DFT and Hirshfeld analysis to gain deeper insights into the structural aspects of these 
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complexes. Our research aims to explore various aspects such as the nature and extent 

of covalency, extraction potential, Antenna effect energy diagrams, oscillator strength, 

Judd-Ofelt parameters, covalency parameters, etc., derived from the electronic and 

solid-state emission spectra of these complexes.  



Chapter 1 

The Maharaja Sayajirao University of Baroda 16 
 

References 

[1] A. Werner, Beitrag zur Konstitution anorganischer Verbindungen, Zeitschrift Für 

Anorganische Chemie. 3 (1893) 267–330. https://doi.org/10.1002/zaac.18930030136.  

[2] E.C. Constable, C.E. Housecroft, Coordination chemistry: the scientific legacy of 

Alfred Werner, Chem. Soc. Rev. 42 (2013) 1429–1439. 

https://doi.org/10.1039/C2CS35428D.  

[3] C.S. Diercks, M.J. Kalmutzki, N.J. Diercks, O.M. Yaghi, Conceptual Advances from 

Werner Complexes to Metal–Organic Frameworks, ACS Cent Sci. 4 (2018) 1457–1464. 

https://doi.org/10.1021/acscentsci.8b00677.  

[4] N. Marques, A. Sella, J. Takats, Chemistry of the Lanthanides Using Pyrazolylborate 

Ligands, Chem Rev. 102 (2002) 2137–2160. https://doi.org/10.1021/cr010327y.  

[5] Z. Hou, A. Fujita, Y. Zhang, T. Miyano, H. Yamazaki, Y. Wakatsuki, One-Electron 

Reduction of Aromatic Ketones by Low-Valent Lanthanides. Isolation, Structural 

Characterization, and Reactivity of Lanthanide Ketyl Complexes, J Am Chem Soc. 120 

(1998) 754–766. https://doi.org/10.1021/ja973184z.  

[6] F. Wang, Y. Wei, S. Wang, X. Zhu, S. Zhou, G. Yang, X. Gu, G. Zhang, X. Mu, 

Synthesis, Characterization, and Reactivity of Lanthanide Amides Incorporating 

Neutral Pyrrole Ligand. Isolation and Characterization of Active Catalyst for 

Cyanosilylation of Ketones, Organometallics. 34 (2015) 86–93. 

https://doi.org/10.1021/om500924q.  

[7] J.-H. Jia, Q.-W. Li, Y.-C. Chen, J.-L. Liu, M.-L. Tong, Luminescent single-molecule 

magnets based on lanthanides: Design strategies, recent advances and magneto-

luminescent studies, Coord Chem Rev. 378 (2019) 365–381. 

https://doi.org/10.1016/j.ccr.2017.11.012.  

[8] M. Shibasaki, N. Yoshikawa, Lanthanide Complexes in Multifunctional Asymmetric 

Catalysis, Chem Rev. 102 (2002) 2187–2210. https://doi.org/10.1021/cr010297z.  

[9] J.-C.G. Bünzli, S. Comby, A.-S. Chauvin, C.D.B. Vandevyver, New Opportunities for 

Lanthanide Luminescence, J Rare Earths. 25 (2007) 257–274. 

https://doi.org/10.1016/S1002-0721(07)60420-7.  

https://doi.org/10.1002/zaac.18930030136
https://doi.org/10.1039/C2CS35428D
https://doi.org/10.1021/acscentsci.8b00677
https://doi.org/10.1021/cr010327y
https://doi.org/10.1021/ja973184z
https://doi.org/10.1021/om500924q
https://doi.org/10.1016/j.ccr.2017.11.012
https://doi.org/10.1021/cr010297z
https://doi.org/10.1016/S1002-0721(07)60420-7


Chapter 1 

The Maharaja Sayajirao University of Baroda 17 
 

[10] S. Aime, S.G. Crich, E. Gianolio, G.B. Giovenzana, L. Tei, E. Terreno, High sensitivity 

lanthanide(III) based probes for MR-medical imaging, Coord Chem Rev. 250 (2006) 

1562–1579. https://doi.org/10.1016/j.ccr.2006.03.015.  

[11] L.S. Natrajan, Developments in the photophysics and photochemistry of actinide ions 

and their coordination compounds, Coord Chem Rev. 256 (2012) 1583–1603.  

https://doi.org/10.1016/j.ccr.2012.03.029.  

[12] S.F. Wolf, J.K. Bates, E.C. Buck, N.L. Dietz, J.A. Fortner, N.R. Brown, Physical and 

Chemical Characterization of Actinides in Soil from Johnston Atoll, Environ Sci 

Technol. 31 (1997) 467–471. https://doi.org/10.1021/es960295+.  

[13] J.-C.G. Bünzli, Review: Lanthanide coordination chemistry: from old concepts to 

coordination polymers, J Coord Chem. 67 (2014) 3706–3733. 

https://doi.org/10.1080/00958972.2014.957201.  

[14] J.A.Jr. Cotruvo, The Chemistry of Lanthanides in Biology: Recent Discoveries, 

Emerging Principles, and Technological Applications, ACS Cent Sci. 5 (2019) 1496–

1506. https://doi.org/10.1021/acscentsci.9b00642.  

[15] F. David, Thermodynamic properties of lanthanide and actinide ions in aqueous 

solution, J Less Common Met. 121 (1986) 27–42. https://doi.org/10.1016/0022-

5088(86)90511-4.  

[16] D. Parker, E.A. Suturina, I. Kuprov, N.F. Chilton, How the Ligand Field in Lanthanide 

Coordination Complexes Determines Magnetic Susceptibility Anisotropy, 

Paramagnetic NMR Shift, and Relaxation Behavior, Acc Chem Res. 53 (2020) 1520–

1534. https://doi.org/10.1021/acs.accounts.0c00275.  

[17] OPL volume 1444 Cover and Front matter, MRS Online Proceedings Library (OPL). 

1444 (2012) f1–f12. https://doi.org/10.1557/opl.2012.1479.   

[18] P. D’Angelo, F. Martelli, R. Spezia, A. Filipponi, M.A. Denecke, Hydration Properties 

and Ionic Radii of Actinide(III) Ions in Aqueous Solution, Inorg Chem. 52 (2013) 

10318–10324. https://doi.org/10.1021/ic400678u.  

[19] W.-X. Ji, W. Xu, W.H.E. Schwarz, S.-G. Wang, Ionic bonding of lanthanides, as 

influenced by d- and f-atomic orbitals, by core–shells and by relativity, J Comput Chem. 

36 (2015) 449–458. https://doi.org/10.1002/jcc.23820.  

https://doi.org/10.1016/j.ccr.2006.03.015
https://doi.org/10.1016/j.ccr.2012.03.029
https://doi.org/10.1021/es960295
https://doi.org/10.1080/00958972.2014.957201
https://doi.org/10.1021/acscentsci.9b00642
https://doi.org/10.1016/0022-5088(86)90511-4
https://doi.org/10.1016/0022-5088(86)90511-4
https://doi.org/10.1021/acs.accounts.0c00275
https://doi.org/10.1557/opl.2012.1479
https://doi.org/10.1021/ic400678u
https://doi.org/10.1002/jcc.23820


Chapter 1 

The Maharaja Sayajirao University of Baroda 18 
 

[20] C. Adamo, P. Maldivi, Ionic versus covalent character in lanthanide complexes. A 

hybrid density functional study, Chem Phys Lett. 268 (1997) 61–68. 

https://doi.org/10.1016/S0009-2614(97)00177-2.  

[21] S. SeethaLekshmi, A.R. Ramya, M.L.P. Reddy, S. Varughese, Lanthanide complex-

derived white-light emitting solids: A survey on design strategies, Journal of 

Photochemistry and Photobiology C: Photochemistry Reviews. 33 (2017) 109–131. 

https://doi.org/10.1016/j.jphotochemrev.2017.11.001.  

[22] R.J. Roberts, D. Le, D.B. Leznoff, Color-Tunable and White-Light Luminescence in 

Lanthanide–Dicyanoaurate Coordination Polymers, Inorg Chem. 56 (2017) 7948–

7959. https://doi.org/10.1021/acs.inorgchem.7b00735.  

[23] K. Jo/rgensen, Absorption Spectra of Lanthanide and Actinide Ions, J Chem Phys. 23 

(2004) 399–400. https://doi.org/10.1063/1.1741980.  

[24] L.J. Nugent, R.D. Baybarz, J.L. Burnett, J.L. Ryan, Electron-transfer and f-d absorption 

bands of some lanthanide and actinide complexes and the standard (II-III) oxidation 

potential for each member of the lanthanide and actinide series, J Phys Chem. 77 (1973) 

1528–1539. https://doi.org/10.1021/j100631a011.  

[25] W. Huang, D. Wu, P. Zhou, W. Yan, D. Guo, C. Duan, Q. Meng, Luminescent and 

Magnetic Properties of Lanthanide-Thiophene-2,5-dicarboxylate Hybrid Materials, 

Cryst Growth Des. 9 (2009) 1361–1369. https://doi.org/10.1021/cg800531y.  

[26] H. Nakai, K. Kitagawa, J. Seo, T. Matsumoto, S. Ogo, A gadolinium(iii) complex that 

shows room-temperature phosphorescence in the crystalline state, Dalton Trans. 45 

(2016) 11620–11623. https://doi.org/10.1039/C6DT01303A.  

[27] A.A. Kissel, D.M. Lyubov, T. V Mahrova, G.K. Fukin, A. V Cherkasov, T.A. Glukhova, 

D. Cui, A.A. Trifonov, Rare-earth dichloro and bis(alkyl) complexes supported by 

bulky amido–imino ligand. Synthesis, structure, reactivity and catalytic activity in 

isoprene polymerization, Dalton Trans. 42 (2013) 9211–9225. 

https://doi.org/10.1039/C3DT33108C.  

[28] Q. Xia, Y. Cui, D. Yuan, Y. Wang, Y. Yao, Synthesis and characterization of lanthanide 

complexes stabilized by N-aryl substituted β-ketoiminato ligands and their application 

https://doi.org/10.1016/S0009-2614(97)00177-2
https://doi.org/10.1016/j.jphotochemrev.2017.11.001
https://doi.org/10.1021/acs.inorgchem.7b00735
https://doi.org/10.1063/1.1741980
https://doi.org/10.1021/j100631a011
https://doi.org/10.1021/cg800531y
https://doi.org/10.1039/C6DT01303A
https://doi.org/10.1039/C3DT33108C


Chapter 1 

The Maharaja Sayajirao University of Baroda 19 
 

in the polymerization of rac-lactide, J Organomet Chem. 846 (2017) 161–168. 

https://doi.org/10.1016/j.jorganchem.2017.06.002.  

[29] J.H.S.K. Monteiro, D. Machado, L.M. de Hollanda, M. Lancellotti, F.A. Sigoli, A. de 

Bettencourt-Dias, Selective cytotoxicity and luminescence imaging of cancer cells with 

a dipicolinato-based EuIII complex, Chem Commun. 53 (2017) 11818–11821. 

https://doi.org/10.1039/C7CC06753D.  

[30] A.G. Avent, Catherine.F. Caro, P.B. Hitchcock, M.F. Lappert, Z. Li, X.-H. Wei, 

Synthetic and structural experiments on yttrium, cerium and magnesium 

trimethylsilylmethyls and their reaction products with nitriles; with a note on two 

cerium β-diketiminates, Dalton Trans. (2004) 1567–1577. 

https://doi.org/10.1039/B316695N.  

[31] C.A.P. Goodwin, K.C. Joslin, S.J. Lockyer, A. Formanuik, G.A. Morris, F. Ortu, Iñigo.J. 

Vitorica-Yrezabal, D.P. Mills, Homoleptic Trigonal Planar Lanthanide Complexes 

Stabilized by Superbulky Silylamide Ligands, Organometallics. 34 (2015) 2314–2325. 

https://doi.org/10.1021/om501123e.  

[32] Y. Hasegawa, Y. Wada, S. Yanagida, Strategies for the design of luminescent 

lanthanide(III) complexes and their photonic applications, Journal of Photochemistry 

and Photobiology C: Photochemistry Reviews. 5 (2004) 183–202. 

https://doi.org/10.1016/j.jphotochemrev.2004.10.003.  

[33] H.C. Aspinall, Chiral Lanthanide Complexes: Coordination Chemistry and 

Applications, Chem Rev. 102 (2002) 1807–1850. https://doi.org/10.1021/cr010288q.  

[34] M.B. Jones, A.J. Gaunt, Recent Developments in Synthesis and Structural Chemistry 

of Nonaqueous Actinide Complexes, Chem Rev. 113 (2013) 1137–1198. 

https://doi.org/10.1021/cr300198m.  

[35] C.E. Hayes, D.B. Leznoff, Actinide coordination and organometallic complexes with 

multidentate polyamido ligands, Coord Chem Rev. 266–267 (2014) 155–170. 

https://doi.org/10.1016/j.ccr.2013.11.020.  

[36] G.R. Choppin, D.R. Peterman, Applications of lanthanide luminescence spectroscopy 

to solution studies of coordination chemistry, Coord Chem Rev. 174 (1998) 283–299. 

https://doi.org/10.1016/S0010-8545(98)00125-8.  

https://doi.org/10.1016/j.jorganchem.2017.06.002
https://doi.org/10.1039/C7CC06753D
https://doi.org/10.1039/B316695N
https://doi.org/10.1021/om501123e
https://doi.org/10.1016/j.jphotochemrev.2004.10.003
https://doi.org/10.1021/cr010288q
https://doi.org/10.1021/cr300198m
https://doi.org/10.1016/j.ccr.2013.11.020
https://doi.org/10.1016/S0010-8545(98)00125-8


Chapter 1 

The Maharaja Sayajirao University of Baroda 20 
 

[37] V.B. Pawade, V. Chopra, S.J. Dhoble, 1 - Introduction to electronic spectroscopy of 

lanthanide, properties, and their applications, in: S.J. Dhoble, V.B. Pawade, H.C. Swart, 

V. Chopra (Eds.), Spectroscopy of Lanthanide Doped Oxide Materials, Woodhead 

Publishing, (2020) 1–20. https://doi.org/10.1016/B978-0-08-102935-0.00001-0.  

[38] S.N. Misra, G. Ramchandriah, M.A. Gagnani, R.S. Shukla, M. Indira Devi, Absorption 

Spectral Studies Involving 4f–4f Transitions as Structural Probe in Chemical and 

Biochemical Reactions and Compositional Dependence of Intensity Parameters, Appl 

Spectrosc Rev. 38 (2003) 433–493. https://doi.org/10.1081/ASR-120026330.  

[39] M.A. Gagnani, R.S. Shukla, S.N. Misra, Absorption spectroscopic investigations 

involving 4f-4f transitions to explore the kinetics of complexation of Zn(II) with 

Pr(III)–glutathione complex, Spectrochim Acta A Mol Biomol Spectrosc. 61 (2005) 

535–539.  https://doi.org/10.1016/j.saa.2004.05.003.  

[40] S.N. Misra, R.S. Shukla, M.A. Gagnani, Neodymium(III)-substituted bismuth titanate 

thin film generation using metal alkoxo, acyloxo, and β-diketonato precursors 

employing a sol–gel route and using 4f–4f transition spectra as probes to explore kinetic 

performance, J Colloid Interface Sci. 271 (2004) 174–180. 

https://doi.org/10.1016/j.jcis.2003.11.043.  

[41] B.R. Judd, Optical Absorption Intensities of Rare-Earth Ions, Physical Review. 127 

(1962) 750–761. https://doi.org/10.1103/PhysRev.127.750.  

[42] G.S. Ofelt, Intensities of Crystal Spectra of Rare‐Earth Ions, J Chem Phys. 37 (2004) 

511–520. https://doi.org/10.1063/1.1701366.  

[43] P. Ahlawat, S. Bhayana, V. Lather, S. Khatri, P. Kumari, M. Kumar, M.S. Shekhawat, 

V.B. Taxak, S.P. Khatkar, R. Kumar, Judd-Ofelt, urbach energy and geometrical 

optimization study of orange light emitting samarium (III) complexes with heterocyclic 

ligands for application in optoelectronic devices, Opt Mater (Amst). 133 (2022) 

112940. https://doi.org/10.1016/j.optmat.2022.112940.  

[44] N. Sabbatini, M. Guardigli, J.-M. Lehn, Luminescent lanthanide complexes as 

photochemical supramolecular devices, Coord Chem Rev. 123 (1993) 201–228. 

https://doi.org/10.1016/0010-8545(93)85056-A.  

https://doi.org/10.1016/B978-0-08-102935-0.00001-0
https://doi.org/10.1081/ASR-120026330
https://doi.org/10.1016/j.saa.2004.05.003
https://doi.org/10.1016/j.jcis.2003.11.043
https://doi.org/10.1103/PhysRev.127.750
https://doi.org/10.1063/1.1701366
https://doi.org/10.1016/j.optmat.2022.112940
https://doi.org/10.1016/0010-8545(93)85056-A


Chapter 1 

The Maharaja Sayajirao University of Baroda 21 
 

[45] S.I. Weissman, Intramolecular Energy Transfer The Fluorescence of Complexes of 

Europium, J Chem Phys. 10 (2004) 214–217. https://doi.org/10.1063/1.1723709.  

[46] M.P. Jensen, A.H. Bond, Comparison of Covalency in the Complexes of Trivalent 

Actinide and Lanthanide Cations, J Am Chem Soc. 124 (2002) 9870–9877. 

https://doi.org/10.1021/ja0178620.  

[47] D. Munz, Chapter Six - Late transition metal-ligand multiple bonds: Covalency and 

reactivity, in: K. Meyer, R. van Eldik (Eds.), Adv Inorg Chem, Academic Press, (2023) 

189–236. https://doi.org/10.1016/bs.adioch.2023.08.005.  

[48] A.A. Ansari, R. Ilmi, K. Iftikhar, Hypersensitivity in the 4f–4f absorption spectra of tris 

(acetylacetonato) neodymium(III) complexes with imidazole and pyrazole in non-

aqueous solutions. Effect of environment on hypersensitive transitions, J Lumin. 132 

(2012) 51–60. https://doi.org/10.1016/j.jlumin.2011.06.054.  

[49] H. Debecca Devi, Ch. Sumitra, Th. David Singh, N. Yaiphaba, N. Mohondas Singh, N. 

Rajmuhon Singh, Calculation and Comparison of Energy Interaction and Intensity 

Parameters for the Interaction of Nd(III) with DL-Valine, DL-Alanine and  β-Alanine 

in Presence and Absence of  Ca2+/Zn2+ in Aqueous and Different Aquated Organic 

Solvents Using 4f-4f Transition Spectra as Probe , Int J Spectrosc. 2009 (2009) 1–9. 

https://doi.org/10.1155/2009/784305.  

[50] C.D. Hurd, C.D. Kelso, β-Diketones: Synthesis, Structure and Bactericidal Properties, 

J Am Chem Soc. 62 (1940) 2184–2187. https://doi.org/10.1021/ja01865a077.  

[51] A.D. Garnovskii, B.I. Kharisov, L.M. Blanco, D.A. Garnovskii, A.S. Burlov, I.S. 

Vasilchenko, G.I. Bondarenko, SOME ASPECTS OF COMPETITIVE 

COORDINATION OF β-DIKETONES AND NITROGEN-CONTAINING LIGANDS, 

J Coord Chem. 46 (1999) 365–395. https://doi.org/10.1080/00958979908054903.  

[52] A.S. Crossman, M.P. Marshak, 1.11 - β-Diketones: Coordination and Application, in: 

E.C. Constable, G. Parkin, L. Que Jr (Eds.), Comprehensive Coordination Chemistry 

III, Elsevier, Oxford, (2021) 331–365. https://doi.org/10.1016/B978-0-08-102688-

5.00069-6.  

https://doi.org/10.1063/1.1723709
https://doi.org/10.1021/ja0178620
https://doi.org/10.1016/bs.adioch.2023.08.005
https://doi.org/10.1016/j.jlumin.2011.06.054
https://doi.org/10.1155/2009/784305
https://doi.org/10.1021/ja01865a077
https://doi.org/10.1080/00958979908054903
https://doi.org/10.1016/B978-0-08-102688-5.00069-6
https://doi.org/10.1016/B978-0-08-102688-5.00069-6


Chapter 1 

The Maharaja Sayajirao University of Baroda 22 
 

[53] M. Stalpaert, D. De Vos, Stabilizing Effect of Bulky β-Diketones on Homogeneous Mo 

Catalysts for Deoxydehydration, ACS Sustain Chem Eng. 6 (2018) 12197–12204. 

https://doi.org/10.1021/acssuschemeng.8b02532.  

[54] J.K. Clegg, F. Li, L.F. Lindoy, Oligo-β-diketones as versatile ligands for use in metallo-

supramolecular chemistry: Recent progress and perspectives, Coord Chem Rev. 455 

(2022) 214355. https://doi.org/10.1016/j.ccr.2021.214355.  

[55] V. Bertolasi, V. Ferretti, P. Gilli, X. Yao, C.-J. Li, Substituent effects on keto–enol 

tautomerization of β-diketones from X-ray structural data and DFT calculations, New 

J Chem. 32 (2008) 694–704. https://doi.org/10.1039/B714708B.  

[56] P.A. Vigato, V. Peruzzo, S. Tamburini, The evolution of β-diketone or β-diketophenol 

ligands and related complexes, Coord Chem Rev. 253 (2009) 1099–1201. 

https://doi.org/10.1016/j.ccr.2008.07.013.  

[57] F. Marchetti, C. Pettinari, R. Pettinari, Acylpyrazolone ligands: Synthesis, structures, 

metal coordination chemistry and applications, Coord Chem Rev. 249 (2005) 2909–

2945. https://doi.org/10.1016/j.ccr.2005.03.013.  

[58] F. Marchetti, R. Pettinari, C. Pettinari, Recent advances in acylpyrazolone metal 

complexes and their potential applications, Coord Chem Rev. 303 (2015) 1–31. 

https://doi.org/10.1016/j.ccr.2015.05.003.  

[59] F. Marchetti, C. Pettinari, C. Di Nicola, A. Tombesi, R. Pettinari, Coordination 

chemistry of pyrazolone-based ligands and applications of their metal complexes, 

Coord Chem Rev. 401 (2019) 213069. https://doi.org/10.1016/j.ccr.2019.213069.  

[60] Jensen, B. Skytte, Acta Chemica Scandinavica, Acta Chem Scand. 13 (1959) 1668–

1670. https://doi.org/10.3891/acta.chem.scand.13-1668. 

[61] S. Liu, X. Bao, B. Wang, Pyrazolone: a powerful synthon for asymmetric diverse 

derivatizations, Chem Commun. 54 (2018) 11515–11529. 

https://doi.org/10.1039/C8CC06196C. 

[62] D. Parker, E.A. Suturina, I. Kuprov, N.F. Chilton, How the Ligand Field in Lanthanide 

Coordination Complexes Determines Magnetic Susceptibility Anisotropy, 

Paramagnetic NMR Shift, and Relaxation Behavior, Acc Chem Res 53 (2020) 1520–

1534. https://doi.org/10.1021/acs.accounts.0c00275.  

https://doi.org/10.1021/acssuschemeng.8b02532
https://doi.org/10.1016/j.ccr.2021.214355
https://doi.org/10.1039/B714708B
https://doi.org/10.1016/j.ccr.2008.07.013
https://doi.org/10.1016/j.ccr.2005.03.013
https://doi.org/10.1016/j.ccr.2015.05.003
https://doi.org/10.1016/j.ccr.2019.213069
https://doi.org/10.3891/acta.chem.scand.13-1668
https://doi.org/10.1039/C8CC06196C
https://doi.org/10.1021/acs.accounts.0c00275


Chapter 1 

The Maharaja Sayajirao University of Baroda 23 
 

[63] N.S. Chundawat, S. Jadoun, P. Zarrintaj, N.P.S. Chauhan, Lanthanide complexes as 

anticancer agents: A review, Polyhedron 207 (2021) 115387. 

https://doi.org/10.1016/j.poly.2021.115387.  

[64] D. Dragancea, T. Mocanu, D. Avram, M. Răducă, C. Tiseanu, M. Andruh, Mixed-ligand 

mononuclear complexes obtained from salicylaldehyde and phenanthroline. Synthesis, 

crystal structures, and luminescence, Polyhedron 252 (2024) 116886. 

https://doi.org/10.1016/j.poly.2024.116886.  

[65] P.R. Nawrocki, T.J. Sørensen, Optical spectroscopy as a tool for studying the solution 

chemistry of neodymium(iii), Phys Chem Chem Phys 25 (2023) 19300–19336. 

https://doi.org/10.1039/D3CP02033A.  

[66] K.A. Chebyshev, T.S. Berezhnaya, V.A. Turchenko, Solid-state and sol-gel synthesis of 

neodymium molybdate Nd5Mo3O16+δ and study of their crystal structure in the 

temperature range of 300–700 K by the neutron diffraction, Solid State Sci 149 (2024) 

107443. https://doi.org/10.1016/j.solidstatesciences.2024.107443.  

[67] L. Llanos, P. Cancino, P. Mella, P. Fuentealba, D. Aravena, Circularly polarized 

luminescence and coordination geometries in mononuclear lanthanide(III) complexes, 

Coord Chem Rev 505 (2024) 215675. https://doi.org/10.1016/j.ccr.2024.215675. 

[68] L.-X. You, B.-Y. Ren, Y.-K. He, S.-J. Wang, Y.-G. Sun, V. Dragutan, G. Xiong, F. Ding, 

Structural features of lanthanide coordination polymers with catalytic properties, J Mol 

Struct 1304 (2024) 137687. https://doi.org/10.1016/j.molstruc.2024.137687.  

[69] Rajpal, S. Jana, R.P. Ojha, R. Prakash, A novel turn-on fluorescence sensor based on 

the Nd(III) complex for the ultrasensitive detection of 6-mercaptopurine, Spectrochim 

Acta A Mol Biomol Spectrosc 313 (2024) 124056. 

https://doi.org/10.1016/j.saa.2024.124056.  

[70] T. V Balashova, S.K. Polyakova, A.A. Fagin, V.A. Ilichev, K.A. Kozhanov, E. V 

Baranov, G.K. Fukin, M.N. Bochkarev, The First Perylene Complexes of Neodymium 

and Dysprosium, Russ J Coord Chem 49 (2023) 257–266. 

https://doi.org/10.1134/S1070328423700471.  

[71] S. Khatri, M. Bala, P. Hooda, P. Ahlawat, S.P. Khatkar, V.B. Taxak, R. Kumar, 

Utilization of Judd-Ofelt theory to assess the photophysical properties of β-keto 

https://doi.org/10.1016/j.poly.2021.115387
https://doi.org/10.1016/j.poly.2024.116886
https://doi.org/10.1039/D3CP02033A
https://doi.org/10.1016/j.solidstatesciences.2024.107443
https://doi.org/10.1016/j.ccr.2024.215675
https://doi.org/10.1016/j.molstruc.2024.137687
https://doi.org/10.1016/j.saa.2024.124056
https://doi.org/10.1134/S1070328423700471


Chapter 1 

The Maharaja Sayajirao University of Baroda 24 
 

carboxylate Tb(III) complexes with heterocyclic secondary sensitizer, Opt Mater 

(Amst) 131 (2022) 112629. https://doi.org/10.1016/j.optmat.2022.112629.  

[72] L. Vijayalakshmi, K. Naveen Kumar, J.D. Baek, Cool white light and tunable multicolor 

emission from Tb3+/Dy3+ co-activated glasses under different excitations for WLEDs, J 

Rare Earths 42 (2024) 46–56. https://doi.org/10.1016/j.jre.2022.11.007.  

[73] V. Aggarwal, D. Singh, A. Hooda, S. Malik, S. Dalal, S. Redhu, S. Kumar, R.S. Malik, 

P. Kumar, Comprehensive investigation of ternary dysprosium complexes for white 

light emission: Synthesis, spectroscopic and colorimetric analyses, J Lumin 270 (2024) 

120555. https://doi.org/10.1016/j.jlumin.2024.120555.  

[74] C.D. Tutson, A.E. V Gorden, Thorium coordination: A comprehensive review based on 

coordination number, Coord Chem Rev 333 (2017) 27–43. 

https://doi.org/10.1016/j.ccr.2016.11.006.  

[75] F.T. Edelmann, Lanthanides and actinides: Annual survey of their organometallic 

chemistry covering the year 2015, Coord Chem Rev 318 (2016) 29–130. 

https://doi.org/10.1016/j.ccr.2016.04.001.  

[76] Y. Atoini, S. Kusumoto, Y. Koide, S. Hayami, Y. Kim, J. Harrowfield, P. Thuéry, 1,1ʹ-

Dimethyl-4,4ʹ-bipyridinium as a multivalent structure-directing counterion to anionic 

uranyl ion polycarboxylate complexes, Polyhedron 250 (2024) 116848. 

https://doi.org/10.1016/j.poly.2024.116848.  

[77] S. Banerjee, G. Gopakumar, C. Venkata Siva Brahmmananda Rao, Electronic structure 

and complexation behavior of methyl substituted phosphonate ligands with uranyl 

nitrate, Results Chem 7 (2024) 101308. https://doi.org/10.1016/j.rechem.2024.101308.  

[78] D.M.T. Eralie, T.M. Hoang, J.A. Williamson, D. Unruh, A.E. V Gorden, Structural and 

spectroscopic characterization of thorium pyrasal complexes, Inorganica Chim Acta 

553 (2023) 121542. https://doi.org/10.1016/j.ica.2023.121542.  

[79] C. Jin, X. Yang, D. Fang, S. Ni, S. Wang, A. Ding, P. Cen, C. Xiao, Selective separation 

of radioactive thorium and uranium from scandium using N-heterocyclic carboxamide 

ligands, Sep Purif Technol 328 (2024) 125028. 

https://doi.org/10.1016/j.seppur.2023.125028.  

https://doi.org/10.1016/j.optmat.2022.112629
https://doi.org/10.1016/j.jre.2022.11.007
https://doi.org/10.1016/j.jlumin.2024.120555
https://doi.org/10.1016/j.ccr.2016.11.006
https://doi.org/10.1016/j.ccr.2016.04.001
https://doi.org/10.1016/j.poly.2024.116848
https://doi.org/10.1016/j.rechem.2024.101308
https://doi.org/10.1016/j.ica.2023.121542
https://doi.org/10.1016/j.seppur.2023.125028


Chapter 1 

The Maharaja Sayajirao University of Baroda 25 
 

[80] S. Kumar R, R. Bhaskar, H.K. Sharma, S.K. Ashok Kumar, S.K. Sahoo, Historical 

overview and recent progress on supramolecular sensors for thorium recognition, TrAC 

Trends in Analytical Chemistry 172 (2024) 117551. 

https://doi.org/10.1016/j.trac.2024.117551.  

[81] T. Mies, A.J.P. White, H.S. Rzepa, L. Barluzzi, M. Devgan, R.A. Layfield, A.G.M. 

Barrett, Syntheses and Characterization of Main Group, Transition Metal, Lanthanide, 

and Actinide Complexes of Bidentate Acylpyrazolone Ligands, Inorg Chem 62 (2023) 

13253–13276. https://doi.org/10.1021/acs.inorgchem.3c01506.  

[82] J. Zhang, M. Wenzel, K. Schnaars, F. Hennersdorf, L.F. Lindoy, J.J. Weigand, Highly 

Tunable 4-Phosphoryl Pyrazolone Receptors for Selective Rare-Earth Separation, Inorg 

Chem 62 (2023) 3212–3228. https://doi.org/10.1021/acs.inorgchem.2c04221.  

[83] I. V Taydakov, V.M. Korshunov, Y.A. Belousov, Y. V Nelyubina, F. Marchetti, R. 

Pettinari, C. Pettinari, Synthesis, crystal structure and photophysical properties of 

mixed-ligand lanthanide complexes with 1,3-diketonates bearing pyrazole moieties and 

1,10-phenanthroline, Inorganica Chim Acta 513 (2020) 119922. 

https://doi.org/10.1016/j.ica.2020.119922.  

[84] I. V Taydakov, Y.A. Belousov, K.A. Lyssenko, E. Varaksina, A.A. Drozdov, F. 

Marchetti, R. Pettinari, C. Pettinari, Synthesis, phosphorescence and luminescence 

properties of novel europium and gadolinium tris-acylpyrazolonate complexes, 

Inorganica Chim Acta 502 (2020) 119279. https://doi.org/10.1016/j.ica.2019.119279.  

[85] C. Apostolidis, A. Kovács, A. Morgenstern, J. Rebizant, O. Walter, Tris-Hydridotris(1-

pyrazolyl)boratolanthanide Complexes: Synthesis, Spectroscopy, Crystal Structure and 

Bonding Properties, Inorganics (Basel) 9 (2021). 

https://doi.org/10.3390/inorganics9060044.  

 

https://doi.org/10.1016/j.trac.2024.117551
https://doi.org/10.1021/acs.inorgchem.3c01506
https://doi.org/10.1021/acs.inorgchem.2c04221
https://doi.org/10.1016/j.ica.2020.119922
https://doi.org/10.1016/j.ica.2019.119279
https://doi.org/10.3390/inorganics9060044

