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Methods for the synthesis of lanthanide borohydrides [Ln(BH4)3(THF)n] from lanthanide 

chlorides and alkali metal borohydrides have been known since the 1970s. As precursors for the 

synthesis of organometallic complexes of lanthanides, these compounds are preferable to the 

traditionally used halides because of the better solubility of borohydrides in organic solvents. Despite 

this, the number of structurally characterized organometallic complexes of lanthanides containing BH4
-

anion is extremely small. 

Complexes with alkyl- and trimethylsilyl substituted cyclopentadienyl anions are the most 

studied of all organo-lanthanide compounds with the borohydride ligand, however cyclopentadienyl 

complexes with the anion of unsubstituted cyclopentadiene are practically unknown.In this work, our 

goal was to synthesize cyclopentadienyl-borohydride complexes of lanthanum, neodymium, 

gadolinium, terbium and lutetium containing the unsubstituted cyclopentadienyl anion, and to study 

their catalytic activity in the polymerization of ε-caprolactone. 

In the course of the study, mono-, bis- and tris(cyclopentadienyl)borohydride complexes of 

lanthanides were obtained[1]. According to the XRD data, five structural types of complexes and 

complex ions were obtained for neodymium, two structural types, namely [CpNd(18-crown-6)(BH4)]- 

and [Cp3Nd(BH4)]-, were discovered for the first time. It was shown that mono- and 

bis(cyclopentadienyl) neodymium complexes show high activity in the polymerization of ε-

caprolactone, and the resulting polymers have a narrow molecular weight distribution (ᴆ = 1.17 ÷ 1.38). 

Acknowledgements.  

The work was carried out within the framework of the Academic Fund Program at the National Research 

University Higher School of Economics (HSE) in 2021 (grant № 21-04-034). 

References  

[1] D. Bardonov, P. Komarov, G. Sadrtdinova, V. Besprozvannykh, K. Lyssenko, A. Gudovannyy, I.

Nifant’ev, M. Minyaev, D. Roitershtein, Inorganica Chimica Acta 2022, 529, 120638



 
Chemistry Summer School on f-Elements 2022 

 

Structure-function correlations in a new family of 
homoleptic tris-didentate Cr(iii) complexes 

 

J. Chong,1 A. Benchohra,1 C. M. Cruz,3 C. Besnard,2 L. Guenée,2 C. Piguet1 

1Department of Inorganic and Analytical Chemistry, University of Geneva, CH-1211 Geneva 4, CH. 

2Laboratory of Crystallography, University of Geneva, 24 quai E. Ansermet, CH-1211 Geneva 4, CH. 

3Department of Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, CH. 

Email address: Julien.chong@unige.ch 

 

Over the past decade, the quest for earth-abundant phosphorescent emitters has renewed interest for 
Cr(III) coordination chemistry. The long emission lifetimes of the spin-forbidden transitions of Cr(III) 
complexes in the near-infrared region appear valuable in diverse applications such as in optical devices, 
catalysis or even bioimaging [1]. Yet, these emission lifetimes seem to show some sensitivity to the 
deviation of the complex coordination sphere from the ideal octahedral geometry [2]. In this context, 
we have investigated new homoleptic tris-didentate Cr(III) complexes with imidazole-based ligands, 
presenting either a 5-membered or a 6-membered chelate ring (Figure 1). We successively examined the 
structural properties of these complexes along with their photophysical features (e.g. emission lifetimes, 
quantum yields, and Racah parameters). The benefit of 6-membered chelate ring over the 5-membered 
chelate rings is discussed in regard to different archetypal Cr(III) complexes, such as [Cr(phen)3]3+ and 
[Cr(bpy)3]3+, previously reported in literature [3]. Finally, this study of model compounds will provide 
information in support of a further design of (d-f) multicomponent assemblies for addressing light 
upconversion challenge at the molecular scale. 

 

Figure 1: Crystallographic structures of homoleptic tris-didentate Cr(III) complexes.  
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 The uranyl cation is of particular interest in the actinide community as it is very stable 

and therefore a good platform for the study of uranium which has relevance both as it concerns 

nuclear weapons and nuclear power. At the core of the study of this cation is its electronic 

structure which is known to be sensitive to changes in its bonding and interaction environment 

though the nature of these changes isn’t always well-understood. In this work, we focus our 

efforts to understand how interaction with heavy metal cations alter the uranyl cation electronic 

structure and subsequent properties by synthesizing and characterizing heterometallic 

(Ag+/UO2
2+ [1] and Pb2+/UO2

2+ [2]) compounds via structural, spectroscopic and computational 

methods. Natural Bond Orbital based Second Order Perturbation Theory analysis found that 

closer M-oxo interactions lead to higher stabilization energy values which indicates stronger 

interactions occurring. The stabilization energy values were higher for Pb-oxo interactions as 

compared to Ag-oxo interactions which suggests a stronger interaction with the Pb2+ as 

compared to Ag+. This conclusion was supported by the experimental data which displayed 

greater red-shifts in the Raman active U=O symmetric stretch peaks in compounds with close 

Pb-oxo interactions compared to those with Ag-oxo interactions. Red-shifted Raman peaks 

indicates a weakening of the U=O bonds which NBO’s SOPT indicated was occurring as a 

result of depopulation of U=O bonding orbitals and population of antibonding orbitals as a 

result of interaction with the metal. As the interactions are stronger in the Pb-containing 

compounds we see a greater red-shifting in the Raman for these compounds. We additionally 

found a notable decrease in luminescence emission intensity in compounds with close M-oxo 

interaction distances and higher stabilization energy values. This indicates that these 

interactions are disrupting the uranyl cation’s electronic structure enough to crease non-

radiative decay pathways but further study is needed to elucidate a mechanism.   
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Magnetic resonance imaging (MRI) is one of the most common methods used in the field of 

diagnostic medicine. Its low sensitivity can be improved by use of contrast agents (CA) where 

the majority of clinical CAs are Gd(III) complexes.[1,2] Recent research of Nephrogenic 

Systemic Fibrosis (NSF) revealed that some Gd(III) complexes in clinical use had to be 

withdrawn.[3]  As an alternative, Mn(II) complexes were studied in the past years because of 

suitable properties, such as five unpair d electrons, long electronic relaxation times and labile 

water exchange. [4] Macrocyclic ligands provide higher thermodynamic stability to their 

complexes in comparison with non-cyclic ligands. To that several 15-membered pyridine-based 

macrocycles were examined previously and provided seven-coordinate Mn(II) complexes with 

two inner-sphere water molecules, but their thermodynamic stability was not sufficient 

enough.[4] Therefore, in this work, we decided to modified the parent 15-membered pyridine-

based macrocycle (15pyN3O2, Fig. 1) with one acetic pendant arm, i.e. to increase the denticity 

of the ligand L (Fig. 1), and to increase its complex solubility as well as thermodynamic and 

kinetic stability. The complex MnL was studied using several methods such as 17O NMR, 1H 

NMRD profile, measurement of kinetic inertness and potentiometry and obtained results will 

be discussed. 

Figure 1: Structural formulas of L and parent 15-membered macrocycle 15pyN3O2 
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The actinides exhibit diverse and complex chemistry, with the key nuclear fuel elements, U, Np and Pu, 

being some of the most complex. Uranium is of particular interest, being the largest component of spent 

fuel by mass.1 U(VI) dominates in aerobic conditions, readily forming the uranyl cation, UO2
2+, which 

has a rigidly trans and strongly covalent O=U=O unit. Notable features of the actinyl unit include 

reductive silylation, axial/equatorial oxygen exchange reactions and oligomeric actinyl/actinide Lewis 

acid base interactions, cation-cation interactions (CCIs), challenging the traditional view of actinyl 

complexes being thermodynamically stable and kinetically inert.2 Actinyl bond activation and oxygen-

transfer reactions are involved in these types of reactivity, but the mechanisms are unclear. The redox 

chemistry of uranyl(V) is also complex; the study of reductive functionalisation of uranyl(VI) to 

uranyl(V) is motivated by understanding CCIs in nuclear waste seperation.3 In order to develop a 

comprehensive understanding of uranyl reactivity within the nuclear fuel cycle, the electronic structural 

changes during REDOX reactions need to be investigated.  

Metallocenes dominate organometallic chemistry, with an abundance of cyclopentadienyl (Cp) 

complexes for almost all elements. An plethora of low valent actinide Cp complexes have been reported 

in the literature, however, only three Cp uranyl(VI) complexes have been reported to date, all derived 

from low valent precursors.4 Here, we will discuss synthetic routes to  uranyl Cp complexes beginning 

with uranyl(VI) with a view to opening up a route to a new area of uranyl organometallic chemistry.5 

Luminescence and Raman spectroscopy alongside DFT calculations will be used to study the electronic 

structure of the complexes. The long-term aim is to utilise organometallic chemistry to identify reactivity 

profiles in chemical environments more representative of those in the nuclear fuel cycle. 
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Depleted uranium is one of the main by-products of the nuclear industry, and a major waste 

product that is stockpiled by many countries. This is currently an unused resource with 

potential applications yet to be fully exploited1. Of the many forms of uranium, the most 

prominent is uranyl(VI) (UO2
2+) a linear cation of a divalent uranium oxide known for its 

thermodynamic and kinetic stability2. The photochemistry of uranyl(VI) is unique but its 

potential catalytic properties and applications remaining largely unexplored. Uranyl(VI) 

possesses some exceptional photochemical properties; excitation with blue light can give rise 

to the highly reactive uranyl(V) state which arises from the ligand to metal charge transfer 

(LMCT). This excited state is very highly oxidising, due to the oxygen centred radical and can 

abstract H atoms from C-H bonds3-5. This reactivity has been seen catalytically in a variety of 

organic transformations including oxidations, fluorinations and alkylations; where uranyl(V) 

acts as the active photocatalytic species6,7. It is therefore necessary to elucidate the nature of 

uranyl(V) photochemistry to better understand the fundamental structure and reactivity to 

develop this further and underpin further catalytic studies. The highly reactive nature of 

uranyl(V) results in a short lived and kinetically unstable species and as such with a proclivity 

to disproportionate to uranyl(VI) and U(IV)4. Hence suitable ligand systems will need to be 

coordinated to allow uranyl(V) to be fully characterised both thermally and photochemically. 

One such proposition is the use of a ligand containing a Lewis acid group in the first 

coordination sphere which can help electronically stabilise the oxygen radical and prevent 

disproportionation. It has been reported that complexes of zirconium containing chloride and 

η5-aluminabenzene demonstrated intramolecular interactions between the Lewis acidic 

aluminium atom and chloride ligand resulting in an elongation of the bond length8. This 

ligand is hypothesised to produce interactions with the U-O bond in uranyl(VI)[see figure 1] 

analogous to the reported Zr-Cl bond and thus provide a potential route to a kinetically stable 

uranyl(V) complex for characterisation.  

 

Figure 1 Proposed uranyl(VI) almuinabenzene complexes displaying the intramolecular interactions between aluminium and 
oxygen atoms 
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The ability to image biological tissues is of paramount importance to a vast range of industries, with 

prolonged development resulting in a robust suite of techniques to image biological samples.1 However, 

these approaches often rely on organic fluorophores which exhibit autofluorescence, photobleaching 

and low signal to noise ratio due to broad emission which overlaps with excitation wavelengths. 

Lanthanide ions offer a solution to the intrinsic issues of organic-based imaging systems, namely ‘line-

like’ emission and long excited state lifetimes. Coupled with the ability to emit at longer (infrared) 

wavelengths, these highly specific emission characteristics can be optimised to yield significant 

enhancement in signal to noise ratios.2 A caveat to their use is poor extinction coefficients, which can 

be successfully mitigated with sensitisation strategies via organic chromophores or d- and f-block metal 

complexes. 

Herein we present synthesis of novel lanthanide systems based on a macrocyclic binding architecture3 

that display near-infrared emission when excited at visible wavelengths, and are consequently of interest 

for biological imaging applications. Both ligand and f- metal complex sensitisation strategies are 

invoked, presented as a Yb2Tb heterotrimetallic complex and long wavelength chromophore lanthanide 

species, respectively.  
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In 2021[1], we reported on the synthesis of the heteroleptic [L1Er(hfac)3], where a cyanine dye 

was connected to a tridentate binding unit in L1. An upconverted signal in the visible region 

could be observed upon NIR excitation as a result of the competition between ETU (Energy 

Transfer Upconversion) and ESA (Excited State Absorption) mechanisms. Following previous 

work that focused on symmetrical triple-stranded helicates[2], we have now designed and 

synthesized a segmental ligand L2 made up of the same cyanine dye connected via a sulphur 

bridge to the central unit of a didentate-tridentate-didentate building block. The idea is to add 

several dyes around the central lanthanide to try to improve the upconverted signal. However, 

each dye contributes for one positive charge to the final complex, which should be able to catch 

triply positive lanthanide cations. To overcome this limitation, the formation of triple-stranded 

helicates came to mind because the central tridentate unit bound to Ln3+ is flanked by two 

didentate units, which are eager for complexing pseudo-octahedral divalent d-block cations. 

The resulting driving force is expected to produce thermodynamically stable [LnM2L23]
10+ 

helicates with unprecedented light-harvesting and upconversion properties. 

 

Figure: Molecular structures of L1 ligand previously synthesized in our group[1] and of  L2 ligand 

synthesized in this project. 

Acknowledgements. This work is supported through grants from the Swiss National Science 

Foundation. 

References  

[1] B. Golesorkhi, S. Naseri, L. Guénée, I. Taarit, F. Alves, H. Nozary, C. Piguet, J. Am. Chem. Soc. 

2021, 143, 15326–15334. 

[2] M. Cantuel, F. Gumy, J.-C. G. Bünzli, C. Piguet, Dalton Trans. 2006, 2647–2660. 

  

mailto:Filipe.alvesdasilva@unige.ch


 

Chemistry Summer School on f-Elements 2022 
 

   
 

A computational approach to understanding REDOX 

speciation of uranium on iron minerals 
 

C.Hatton,1 N. Kaltsoyannis, 1 L. Natrajan, 1 

1 University of Manchester, Manchester, UK 

Email address: corinne.hatton@postgrad.manchester.ac.uk 

Uranium makes up the major component of nuclear fuel by mass. Uranyl is particularly 

mobile in the geosphere, and it is crucial to prevent the release of the radionuclides as they 

cause irreversible damage to the environment and biological species.1,2 The current plan by 

the UK government is to build a geological disposal facility (GDF) for long-term storage of 

HLW (High Level Waste) using a multi-barrier approach. The final barrier is a rock layer 

which protects the waste from the environment and vice versa. Ubiquitous natural minerals 

can bind to uranium, inducing chemical changes that have important implications for its 

mobility in the geosphere. There is limited information on the REDOX reactions that occur 

between iron minerals and uranium, but is has recently been shown that Fe(II) minerals can 

reduce uranyl(VI) to its more reactive +V oxidation state.2,3 Before building any GDF it is 

important to understand the chemical reactions that will occur between the mineral surface 

and the waste. This will be done using embedded cluster models within density functional 

theory calculations and accompanying experimental work to develop a description on the 

interaction, chemical bonding and REDOX transformation of uranium and various iron 

bearing minerals. 

Work so far has focused on the computational modelling of goethite and some uranyl species 

to build an accurate model description of the binding of uranyl to Fe(II) minerals to examine 

structural differences between uranyl species bound to the mineral surface. Current 

experimental work is focused on applying Raman and luminescence properties to inform the 

theoretical descriptions.  

a) b)   

Figure: Optimised geometry of a) UO2
2+ on goethite and b) UO2

+ on goethite.  
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As tetrahedral species with d0 configuration, [MS4]
2- (M= Mo,W) can coordinate to other 

metal centers via the potentially bridging sulphide ions. The coordinative versatility of these 

tetrathiometallates has therefore given rise to various heterometallic assemblies with a wide 

range of applications.1,2  Surprisingly, there are only two occurrences of lanthanide ions bearing 

tetrathiometallates as purely inorganic ligands, both developed by Evans and co-workers and 

involving strongly reducing Ln(II) precursors.3,4  

The chemistry of lanthanide chalcogenate complexes has been of growing interest since the 

atypical combination of a highly ionic metal with a highly covalent ligand yields molecules and 

materials with singular properties. This comes with inherent synthetic challenges; lanthanides 

are known to be very oxophilic, which makes the exchange with softer thiolate ligands difficult. 

As illustrated by the work of Evans et al., tetrathiometallates have already demonstrated their 

ability to be a versatile ligand platform to 4d and 5d-4f polymetallic sulfido assemblies. We 

extended this chemistry to trivalent lanthanide ions and demonstrate that up to three 

tetrathiotungstate molecules can complete the coordination sphere of rare-earth center, 

providing inorganic 5d-4f sulfido clusters with size-selective structures. 
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A growing interest in the chemistry of near-infrared (NIR) lanthanide-based luminescent 

coordination compounds is rising thanks to their promising applications in biomedicine as 

luminescent probes for cell imaging and medical diagnostics.1 This is due to their emission in 

the second biological window (1000-1400 nm) where the tissues are quite transparent and the 

photons can penetrate deeply into samples. 

In this contribution,2 we present the synthesis, characterization and spectroscopic investigation 

of the new heteroleptic (R,R)-YbL1(tta) and (R,R)-NdL1(tta) complexes (with tta = 2-

thenoyltrifluoroacetonate and L1 = N,N′-bis(2-(8-hydroxyquinolinate)methylidene)-1,2-(R,R 

or S,S)-cyclohexanediamine) in the solid state (Figure 1). The f-f metal-centered NIR 

luminescence emission of both lanthanides is efficiently sensitized by both chromophoric 

ligands in a very broad range of wavelengths. A possible energy transfer mechanism is 

proposed: for (R,R)-NdL1(tta) complex a Ligand-to-Metal Energy Transfer (LMET) 

mechanism (antenna effect) is suggested,3 whilst in the case of the (R,R)-YbL1(tta) complex, 

the presence of a ligand-to-metal charge transfer (LMCT) state determines the sensitization of 

Yb(III) luminescence.4 

 

 

 

 

 

 

 

Figure 1: Molecular structure of the complexes discussed. 
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Lanthanide(III) (Ln) luminescence has numerous advantages compared to the fluorescence 

of organic molecules. For instance, Ln(III) electronic transitions have an atomic-like 

appearance serving as distinct spectral patterns even in complex media. Ln(III) emission 

lifetimes are in the µs-ms range, making them useful for the time-resolved detection. The major 

drawback is the low molar absorption coefficients of the Ln(III) ions. Sensitization of Ln(III) 

emission via the antenna effect in the macrocyclic complex can overcome this disadvantage. 

Anion binding to Ln(III) can change the luminescence intensity of the macrocyclic 

complexes. In many cases, the Ln(III)-bound water molecules are replaced by the external 

anions, such as fluoride, and the emission intensity is enhanced due to the removal of the O-

H.[1] Recently we discovered that fluoride binding also hinders photoinduced electron transfer 

(PeT) from the excited antenna to Eu(III), which can be an efficient quenching process. The 

combined profit of the bound fluoride from both components was a 7.6-fold increased Eu(III) 

emission intensity.[2] 

In this project, we investigated the dependence between the Ln(III) complex structure and 

changes in emission intensity upon fluoride or cyanide addition. We assumed that for the 

compounds susceptible to PeT, intrinsic quantum yield and sensitization efficiency would be 

altered upon anion binding. The former parameter is sensitive to changes in the coordination 

environment, such as displaced inner-sphere water molecules. The latter describes how much 

energy was transferred from the excited antenna to Eu(III). We hypothesized that the changes 

in these parameters upon anion binding could help understand the origin of luminescence 

response and thus to design more efficient Ln(III) molecular probes (Figure 1). 

 

Figure 1: Anion binding in 1,4-diacetate-1,4,7-triazacyclononane-based Eu(III) complex. 
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The reaction of Ln(NO3)2·6H2O (Ln = Eu, Tb, Dy and Sm) with (R)-(-)-α-

Methoxyphenylacetic acid (R-HL) and 1,10-phenanthroline (phen) in EtOH/H2O allows the 

isolation of 1D chiral compounds of formula [Ln(-R-L)(R-L)2(1,10-phen)]n in which Ln = 

Eu (R-Eu), Tb (R-Tb), Dy (R-Dy) and Sm (R-Sm), phen = 1,10-phenanthroline  The same 

synthesis by using (S)-(+)-α-Methoxyphenylacetic acid (S-HL) instead of (R)-(-)-α-

Methoxyphenylacetic acid allows the isolation of the enantiomeric compounds with formula 

[Ln(-S-L)(S-L)2(1,10-phen)]n  where Ln = Eu (S-Eu), Tb (S-Tb), Dy (S-Dy) and Sm (S-

Sm). The luminescence study and the Circular Dichroism measured in the solid state are 

reported. All compounds show sensitized luminescence, notably the Eu3+ and Tb3+ ones, 

which emission color could be perceived in the naked eye. For the Eu3+ and Tb3+ derivatives 

the quantum yield has been measured with an integrating sphere and the Circular Polarized 

Luminescence was recorded, Also, magnetic properties of all compounds were studied with 

the Dy3+ enantiomers showing field induced Single Molecular Magnetism.   
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Gd3+-based contrast agents have been recently the subject of 

public health concerns, due to the potential in vivo release of 

free and toxic Gd3+.The causal link of nephrogenic systemic 

fibrosis to Gd3+ exposure of patients has so far led to the 

withdrawal of Gd3+ complexes formed with linear chelators.1 

The search for more biocompatible alternatives to Gd3+-based 

MRI agents, and the interest in 52Mn for PET imaging call for 

ligands that form inert Mn2+ chelates. Given the labile nature 

of Mn2+, high inertness is challenging to achieve. The strongly 

preorganized structure of the 2,4-pyridyl-disubstituted bispidol 

ligand L endows its Mn2+ complex (see Scheme)  with 

exceptional kinetic inertness and despite a moderate 

thermodynamic stability, [Mn(HL)] is the most inert monohydrated Mn2+ complex known to 

date. Indeed, the Mn2+ complex did not show any dissociation for 140 days in the presence of 

50 equiv. of Zn2+ (37 °C, pH 6). In addition, the relaxivity of [Mn(HL)] (4.28 mM-1.s-1 at 25 

°C, 20 MHz) is remarkable for a monohydrated, small Mn2+ complex, which might be related 

to a second sphere relaxivity contribution induced by the non-coordinating carboxylates 

functions. In vivo MRI experiments in mice and determination of the tissue Mn content 

evidence rapid renal clearance of the chelate. Additionally, the ligand could be radiolabeled 

with 52Mn and the radiocomplex revealed good stability in biological media.2  The bispidine-

based L chelator constitutes a very promising structural entry for the development of Mn-based 

imaging agents for both MRI and PET. Most importantly, it can provide excellent kinetic 

inertness which so far could not be achieved within the more traditional ligand families. 

Acknowledgements. We thank France Life Imaging (FLI) for a student travel grant. 

References 

[1] Grobner. T, Nephrol. Dial. Transplant. 2006, 21, 1104-1108. 

[2] Ndiaye. D, Sy. M, Pallier. A, Même. S, de Silva. I, Lacerda. S, Nonat. A. M, Charbonnière. L. J, 

Tóth. É, Angew. Chem. Int. Ed. 2020, 59, 12223-12223. 

H I
GH KINETI

C

I
N E R T N

E S
S[Mn(HL)]

mailto:daouda.ndiaye@cnrs-orleans.fr


 

Chemistry Summer School on f-Elements 2022 
 

 

 Luminescent Properties of Homoleptic/Heteroleptic 

ErIII/anilate-based 2D Coordination Polymers 
 

Fabio Manna1,2, Suchithra Ashoka Sahadevan1,2, Alexandre Abhervé1, Mariangela Oggianu2,3, 

Francesco Quochi 4, Frédéric Gendron5, Boris Le Guennic5, Narcis Avarvari1*, and Maria Laura 

Mercuri2,3* 

1 Univ Angers, CNRS, MOLTECH-Anjou, SFR MATRIX, F-49000 Angers, France. 

2 Dipartimento di Scienze Chimiche e Geologiche, Università degli Studi di Cagliari, S.S. 554 − Bivio per 
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The synthesis, structural, photophysical characterization and theoretical studies of 

homo/heteroleptic neutral 2D layered coordination polymers (CPs), obtained by combining 

the erbium(III) ion with chlorocyananilates (ClCNAn) and tetrafluoroterephthalates (F4BDC) 

linkers, are herein reported [1]. For example, the heteroleptic ErIII-based CP, formulated as 

[Er2(ClCNAn)2(F4BDC)(DMSO)6]n (1) has been obtained as crystalline material. 1 

crystallizes in the triclinic P-1 space group and the structure consists of neutral 2D layers 

formed by ErIII ions linked through the two linkers oriented in such a way that the neighboring 

2D layers are eclipsed along the a axis, leading to parallelogram-like cavities. Photophysical 

measurements highlight the prominent role of chlorocyananilate linkers as optical antennas 

toward lanthanide ions, while wave-function theory analysis supports the experimental 

findings providing evidence for the effect of ligand substitution on the luminescence 

properties of homo/heteroleptic 2D CPs.  

 

Figure: General synthetic procedure for the synthesis of hetero/homoleptic compounds. The F4BDC2- 

linker in the heteroleptic compound is highlighted in blue. 
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More recently, an ErIII 3D heteroleptic coordination polymer based on the combination of the 

same ligands has been obtained by varying the experimental conditions [2]. 
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Design of molecular materials has attracted a great deal of attention in recent years. Owing to their 

molecular nature, they are associated with soft chemistry routes, light density, optical transparency or 

tuneable physical properties. More specifically, our interest is focused upon hetero-poly-metallic 

complexes that have the potential of featuring luminescent, magnetic and photo-switching properties. 

Hetero-poly-metallic complexes combining up to four different metallic ions, are obtained according 

to a smart supramolecular approach that consists in using “complexes as ligands”. In other words, 

coordination complexes, either mononuclear or polynuclear, are employed as functional precursors for 

multifunctional assemblies. This method is advantageous as it affords many variations in synthetic 

parameters, and the properties of the precursors are well established. 

Our synthetic strategy essentially relies on oxalate- and cyanide-based coordination chemistry.[1] The 

key building blocks are original trinuclear complexes that feature high-spin molecule, single-molecule 

magnet or luminescent properties. And second, paramagnetic oxalates and photo-switching cyano 

complexes act as structure-directing entities for supramolecular and dendritic assemblies. 

To date, we have developed the first multifunctional hetero-tetra-metallic complexes having both 

magnetic and photo-switching properties. The versatility of the synthetic approach was demonstrated 

by getting several families of hetero-tetra-metallic complexes, with no less than 18 different 

compounds.[2] In this presentation, we also report the first instance of metallodendrimers with single-

molecule magnet properties, a  fascinating tuneable decanuclear architecture 
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The synthesis of heterobimetallic complexes is relevant for their various applications in catalysis but 

also in luminescence. Europium ions in the +III or +II oxidation state are able to absorb in the UV 

region and emit in the visible region. Nevertheless, due to their forbidden f-f transition, the emission 

has a low intensity. Transition metals, such as iridium, can allow charge transfer transitions with great 

intensity and sensitize the luminescence europium ions. Using d metals may facilitate intermolecular 

energy transition with the stabilisation of excited state and thus improve the quantum yield of the 

emission. The biggest challenge is to synthesize well-defined heterobimetallic complexes. In our 

group we recently described the preparation of a series of iridium/aluminium clusters.
1
 The purpose of 

this M2 project is to apply a similar synthetic methodology in order to prepare original and well-

defined europium/iridium architectures and explore their photophysical properties. This poster will 

describe the synthesis, characterization and photophysical data of a new, original europium/iridium 

polyhydride compounds (Figure 1).  

Figure 1: Synthesis of a europium iridium complex 
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Over the past decade, a growing interest has emerged in optimised intra-ligand charge transfer 

(ILCT) antennas, based on the extension of the π-conjugate system of a 2,6-pyridine 

dicarboxylic acid co-ordinating unit for energy transfer to lanthanide metal centres.1 The 

introduction of different electron-donating moieties in the molecule allows modulation of the 

absorption wavelength, while the functionalisation with polyethylene glycol ensures an optimal 

solubility in water. A growing interest in the development of molecular guest recognition by 

artificial hosts has also emerged due to the increasing importance of host-guest chemistry2, 

which is a fundamental process for a variety of chemical and biological phenomena and for the 

regulation of various functions in living systems. Consequently, an interesting complementary 

tool is the use of Ln(III) luminescence spectroscopy and in particular CPL spectroscopy as tools 

for chiral separation and resolution.3  

In this contribution, we designed chiral ligands [L1(S,S’); L2(R,R’)] that exhibit broad 

absorption and emission transitions in the visible spectral range and can ensure water solubility 

to the related complexes. The photophysical properties of the corresponding europium 

complexes have been extensively studied in various solvents. The luminescence lifetimes 

suggest hydration of the complexes with a water molecule in the inner coordination sphere of 

Eu(III). This makes such compounds perfect to be used in a future study of the Eu(III) emission 

upon the systematic variation of one analyte in a complex mixture simulating a real extracellular 

environment. 

 

Figure : Structure of the synthesized enantiomeric complex EuL2 (R,R’). 
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The presence of radioelements, such as U, Th, or Pu, as a result of accidental discharges raises the 

question of their transfer in the environment and the resulting risk of food chain contamination. Their 

transfer in soils and sediments is not only controlled by geological and physico-chemical parameters but 

also by microorganisms. The latter take part in the mobilization/immobilization of trace metals [1]. 

As natural iron-specific chelators, siderophores have to be considered in this context [2]. These low 

molecular weight, water-soluble compounds are excreted by bacteria and fungi to overcome the limited 

bioavailability of iron by dissolving the metal oxohydroxides present in the soils. Recently, they have 

also been recognized as effective actinide(IV) chelators and transporters, promoting their migration in 

contaminated soils [3]. Moreover, the development of high affinity chelators for f-elements and the 

understanding of their coordination chemistry is of fundamental interest for the management and 

remediation of contaminated fields or the disposal of nuclear wastes in geological repositories [5]. 

This work is devoted to the complexation study of Th(IV) and U(IV) with hydroxamic acids (Figure 1). 

For Th(IV), we used affinity capillary electrophoresis (ACE) with UV detection. ACE is based on the 

change in the electrophoretic mobility of the detected species due to the interaction with other species 

present in the electrolyte. The manipulation of tetravalent uranium in aqueous solution is not an easy 

task because of its instability to air and high tendency to hydrolyse. However, one advantageous feature 

of this cation is its light absorption properties in the visible region, which allows to study the U(IV) 

complexation equilibria by classical absorption spectrophotometry. We have developed a reliable 

experimental protocol for performing spectrophotometric titrations using simple tools, while starting 

from an air-stable UO2
2+ solution.  

The ACE and spectrophotometric methods were successfully applied for studying the Th(IV) and U(IV) 

complex formation equilibria with various hydroxamic acids. Both techniques provide valuable 

information for further modelling of their behaviour under environmental conditions [6]. 
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The design of light-responsive single-molecule magnets (SMM) may provide features of great potential 

for smart materials.[1, 2] The incorporation of photochromic ligands within lanthanide complexes 

represents a simple and effective approach to manipulate SMM properties with light irradiation. 

Actually, light-driven variation in the ligand structure can induce controled modifications in the 

coordination environment of metal complexes which can affect their SMM behaviors.[3] Lanthanide-

based complexes present rich photophysical properties along with their intrinsic magnetism, making it 

possible to design a single system combining such two properties. The direct coordination of β-

diketonate ligands incorporating dithienylethene (DTE) units to lanthanide ions opens the possibility to 

manipulate the light emission response of lanthanide ions emitting either in the visible or in the near 

infrared range, such as Eu3+ and Yb3+ ions, respectively.[4] In this work, we use tris(3-(2-

pyridyl)pyrazolyl)hydroborate (Tppy) in combination with photochromic β−diketonate ligands to target 

luminescent dysprosium complexes with controlled magnetic anisotropy. Accordingly, the ternary 

lanthanide complex of one Tppy ligand and two β-diketonate fused DTE ligands has been prepared. To 

examine only the magnetic behavior of the systems, the simplest models in which the photochromic 

β−diketonate is replaced by a dibenzoylmethane (dbm) ligand have been also synthesized.[5] In the 

structure of these complexes, the tetradentate Tppy ligand occupies an equatorial plane of the molecule 

while the two β-diketonate play the role of axial components. 

 

Figure 1: Structures of dysprosium complexes to study light-driven magnetic switching. 
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Lanthanide-based metalorganic complexes open up new possibilities in various fields of application, profiting 

from the unique, closely correlated magnetic and luminescent features. As the 4f transitions in isolated Ln(III) ions 

are forbidden by symmetry rules, the presence of a coordinating sphere of suitable ligands is required to lift the 

degeneracy of ground and excited electronic states, thereby giving rise to distinct optical properties.1 Moreover, 

the underlying crystal field interactions implicate the capacity to generate distinct magnetic anisotropies and allow 

for the application of Ln(III) complexes as single-molecule magnets.2 As both optical and magnetic properties of 

metalorganic complexes are governed by their electronic structure, their understanding and tunability require 

profound knowledge on the corresponding crystal field splitting. Reversely, magnetic and luminescence 

measurements reveal in-depth insight into the electronic structure of the respective system.3 The preparation of 

chiral Ln(III) complexes enables the emission of circularly polarized light, as each of both enantiomers absorbs or 

emits photons preferentially with one sense of circular polarization.4 Apart from the corresponding potential for 

applications like biosensing or anti-counterfeit devices, these features introduce additional selection rules for 

energetic transitions, thereby improving the discrimination of each contribution in absorption and emission spectra.  

Initiated by studies on structurally related helical Yb(III) 

complexes,5 chelidamic acid based ligands with different 

conjugated antenna, chosen to ensure an efficient 

sensitization of the Ln(III) ions, were synthesized. The 

increased polarity of the attached charge transfer 

functionalities as compared to a previously investigated 

reference system (Ln=Yb, R=R1) is expected to 

facilitate the preparation of samples in polymer matrices 

required for the envisaged CPL measurements. 

Depending on the ligands’ stereochemistry, these wrap 

around the Ln(III) ion in the course of complex synthesis 

and induce either Λ- or Δ-type helical chirality. As a 

result, enantiopure complexes featuring luminescence in 

the UV/Vis (Ln = Eu) or in the near infra-red wavelength 

region (Ln = Nd, Yb, Er) were obtained. For all sets of 

complex enantiomers, extensive investigations on their 

optical properties by a combination of spectroscopic 

methods are anticipated. These include absorption and 

luminescence measurements as well as studies on 

circular dichroism and circularly polarized 

luminescence. In combination with magnetic studies and ab initio calculations, a detailed characterization of the 

electronic structure and the crystal field splitting of chiral Ln(III) complexes is envisaged. 
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In recent years, a renewed interest in the study of chiroptical properties in both absorption and 

emission has occurred. Compounds showing significant optical activity have applications in 

chiral electronics and photonics, such as circularly polarized OLEDs,[1] polarization sensitive 

phototransistors and spin filters, as a few examples. Thanks to the nature of f–f transitions, 

lanthanide complexes prove effective in displaying significant chiroptical properties.[2] Beyond 

the UV-Vis domain, where most chiroptical properties are studied, it is possible to prepare 

lanthanide complexes endowed with effective CD (circular dichroism) and CPL (circularly 

polarized luminescence) in the NIR region.[3-7] Indeed, NIR wavelengths are of high interest in 

view of potential applications, such as in vivo imaging and telecommunications, as well as 

many others. In this work we aimed at demonstrating that selected transitions of certain chiral 

complexes of Yb, Tm and Er can show almost complete selective absorption of circularly 

polarized light in the 900–1600 nm region, while also emitting a significant degree of either 

left- or right-circular polarization.[8] 

 

Figure : Plots of gabs for CsLn(hfbc)4 (top) and [TMG-H+]3Ln(BINOLate)3 (bottom) (Ln = Yb, Tm, Er). 
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Catalysis is a fascinating opportunity for synthetic chemists, especially organic chemists since 

it allows energetically unfavoured organic transformations as well as the use of milder reaction 

conditions and the discovery of new chemical selectivity. To this purpose, many different catalytic 

systems have been developed for organocatalysis, transition-metal catalysis or biocatalysis. Among 

them, photo-redox catalysts proved to be very efficient to unbolt typical synthetic issues, particularly in 

combination with transition-metal catalysts (dual catalytic systems). Although important progresses 

have been made in this field, substantial limitations still remain. Photo-redox catalysts are mainly based 

on precious metals such as iridium or ruthenium, which are rare and expensive. Thus, serious efforts are 

currently made to replace them.  

Some developments focus in replacing the precious metals by more-abundant first-row metals 

such as copper, iron, chromium, and so on. However, these catalysts are limited to highly reductive 

redox potential, which is not consistent with alkanes activation. As ultimate goal of the project, we wish 

to shed light on another metal family, the f-elements, with significant and high oxidative photo-redox 

properties, which will be investigated as photo-redox coupling partners in combination with 

dehydrogenative cobalt-based catalysts (dual catalysis) in order to produce hydrogen from unreactive 

and polluting chemicals such as plastics polymer or methane, a highly greenhouse gas.  

Contrary to the commonly-used term of rare earth elements, lanthanides are widely available in 

the earth upper continental crust and are affordable metals, which is particular true for cerium (CeO2 is 

2.5 e/kg).The goal of the project is first to synthetize and characterize a large library of original 

phenolate-based CeIV complexes in order to study their photo-properties and reactivity towards single-

electron processes such as Hydrogen Atom Transfer from light alkanes such as methane (CH4) to very 

heavy ones such as polyethylene (PE). Then, these catalysts will be employed in combination with 

dehydrogenative cobalt catalysts such as cobaloxime in order to reach this ambitious goal which 

concerns the production of hydrogen from alkanes based polluting chemicals.  

 

 

 

 

 

Figure : Transformation of plastics in hydrogen gas through cerium-cobalt dual catalysis 
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The organometallic chemistry of lanthanides has long been dominated by the use of the classical 5-

membered monoanionic cyclopentadienyl (Cp) ligand and its derivatives.1 Another major impetus in the 

organolanthanide chemistry was brought by the introduction of the larger and dianionic 

cyclooctatetraene (COT) ligand, which led to the synthesis and characterisation of numerous examples 

of lanthanide complexes.2 With the exception of the COT ligand, organolanthanide complexes 

containing large aromatic ligands (7 or more atoms in the ring system) are relatively scarce.3 

Over the past few years, we have been interested in the development of novel lanthanide complexes 

featuring large carbon-based ligands, especially the monoanionic 9-membered cyclononatetraenyl (Cnt) 

ligand.4 Such ligands may confer promising magnetic properties to the corresponding Ln complexes,5-6 

as well as provide modular coordination modes.7 For example, using the Cnt ligand, linear4 and 

propeller-like8 complexes were obtained using divalent and trivalent lanthanides, respectively (Figure 

1). 

Current research ongoing in our laboratory is directed to the design of novel organolanthanide 

complexes containing larger and more expanded aromatic ligands in order to tune their magnetic 

and structural properties. 

 

Figure 1: Organolanthanide complexes containing large aromatic ligands developed by our group. 
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1,4-Diaza-1,3-dienes (DAD) are well established as highly versatile ligands because they are 

redox-active: They can coordinate as neutral ligands or in their radical anionic or dianionic 

form (enediamide) and therefore can serve as a reducing agent. 

 

Here we report about the reactions of the lanthanum complex 1 with different carbonyl 

compounds. 

 

 

 

 

 

 

 

 

The very different reaction products 2 and 3 prompted 

us to assume that the 1,4-diaza-1,3-dienes which are 

bonded as enediamides both act as cooperative  

ligands which undergo chemical 

transformations (product 2) 

and as reducing agents 

causing the pinacol coupling of 

benzophenone in the product 3. 

The reaction takes a completely 

different course when 1 is reacted 

with the ester benzyl benzoate and phenethyl benzoate.   



Chemistry Summer School on f-Elements 2022 
 

 

103Ru/103mRh Auger Generator: how to deal with the tricky chemistry of Ru? 

M. Thery a,b, C. Alliot b,c, S. Huclier-Markai a, b, * 
a SUBATECH, UMR 6457, IMT Atlantique / CNRS-IN2P3 / Nantes Université, 4 rue A. Kastler, BP 20722, 44307 

Nantes cedex 3, France 
b GIP ARRONAX, 1 Rue Aronnax – CS 10112 – 44817 Saint-Herblain Cedex, France ; 
c INSERM U892-8 quai Moncousu, BP 70721, F-44007 Nantes, CEDEX 1, France 
*corresponding author: Email: sandrine.huclier@subatech.in2p3.fr  

Objectives: The use of Augers emitters as potential radiopharmaceuticals is increasingly investigated. 

Indeed, the short penetration path of Auger electrons in matter gives them the advantage of inducing 

minimal toxicity to healthy cells even at high injected activities. Among all the Augers emitters 

identified, one such radionuclide of interest is 103mRh. This can be produced from 103Ru or from 103Pd in 

an in vivo generator (see Figure 1). To design a radionuclide generator, it is necessary to obtain an 

effective separation between the radionuclides of interest. Separation of Rh from Ru has already been 

conducted through solvent extraction but it isn’t usable in batch liquid extraction/post processing. Use 

a chromatographic-type generator would be expected to be much more practical and accessible to 

obtain 103mRh Auger emitter for widespread research use. Nonetheless, the chemistry of Ru is not trivial 

and could undergo several redox states, leading thus to different complexation properties. This work 

aims scrutinizing the fundamental chemistries of Ru.  

 
Figure 1: Eh-pH diagram of Ru in chloride media, pH 0, CRuO = 10-6 mol L-1 

Methods: The distribution diagram of an element is a powerful tool to understand it chemical behavior 

in aqueous solutions. EC-ICP-MS and LDI-TOF have been used to identify the Ruthenium species, 

especially in its trivalent state, and evaluated its behavior with chloride and hydroxo ligands. 

Results: The analytical tools used seem to be appropriated for speciation of Ruthenium. Ru(III) species 

in chlorinated and aqueous medium have been identified. Equilibrium constants have also been 

determined. The distribution diagrams of Ruthenium have been constructed experimentally as a 

function of pH and chloride concentration. These results made it possible to confirm the Pourbaix 

diagram establish only from calculation by Povar and al.1 (Figure 1) 
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Earth-abundant Cr(III) phosphorescent emitters emerged as an appealing alternative to Ru(II) complexes 

in energy converting devices. However, the kinetic inertness of Cr(III) narrows down the synthetic 

approaches for its integration in multicomponent self-assemblies operating under thermodynamic 

control [1]. To tackle this issue, our group dedicated efforts to developing heteroleptic Cr(III) 

compounds with a ‘complex-as-ligand’ function. A successful outcome based on a long-lived near 

infrared emissive {CrIII(phen)3}-type chromophore was reported in 2020 [2]. Its propensity to form 

polymetallic structures under equilibrium in solution was first assessed with Zn2+ ions (figure 1). Herein, 

we will discuss preliminary results of the association of this Cr(III) building-block with 

[Ln(hfac)3diglyme] precursors for preparing functional polymetallic complexes.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Long lived NIR emissive Cr(III) complex-as-ligand and its association with Zn2+ [2].  
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Lanthanide complexes have exceptional optical, magnetic and catalytic properties due to their 

partly filled 4f orbitals. To benefit of such properties, a large number of mono or polydentate 

ligands can be designed, allowing to play with different metal-ligand interactions.  

Ligands based on 1,3,5-triazacyclononane (tacn) have been widely studied with a variety of 

functional groups.[1] In particular, substitution by three pyridine phosphonate arms give a stable 

mononuclear complex in water which present interesting luminescent properties.[2] Moreover, 

polynuclear assemblies could be obtained by interaction of two units linked by a metal.[3] This 

inspired us to design the ditopic ligand presented in Figure 1. The proximity of the two metals 

is expected to generate cooperative effects between the lanthanide ions and hopefully new 

physico-chemical properties.  

Optical and NMR spectroscopies were used to study the coordination between the ditopic ligand 

and some lanthanide ions Ln3+ giving information about the different species formed, their 

composition and spectroscopic properties. 

 

Figure 1: Structure of the ditopic ligand 
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The unique photophysical properties of Tb complexes, i.e., long 

photoluminescence (PL) lifetimes and well separated and narrow 

emission bands over a broad spectral range, render them attractive 

donors in multiplexed time-gated Förster Resonance Energy Transfer 

(TG-FRET) biosensing and bioimaging applications.[1-8] Recently, a 

new Tb complex, coined CoraFluor (CRF-Tb), was introduced.[9] 

Besides traditional homogenous assay applications, CRF-Tb also 

enables target engagement profiling in living cells. Here, we present 

the photophysical characterization (e.g., PL lifetime, brightness, 

stability in biological buffers) and quantum dot (QD)-based TG-FRET 

biosensing (Tb-to-QD FRET assay) using CRF-Tb-functionalized streptavidin (sAv). CRF-Tb showed 

the typical PL spectra in the 450 to 700 nm range, a PL lifetime of 2.8±0.1 ms, and absorption in the 

340±20 nm range (extinction coefficients ~22,000 M-1 cm-1 at 340 nm). Bioconjugation of the 

pentafluorophenyl-activated CRF-Tb- to sAv resulted in ~30% decreased brightness of the entire CRF-

Tb complex but only ~10% PL quenching of the central Tb ion (PL lifetime of 2.6±0.1). CRF-Tb-sAv 

efficiently bound to biotinylated QDs (biot-QD) in solution and ratiometric TG-FRET assays 

(measuring both Tb donor quenching and QD acceptor sensitization) allowed for the quantification of 

CRF-Tb-sAv-biot-QD complexes at sub-nanomolar concentrations. The excellent performance in the 

nanoparticle-based TG-FRET assays showed that CRF-Tb has a strong potential to become a valuable 

alternative within the toolbox of supramolecular Tb complexes for biosensing and clinical diagnostics.  

Keywords: lanthanides; quantum dots; terbium; TR-FRET; biosensing 
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Fluoride is an essential mineral in maintaining oral hygiene and bone growth. However, excess 

consumption leads to detrimental health effects [1]
. This arises a need to detect and quantify 

fluoride in solution. However, its similarity with isoelectronic hydroxide anions is challenging 

the selective detection of fluoride in water. Lanthanide complexes form a class of 

supramolecular macrocyclic receptors that are widely explored as hosts for anion recognition 

[2,3]
.  

Kinetically stable lanthanide complexes offer the potential to address this through coordination 

of fluoride without precipitation of lanthanide fluoride salts, and monometallic complexes have 

recently proved a fruitful area for research [4,5]
. Herein, we report the behaviour of 

homobinuclear lanthanide complexes in water with ligands comprising two DO3A units linked 

by a C-2 or C-3 alkyl chain. In such systems, fluoride complexes of the form Ln2LF, Ln2LF2 

and Ln2LF3 are observed: the first fluoride binding event involves strong binding facilitated by 

chelation to both metal centres, with fluoride as a bridging ligand, while formation of Ln2LF2 

results in a more open configuration.  Steady state and time-resolved luminescence studies 

combined with magnetic resonance methods have been used to probe speciation and 

intermetallic communication in these systems. 
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Porous liquids are innovative materials that may combine the ease of transporting and storing 

a liquid with the efficiency and selectivity of porous solid materials. Hence, they might be used 

as an alternative to solvents in liquid-liquid extraction of rare earth elements. Indeed, Zhang et 

al. reported the first porous liquid with cavities of nanometric size in 2015, based on silica 

hollow spheres.1 They modified the surface of the silica particles following a two-steps 

procedure: 1) covalent grafting of a cationic organosilane and 2) establishing a ionic binding 

between the tethered cationic group and a sulfonated polyethylene glycol derivative. As usually 

reported in literature for other classes of porous liquids, they assessed the properties of their 

new material for gas separation. In the present project, we propose for the first time porous 

liquids as promising and original tools for metal separation. Up to now, poor knowledge has 

been gathered about these materials, and no hydrophobic porous liquids with nanometric 

cavities have been synthesized yet. 

This work focuses on developing a new hydrophobic porous liquid based on silica hollow 

spheres with a low viscosity, and on using it for the extraction of some rare earth elements, such 

as neodymium, praseodymium and dysprosium present in permanent magnets. To this purpose, 

a new strategy of grafting is proposed. It is adapted from the synthesis of a nanoscale ionic 

material (NIM) previously reported by Rodriguez et al.2 and it consists first in forming a short 

sulfonated organosilane-based corona surrounding the hollow silica sphere. A tertiary 

poly(ethoxylated) fatty amine is subsequently added in order to create a canopy making 

therefore the material liquid. (Figure) Moreover, varying the cavities and shells sizes,1,3 as well 

as the chains length of the amine would allow tuning the viscosity and the extraction efficiency 

of the liquid. In a second step, the porous liquids will be used to extract three rare earth elements 

(Nd, Pr, Dy) from various acidic leachates of a powder of hard drive waste. 

Figure: Grafting of a nanoporous silica hollow sphere with a sulfonated organosilane (corona) 

and an ethoxylated fatty amine (canopy) (left). This leads to an uncoloured liquid (right). 
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Mixed valence diruthenium(II,III) tetracarboxylate complexes, [Ru2(O2CR)4X2]- (X=Cl-, Br-,...), with 

paddle-wheel type structure (Figure 1) are well known for their unique magnetic properties. Indeed, they 

have a large zero-field splitting (D ≈ 60 cm-1) and exhibit a resultant high spin state S = 3/2. This is 

because the three unpaired electrons are spread in the accidentally degenerated π* and δ* orbitals [1]. 

Interestingly, the assemblies of such dimers with hexacyanometalate ions [M(CN)6]3–afford molecule-

based magnets [2]. This poster presents the mapping of electron density in diruthenium compound 

(NBu4)[Ru2(O2CC3H7)4Br2] from high resolution X-ray diffraction (100K) [3] together with spin density 

mapping from Polarized Neutron Diffraction [4]. This work should contribute to elucidate the 

occurrence of spin-delocalization of the unpaired electrons in these ruthenium (II,III) dimers from the 

ruthenium ions to surrounding ligands which until now has been characterized uniquely by MO 

calculations and 13C NMR spectroscopy [5].    

 
Figure 1: a) Structure of the tetracarboxylate complex. b) Contour plots of the static deformation electron density in the plane 

RuO4. Level line contour interval is 0.05e/Å 3 with the positive contour draws as blue solid lines, and the negative ones are red. 

c) Contour plots of the static deformation spin density in the (001) plan. Level line contour interval is 0.1µB/Å 3. Hydrogen 

atoms are omitted for clarity. 
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Schiff base ligands have been extensively studied in the last decades for the formation of metal-

complexes and coordination polymers; providing access to small and high nuclearity species. The use 

of polydentate Schiff bases can behave as chelating and bridging. [1] Also, Schiff bases have provided 

access to compounds exhibiting interesting magnetic, photoluminescence, and catalytic properties.  

Even now, dinuclear lanthanide(III) complexes continue to attract the intense attention of several 

inorganic chemistry groups around the world, mainly due to their involvement in diverse fields/areas, 

e.g. single-molecule magnetism, quantum computing, magnetic refrigeration, organic transformations, 

homogeneous catalysis and in the chemistry of multifunctional (or “hybrid”) molecular materials.[2]  

In our poster, we shall present several synthetic routes for the preparation of a family of double-Schiff 

base linkers giving access to LnIII
2 complexes, polynuclear complexes, 1D coordination polymers, and 

MOFs. The design and choice of the linker are crucial for the pre-designed formation of one of the 

above-mentioned categories of molecules.  

 

Figure : Representation of a 1D coordination polymer stabilized by acetates. 
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 We have synthesized and characterized a novel series of uranyl-viologen materials 

utilizing uranyl tetrachloride anions and 1,1’-dialkylated(methyl, ethyl, and propyl)-4,4’-

bypyridinium cation (aka viologens). These materials display photoactive properties, namely 

the quenching of luminescence upon exposure to UV-light (325-345 nm), likely caused by 

photoinduced radicalization. This mechanism is consistent with those of a growing number of 

photoreactive uranyl-hybrid materials including metal-organic frameworks1 and coordination 

polymers2, but lesser reported in discrete anion-cation pairs3. We probe this behavior through 

characterization of optical properties, quenching kinetics, and structural features and compare 

properties across this series, supported by the use of computational approaches such as density 

functional theory and density of states calculations to rationalize behavior based on electronic 

structure.  

Figure: Crystal structure of three uranyl-viologen materials (left), and their corresponding 

luminescence quenching upon radiation exposure (middle). We propose ligand radicalization 

and subsequent electron transfer to the viologen as the quenching mechanism (right). 
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Zn2+ is the second most abundant transition metal in human body. It is mostly bound to proteins that 

play a central role in controlling gene transcription and metalloenzyme function. Its detection is of prime 

importance due to its implication in biological processes and diseases. Indeed, it has been shown that 

disturbances in Zn2+ homeostasis is implicated in neurodegenerative diseases such as Alzheimer’s, 

Parkinson’s diseases and cancers, diabetes.1 Therefore, monitoring Zn2+ in vivo by non-invasive 

technique such as Magnetic Resonance Imaging (MRI) is important in biomedical research to 

understand its biopathological role and to provide earlier diagnosis for specific pathologies. 

MRI is a medical imaging technique that is used for diagnosis and monitoring of the evolution of 

pathologies. It has long been devoted to obtain anatomical and functional images. Contrast agents, such 

as gadolinium complexes, increase the quality of the MRI images. Recently, the development of 

molecular imaging, which relies on the use of responsive probe as contrast agents to specifically detect 

a molecule or a biomarker, has open new possibilities. Zn2+ detection has motivated the design of new 

Gd3+-based MRI contrast agents.2,3 The efficacy (relaxivity) of these agents is mainly influenced by the 

number of water molecules directly coordinated to the 

Gd3+, q, and the rotational correlation time of the 

complex, R; these parameters being the easiest to tailor 

by the chemist. 

Here, we report a bioinspired Zn2+-responsive contrast 

agent comprising a Zinc Finger peptide with 

(Cys)2(His)2 Zn-binding site conjugated to a DO3A-

Gd3+ complex (Figure). Phosphate group was 

incorporated in the peptide sequence to ensure a q 

variation. This contrast agent shows a significant 

variation of the relaxivity in the presence of Zn2+. 
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An important scientific challenge in uranium research is the discovery of efficient materials for 

the recovery of the {UO2}
2+ ion from seawater [1]. Ongoing efforts in our laboratories are to 

model the highly selective removal of {UO2}
2+ from seawater using amidoxime-functionalized 

materials and to present structural comparisons of {UO2}
2+ and {VO2}

+ (the main competitor 

in the uranium recovery from the oceans) complexes with amidoxime-based ligands. We have 

been using a Coordination Chemistry approach studying the interactions of the amidoxime 

group with these oxo metal ions under identical reaction conditions. Along these lines we have 

synthesized and fully characterized the new ligand LH2 (Figure), which can exist in solution in 

the enol or/and keto forms. The reactions of uranyl and {VO}2+ sources have provided access 

to complexes [(UO2)2(O2CMe)2(LH)2], [(UO2)2(L)2(solvent)2] and (L’H)6[V
V

10O28], where 

L’H+ is the amidinium cation also shown in the Figure. The structures of the complexes have 

been determined by single-crystal X-ray crystallography, while their study in the solid state and 

in solution has been performed by a variety of spectroscopic techniques. The cation L’H+ is 

formed by a 2e- reduction of LH2 [2] by {VO}2+. Preliminary conclusions of our efforts are: (a) 

The formation of a stable 3-membered chelating ring consisting of UVI and the oximate O and 

N atoms of the amidoximate group in complexes [(UO2)2(L)2(solvent)2]; the formation of this 

ring is probably the key factor for the selective extraction of (UO2}
2+ from seawater in the 

presence of excess of other metal ions; and (b) the uranyl and vanadium(V) complexes with the 

same amidoxime ligand  are completely different from the structural viewpoint. 

 

 

 

 

 

Figure : The two forms of LH2 and the structural formula of the amidinium cation L’H+. 
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Figure 1: Photophysical processes after Antenna Excitation and Proposed catalytic cycle 

Luminescent lanthanide-based (Ln) compounds are useful for spectroscopy or microscopy in biological 

systems, while chelates of the non-emissive Gd are used as MRI contrast agents. Ln(III) have weak 

absorption due to the Laporte-forbidden nature of the f–f transitions, which can be overcome by using a 

light harvesting antenna held in proximity of the metal by the ligand. Luminescent Ln(II) complexes 

undergo multiple photophysical processes after antenna excitation. Both Ln(III) luminescence and 

Ln(II) can be produced depending on the properties of antenna and the ligand environment. Back energy 

transfer (BET, most often observed for Tb), photo-induced electron transfer (PeT, for the more reducible 

Ln(III) ions), or coupling to X–H oscillators (X = O, N, C) are the most common quenching pathways 

for the Ln(III) emission. Recently, we hypothesized that the increase of PeT could result in decrease 

Eu(III) luminescence.1 Eu(III) is the most reducible among the Ln(III) ion and known to readily form 

Eu(II) via eT in a variety of coordination compounds.2 

Sm(II) compounds are versatile single electron reducing agents for various transformations including 

double bond reductions, C/N-X bond cleavages and radical-mediated cross-couplings. 3 Sm(II) 

reductions are stoichiometric and require carcinogenic and toxic additives. It is known that the Non-Sm-

based Ln(II) reagents with higher reducing powers can also behave similarly.4,5 So, we will overcome 

these limitations by developing Ln(II)-mediated transformations that are catalytic in Ln(II) and do not 

require carcinogenic and toxic additives.  

Here, We propose to develop catalytic alternatives for Sm(II)-mediated reductions as the photochemical 

reduction of Ln(III) to Ln(II) has not been utilized for synthetic purposes. 
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We introduce the synthesis and characterization of heteroleptic lanthanide complexes bearing a 

dianionic η5-plumbole ligand in their coordination sphere.1 The reaction proceeds via a salt elimination 

reaction between the dilithioplumbole ([Li(thf)]2[1,4-bis-tert-butyl-dimethylsilyl-2,3-bis-phenyl-

plumbolyl]) = [Li2(thf)2(LPb)])2 and specifically designed [Ln(η8-COTTIPS)BH4] precursors (Ln = 

lanthanide, La, Ce, Sm, Er; COTTIPS = 1,4-bis-triisopropylsilyl-cyclooctatetraenyl), which are capable 

of stabilizing a planar plumbole moiety in the coordination sphere of different trivalent lanthanide ions. 

Ab initio calculations reveal that the aromaticity of the dianionic plumbole is retained upon coordination. 

The magnetic properties of the erbium congener revealed a magnetic hysteresis up to 5 K (200 Oe/s), 

indicating single molecule magnet behaviour in this system. The magnetic behaviour of the erbium 

species can be modulated by manipulating the position of the lithium cation in the complex. This allowed 

us to assess a fundamental magneto-structural correlation in an identical inner coordination sphere. 

 

 

 

 

 

 

Scheme 1: Synthesis of heteroleptic lanthanide complexes. 
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In recent times, luminescent materials based on heterocycles have attracted much attention because of 

their perspective applications as components of organic light-emitting diodes, chemosensors, dyes, 

catalysts, luminescent thermometers in the physiological temperature range, bio-medical markers and 

selective cellular probes.[1,2] Among these interesting heterocycles are 2-aminophenylbenzothiazole 

(NH2-pbt) and 4-amino-2,1,3-benzothiadiazole (NH2-btd) (see Figure 1).[2,3] These compounds are 

characterized by intensive luminescence in the visible region and contain an amino-group which allows 

for further synthetic modification. From a coordination chemistry point of view, such compounds and 

their derivatives are fascinating as ligands in metal-organic complexes.  

In our work, we focus on the synthesis of amidinate and iminophosphonamide derivatives based on 

NH2-pbt and NH2-btd and studying coordination chemistry towards rare-earth metals in different metal-

to-ligand ratio. Furthermore, we would like to explore photophysical and catalytic properties of obtained 

compounds. At present, a first yttrium complex [Y(Ppbt-pbt)2][Ppbt-pbt] was crystallized and the structure 

was determined by SCXRD.  

Figure 1: Synthetic methods and expected coordination manners, R = pbt, btd, R’ = Ph, Mes, Dipp 
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Lanthanides (Ln) have become critical components of high technology products in science, industry and 

everyday life. On the contrary, their versatility causes an accumulation in the environment, thus posing 

a risk for the health of living beings. Therefore, a comprehensive understanding of the transfer and 

migration behaviour, the resulting localization and molecular characterization of Ln in geological and 

biological systems is crucial for a reasonable risk assessment and remediation strategies. 

Herein, we utilized chemical microscopy – a combination of light microscopy and high resolution 

luminescence spectroscopy [1] – in order to spatially resolve the Eu(III) species distribution in an artificial 

natural sample. In this proof-of-concept study, a ternary system consisting of Eu(III), calcite and the 

metal reducing bacterium Shewanella oneidensis MR-1 was employed to confirm the applicability of 

chemical microscopy for environmental samples. As reported by Davis et al.[2], the microorganism grew 

a biofilm on the surface of the mineral which was then incubated with Eu(III). Subsequent luminescence 

spectroscopic mapping and data deconvolution by the means of non-negative iterative factor analysis 

(NIFA)[3] resulted in three distinct signal sets: one Raman (pure calcite) and two Eu(III) emission 

spectra. By combining time-resolved Laser-induced fluorescence spectroscopy (TRLFS) and data 

deconvolution by parallel factor analysis (PARAFAC)[4] reference data could be recorded and the 

chemical microscopy luminescence species assigned to Eu(III), on the one hand, that has been 

complexed with biofilm extracellular DNA (magenta-colored in Figure 1) and, on the other hand, protein 

bonded Eu(III), depicted in green. These findings emphasize the strength of the described analytical 

technique and open the field for further studies applying Eu(III) as molecular probe in order to 

understand complex interaction pathways of lanthanides in the environment. Investigations on the 

uptake and spatial distribution of Eu(III) – as a analogon for Am(III) and Cm(III) – in agricultural crops, 

fodder and green manure are subject to current research and will be elucidated in the near future. 

Figure 1: Left – Deconvoluted spectra acquired by mapping (colored) and TRLFS 
(black) ; middle – respective spatial distribution of species ; right –microscopic image 
of ternary system and overlay of spectroscopic mapping (λexcitation=532 nm).[1] 
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