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Inorganic & Coordination Chemistry, Invited / Award Lecture IC-011
Using Proximal Cations to Install Internal Electric Fields in Transition Metal
l. Y. Yang'?, N. Leonard?, T. Chantarojsiri®
!Department of Chemistry, University of California, Irvine, CA, USA, |.yang@uci.edu

Non-redox active Lewis acidic metal cations play a key role in a diverse set of biological and
synthetic transition metal complexes that mediate redox activity. One of their proposed roles in
promoting reactivity is by tuning the redox potential of the reaction site. We investigated whether
non-redox active cations engender this change through an inductive effect, which would change
the electronic structure of the redox active cation, or through an electrostatic effect, which would
uniformly shift the molecular orbitals on the redox active metal due to the electric field potential of
the proximal cation. Our study, which utilized a Schiff base ligand with an appended crown-like
functionality that incorporates a variety of alkali and alkaline earth metals, indicates an
electrostatic effect is likely dominant. The effect of the electric field on reactivity and
thermochemical properties will be discussed.

[1] Leonard, N.; Chantarojsiri, T.; Ziller, J.; Yang, J. Y.*, J. Am. Chem. Soc., 2022, 144(4), 1503-1508
[2] Kang, K.; Fuller 1ll, J.; Reath, A. H.; Ziller, ). W.; Alexandrova, A. N.*; Yang, J. Y.*, Chem.

Sci. 2019, 10, 10135 - 10142

[3] Chantarojsiri, T.; Reath, A. H.; Yang, J. Y.* Angew. Chem. Int. Ed., 2018, 57, 14037-14042

[4] Chantarojsiri, T.; Ziller, J. W.; Yang, J. Y.* Chem. Sci., 2018, 9, 2567 - 2574

[5] Reath, A. J.; Ziller, J. W.; Tsay, C.; Ryan, A. J.; Yang, J. Y.* Inorg. Chem. 2017, 56(6), 3713-3718

[6] Leonard, N. G.;f Dhaoui, R.;t Chantarojsiri, T.; Yang, J.Y.*, ACS Catalysis, 2021, 11,
10923-10932
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Inorganic & Coordination Chemistry, Contributed Talk (15min) IC-013

Exploiting Cobalt(ll) Amide Complexes in Deprotonative Metalation of Fluoroaromatic
Molecules

A. Logallo?, E. Hevia*

'University of Bern , 2University of Bern

Fluoroaromatic compounds are increasingly heavily employed as scaffolds in agrochemicals and
active pharmaceutical ingredients.''! One of the most powerful methods for the incorporation of
these molecules in more complex molecular scaffolds is deprotonative metalation. Typically these
reactions have been the exclusive domain of group 1 and group 2 organometallics.!l On the other
hand, earth-abundant transition metals such as cobalt have shown excellent potential to
selectively functionalize these molecules via C-H and C-F bond activation.t!

Breaking new ground in this field, in this contribution, we present the synthesis and the reactivity
potential of a new Co(ll) amide complex. While deprotonation of fluoroarenes using conventional
lithium bases can be challenging due to the exceptionally fragility of generated
intermediates,'*! the cobaltation of a range of different fluoroarenes proceeds regioselectively
enabling the isolation of Co-H exchange products while operating at room temperature.

Combining the isolation of key metalated intermediates with theoretical calculations, this work
exploits the potential of a new Co(ll) base in a field widely dominated by main group element
complexes, opening up for possible future development of new chemical transformations in this
area of research.

[1] Ahrens, J. Kohimann, M. Ahrens, T. Braun, Chem. Rev. 2015, 115, 931

[2] D. Robertson, M. Uzelac, R. E. Mulvey, Chem. Rev. 2019, 119, 8332

[3]a) J. V. Obligacion, M. J. Bezdek, P. J. Chirik, Am. Chem. Soc. 2017, 139, 2825; b) T. R. Dugan, X.
Sun, E. V. Rybak-Akimova, O. Olatunji-Ojo, T. R. Cundari, P. L. Holland, J. Am. Chem.
Soc. 2011, 133, 12418; c) O. Eisenstein, J. Milani, R. N. Perutz, Chem. Rev. 2017, 117,8710

[4] Schlosser, L. Guio, F. Leroux, J. Am. Chem. Soc. 2001, 123, 3822
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Inorganic & Coordination Chemistry, Contributed Talk (15min) IC-014

Synthesis, Structure, Reactivity and Catalytic Activity of Octahedral Heteroleptic B-
Diketonate Complexes of Molybdenum!"!

F. Masero?, V. Mougel**

!Department of Chemistry and Applied Biosciences, ETH Zurich, Vladimir-Prelog Weg 1-5, 8093
Zurich

We present here the isolation, characterization and catalytic activities for C-C and C-N bond
coupling of a new family of octahedral Mo(IV) compounds. In opposition to the well-developed m-
allyl metal complex-based coupling reactions catalyzed by precious metals such as iridium and
palladium,'?3! molybdenum has found much fewer applications.'** This stands in contrast to its
earth abundancy, rich redox-chemistry, and capability to easily undergo metal-carbon bond
formation and cleavage, rendering molybdenum an attractive choice for the development of new
metal-based catalysts for a variety of different organic transformations.

We have optimized the preparation and fully analyzed a series of Mo(lV) bis-B-diketonate
complexes.l®”! Detailed solid- and solution state studies gave unprecedented insights into the
geometry and coordination chemistry of these compounds, e.g. displaying solvent dependent
dynamic equilibria involving cis- and trans-isomers in solution.

Reactivity and catalytic activity of the complexes were further explored, providing one of the most
active and stable earth abundant metal-based molecular catalyst for the substitution of allylic
alcohols by electron-rich carbon-centered nucleophiles (e.g. phenols). Reactivity studies involving
the isolation of a catalytically active intermediate provided insights into the present mechanistic
pathway.

[1] F. Masero, V. Mougel, manuscript in preparation.

[2] Q. Cheng, H. Tu, C. Zheng, J. Qu, G. Helmchen, S.-L. You, Chem. Rev. 2019, 119, 1855.
[3] B. Sundararaju, M. Achard, C. Bruneau, Chem. Soc. Rev. 2012, 41, 4467.

[4] A. V. Malkov, P. Spoor, V. Vinader, P. KoCovsky, J. Org. Chem. 1999, 64, 5308.

[5] M. Salman, Y. Xu, S. Khan, J. Zhang, A. Khan, Chem. Sci. 2020, 11, 5481.

[6] G. Doyle, Inorg. Chem. 1971, 10, 2348.

[7] den B. A. Van, K. Murray, B. West, Aust. J. Chem. 1972, 25, 705.
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Inorganic & Coordination Chemistry, Contributed Talk (15min) IC-015
Cation assisted binding and cleavage of dinitrogen by uranium complexes
N. Jori!, R. Scopelliti®, I. Zivkovi¢?, T. Rajeshkumar?, A. Sienkiewicz?*, L. Maron®, M. Mazzanti*

Insititut des Sciences et Ingénierie Chimiques, EPFL, *Laboratory for Quantum Magnetism,
Institute of Physics, EPFL, 3Laboratoire de Physique et Chimie des Nano-objets, Institut National
des Sciences Appliquées, Toulouse, *ADSresonances Sarl

Dinitrogen (N,) is a cheap and widely available molecule, however, its low reactivity complicates
its use for the synthesis of high-added feedstocks. Notably, the industrial Haber-Bosch process
uses N, to synthesize ammonia (NHs), but requires harsh temperatures and pressures. Before the
current Fe-based catalyst was implemented, uranium materials were reported to be highly
effective in the transformation of N, into NHs. Nevertheless, the N,chemistry of uranium remains
underdeveloped, with only a few examples of molecular uranium complexes that are capable of
cleaving N, to nitridesupon addition of external reducing agent,'*! where uranium nitrides are
considered important inrtermediates the Haber Bosch process. Recently, our group reported two
bimetallic uranium(lll) systems that were able to perform the four-electron reduction of N2.[4'5]
Moreover, we found that the N, bound in the bridging oxide system could be functionalized by
addition of CO to yield a cyanamido complex, but the addition of acid or H, resulted only in the
release of N,.!!

Here, we will present a series of alkali bound-oxo-bridged diuranium(lll) complexes that provide a
unique example of decreasing N, binding affinity with increasing cation size. We will show
spectroscopic, electrochemical, and computational data, suggesting that the decreased reactivity
is due to sterics rather than electronic effects. We also show that weak N, binding in ambient
conditions does not prevent alkali assisted N, cleavage to nitride. Furthermore, we will present the
first example of Cs-assisted dinitrogen cleavage by a metal complex.

[1] I. Korobkov, S. Gambarotta and G. P. A. Yap, Angew. Chem. Int. Ed. Engl., 2002, 41, 3433-3436
[2] X. Q. Xin, I. Douair, Y. Zhao, S. Wang, L. Maron and C. Q. Zhu, J. Am. Chem. Soc., 2020, 142,
15004-15011

[3] N. Jori, L. Barluzzi, |I. Douair, L. Maron, F. Fadaei-Tirani, I. Zivkovi¢ and M. Mazzanti, J. Am.
Chem. Soc., 2021, 143, 11225-11234

[4] M. Falcone, L. Chatelain, R. Scopelliti, I. Zivkovi¢ and M. Mazzanti, Nature, 2017, 547, 332-335
[5] M. Falcone, L. Barluzzi, ). Andrez, F. Fadaei-Tirani, |. Zivkovi¢, A. Fabrizio, C. Corminboeuf, K.
Severin and M. Mazzanti, Nature Chem. 2019, 11, 154-160.
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Inorganic & Coordination Chemistry, Contributed Talk (15min) IC-016

(Re)investigating ternary rare-earth p-diketonates complexes: making new insights out
of old ones

A. Benchohra?, L. Guénée?, C. Bernard?, C. Piguet!*

!Department of Inorganic and Analytical Chemistry, University of Geneva, CH-1211 Geneva 4, *
Laboratory of Crystallography, University of Geneva, CH-1211 Geneva 4

B-diketonates based rare-earth coordination complexes have enjoyed an expanding popularity
ever since their discovery at the end of 19" century, which spans multiple applied research fields.
Their multi-faceted chemical and physical properties have been successively harnessed for liquid
extraction[1], bioanalytical imaging[2] as well as in light emitting devices[3]. Yet, the fast-paced
development of rare-earth B-diketonates have at times been at the expense of in-depth solutions
studies, undermining the trustworthiness of synthetic procedures as occasionally pointed out at in
literature[4]. Within this context, our group dedicated efforts to describe the thermodynamic
features of the association of [Ln(hfac)s;(diglyme)] precursors with different (single or multi-sites) N-
heterocyclic tridentate receptors, in solution[5]. The study was subsequently extended to a new
series of [Ln(B-diketonates);X] building-blocks (where X is a glyme), based on B-diketonates
ligands displaying nuanced or contrasted electronic effects. A first part of the discussion will
address the preparation of these new [Ln(B-diketonates)s;X] precursors, before assessing their
structural, thermodynamic and luminescent properties. Then, the propensity of these precursors to
form stable ternary complexes with a N-heterocyclic tridentate ligand will be considered.

Figure 1. Crystallographic structures of selected [Ln(B-diketonates)sdiglyme] containers.

[1] S. Umetani, Y. Kawase, H. Takahara, Q.T.H. Le, M. Matsui, Journal of Chemical Society,
Chemical Communications, 1993,78.

[2] E.M. Surender, S. Comby, S. Martyn, B. Cavanagh, T. Clive Lee, D.F. Brougham, T.
Gunnlaugsson, Chemical Communications, 2016, 52,1085-10861.

[3] A. de Bettencourt-Dias, Dalton Transactions, 2007, 0, 2229-2241.

[4] A) K. Binnemans, Handbook on the Photophysics and Chemistry of Rare Earths, Elsevier,
Amsterdam, 2005, 35, Chapter 225. B) A.S. Chauvin, F. Gumy, I. Matsubayashi, Y. Hasegawa, J.C
Bunzli, European Journal of Inorganic Chemistry, 2006, 473-480.

[5] A) K. Baudet, V. Kale, M. Mirzakhani, L. Babel, S. Naseri, C. Besnard, H. Nozary, C. Piguet,
Inorganic Chemistry, 2020, 59, 62-75. B) L. Babel, K. Baudet, T. N. Y. Hoang, H. Nozary, C. Piguet,
Chemistry A European Journal, 2018, 24, 5423-5443.

[6] W.J Evans, D.G Giarikos, M.A. Johnston, M.A. Greci, J.W. Ziller, 2002. Journa of the Chemical
Society. Dalton Transactions, 2002, 520-526.
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Inorganic & Coordination Chemistry, Contributed Talk (15min) IC-017
Synthesis and Characterization of an Artificial Iron-Sulfur Metalloenzyme
V. Waser!, M. Mukherjee!, N. V. Igareta’, T. R. Ward"*
!Department of Chemistry, University of Basel, Mattenstrasse 24a, 4058 Basel, Switzerland

The study of synthetic iron-sulfur clusters has allowed elucidation of the molecular basis of the
active sites of iron-sulfur proteins. Apart from their numerous biological activities, FeS-clusters
have been utilized outside of their biological scaffold in an expanding number of areas such as
biomimetic materials, redox mediators and catalysis. However, all of those active-site analogs
suffer from poor solubility and limited stability in protic media. In order to bridge these synthetic
and biological systems, we set out to synthesize an artificial iron-sulfur metalloenzyme by biotin-
streptavidin  technology. We have synthesized a  bis-biotinylated-[Fe,;S;]  cluster
(Bioty-Fe,;S, hereafter), which is, to the best of our knowledge, the first synthetic iron-sulfur
cluster that is stable in agueous solutions. Following the synthesis of the abiotic cofactorBiot,
-Fe,4S,, it was anchored within homotetrameric streptavidin (Sav) to afford the artificial
metalloenzyme Biot,-Fe,;S,; - Sav, Scheme. Having these two systems at hand allowed us to
scrutinize the effect of the second coordination sphere between the cofactor and the host protein.
The influence of mutations in the binding pocket on the redox properties of the cluster was
examined by cyclic voltammetry. Further, we evaluated the catalytic performance oBiot,-Fe,;S
4 and Biot,-Fe,;S, - Sav for CO,-reduction to afford alkanes and found the protein environment to
strongly affect the reactivity of the cluster.

Scheme: Close-up view of the docked model Biot,-Fe,;S, - Sav WT, close lying residues are
highlighted as stick (flesh colour).
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Inorganic & Coordination Chemistry, Invited / Award Lecture IC-021

Toward CO,-reduced Binders: Limestone Calcined Clay Cements with Improved
Workability

|. Chapelat?, E. Gallucci?, P. Juilland?, L. Frunz*
!Sika Technology AG, Tueffenwies 16, 8048 Zurich, Switzerland

Limestone calcined clay cement (LC3) is one of the most promising ways to further reduce the
clinker factor as it provides satisfying mechanical and durability properties compared to other
(blended) cements. Clays are as well abundant, widely available, and don’t result in CO, emissions
during their activation process besides the energy required to calcine and mill them. Moreover,
cement composed with such materials doesn’t require high grade clay material and can therefore
tolerate rather high amounts of impurities.

On the other hand, such materials usually come with very high specific surface area resulting in
challenging rheological properties.

One of the goals of this work was to study and understand the reasons for the pronounced issue of
loss of workability observed in the case of LC3 type of binders. It has been found that the intrinsic
reactivity of the calcined clays leads to the formation of early aluminate hydrates, most
presumably ettringite, and appears to be a major factor for the loss of workability.

At clinker replacement levels up to 30%, traditional superplasticizers are sufficient to extend the
slump life. However, these superplasticizers prove much less effective for replacement levels
reaching 50% and above, where the loss of workability is particularly distinct.

Nonetheless we found some carbohydrate derivatives being able to control the formation rate of
these early hydrates, resulting in extended workability without dramatically affecting the strength
development. Such approaches would enable the broader use of such novel binders and help
decarbonize the construction sector.
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Inorganic & Coordination Chemistry, Contributed Talk (15min) IC-023

Anticancer rhenium di- and tricarbonyl complexes and synthesis of nhew a-diimine
rhenium dicarbonyl complexes

K. Schindler?, J. Delasoie?, J. Rossier?, A. Crochet?, A. Pavic®, F. Zobi*

'University of Fribourg, Department of Chemistry, Ch. du musée 9, 1700 Fribourg, University of
Fribourg, 3University of Belgrade

In our effort to discover novel selective and non-toxic agents effective against CRC, we
synthesized a series of rhenium(l) tricarbonyl-based complexes with increased lipophilicity. Two of
these novel compounds were discovered to possess remarkable anticancer, anti-angiogenic and
antimetastatic activity in vivo (zebrafish-human HCT-116 xenograft model), being effective at very
low doses (1-3 uM). At doses as high as 250 uM the complexes did not provoke toxicity issues
encountered in clinical anticancer drugs (cardio-, hepato-, and myelotoxicity). In vivo assays
showed that the two compounds exceed the anti-tumor and anti-angiogenic activity of clinical
drugs cisplatin and sunitinib malate, and display a large therapeutic window.[1]

In another study, we reported a rhenium(ll) dicarbonyl complex, which displayed better
cytotoxicity against MCF-7 breast cancer cells than cisplatin.[2] We investigated later new
synthetic routes to aerobically stable and substitutionally labile a-diimine rhenium(l) dicarbonyl
complexes. The molecules were prepared in high yield from the cis-cis-trans-[Re(CO),(‘Bu,
bpy)Br,]~ anion ( where '‘Bu,bpy is 4,4'-di-tert-butyl-2,2"-bipyridine), which could be isolated from
the one electron reduction of the corresponding 17-electron complex. Ligand substitution of Re(l)
complexes proceeded via pentacoordinate intermediates capable of Berry pseudorotation. In
addition to the cis-cis-trans-complexes, cis-cis-cis- (all cis) isomers were also formed.
[Re(CO),(‘Bu,bpy)Br(L)] complexes may be considered as synthons for the preparation of a variety
of new stable diamagnetic dicarbonyl rhenium cis-[Re(CO),]* complexes, offering a convenient
entry in the chemistry of the core.[3]

[1] Joachim Delasoie, Aleksandar Pavic, Noémie Voutier, Sandra Vojnovic, Aurélien Crochet,
Jasmina Nikodinovic-Runic, Fabio Zobi, Eur. J. Med. Chem., 2020, 204, 112583.

[2] Jeremie Rossier, Daniel Hauser, Emmanuel Kottelat, Barbara Rothen-Rutishauser, Fabio Zobi,
Dalton Trans., 2017, 7, 2159.

[3] Kevin Schindler, Aurélien Crochet, Fabio Zobi, RSC Adv., 2021, 13, 7511.
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Inorganic & Coordination Chemistry, Contributed Talk (15min) IC-024
[°°™Tc(n®-pharm),]* synthesis with direct labelling of pharmaceuticals in water
F. Battistin®, Q. Nadeem?, O. Blacque?, R. Alberto'*
!Department of Chemistry, University of Zurich, Winterthurerstr. 190, 8057 Zurich, Switzerland

Sandwich complexes with unchanged pharmaceuticals are unprecedented in bioorganometallic or
radiopharmaceutical chemistry. We recently prepared a larger series of homo- and hetero
sandwiches with Tc with direct labeling of arene in water.*

We will now present the direct labelling of pharmaceuticals with **™Tc through n°-coordination to
phenyl rings and the confirmation of the structures with the rhenium homologues.?
Pharmaceuticals with an arene and simple organic functions were first chosen such as carbazole
and indole (unit presents in some anticancer drugs)® *, 4-methoxyphenol (drug used in skin
depigmentation), lidocaine (local anesthetic), but also more complexes drugs like lenalidomide
(anticancer), erlotinib and gefitinib (tyrosine kinase inhibitor). (Figure).

Figure. General scheme of the reaction towards [*°™Tc (n°®-pharm),]*.

Selected complexes display planar chirality since the two planes formed by the ligands are not
equal; a feature that is very rare for rhenium or technetium if ever, but common for ferrocene or
Ru-sandwich complexes.*>”.

The direct labelling of pharmaceuticals with °*™Tc through n®-coordination to phenyl rings and the
confirmation of the structures with the rhenium homologues opens a path into a wide variety of
novel radiopharmaceuticals and molecular theranostics.

References:

[1] Qaisar Nadeem, Giuseppe Meola, Henrik Braband, Robin Bolliger, Olivier Blacque, Daniel
Hernandez Valdes, Roger Alberto, Angew. Chem. Int. Ed. 2020, 59, 1197-1200.

[2] Qaisar Nadeem, Federica Battistin, Olivier Blacque, Roger Alberto, Chem. Eur. J. 2022, 28,
e20210356.

[3] Samar Issa, Anthony Prandina, Nicolas Bedel, Pal Rongved, Said Yous, Marc Le Borgne, Zouhair
Bouazizb, ). Enzyme Inhib. Med. Chem. 2019, 34, 1321-1346.

[4] Jyothi Dhuguru, Rachid Skouta, Molecules 2020, 25(7), 1615.

[5] Ross A. Arthurs, Christopher C. Prior, David L. Hughes, Vasily S. Oganesyan, Christopher J.
Richards, Organometallics 2018, 37, 4204-4212.

[6] Wei-Ping Deng, Xue-Long Hou, Li-Xin Dai, Yi-Hua Yua Wei Xia, Chem. Commun. 2000, 285.
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Inorganic & Coordination Chemistry, Contributed Talk (15min) IC-025
Metal Amidinate Precursors for Easy Access to Supported Nanoparticles
C. Ehinger?, C. Copéret'*

!Department of Chemistry and Applied Biosciences, ETH Ziirich, Vladimir-Prelog Weg 1-5, 8093
Zurich

v class="WordSectionl">

Platinum group metals (PGM) are of central importance in a variety of industrially relevant
processes.lt In most cases, the active phase is the metallic state, for instance in the form of
colloidal nanoparticles, supported nanoparticles or thin films on a surface.!?!In order to establish
meaningful structure activity relationships, a large research effort has concentrated over the years
on the development of tailored organometallic or metalorganic precursors, that can be used for
precise material synthesis, such as Atomic Layer Deposition (ALD) or Surface organometallic
chemistry (SOMC).**! Both of these methods require precursors that are stable during storage, yet
reactive towards a specific surface functionality in a selective way, leaving no byproduct upon
thermal/gas treatment. The combination of these requirements is challenging to be met by one
single precursor family, especially for late 4d and 5d transition metals.!

We have explored the use of amidinate ligands for SOMC, which are a popular class of ligands in
ALD applications. In this work, a scalable synthesis route for a series of amidinate-based
organometallic precursors based on platinum group metals (Rh, Ir, Pd, Pt) as well as Ni was
developed (A). These precursors readily react with oxide supports such SiO, in a well-defined way
(B), as confirmed by the synthesis of a molecular analogue of the surface species (C). Upon
treatment with hydrogen, they are converted into supported small and narrowly distributed
nanoparticles in a traceless fashion, as confirmed by IR, TPR-TCD and TEM techniques (D).

[1] A. E. Hughes, N. Haque, S. A. Northey, S. Giddey, Resources 2021, 10, 93.

[2] L. Liu, A. Corma, Chem. Rev. 2018, 118, 4981-5079.

[3] C. Copéret, Acc. Chem. Res. 2019, 52, 1697-1708.

[4] D. J. Hagen, M. E. Pemble, M. Karppinen, Appl. Phys. Rev. 2019, 6, 0413009.

[5] C. Copéret, A. Comas-Vives, M. P. Conley, D. P. Estes, A. Fedorov, V. Mougel, H. Nagae, F.
NURez-Zarur, P. A. Zhizhko, Chem. Rev. 2016, 116, 323-421.
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Inorganic & Coordination Chemistry, Contributed Talk (15min) IC-026

Molecular controllable cubane oxo cluster catalysts and their dynamic role on
photoanodes for water oxidation

S. Lit, W. Marks?!, H. Chen?, G. R. Patzke!*

'University of Zurich

Photocatalytic water splitting by cuboidal {CaMn,05} center is one of nature’s most fascinating
and important reactions.!*) Knowledge transfer from the key features of the {CaMn,0s} center to
other oxo cubane-type water oxidation catalysts has attracted enormous attention due to its
ability for direct solar energy-to-fuel conversion. Inspired by this concept, we successfully
developed molecular {Co,0,} cubane-type catalysts through both ligand engineering and mixed
metal centers.?3! To predictively access this highly active motif, we achieved an unprecedented
level of synthetic control for the self-assembly of {Co,0,}.!*! Typical systems involving Co(OAc),
precursor and dpy{OH}O ligand were operated with systematically varied inorganic counteranion
types and concentrations. After introducing a toolbox of straightforward inorganic counteranions,
the self-assembly processes of oxo clusters revealed a surprisingly strong structure-directing
effect of inorganic counteranions in solution. The type of {Co,0,} cubane exhibited a clear
selectivity with respect to the counteranions used during the assembly process. Therefore, we
opened up a strategy to molecular controllable {Co0,0,} cubane synthesis for water oxidation. The
combination of experimental screening and complemented DFT calculations were efficient used to
track their pathways. These results are expected to provide insight into the widely unknown
assembly mechanisms of organically ligated oxo clusters.

The dynamic role of {Co,0,} cubanes on photoanodes for water oxidation was investigated by
loading molecular (Co,04-dpk) on hematite photoanode surfaces.’® Supported by both
photoelectrochemical analyses and related rate law analyses, we revealed that the role of the
{C040,} cubane cocatalysts alternated from predominate hole reservoirs to catalytic centers with
the applied potential. Likewise, several other {Co0,0,}-type molecules for heterogeneous
cocatalysts were observed to display similar properties. Overall, our works provide a controllable
and predictive access to highly performing oxo cluster catalysts via ligand engineering and
counteranion selection, and further reveal the dynamic role of {Co0,0,} cubanes on photoanodes
for water splitting.

[1] Astrid Olaya, Julieta S. Riva, Dominika Baster, Wanderson O. Silva, Francois Pichard, Hubert H.
Girault, JACS Au. 2021, 1, 2294.

[2] Fabio Evangelisti, Robin Glttinger, RenéMoré, Sandra Luber, Greta R. Patzke, J. Am. Chem. Soc.
2013, 135, 18734.

[3] Fangyuan Song, RenéMoré, Mauro Schilling, Grigory Smolentsev, Nicolo Azzaroli, Thomas Fox,
Sandra Luber, Greta R. Patzke, J. Am. Chem Soc. 2017, 139, 14198.

[4] Fangyuan Song, Karrar Al-Ameed, Mauro Schilling, Thomas Fox, Sandra Luber, Greta R.
Patzke, J. Am. Chem Soc. 2019, 141, 8846.

[5] Jingguo Li, Wenchao Wan, Carlos A. Triana, Zbynek Novotny, Juirg Osterwalder, Rolf Erni, Greta
R. Patzke, J. Am. Chem Soc. 2019, 141, 12839.
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Inorganic & Coordination Chemistry, Contributed Talk (15min) IC-027

B-X vs. B-H Elimination. Selection Rules for Chemoselectivity Enabled by Mechanistic
Studies?

M. Bogdos?, O. Stepanovi¢', A. Bismuto!, M. Luraschi', B. Morandi®*
'D-CHAB, ETH Ziirich, Vladimir-Prelog-Weg 1-5/10, Zirich, Switzerland

As transition metal chemistry advances, catalytic reactions will tackle more difficult
transformations. Reactions involving alkyl-transition-metal species are particularly challenging,
given the high reactivity of these species.! Many existing reactions employ such intermediates e.g.
alkene hydrofunctionalisations, Mizoroki-Heck cross-coupling, alkyl C-H activation, alkene
polymerisation and C(sp>)- C(sp®) coupling.’ For these compounds, B-elimination - of either a
hydride (B-H) or a heteroatom (B-X) - is the most common reaction pathway. These pathways can
either lead to the desired reaction cf. Mizoroki-Heck, or they can hinder reaction progress cf.
ethylene/vinyl halide co-polymerisations.® Despite the importance of these elimination processes,
little mechanistic understanding exists with respect to the factors that control the competition
between them.*

We describe a systematic mechanistic investigation of the competition between B-H and B-X using
alkylpalladium complexes as a model system. The derivation of selection rules for achieving
selectivity towards either elimination, as well as the development a predictive mechanistic
mathematical model is presented. Finally, we outline how the ideas derived from this research
could apply more generally to studying competing reactions and extending this work to other
metals.

*Preprint: 10.26434/chemrxiv-2022-50fd0, Accepted: Nature Synthesis, May 2022

[1] A. Rudolph, M. Lautens, Angewandte Chemie - International Edition, 2009, 48, 2656-2670.
[2] Hartwig, J. F. Organotransition Metal Chemistry: From Bonding to Catalysis, 2010.

[3] S. Wada, R. F. Jordan, Angewandte Chemie - International Edition, 2017, 56, 1820-1824.
[4] Z. Zhang, , X. Lu, Z. Xu, Q. Zhang, X. Han, Organometallics, 2001, 20, 3724-3728.
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Watching Ternary Oxides with Dual Eyes: an in-situ Two-Colour XES Studies of Photo-
Electrocatalytic Water Oxidation Mechanisms in Ferric Pseudobrookite (Re,Tios)
Photoanodes

D. Adiyeri Saseendran®, S. Peredkov?, C. Triana®, D. Abbott?, V. Mougel®, G. R. Patzke'*, S.
DeBeer?*

1Department of Chemistry, Winterthurerstrasse 190, University of Zurich, 8057 Zurich, 2
Department of Inorganic Spectroscopy, Max Planck Institute for Chemical Energy Conversion,
Milheim an der Ruhr, Germany, 3Department of Chemistry and Applied Biosciences,
Vladimir-Prelog-Weg 1-5/10 8093 Zurich

The design of highly efficient, robust, and green water oxidizing catalysts is one of the most critical
challenges in sustainable energy research. Due to the global climate change crisis and energy
demand, solar assisted photo-electrocatalytic (PEC) water splitting has emerged as a promising
approach towards producing clean chemical fuels and storable energy resources.!*! An ideal photo-
electrode material should encompass a suitable energy bandgap for efficient sunlight absorption,
good electrical conductivity, chemical stability, and non-toxicity.?’ Among the investigated
photoanode materials, a-Fe203 had gained considerable interest in the field due to its suitable
bandgap (1.9-2.2 eV) and earth abundance./?! But the water oxidation efficiency of a-Fe203 is
limited due to low carrier concentration and slow interfacial hole transfer. Doping a-Fe203 with
tetravalent dopants such as Ti**, Zr** had been found to increase its carrier conductivity, thereby
improving the PEC performance.'?! In this regard, ternary oxide materials have emerged as
potential candidates for photoanode materials, as they provide diverse strategies for tuning the
composition and electronic structure of photoanode materials compared to their binary
counterparts.’*) Among these, the ferric pseudobrookite: Fe,TiOs has received significant attention
owing to its high thermodynamic phase stability, aqueous stability in a wide pH range, and suitable
bandgap (1.9- 2.1 eV) for efficient solar light absorption.[‘” Herein we report Fe,TiOs5 inverse opals
photoanodes with this which has shown improved performance and photocurrent density of 0.3
mA/cm? under solar light irradiation. We demonstrate the use of two-colour X-ray Emission
Spectroscopy (XES) in identifying the catalytic intermediates and protonation events/species
involved in solar water oxidation catalyzed by Fe,TiO5; photoanodes via Fe-Ti two-colour VtC-XES
experiments under operational PEC conditions. XES being highly sensitive to metal-ligand atom
coordination and protonation states, this in-situ two-colour study offers an excellent opportunity to
simultaneously monitor the high valent catalytic Ti/Fe-Oxo species, Fe spin states, and dynamic
behaviour of local coordination at Fe/Ti sites generated under real-time PEC conditions. In-situ XES
studies indicated that the Ti sites acts as oxo-coordination site whereas the Fe site behaves as a
redox regulator. Further post-catalytic XAS and XPS investigations also confirmed the change in
local coordination at the Ti center, confirming its active role in driving the O-O bond formation.

[1] R. Fernandez-Climent, Sustain. Energy Fuels 2020, 4, 5916-5926.
[2] Gurudayal, J. Phys. D. Appl. Phys. 2018, 51, 1361-6463.

[3]1 D. K. Lee, Chem. Soc. Rev. 2019, 48, 2126-2157.

[4] M. Osada, ACS Appl. Energy Mater. 2021, 4, 2098-2106.
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Developing the biological potential of organometallic cages
S. P. Alles?, B. Therrien™*
'University of Neuchatel

Ruthenium-based metalla-assemblies have been found to possess very promising features for
biological and medicinal applications. Among these, water solubility, good anticancer activity and
even the strong interaction with DNA are especially relevant.! Together with these properties,
metalla-assemblies offer the possibility of encapsulation of interesting guest molecules. In this
project, synthesis and characterization of high molecular weight metalla-assemblies is performed,
aiming to exploit the benefits of the Enhanced Permeability and Retention effect (EPR effect), by
which Izzarge and heavy molecular structures are directed in a selective manner to cancerous
tissues.

To obtain high molecular weight metalla-assemblies, different strategies are exploited such as
functionalization with high molecular weight appendages of a guest molecule and the precursor
panels, or the use of a common core that connects several metalla-assemblies in a single bigger
system. Pyrene has been shown to be a very good guest for hexanuclear (arene)ruthenium metalla-
prismatic cages?, and it offers the possibility to be functionalized with one, two or even four arms
containing high molecular weight functional groups.

Functionalization of these metalla-assemblies offers aswell the possibility of giving enhanced
properties to the metalla-assembly, such as targeting, imaging, or the exploitation of
photodynamic therapy using photosensitizers. In this context, a new set of metalla-assemblies
containing biotinylated panels (targeted delivery®) and pyrenyl guests containing photosensitizers
(photodynamic therapy) are obtained (figure 1).

[1] A. Pito-Barry, O. Zava, P. J. Dyson, R. Deschenaux, B. Therrien, Inorg. Chem. 2012, 51,
7119-7124.

[2] A. Pito-Barry, N. P. E. Barry, O. Zava, R. Deschenaux, P. ]J. Dyson, B. Therrien, Chem. Eu.r
J. 2011, 17, 1966-1971.

[3] W. X. Ren, J. Han, S. Uhm, Y. J. Jang, C. Kang, J. Kim, J. S. Kim, Chem. Commun. 2015, 51,
10403.
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Redox Chemistry of Corrin-Based F430 Mimics
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Switzerland

In nature are encountered important metal porphyrinoid cofactors such as heme, chlorophyll,
vitamin B;, and cofactor F430 with essential biological functions. They consist of related, but
structurally different tetradentate ligands and metal ions (i.e. Fe, Mg, Co and Ni).}' 2 Based on the
particular combination, they play different roles in nature ranging from reversible dioxygen binding
to C-H activation chemistries.

Recently we described the synthesis, structure-property and structure-reactivity relationships of
semi-artificial nickel-containing corrin derivatives (Figure middle).> % In our efforts to control metal
vs. ligand centered redox chemistry in this new class of prophyrinoids, we report on the synthesis
and reduction chemistry of new metallo-corrinoids.

[1] K. Proinsias, M. Giedyk, D. Gryko, Chem. Soc. Rev. 2013, 42, 6605-6619.

[2] K. L. Brown, Chem. Rev. 2005, 105, 2075-2149.

[3] C. Brenig, L. Prieto, R. Oetterli, F. Zelder, Angew. Chemie - Int. Ed. 2018, 57, 16308-16312.
[4] C. Brenig, L. Mosberger, O. Blacque, R. Kissner, F. Zelder, Chem. Commun. 2021, 57,
7260-7263.


http://www.tcpdf.org

Inorganic & Coordination Chemistry, Poster IC-104

Series of low-valent uranium-based coordination polymers based on tritopic carboxylic
acids

A. Andreichenko®, A. Willauer?, A. Chauvin'*, F. Fadaei-Tirani !, R. Scopelliti }, M. Mazzanti'*

YInstitut des Sciences et Ingénierie Chimiques, Ecole Polytechnique Fédérale de Lausanne (EPFL)

Although a vast majority of coordination polymers are based on transition metals, the motivation
in obtaining MOFs with more complex structural motifs prompted an investigation on the use of f-
elements. However, frameworks build on f-elements and especially based on 5f-elements are
considerably less studied than d-metals based MOFs. For uranium, the most abundant and
environmentally significant of 5f-elements, oxidation states vary from +2 to +6. The chemistry of
uranium-based coordination polymers containing uranium(Vl) ions is comparatively
developed.[1] The most common form of the metal nodes in these U(VI) frameworks is the uranyl
ion (UO,)?*. This makes it difficult to form 3D frameworks due to the positioning of oxo atoms in
the axial plane of the ion, which leads to a prevalence of 1D or 2D coordination polymers.[2] In
contrast to frameworks containing the U(VI) ion, lower-valent U MOFs are less studied. However,
some examples of uranium-based organic coordination polymers in lower oxidation states are
known. In particular, the +4 oxidation state has also been studied over the years.[3] While several
carboxylates were employed as ligands in investigation of the frameworks’ formation, still, the
majority of the used carboxylate ligands are ditopic.[4] However, the use of carboxylates with a
higher number of carboxylic groups can lead to the formation of more open polymeric structures
exhibiting structures with higher surface area, increased pores’ size, and could lead to an
unprecedented coordination environment of the metal nodes.

Here we will describe the isolation and characterization of the 2D and 3D U(IV) coordination
polymers based on a series of tritopic carboxylic acids. The influence of the reaction’s parameters
and conditions such as temperature, solvent, pH, modulation, on the products will be shown.
Structural differences of the U(IV) coordination polymers will be described and their expected
properties will be discussed.

[1] Kai Lv, Sebastian Fichter, Mei Gu, Juliane Marz, and Moritz Schmidt, Coordination Chemistry
Reviews, 2021, 446, 214011.

[2] Christophe Volkringer, Natacha Henry, Stéphane Grandjean and Thierry Loiseau, Journal of the
American Chemical Society, 2012, 134, 1275-1283.

[3] Thierry Loiseau, lonut Mihalcea, Natacha Henry and Christophe Volkringer, Coordination
Chemistry Reviews, 2014, 266-267, 69-109.

[4] Dominik Halter, Ryan Klein, Michael Boreen, Benjamin Trump, Craig Brown, and Jeffrey Long,
Chemical Science, 2020, 11, 6709-6716.
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Controlled Modification of Cobalt Phosphide Catalysts by Sulfur
N. A. Arnosti', V. Wyss?, M. F. Delley'*
'University of Basel, St. Johanns-Ring 19, 4056 Basel

Transition metal phosphides have shown excellent catalytic properties for the catalysis of water
splitting and hydrodesulfurization with similar catalytic activity as the traditional noble metal
catalysts.’? In both current catalytic applications of the phosphide materials an enhanced catalytic
activity was observed when a bit of sulfur is incorporated in the material.>* However, current
preparation methods of sulfur-modified phosphides lack control over the distribution of sulfur in
the material. This hampers our understanding of how sulfur enhances catalysis by phosphides and
thereby precludes the rational design of modified transition metal phosphides for actual
implementation in industrial processes.

We developed a controlled method to modify transition metal phosphides with sulfur using a
molecular approach. Use of molecular S-transfer reagents of varied strength enables us to control
the amount of sulfur transferred and track the modification reaction by NMR spectroscopy. We
show that there is a distribution of different sulfur sites possible at the phosphide surface and how
this sulfur site distribution influences catalysis.

[1] Yanmei Shi, Bin Zhang, Chemical Society Reviews, 2016, 45, 1529-1541.

[2] S. Ted Oyama, Travis Gott, Haiyan Zhao, Yong-Kul Lee, Catalysis Today, 2009, 143, 94-107.
[3] Jakob Kibsgaard, Thomas F. Jaramillo, Angewandte Chemie International Edition, 2014, 53,
14433-14437.

[4] Miquel Caban-Acevedo, Michael L. Stone, J. R. Schmidt, Joseph G. Thomas, Qi Ding, Hung-Chih
Chang, Meng-Liu Tsai, Jr-Hau He, Song Jin, Nature Materials, 2015, 14, 1245-1251.
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Quantum crystallographic evaluation of S-C and P-C bonds in sulfur and phosphorus
ylides

Y. Balmohammadi', S. Grabowsky'*, L. Malaspina®

11Department of Chemistry, Biochemistry and Pharmaceutical Sciences, University of Bern,
Switzerland

An ylide compound is a neutral molecule containing a formal double bond for which actually the
charge-separated resonance form has a high stabilizing contribution (see Figure 1a). The negative
charge is usually located at a carbon atom connected to a heteroatom with a formal positive
charge (usually nitrogen, phosphorus or sulfur). This charge distribution has direct consequences
on the reactivity of ylides leading to a lot of applications in organic synthesis as reagents or
reactive intermediates. Phosphorus ylides or phosphonium ylides have been widely used in
organometallic and organic synthesis, most famously as Wittig reagents in the Wittig reaction.*!
Sulfur ylides (sulfonium ylides and sulfoxonium ylides) are also employed in organic synthesis, e.qg.
in the Johnson-Corey-Chaykovsky reaction.!!

For those reasons, ylides are textbook examples for the interplay between Lewis resonance forms
and molecular reactivity/ function. Hence, a full complementary bonding analysis[3] revealing the
nature and character of the P-C and S-C bonds in ylides in detail is of practical importances and
will also clarify concepts such as hypervalency of P and S atoms as well as the interplay between
covalency and ionicity of heteroatom bonds. To the best of our knowledge, there are four
experimental charge density studies about these bonds using multipole refinement[4] [5], and
there is no Hirshfeld atom refinement (HAR) and X-ray wavefunction (XCW) fitting study about
these bonds. In this study, our aim is to perform full X-ray wavefunction refinements (HAR + XCW
fitting)[6] plus complementary bonding analyses to evaluate the C-S and C-P bonds in two ylide
compounds measured at 100K with Ag Ka radiation to high resolution (Figure 1b).

[1] Johnson AW (1993) Ylides and imines of phosphorus. Wiley, New York

[2] Weber L (1983) Angew. Chem Int Ed Engl 22:516-528

[3] Grabowsky, Simon, ed. Complementary Bonding Analysis. Walter de Gruyter GmbH & Co KG,
2021.

[4] Deuerlein, Stephan, et al. Organometallics 2008, 27, 10, 2306-2315

[5] Ahmed, Maqgsood, et al. J. Phys. Chem. A 2013, 117, 51, 14267-14275

[6] Woihska, Magdalena, et al. ChemPhysChem 18.23 (2017): 3334-3351.
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Structure and characterisation of a series of bipyrimidine-bridged diuranium complexes

M. Batov?', D. K. Modder?, T. Rajeshkumar?, A. Sienkiewicz >*, I. Zivkovi¢3, R. Scopelliti®, L. Maron?,
M. Mazzantil*

Institut des Sciences et Ingénierie Chimiques, Ecole Polytechnique Fédérale de Lausanne (EPFL),
’Laboratoire de Physique et Chimie des Nano-objets, Institut National des Sciences Appliquées,
Toulouse, France, 3Laboratory for Quantum Magnetism, Institute of Physics, Ecole Polytechnique
Fédérale de Lausanne (EPFL) , “ADSresonances Sarl, Préverenges, Switzerland

Single-molecule magnets (SMMs) possess a wide range of perspective applications in areas such
as data storage, quantum computing and spintronics. Recently, the interest in this field has
prompted in-depth analysis of structural correlations and physical phenomena, such as magnetic
coupling, contributing to a high-performance SMM. It was shown that by bridging two lanthanide
ions with a redox-active ligand 2,2’-bipyrimidine bearing different substituents it is possible to
modulate the degree of exchange coupling, accessing larger SMM benchmark values such as
relaxation barrier U.#. While radical-bridged lanthanide species and their magnetic properties
are reasonably well-studied, the area of radical-containing uranium SMMs remains unexplored,
despite its great potential interest. For example, introducing the azobenzene radical into a U(IV)
system has allowed the enhanced slow magnetic relaxation to be observed!. In general, few
examples of uranium SMMs containing radicals are known and no radical-bridged uranium species
featuring strong magnetic communication have been reported thus far.

Here, a series of hexamethyldisilazane-supported bipyrimidine-bridged bimetallic uranium
complexes is presented. The system is highly red-ox active, allowing to isolate four stable redox
states, including a radical-bridged U(IV)/U(IV) and a mixed-valent U(lll)/U(IV) complexes. X-ray
crystallography, DC susceptibility data, DFT calculations and X-band EPR spectra all support their
respective oxidation state assignments, and cyclic voltammetry shows complete red-ox
reversibility and potential magnetic communication between the two uranium ions. The
susceptibility data shows no direct indication of magnetic coupling in any of the complexes, and in
the case of a U(IV)/U(IV) radical compound this can potentially be attributed to fast flipping of the
radical spin, as evidenced by DFT-probed electronic state degeneracy; nevertheless, the
complexes did show frequency-induced responses in alternating current (AC) magnetometry.

[1] C. A. Gould, E. M., Veacheslav Vieru, L. E. Darago, K. Chakarawet, M. |. Gonzalez, S. Demir, and
J. R. Long, J. Am. Chem. Soc. 2020, 142, 50, 21197-21209

[2] M. A. Antunes, J. T. Coutinho, I. C. Santos, J.Marcalo, M. Almeida, J. ). Baldovi, L. C. J. Pereira, A.
Gaita-Arifo, E. Coronado Chem. Eur. J. 2015, 21,17817-17826
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Selective Olefin Transfer Hydrogenation of Unsaturated Carbonyls with EtOH using a
PYA-based Ruthenium (lI) Complex

A. Beaufils!, M. Albrecht*

!Departement fiir Chemie, Biochemie und Pharmazie - Universitit Bern, Freiestrasse 3, 3012 Bern,
Switzerland

Pyridylideneamides (PYAs) are an innovative class of electronically flexible N-donor ligands and
have been successfully used for catalysis, such as transfer hydrogenation of ketones or water
oxidation.? While the catalytic transfer hydrogenation of ketones has been widely studied during
the last years, the selective hydrogenation of olefins conjugated to an electron-withdrawing group
such as carbonyl, ester or amide still remains a challenging reaction.® Here, we will present a
5-coordinated unsaturated ruthenium (Il) complex containing a PYA unit and its application in
selective olefin transfer hydrogenation of unsaturated carbonyls using ethanol as solvent and
hydrogen source (Figure 1).

Figure 1. Schematic representation of the unsaturated ruthenium (ll) complex (a), and its
application in olefin transfer hydrogenation of unsaturated compounds (b).

[1] Miquel Navarro, Mo Li, Helge Mduller-Bunz, Stefan Bernhard, Martin Albrecht, Chem. Eur. J.,
2016, 22, 6740 -6745.

[2] Philipp Melle, Yanisha Manoharan, Martin Albrecht, Inorg. Chem. 2018, 57, 11761-11774.

[3]1 Dong Wang, Didier Astruc, Chem. Rev. 2015, 13, 6621-6686.


http://www.tcpdf.org

Inorganic & Coordination Chemistry, Poster IC-109
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M. L. Besmer?, H. Braband?, R. Alberto™*
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In the past years, the activation of small molecules (SMA) with transition metal catalysts has
gathered increased attention. The introduction of non-fossil fuel based feedstocks into industrial
processes is one step in this direction but requires activation of small molecules such as H,, N, or
CO,. Tailor-made transition metal complexes are the underlying base. Pincer-type ligands are one
class of versatile co-ligands which stabilize meridional coordination geometry. Respective
complexes have generated exciting results such as the fixation of N, to produce NH; with a Mo-
pincer catalyst.!! Recently, we reported the synthesis of the first mer-Tc"-PNP pincer complex
[TC™'PNP®UCl;] from the readily accessible precursor [Tc(PPhs),ClsMeCN]. [TcP'PNP™®UCl;]
coordinates N, upon reduction to Tc' (Scheme 1).[%

The two electron reduction of [Tc?Y"PNP®UCl;] with [Co(Cp*),] under N, leads to the formation of a
reactive, electron-deficient intermediate. It coordinates N, to form the dinuclear complex
[(TcP"PNP™UCI(N,)),(u-N5)]. This unprecedented example of a Tc complex coordinating multiple N,
ligands represents the first mer-pincer-type complex with technetium. The findings sparked the
motivation to investigate the interaction of other small molecules with the reported Tc-PNP
frameworks. Accordingly, CO and H, have been coordinated to or activated by this moiety.
Recently, we extended reactivity schemes by exploration of a metal-ligand cooperativity (MLC)
pathway. The nature of this project is fundamental and aims at providing insights that enable
systematic understanding of periodic trends, mainly in the Mn triad.

[1] Arashiba, K., Miyake, Y., Nishibayashi, Y., Nature Chemistry, 2011, 3, 120-125.
[2] Besmer, M. L., Braband, H., Schneider, S., Spingler, B., Alberto, R., Inorganic Chemistry, 2021,
60, 9, 6696-6701.
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Strongly confined CsPbBr; perovskite quantum dots as quantum emitters and building
blocks for highly ordered rhombic superlattices

S. C. Boehme'®, M. I. Bodnarchuk®, M. Burian?, F. Bertolotti3, I. Cherniukh®®, N. Masciocchi?, S. D.
Stranks*’, G. Raino™®, A. Guagliardi®, M. V. Kovalenko®*

'ETH Zirich, Institute of Inorganic Chemistry, Department of Chemistry and Applied Biosciences,
8093 Ziirich, Switzerland, 2Paul Scherrer Institute, Swiss Light Source, 5232 Villigen, Switzerland, 3
Department of Science and High Technology and To.Sca.Lab., University of Insubria, via Valleggio

11, 22100 Como, ltaly, *Cavendish Laboratory, University of Cambridge, ] Thomson Avenue,
Cambridge CB3 OHE, U.K, °Istituto di Cristallografia and To.Sca.Lab, Consiglio Nazionale delle
Ricerche, via Valleggio 11, 22100 Como, ltaly, ®Empa, Swiss Federal Laboratories for Materials
Science and Technology, Laboratory for Thin Films and Photovoltaics, 8600 Dubendorf,
Switzerland, 'Department of Chemical Engineering & Biotechnology, University of Cambridge,
Philippa Fawcett Drive, Cambridge CB3 0AS, U.K

The success of the colloidal semiconductor quantum dot (QD) field is rooted in the precise
synthetic control of QD size, shape, and composition, enabling electronically well-defined
functional nanomaterials that foster fundamental science and drive diverse fields of applications.
While the exploitation of the strong confinement regime has been driving commercial and
scientific interest in InP or CdSe QDs, a thorough exploration of such a regime has still not been
achieved for lead-halide perovskite QDs. Here, we overcome previous challenges of insufficient
chemical stability and monodispersity of small perovskite QDs via a post-synthetic treatment
employing didodecyldimethylamonium bromide ligands. The achieved high monodispersity in both
size and shape enables us to prepare self-assembled QD superlattices of exceptional long-range
order and uniform thickness, with an unusual rhombic packing, and with narrow-band cyan
emission. Their enhanced chemical stability allows us to explore strongly confined perovskite QDs
at the single-particle/single-photon level.
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Synthesis, Structure and Bonding of Alkali-Metal Nickelates

A. M. Borys', E. Hevia'*

!Department fiir Chemie, Biochemie und Pharmazie, Universitat Bern

Heterobimetallic nickelates derived from Ni(0)-olefin complexes and polar organometallics were
widely studied during the spawn of low-valent organonickel chemistry but have remained largely
dormant in modern literature.! Recently, we have demonstrated that heterobimetallic nickelates
are key intermediates in the nickel-catalysed cross-coupling of aryl ethers under mild conditions,?
prompting us to further explore this structurally diverse class of compound.

In this presentation, we will unveil the synthesis, structures and bonding of a family of polynuclear
alkali-metal nickelate clusters that can be readily accessed from Ni(COD), and simple
organolithium reagents. This includes an exotic octanuclear complex which contains a bridging
CgHa-ligand and exhibits unique structural and bonding features that have been investigated by
computational studies and solution-state NMR studies.® Related dinickel-alkyne complexes can be
prepared in a similar fashion and are competent catalysts for the cyclotrimerisation of alkynes.*

[1] Jonas, K; Kriger, C. Angew. Chem. Int. Ed. Engl., 1980, 19, 520-537.

[2] Borys, A. M; Hevia, E. Angew. Chem. Int. Ed., 2021, 60, 24659-24667.

[3] Somerville, R. J; Borys, A. M; Perez-Jimenez, M; Nova, A; Balcells, D; Malaspina, L; Grabowsky, S;
Carmona, E; Hevia, E; Campos, J. Chem. Sci., 2022, 13, 5268-5276.

[4] Borys, A. M; Hevia, E. Unpublished.
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An Orthogonal Labeling Strategy to Accelerate Bioconjugation of [**™Tc]-Building
Blocks

H. Braband?, M. Schnierle?, M. Ringenberg?, R. Alberto'*
'University of Zurich, *University of Stuttgart

Fast and efficient bioconjugation of technetium and rhenium still represents a challenge for radio
probe synthesis. Click chemistry had an enormous impact on this field and lead to fascinating new
labeling techniques such as the click to chelate approach.! However, in clinical settings cupper
free reactions are preferred. The inverse electron demand Diels-Alder reaction (iIEDDA) of
1,2,4,5-tetrazines with dienophiles is an attractive new approach for the synthesis of
bioconjugates.? Schnierle et al. showed that the coordination of 3-(2-pyridyl)-1,2,4,5-tetrazin (TzPy)
to the {Re(CO);}* core boosts rate and regioselectivity of the iEDDA.> Based on these results
complexes of the type [MX(CO);(TzPy)] (M = *°™Tc, X = H,0; M = Re, X = Br) will enable a very
fast bioconjugation of {M(CO)s}* fragments (M = %°™Tc, Re), which have a small steric foot print
and multiple opportunities for fine tuning. We present the synthesis and characterization of novel
9Tc-tricabonyl complexes containing the 1,2,4,5-tetrazine motif and their reactivities with
norbornene and trans-cyclooctene.

[1] T.L. Mindt, H. Struthers. L. Brans, T. Anguelov, C. Schweinsberg, V. Maes, D. Tourwé, R.
Schibli, J. Am. Chem. Soc. 2006, 128, 15096. H. Struthers, B. Spingler, T.L. Mindt, R. Schibli,
Chemistry. Eur. J. 2008, 14, 6173. T.L. Mindt, H. Struthers, B. Spingler, L. Brans, D. Tourwé, E.
Garcia-Garayoa, R. Schibli, ChemMedChem. 2010, 5, 2026.

[2] A.-C. Knall, C. Slugovc, Chem. Soc. Rev., 2013,42, 5131.

[3] M. Schnierle, S. Blickle, V. Filippou, M.R. Ringenberg, Chem. Commun., 2020,56, 12033.
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Investigation of Different Deposition Techniques of Holmium Sources for the
Measurement the Electron Neutrino Mass
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Zurich, Switzerland, 2Laboratory of Radiochemistry, Nuclear Energy and Safety Division, Paul
Scherrer Institut, Villigen PSI, Switzerland

The radioisotope ®*Ho decays by electron capture with a low transition energy, which makes it a
promising candidate for the direct measurement of the electron neutrino mass. The HOLMES
project aims at such a neutrino mass determination by means of calorimetric decay measurements
of implanted ®*Ho with a sub-eV sensitivity [1]. The needed *®*Ho-implanted microcalorimeters are
prepared by Ar-sputtering from a Ho sputter target (as cathode) in a Penning ion source followed
by mass separation and implantation of *3Ho in an array of 1024 calorimetric pixels [2]. The
method for the production of the needed ®3Ho source is of vital importance and it has to meet
three requirements: uniform surface distribution, chemical homogeneity, and high yields.

In this work, different techniques for the preparation of adequate Ho sputter targets were used.
The morphology of the obtained sources was characterized by autoradiography and scanning
electron microscopy, while the chemical composition of the deposited Ho was investigated by
energy dispersive X-ray spectroscopy.

[1] R. G. Hamish Robertson, Physical Review C, 2015, 91, 035504
[2] Bradley Alpert et al., The European Physical Journal C, 2015, 75, 1-11
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Electric Field Effects on the Surface Chemistry of Inorganic Materials

T. C. Chang Chien !, M. F. Delley**
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For the development of sustainable energy conversion technologies we need earth-abundant
alternatives to the typical noble metal electrocatalysts and control over the reactivity at their
surfaces. In electrocatalysis, electric fields at the metal electrode surface have been suggested to
be a key factor influencing the surface reactivity and selectivity.! For instance, some of us have
recently shown that interfacial electric fields can dramatically change the surface acidity of
organically modified gold layers.* Rather than the applied potential, it is the electric field and
potential experienced at the surface that is more relevant to the surface chemistry. These electric
field effects are significantly influenced by interfacial interactions.® Hence, electric field effects and
interfacial interactions have to be understood not only for the conventional metal electrodes but
also for alternative earth-abundant materials in order to control catalysis.

Here, we describe an infrared spectro-electrochemical approach to measure electric fields at the
surface of a cobalt sulfide film. We use the so-called Vibrational Stark Effect that connects
vibrational shifts to electric fields and introduce direct Stark reporters of electric field to the
surface by chemical modification of the sulfide surface. Furthermore, we show how interfacial
interactions vary as a function of electric field. This study provides first clues on electric field
effects at the surface of inorganic metal sulfide materials and their potential relevance for the
catalysis by inorganic materials.

[1] Leanne D. Chen, Makoto Urushihara, Karen Chan, Jens K. Ngrskov, ACS Catalysis, 2016, 6,
7133-7139.

[2] Akira Murata, Yoshio Hori, Bulletin of the Chemical Society of Japan, 1991, 64, 123-127.

[3] Joaquin Resasco, Leanne D. Chen, Ezra Clark, Charlie Tsai, Christopher Hahn, Thomas F.
Jaramillo, Karen Chan, Alexis T. Bell, Journal of the American Chemical Society, 2017, 139,
11277-11287.

[4] Murielle F. Delley, Eva M. Nichols, James M. Mayer,Journal of the American Chemical Society,
2021, 143, 10778-10792.

[5] Murielle F. Delley, Eva M. Nichols, James M. Mayer, Journal of Physical Chemistry C, 2022, 126,
8477-8488.
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Structure-function correlations in a new family of homoleptic tris-didentate Cr(lll)
complexes.

|. Chong?, A. Benchohra!, C. M. Cruz?, C. Besnard?, L. Guenée?, C. Piguet!*

!Departement of Inorganic and Analytical Chemistry, University of Geneva, CH-1211 Geneva 4, ?
Department of Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich, 3
Laboratory of Crystallography, University of Geneva, CH-1211 Geneva 4

Over the past decade, the quest for earth-abundant phosphorescent emitters has renewed interest
for Cr(lll) coordination chemistry. The long emission lifetimes of the spin-forbidden transitions of
Cr(lll) 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, 3]. In this context, we have investigated new homoleptic tris-didentate Cr(lll) 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(lll) complexes, such as [Cr(phen);]** and [Cr(bpy);]**, previously reported
in literature [4]. 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(lll) complexes.

[1] L. A. Buldt, S. Wenger, Chem. Sci., 2017, 8 (11), 7359-7367.

[2] S. Otto, M. Dorn, C. Forster, M. Bauer, M. Seitz, K. Heinze, Coord. Chem. Rev., 2018, 359,
102-111.

[3]1]). R. Jiménez, B. Doistau, M. Poncet, C. Piguet, Coord. Chem. Rev., 2021, 434, 213750.

[4] N. Serpone, M. A. Jamieson, M. S. Henry, M. Z. Hoffman, F. Bolletta, M. Maestri, J. Am. Chem.
Soc., 1979, 101 (11), 2907-2916.
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Diimine Re(l) tricarbonyl complexes: toward novel highly potent and non-toxic
antimicrobial agents

Y. Cortat?, S. Nasiri Sovari!, N. Radakovic?, F. Zobi'*, A. Pavic®*

'University of Fribourg, department of chemistry Chemin du Musée 9, Fribourg, 2University of
Belgrade, Laboratory for Microbial Molecular Genetics and Ecology, Vojvode Stepe 444a, Belgrade

The current increase of antimicrobial resistance (AMR) poses a serious need for new classes of
therapeutic compounds. For this purpose, our group has been interested in organometallic
antimicrobial agents and more precisely in rhenium(l) tricarbonyl (RTC) molecules, which have
been known for possessing promising therapeutic properties against a variety of bacteria and
fungi.? Our work features the synthesis of various RTC complexes bearing a diimine moiety as
bidentate ligand and a pyridine or imidazole derivative as monodentate ligand. The biological
activity of these compounds is tested against several strains of bacterial and fungal pathogens.>*

The already obtained results suggest great potential, as some RTC species exhibit excellent
activity against methicillin-resistant Staphylococcus aureus (MRSA), Candida albicans or
MRSA-C. albicans co-infection with a minimum inhibitory concentration (MIC) in the nanomolar
range. Furthermore, in vivo tests using zebrafish as model organism show no toxicity toward the
embryos, increasing the infected fish rate survival up to 100 %.

[1] M. Patra, M. Wenzel, P. Prochnow, V. Pierroz, G. Gasser, J. E. Bandow, N. Metzler-Nolte Chem.
Sci., 2015, 6, 214-224.

[2] D. Siegmund, N. Lorenz, Y. Gothe, C. Spies, B. Geissler, P. Prochnow, P. Nuernberger, |. E.
Bandow, N. Metzler-Nolte Dalton Trans., 2017, 46, 15269-15279.

[3] S. Nasiri Sovari, S. Vojnovic, S. S. Bogojevic, A. Crochet, A. Pavic, J. Nikodinovic-Runic, F. Zobi
Eur. J. Med. Chem., 2020, 205, 112533-112548.

[4] S. Nasiri Sovari, N. Radakovic, P. Roch, A. Crochet, A. Pavic, F. Zobi Eur. J. Med. Chem., 2021,
226, 113858-113870.
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Dioxygen Activation in Rieske Dioxygenases: A Model Study Towards Automated
QM/MM Protocols

K. S. Csizi'?, C. Brunken?, L. Eckert!, M. Reiher'*, T. B. Hofstetter®*

'ETH Zurich, Laboratory of Physical Chemistry, VIadimir-Pre_Iog-Weg 2, CH-8093 Zurich, *Eawag,
Swiss Federal Institute of Aquatic Science and Technology, Uberlandstr. 133, CH-8600 Dubendorf

Quantum mechanics/molecular mechanics (QM/MM) hybrid methods allow one to address chemical
phenomena in complex molecular environments. Such hybrid models are tedious to construct and
require specific knowledge on the considered problem, which is why it has been difficult to provide
automated procedures of controllable accuracy, making such type of modelling far from being of a
black-box type.

Here, we present an automated QM/MM model construction protocol on the basis of fully
automated structure preparation, model parametrization (SFAM[1]) and QM region selection
(QM/SFAMI2]) developed as SWOOSE module within out SCINE software framework.[3]

We apply this protocol to QM/MM-based evaluation of oxygenations reactions catalyzed by Rieske
dioxygenases (RDO), which are the primary enzymes responsible for the hydroxylation of aromatic
hydrocarbons.[4] In contrast to other mononuclear non-heme iron oxygenases, substrates of RDOs
are held in substrate pockets in proximity of the active site but lack direct interaction with the non-
heme iron center.[5] Despite this apparently missing interaction, it was observed experimentally
that coordination of O, to the metal center is gated by the presence of the apparently unreactive
substrate. This tight control over O, reactivity appears biologically plausible to avoid
unproductive O, activation, yet the role of the substrate in the formation of reactive iron-oxygen
species is not understood.

We recently discussed all steps leading to substrate-modulated dioxygen activation in a purely
guantum chemical study combining both Density Functional Theory and first-principle reference
calculations.[6] We find that binding of dioxygen to a mononuclear non-heme iron center requires
prior reduction of the active site through electron transfer from the nearby Rieske cluster. We
utilize our findings to reproduce critical reaction steps in the active site on the QM/MM scale and,
by that, validate our QM/MM modelling protocol.

[1] C. Brunken, M. Reiher, J. Chem. Theory Comput. 2020, 16(3), 1646-1665.

[2] C. Brunken, M. Reiher, J. Chem. Theory Comput. 2021, 17(6), 3797-3813.

[3] SCINE - Software for Chemical Interaction Networks. http://scine.ethz.ch/ (accessed June 04,
2022).

[4] S. G. Pati, C. E. Bopp, H.-P. E. Kohler, T. B. Hofstetter, ACS Catal. 2022, 12(11), 6444-6456.

[5] A. Karlsson, J. V. Parales, R. E. Parales, D. T. Gibson, H. Eklund, S. Ramaswamy, Science. 2003,
299(5609), 1039-1042.

[6] K.-S. Csizi, L. Eckert, C. Brunken, T. B. Hofstetter, M. Reiher, Chem. Eur. J. 2022, 28(16),
€202103937.
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Tuning spin-crossover transition temperatures in non-symmetrical homoleptic
meridional/facial [Fe(didentate);]>** complexes

N. Deorukhkar?, L. Guénée?, C. Piguet'*

'University of Geneva, Department of Inorganic and Analytical Chemistry, *University of Geneva,
Laboratory of X-Ray Crystallography

In an effort to develop tris-diimine Fe" complexes displaying spin crossover properties in solution
at room temperature, several unsymmetrical didentate units were investigated (ligands L1-L4). By
changing the number of nitrogen atoms or their position within the 6-membered N-heterocyclic
ring, the spin transition can be finely tuned. The construction of ligands L3 and L4 containing
pyrimidine rings bound at positions 2 or 4 to N-methyl-benzimidazole units is a prerequisite for the
thermodynamic programming of [Fe(Lx)g,]2+ complexes, the transition temperatures (T,,,) of which
are lower than those found in the complexes [Fe(L1);]** (T, = 309(6) K) and [Fe(L2);]**
(T1 =349(5) K)*\. The [Fe(L3)5]** unit, considered as its mixture of mer/fac isomers, exhibits spin
crossover in solution with T;, = 273(3) K, which makes this complex suitable for the potential
modulation of lanthanide-based luminescence in polymetallic helicates. Furthermore, the explicit
analysis of the isomeric equilibrium involving the mer and fac isomers of [Fe(L3)s;]°* offers an
unprecedented opportunity for assigning specific thermodynamic spin-crossover parameters to
each isomer'?. Due to the thermodynamic trans effect (trans influence) the enthalpic driving
forces favour the low-spin isomer for the facial isomer, a trend reinforced by entropic consideration
based on solvation effects. In other words, spin crossover occurs systematically at lower
temperature for the meridional isomer.

/ / / /
N N= N N= N N= N  N=
CL—O- T O~ C-O
L1 L2 L3 L4

In the solid-state, these isomers could be crystallised separately. Cleared of solvation effects, but
submitted to strong intermolecular packing effects, fac-[Fe(L3)s]°* undergoes an abrupt transition
(T1, = 207(16) K), while mer—[Fe(L3)3]2+ shows a two-step transition (T,, = 178(4) K and 251(12)
K) with accompanying phase-transitions characterized by XRD-analysis, indicating a peculiar
process explaining the stepwise transition. This presentation aims to highlight the nuanced
modification of complex properties, which results from the apparently negligible flipping of a
didentate ligand in going from facial to meridional Fe'" spin-crossover complexes.

[1] T. Lathion, L. Guénée, C. Besnard, A. Bousseksou and C. Piguet, Chem. Eur. J., 2018, 24,
16873-16888.
[2] N. Deorukhkar, C. Besnard, L. Guénée and C. Piguet, Dalton Trans., 2021, 50, 1206-1223.
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Redesigning nanocrystal synthesis - Critically evaluating the use of solvents and
ligands

E. Dhaene®?, K. M. Jensen?, P. F. Smet?, K. De Buysser?, I. Van Driessche?, J. De Roo**

!Department of Chemistry, Ghent University, Belgium, “Department of Chemistry, University of
Copenhagen, Denmark, *Department of Solid State Sciences, Ghent University, Belgium, *
Department of Chemistry, University of Basel, Switzerland

In every colloidal nanocrystal synthesis ligands and solvent play a crucial role. For the former, only
a handful molecules are currently used, of which oleic acid being the most typical example. Here
we show that monoalkyl phosphinic acids are another ligand class. For the latter, 1-octadecene
(ODE) is a widely used solvent for high temperature nanocrystal synthesis (120 -320 °C), but it is
not innocent.

First, we put forward monoalkyl phosphinic acids as an alternative ligand class, similar to
carboxylic acids and phosphonic acids (Figure A). After presenting the ligand synthesis for several
selected substrates, we proceed to show the intermediate reactivity of the phosphinic acids in
CdSe quantum dot syntheses. The nanocrystals synthesized with phosphinic acids are also easier
to purify since there is no gel formation. Very small (2-3 nm) CdSe quantum dots with low
polydispersity and high photoluminescence quantum yields can be easily accessed with phosphinic
acid ligands. CdSe and CdS nanorods were also synthesized using phosphinic acids, whereby the
rods showed high purity an d uniformity. In addition, given their intermediate acidity, phosphinic
acids (pKa = 3.08) bind to the surface with an affinity between carboxylic and phosphonic acids.
Using solution NMR, we quantify the X-for-X ligand exchange and conclude that the monoalkyl
phosphinic acids quantitatively displace carboxylate ligands and are in equilibrium with
phosphonates (although phosphonate binding is favored).

Second, we show that ODE polymerizes at temperatures relevant for nanocrystal synthesis (Figure
B). Using NMR spectroscopy, we detect its presence in five different nanocrystal syntheses:
ZnS:Mn/ZnS, CulnS,, CdS, TiO,, and Fe;0,. The resulting poly(ODE) has a comparable solubility and
size to nanocrystals stabilized by hydrophobic ligands, thus hampering typical purification
procedures. To avoid formation of poly(ODE), we replaced 1-octadecene with saturated, aliphatic
solvents. Alternatively, the native ligands are exchanged for polar ligands, leading to significant
solubility differences between nanocrystals and poly(ODE), therefore allowing isolation of pure
nanocrystals, free from polymer impurities.

In conclusion, by introducing a third and intermediate class of surfactants, we enhance the
versatility of surfactant-assisted syntheses and post-synthetic stabilization. In addition, the inertia
of solvents should not be taken for granted. Side reactions can seriously compromise the purity of
the nanocrystal product, with consequences for ensuing applications.

[1] Evert Dhaene, Rohan Pakratath, Olivia Aalling-Frederiksen, Kirsten M. @. Jensen, Philippe F.
Smet, Klaartje De Buysser, Jonathan De Roo, ACS Nano, 2022, 16, 7361-7372. [2] Evert Dhaene,
Jonas Billet, Ellie Bennett, Isabel Van Driessche, Jonathan De Roo, Nano Letters, 2019, 19,
7411-7417.
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Radiochemistry, Paul Scherrer Institut, 3Laboratory of Inorganic Chemistry, Department of
Chemistry and Applied Biosciences, ETH Zurich

Radionuclide-specific radioactivity measurements are necessary in order to give an accurate
evaluation for the decommissioning of nuclear facilities, radioactive waste management or
contamination monitoring. Measurements are commonly carried out with liquid scintillation
counting, a-, y-, and mass-spectrometry. However, all these analysis techniques usually require a
thorough chemical pretreatment, targeting the removal of interfering radionuclides. Common
strategies for routine analytical separations of radionuclides are based on ion-exchange or
extraction chromatography, as well as precipitation/co-precipitation methods. The objective of the
herein presented project is to explore a so far less commonly used separation route, which is
based on selective electrodeposition. We report on promising results obtained by controlled-
potential electrolysis for the separation of radionuclides in simple mixtures (e.g., ®°Co and **’Cs)
using an ordinary undivided cell. In addition, an electrochemical flow-cell has been designed and
tested in order to reach faster electrolytic separations. Such an electrochemical approach is
expected to lead to fast routine radioanalytical methods, which will be used for the analysis of
radionuclide mixtures of increasing complexity. Thus, the herein presented results may pave the
way to a viable alternative for traditional separation techniques.
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Iridium(lll) complexes are of everlasting interest due to their unique chemical and photophysical
properties including remarkable chemical and thermal stability, reversible redox transformations,
high luminescence quantum yields, and easily tunable emission color and lifetime. These features
have allowed these complexes to be widely used in optoelectronics, photonics, photoredox
catalysis, oxygen and sensing etc.!

Structurally, luminescent Ir(C™~N); complexes (C™N = cyclometalated arylpyridyl ligand) exist as
two stable geometrical isomers with distinct photophysical properties: facial (fac) and meridional
(mer).> The mer isomer tends to be thermodynamically less stable than the fac isomer. Varying the
reaction conditions, the mer isomer can be obtained in a kinetically controlled reaction and
transformed to the fac form at elevated temperatures or under light irradiation.? The opposite
fac-»mer isomerization has not been reported so far.

Herein we demonstrate that fac-Ir(C”™N)3; complexes can be converted into their mer isomers by a
successive reaction with acid and then base as shown below.

This chemically induced fac-mer isomerization is fast, clean, quantitative, tolerant to different
substituents, stereoselective, and it can be reversed by light irradiation.

The cleanliness and reversibility of the new fac-mer isomerization provide the possibility to use
luminescent Ir(C™N); complexes as substrates for rewritable data storage devices or as a basis for
molecular machines. Another application direction of this isomerization is the synthetic
accessibility of mer isomers, which are difficult to prepare using published procedures.

The authors greatly appreciate a financial support from Swiss National Science Foundation (SNSF)
and EPFL as well as facility/equipment available within EPFL.

[1] Eli Zysman-Colman, Iridium(lll) in Optoelectronic and Photonics Application, John Wiley & Sons,
Chichester, West Sussex, 2017.

[2] Arnold B. Tamayo, Bert D. Alleyne, Peter I. Djurovich, J. Am. Chem. Soc., 2003, 125, 7377.

[3] Aidan R. McDonald, Martin Lutz, Lars S. von Chrzanowski, Inorg. Chem., 2008, 47, 6681.
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19Ag NMR Chemical Shift: A Descriptor of Bronsted Acidity from Molecular Ag-NHC-
Complexes

C. Hansen!, S. R. Docherty®, W. Cao?, A. Yakimov!, C. Copéret®*
'ETH-Zrich

For group 11 metals (Cu, Ag, Au) in the 1+ oxidation state, it has been suggested that the
molecular fragment [LM*] can be considered isolobal to a proton (H"), due to the closed-shell
nature of the d'° electron configuration.'** 21 On this basis, we investigated °°Ag chemical shift of
[LAg™] as a descriptor for the pKa of Bransted acid sites.

By exploiting the modularity of N-Heterocyclic carbene (NHC) complexes of Ag(l) (general structure
(NHC)AgX), we demonstrate that the °°’Ag chemical shift of a series of monomeric silver NHC
complexes ((NHC)AgX) correlates (linearly) with the pKa of the conjugate acid of the anionic ligand
(X7). The relationship between isotropic chemical shift has been extended across a broad range of
ligands (halides, alkoxides, amides, aryl, alkyl etc.), and provides a broad-ranging strategy for the
estimation of pKa of a range of Brgnsted acids. Analysis of solution NMR, solid-state NMR and
calculations of chemical shift tensors illustrate clear trends between both experimental and
calculated parameters with pKa of the corresponding Brgnsted acid. Furthermore, the broad range
of 1°°Ag chemical shifts obtained (ca. 300 ppm) provides a basis to evaluate the acidity of various
compounds; a path that we are currently further exploring, and that we hope to extend to the
surface chemistry of heterogeneous catalysts.

[1] Hoffmann, R., Angewandte Chemie International Edition 1982, 21 (10), 711-724.
[2] Evans, D. G.; Mingos, D. M. P., Journal of Organometallic Chemistry 1982, 232 (2), 171-191.
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Prelog-Weg 1-5/10, 8093 Ziirich, 2Labor Spiez, Austrasse, 3700 Spiez, >Paul Scherrer Institut,
Forschungsstrasse 111, 5232 Villigen PSI

The enrichment of uranium for civil and military purposes has led to the accumulation of uranium
by-products with reduced abundance of 23°U, which is known as depleted uranium (DU). Due to its
high density (=18 g/cm?), DU has found its broad application in the fabrication of counter balances
for airplanes, armored vehicles and armor-piercing ammunition [1,2]. Meanwhile, the content of
chemically similar behaving rare earth elements (REEs) can be used to match the geolocation of a
source of uranium ore. Further processing routes and especially activation products, as derived
from plutonium production, can give hints on corresponding process routes [3-5]. In recent
publications of nuclear forensics, impurities at concentration levels of several percent were
predominantly investigated by energy-dispersive X-ray spectroscopy (EDX) [1]. Unfortunately, the
concentration of REEs in DU lays below the detection limit of EDX, thus demanding for alternative
methods of analysis, such as inductively coupled plasma mass spectrometry (ICP-MS).

Recently, Roach et al. [6] developed promising methods to quantitatively separate Ce, Pr, Nd, Sm,
Eu, and Gd using ion chromatography, coupled to ICP-MS for ultra-trace nuclear forensic
applications. Our own preliminary results revealed promising chemical yields for the separation of
the problematic contaminant Ce, together with the transuranium elements Am and Cm, from other
REEs. With this in hand, we aim at investigations similar to works as published by Varga [7] and
colleagues. They studied REE patterns in uranium ores and the influences from milling and pre-
concentration of uranium on REE patterns. Finally, the acquired data will be used to establish a
library of potential uranium sources and processing routes. This library in connection with a
thorough understanding of the involved processing routes will help to find source and process-
specific patterns as well as it will help to study statistically significant differences. Furthermore, we
will try to understand the influences on patterns derived from mixing different uranium sources
and processing routes during manufacturing. This will pave the way for nuclear forensic studies of
unknown samples.

[1] A. Bleise, P. R. Danesi, W. Burkart, Journal of Environmental Radioactivity, 2003, 64, 93-112.
[2] A. F. Holleman, E. Wiberg, N. Wiberg, Lehrbuch der Anorganischen Chemie, 102nd ed.; Walter
de Gruyter: 2007.

[3]S. Sindern, Physical Sciences Reviews 2017, 2, 20160066.

[4] V. Balaram, W. Rahaman, P. Roy, Geosystems and Geoenvironment, 2022, 1, 100019.

[5] Office of Air and Radiation, United States Environmental Protection Agency, Depleted Uranium
Technical Brief (EPA 402-R-06-011) 2006.

[6] B. D. Roach, C. R. Hexel, J. M. Guaquinto, Technical Report: ORNL/TM-2017/694, 2017.

[7] Z. Varga, M. Wallenius, K. Mayer, Radiochimica Acta, 2010, 98, 771-778.
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Thorium nitrides are likely intermediates in the reported cleavage and functionalization of
dinitrogen by molecular thorium complexes and are attractive compounds for the study of multiple
bond formation in f-element chemistry, but only one example of thorium nitride isolable from
solution was reported.!! Here, we show that stable multimetallic azide/nitride thorium complexes
can be generated by reduction of thorium azide precursors, a route that has failed so far to
produce Th nitrides.[213!

Here, we investigated the reduction of azide precursors with excess KCg and CsCg, allowing the
isolation of bis-azide, mononitride, with different counterions.! Both complexes were
characterized by X-ray crystallography, NMR spectroscopy and density functional theory
calculations. In the solid-states structure, they both display a dinuclear Th(IV) complex, featuring a
bridging nitride and two azide ligands, but in the presence of two different counterions gives rise
to paramount structural differences in the two complexes. We also investigated the reactivity
toward CO. Both complexes reacted with excess *3CO, vyielding *CN™ in 30% and 22%, after
hydrolysis with D,O (pD = 13). Furthermore, removal of the alkali ions might favor the loss of the
azide ligands, affecting the reactivity of complex toward CO. The yield of *CN increased
to 70% after hydrolysis. In conclusion, we have synthesized the first multimetallic Th,K; and
Th,Cs; azido/nitrido complexes, which are the second examples of isolable molecular thorium
nitrides and studied the reactivity toward CO.

[1] S. L. Staun, D. C. Sergentu, G. Wu, J. Autschbach, T. W. Hayton, Chem. Sci. 2019, 10,
6431-6436.

[2] J. Z. Du, D. M. King, L. Chatelain, E. Lu, F. Tuna, E. J. L. Mclnnes, A. ]J. Wooles, L. Maron, S. T.
Liddle, Chem. Sci. 2019, 10, 3738-3745

[3] J. Z. Du, C. Alvarez-Lamsfus, E. P. Wildman, A. J. Wooles, L. Maron, S. T. Liddle, Nat.
Commun. 2019, 10, 4203

[4] F. C. Hsueh, L. Barluzzi, M. Keener, T. Rajeshkumar, L. Maron, R. Scopelliti, M. Mazzanti, J. Am.
Chem. Soc. 2022, 144, 3222-3232
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Potassium Alkoxide Mediated Zincations of Aromatic Substrates

N. R. Judge', E. Hevia'*

'University of Bern

The unique activating effects of alkali-metal alkoxides when added to other s-block
organometallics is a well-established phenomenon in polar organometallic chemistry.!*! Typified by
the LIC-KOR (Lochmann-Schlosser) superbase, combining potassium tert-butoxide with n-
butyllithium greatly enhances the metalation capabilities of this mixture when compared to those
of their monometallic counterparts.!?® Extending these reactivity enhancement effects beyond
group 1 organometallics, our group has recently demonstrated the ability of alkali-metal alkoxides
to activate dialky magnesium or zinc reagents towards metal halogen exchange reactions of
bromo and iodoarenes. Mechanistic studies indicate that these special behaviors can be attributed
to the formation of more reactive mixed-metal mixed-aggregate complexes. 4!

Building on this work, this contribution showcases recent advances on the development of a new
bimetallic base which allows for the direct zincation of a broad range of aromatic substrates. By
combining the Zn amide Zn(TMP), (TMP = 2,2,6,6-Tetramethylpiperidide) with two equivalents of
KOtBu effective zincation of sensitive substrates such as 1,3,5-trifluorobenzene can be achieved
while operating at room temperature (see Figure). Trapping of key reaction intermediates and
NMR monitoring of the reactions have uncovered the close interplay between the different
components of this bimetallic mixture to facilitate the success of the Zn-H exchange reaction and
the stability of the metalated intermediates.

[1] L. J. Bole, E. Hevia, Nat. Synth. 2022, 1, 195-202.

[2] M. Schlosser, J. Organomet. Chem. 1967, 8, 9-16.

[3] M. Schlosser, Angew. Chem. Int. Ed. 2005, 44, 376-393.

[4] M. Balkenhohl, D. S. Ziegler, A. Desaintjean, L. ). Bole, A. R. Kennedy, E. Hevia, P. Knochel,
Angew. Chem. Int. Ed. 2019, 58, 12898-12902.

[5] L. J. Bole, N. R. Judge, E. Hevia, Angew. Chem. Int. Ed. 2021, 60, 7626-7631.

[6] N. R. Judge, L. J. Bole, E. Hevia, Chem. Eur. J. 2022, (DOI: 10.1002/chem.202104164).
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From Macrocycles into Assembled Chain-mails!
A. Kaiss!, A. Hinaut?, A. Crochet!, E. Meyer?, K. M. Fromm?®*

'University of Fribourg, Department of Chemistry, Chemin du Musée 9, CH-1700 Fribourg,
Switzerland, 2University of Basel, Department of Physics, Klingelbergstrasse 82, CH-4056 Basel,
Switzerland

Knots and links, being part of the mechanically interlocked molecular architectures, are related to
three-dimensional space. Nevertheless, links are less studied and are not as well classified as
knots [1]. Nature shows examples of strong relations between topology and function [2,3]; for
instance, complex topological structures such as those present in the chain-mail like bone armour
lying under a Komodo dragon’s skin are extremely robust [4], as is the non-covalent interlaced
protein structure forming the capsid of the virus HK97 [5].

To achieve chain-mail type structures, macrocycles need to interlink with each other. Such
complex topologies of links can be analyzed for example by looking at their two-dimensional
assemblies at the atomic level. This is achieved by applying imaging techniques, such as AFM and
STM.

New synthons like a new family of macrocycles with alternating aromatic and polyether chains,
have been synthesized and characterized with the aim of obtaining a controlled complex chain-
mail structure (scheme 1). Such flexible and robust macrocyclic structures are formed by
alternating the mechanical and physical properties resulting from the different building blocks.
Their optimal packing arrangement on atomically flat 2D structures have been investigated and
compared with the 3D structures obtained from single crystal analyses of the macrocycles and
its/their solvates.

[1] Nils A. Baas, Nadrian C. Seeman, Andrew Stacey, Journal of Mathematical Chemistry, 2015,
53(1), 183-199.

[2] Nadrian C. Seeman, Journal of Theoretical Biology, 1982, 99, 237-247.

[3] Christopher S. Wood, Tanya K. Ronson, Ana M. Belenguer, Julian J. Holstein, Jonathan R.
Nitschke, Nature Chemistry, 2015, 7, 354-358.

[4] Jessica A. Maisano, Travis J. Laduc, Christopher ). Bell, Diane Barber, Anatomical Record, 2019,
302, 1675-1680.

[5] Robert L. Duda, Cell, 1998, 94, 55-60.
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lUniversity of Basel, Department of Chemistry, St. Johanns Ring 19, 4056 Basel, Switzerland, 2
Institute for Nanotechnology (INT), Karlsruhe Institute of Technology (KIT), P. O. Box 3640, 76021
Karlsruhe, Germany. Lehn Institute of Functional Materials (LIFM), School of Chemistry, Sun Yat-

Sen

The isocyanide is a versatile functional group which is widely employed in the field of organic and
combinatorial chemistry including catalysis, photochemistry and transition metal chemistry. The
isocyanide is furthermore getting increasing attention in the field of medicinal chemistry as well as
molecular electronics.™

The unique structural property of this functional group is given by the lone pair on the carbon
atom, which allows to coordinate in a linear fashion via o-bond donation to metals. Based on these
characteristics the isocyanide seems to have a particular high affinity to copper, silver and gold,
while increasing in the listed order.!?

To investigate the affinity of the isocyanide to the different metals we designed and synthesized a
macrocyclic bidentate diisocyanide ligand. The distance between the isocyanides was optimized
for the complexation with gold, while a compromise was found with butadiynes as spacing units.
Complexation with copper, silver and gold was performed and analyzed via NMR and IR
experiments. Of particular interest was the affinity of the isocyanide towards gold(l). For this
purpose, UV-vis titration experiments were carried out. These showed, that the K, value was too
high to be determined (>10%°).1%!

Macrocyclic bidentate ligand for the complexation with copper, silver and gold.

[1] Alberto Massarotti, Francesca Brunelli, Silvio Aprile, Mariateresa Giustiniano, Gian Cesare Tron,
Chemical Reviews, 2021, 121, 17, 10742-10788.

[2] Lomberto Malatesta, Progress in Inorganic Chemistry, 1959, 1, 283-379.

[3] Charlotte Kress, Marcel Mayor, manuscript in preparation.
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Photoinduced Electron-Transfer Through the Mechanical Bond in a Supramolecular
Dyad

S. Kundu?, C. B. Larsen*

!Department of Inorganic, Analytical and Applied Chemistry, 30 Quai Ernest-Ansermet, University
of Geneva, 1211 Geneva 4, Switzerland

Photoinduced Electron transfer (PET) has been widely explored in covalently connected molecular
motifs, mostly focusing on how various bridging motifs facilitate PET.! Although research has
predominantly focused on PET through covalent bridges, an emerging field is through-space PET.?
Within this framework, mechanically-interlocked molecules such as catenanes and rotaxanes
represent a particularly interesting scaffold for PET, due to their unique three-dimensional topology
and dynamic nature.?

Despite interest in PET in rotaxanes dating back to Sauvage’s original work in the field,*
fundamental insight into PET in mechanically-interlocked systems remains underdeveloped. To
address this, herein is presented a systematic spectroscopic investigation on PET through the
mechanical bond, using a supramolecular dyad comprised of a [Ru(bpy)s]** photosensitizer and a
triarylamine (TAA) donor, situated on different components of a [2]rotaxane.

[1] Bo Albinsson, Jerker Martensson, J. Photochem. Photobiol. C Photochem. Rev., 2008, 9,
138-155.

[2] B. M. Graff, D. N. Lamont, M. F. L. Parker, B. P. Bloom, C. E. Schafmeister, D. H. Waldeck, J.
Phys. Chem. A, 2016, 120 (30), 6004-6013.

[3] Atula S. D. Sandanayaka, Hisahiro Sasabe, Toshikazu Takata, Osamu Ito, J. Photochem.
Photobiol. C Photochem. Rev., 2010, 11, 73-92.

[4] Jean-Claude Chambron, Sylvie Chardon-Noblat, Anthony Harriman, Valérie Heitz, Jean-Pierre
Sauvage, Pure Appl. Chem., 1993, 65 (11), 2343-2349.
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Bifunctionalised Vitamin B,, Derivatives for Medicinal Applications
P. D. Mestizo!, C. Brenig?, F. Zelder'*

!Department of Chemistry, University of Zurich, Winterthurerstrasse 190, CH-8057 Zurich,
Switzerland

Antimetabolites and antivitamins are molecules that diminish or abolish the specific metabolic
functions of vitamins.[' In the case of vitamin B,, designing an antimetabolite that inhibits
B,,-dependent metabolism by competitive binding is a challenging task.’?! In the Zelder group, we
have set out to explore novel routes towards bifunctionalised B,, antimetabolites by combining
chemical modifications of the corrin scaffold and the upper (B-) axial ligand to design the most
powerful antivitamins against specific biological targets, namely bacteria and cancer cells.?!

In the poster, we present a substance library of bifunctionalised cobalamin derivatives as
promising new antibacterial agents.!*! It is demonstrated that the upper (B-) axial organometallic
ligand controls the antimetabolic effect. Some of the derivatives do not only represent powerful
“antivitamins B;,”, but also allow for further functionalization. With such tools in hand, further
progress in vitamin B;, chemistry to utilize B, derivatives as antibiotic and antiproliferative agents
in real-live applications becomes foreseeable.

[1] ). C. Somogyi and K. Trautner in Vitamine, Vol. 3, Thieme, Stuttgart, 1974, pp. 10-138.
[2] F. Zelder, M. Sonnay and L. Prieto, Chembiochem, 2015, 16, 1264-1278.

[3] B. Krautler, Eur. J. Chem., 2015, 21, 11280-11287.

[4] C. Brenig, P. D. Mestizo, F. Zelder, submitted.
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The development of new luminescent MOFs for molecular detection.
F. Oswald?, A. Kastrati®, J. Hankache®, K. M. Fromm™*
'University of Fribourg, Departement of Chemistry, 9 chemin du Musée, 1700 Fribourg, Switzerland

Metal-organic frameworks (MOFs) are a fascinating class of hybrid organic-inorganic porous
crystalline nanomaterials built from metal-ions and organic bridging ligands [1]. Among the
applications of MOFs in different prominent fields [2], the sensing and detecting of specific target
components, including toxic and aromatic compounds, volatile organic compounds (VOC),
pesticides and explosives, have attracted our attention. In our group, extensive research over the
past few years has focused on the design, synthesis, and investigation of a new class of
anthracene-based MOFs. Modification of different parameters of these compounds revealed them
to very promising candidates for the molecular detection of analytes due to changes in their
optical properties through host-guest interactions.

[1] Hong_Cai Zhou, Omar Yaghi, Chemical Reviews, 2012, 112, 2, 673-674.
[2] Ryan Kuppler, Hong_Cai Zhou, Coordination Chemistry Reviews, 2009, 253, 23, 3042-3066.
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Anti-Cancer Activity of Polyoxometalates and their Nanocomposites
. Parris®, G. Wiprachtiger!, R. Hooshmandabbasi?, G. Patzke'*, C. Maake?*
University of Ziirich, Department of Chemistry, 2University of Zrich, Institute of Anatomy

The medicinal applications of polyoxometalates (POMs) have long been investigated. More recently
organic modification and encapsulation of POMs have been found to enhance the POMs’ activity
and selectivity towards malignant or infected/foreign cells. In this work, we investigate the
anticancer activity of polyoxotungstates, with the aim of determining which features of the POM
are biologically active and the targets of these features, so that the POM’'s structure can be
modified systematically to optimize the treatment. For this, we use the anti-viral POM
[C04(H;0),(PW403,4),1*° as a model.

Moreover, we encapsulate the POM with a biocompatible polymer, carboxymethyl chitosan (CMC).
Through ionotropic gelation, we can form nanoparticles ranging from 100 to 200 nm in diameter.
The polymer has been chosen as it is minimally cytotoxic and, in some instances, can enhance the
cellular uptake of drugs when it is employed as a drug carrier. We aim to understand how the
polyoxometalate interacts with the polymer and to uncover how the entrapment in CMC modifies
the POMs bioactivity.
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The chemistry of CuzN and Cus;PdN nanocrystals

M. Parvizian®, A. Duran Balsa®, R. Pokratath?, C. Kalha?, S. Lee3, D. Van den Eynden?, M. Ibafiez>, A.
Regoutz?, . De Roo™*

'University of Basel, University College London, 3IST Austria

CusN and CusPdN nanocrystals are attractive materials with numerous applications ranging from
optoelectronics to catalysis. However, their chemical formation mechanism and surface chemistry
are unknown or contested. In this work, we first optimize the synthesis and purification to yield
phase pure, colloidal stable CusN and CusPdN nanocubes. Second, we elucidate the precursor
conversion mechanism that leads to the formation of CusN from copper(ll) nitrate and oleylamine.
We find that oleylamine is both the reductant and nitrogen source. Oleylamine is oxidized to a
primary aldimine and the latter reacts further with oleylamine to a secondary aldimine, eliminating
ammonia. Ammonia reacts with Cu(l) to form CusN. Third, we investigated the surface chemistry of
the nanocrystals using solution NMR spectroscopy and X-ray photoelectron spectroscopy (XPS). We
find a mixed ligand shell of aliphatic amines and carboxylates. The carboxylate is produced in situ
during the synthesis. While the carboxylates appear tightly bound, the amines are easily desorbed
from the surface. Finally, we analyze the optoelectronic properties by UV-Vis and XPS. Doping with
palladium decreases the bandgap and the material becomes semi-metallic. These results bring
insight into the chemistry of metal nitrides and will help the development of other metal nitride
nanocrystals.

M. Parvizian, A. Duran Balsa, R. Pokratath, C. Kalha, S. Lee, D. Van den Eynden, M. Ibanez, A.
Regoutz, J. De Roo, ChemRxiv, 2022.
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Mechanistic insights into multi-photon driven photocatalysis and its application for
challenging redox catalysis

B. Pfund?, D. Schaad?, O. S. Wenger**
!Department of Chemistry, University of Basel, St. Johanns-Ring 19, 4056 Basel, Switzerland

Photoredox catalysis has led to significant progress in organic synthesis by using visible light for
the mild activation of small molecules but has an intrinsic energetic limitation of 3.1 eV,
corresponding to the energy of blue photons. As a result, challenging chemical transformations
cannot be initiated with a single visible photon and biphotonic excitation is needed, whereby the
energy of two photons is combined to overcome the intrinsic limitation.!" 2 However, elucidations
of such multi-photon mechanisms in complex photocatalytic systems are rare but essential for the
development of the growing field of biphotonic catalysis.**! Here we report a biphotonic
mechanism, mimicking the photosystem I and Il, where two different light-absorbers are combined
leading to an extremely strong reductant, yet using only visible photons, able to dehalogenate and
detosylate challenging substrates in the presence of suitable electron donors. The investigated
mechanism involves an electron transfer where an iridium(lll) sensitizer absorbs the first photon
and transfers one electron to a terphenyl-based redox catalyst forming an energy-rich radical
anion that can be excited with a second photon forming a very reactive species. Using time-
resolved spectroscopy we were able to investigate each step of the proposed mechanism including
two-pulse experiments, where the depletion of the terphenyl-based radical anion could be
observed upon the second laser pulse.

[1] Indrajit Ghosh, Tamal Ghosh, Javier |. Bardagi, Burkhard Kénig, Science, 2014, 346, 725-728.
[2] Bjorn Pfund, Debora M. Steffen, Mirjam R. Schreier, Maria-Sophie Bertrams, Chen Ye, Karl
Borjesson, Oliver S. Wenger, Christoph Kerzig, Journal of the American Chemical Society, 2020,
142, 23, 10468-10476.

[3] Marianna Marchini, Giacomo Bergamini, Pier G. Cozzi, Paola Ceroni, Vincenzo Balzani,
Angewandte Chemie, 2017, 56, 12820-12821.

[4] Max S. Coles, Gina Quach, Jonathon E. Beves, Evan G. Moore, Angewandte Chemie, 2020, 59,
9522-9526.
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Mechanistic Insight into the Precursor Chemistry of ZrO, and HfO, Nanocrystals;
towards Size-Tunable Syntheses

R. Pokratath?, D. Van den Eynden?, S. R. Cooper?, J. K. Mathiesen?, V. Waser!, M. Devereux?, S.
Billinge**, M. Meuwly?, K. Jensen?, J. De Roo’

'University of Basel, *University of Copenhagen, *Columbia University, “Brookhaven National
Laboratory

One can nowadays readily generate monodisperse colloidal nanocrystals, but a retrosynthetic
ahalysis is still not possible since the underlying chemistry is often poorly understood. Here, we
provide insight into the reaction mechanism of colloidal zirconia and hafnia nanocrystals
synthesized from metal chloride and metal isopropoxide. We identify the active precursor species
in the reaction mixture through a combination of nuclear magnetic resonance spectroscopy (NMR),
density functional theory (DFT) calculations, and pair distribution function (PDF) analysis. We gain
insight into the interaction of the surfactant, tri-n-octylphosphine oxide (TOPO), and the different
precursors. Interestingly, we identify a peculiar X-type ligand redistribution mechanism that can be
steered by the relative amount of Lewis base (L-type). We further monitor how the reaction
mixture decomposes using solution NMR and gas chromatography, and we find that ZrCl, is
formed as a by-product of the reaction, limiting the reaction yield. The reaction proceeds via two
competing mechanisms: E1 elimination (dominating) and Syl substitution (minor). Using this new
mechanistic insight, we adapted the synthesis to optimize the yield and gain control over
nanocrystal size. These insights will allow the rational design and synthesis of complex oxide
nanocrystals.
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Novel Re (I) tricarbonyl complexes of thiazolhidrazinylidene-chroman-2,4-diones
F. Rahmani?, A. Crochet?!, F. Zobi'*
'University of Fribourg

Rhenium complexes, mostly explored for their anti-tumor properties, were recently shown to
possess promising antibacterial properties. A new strategy for designing metal complexes entails
using ligands that already have biological activities. In medicinal chemistry, several derivatives of
the coumarin core have already shown a wide spectrum of physiological and pharmacological
activities. Based on that, a previous study in our group evaluated a series of arylcoumarin of fac
-[Re()(CO)3] complexes for their antimicrobial activities.[1] Some of these species showed
remarkable antimicrobial activity against methicillin-resistant S. aureus (MRSA) with MIC values in
vivo as low as 350 ng/mL (Fig 1, left). This encouraged us to explore the synthesis of new
complexes of coumarin. In particular, derivatives of thiazolhidrazinylidene-chroman-2,4-diones and
their corresponding bidentate and monodentate fac-[Re(l)(CO)s;] complexes were prepared (Fig 1,
right).

Fig.1 Left. Effect of arylcoumarin fac-[Re(l)(CO);] complexes in efficiently rescuing zebrafish
embryos of the lethal MRSA-infection. Right. New bidentate and monodentate fac-[Re(l)(CO)s]
thiazolhidrazinylidene-chroman-2,4-dione species prepared in this study.

[1] Sara Nasiri Sovari, Sandra Vojnovic, Sanja Skaro Bogojevic, Aurelien Crochet, Aleksandar Pavic,
Jasmina Nikodinovic-Runic, Fabio Zobi, European Journal of Medicinal Chemistry, 2020, 205,
112533-112548.
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Electronically flexible pyridyl-pyridylidene amide ligands for palladium-catalyzed a-
arylation of ketones

E. Reusser?!, M. Albrecht*

!Departement fiir Chemie, Biochemie & Pharmazie - Universitat Bern, Freiestrasse 3, 3012 Bern

Electronically flexible ligands such as pyridylideneamides (PYAs, see Figure 1) can vary their
degree of donor ability and may stabilize several intermediates of the catalytic cycle.'*! This ligand
flexibility is a highly desirable feature in a process such as cross-coupling where different oxidation
states are involved during the catalytic cyclem. In their zwitterionic form, these ligands exhibit
strong donating properties that facilitates oxidative additions on the coordinated metal center.
Furthermore, their ease of production, low-cost synthesis and high tunability make them efficient
alternatives to carbenes and phosphines. Here we introduce different pyridyl-PYA ligands
coordinated to palladium(ll), which afford, highly active and robust ketone alpha-arylation
catalysts. The herein reported TONs are unprecedented for N-based ligand for such a
transformation®3!.

[1] M. Navarro, L. Mo, H. Mlller-Bunz, S. Bernhard, M. Albrecht. Chemistry A European Journal,
2016, 22(20), 6740-6745.

[2] P. D. W. Boyd, L. J. Wright, M. N. Zafar, Inorganic Chemistry, 2011, 50, 10522-10524.

[3] P. Novak, R. Martin, Current Organic Chemistry, 2011, 15, 3233-3262.
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Demonstrating and unraveling a controlled nanometer-scale expansion of the vacancy
defects in graphene by CO,

M. Rezaeil, L. F. Villalobos?, K. V. Agrawal*
!Laboratory of Advanced Separations (LAS), ISIC, SB, EPFL

A controlled manipulation of graphene edges and vacancies is desired molecular separation,
sensing and electronics applications. Unfortunately, available etching methods always lead to
vacancy nucleation making it challenging to control etching [1]. Herein, we report CO,-led
controlled etching down to 2 - 3 A per minute while completely avoiding vacancy nucleation. This
makes CO, a unique etchant for decoupling pore nucleation and expansion. The theoretical
literature predicts that CO, should not nucleate pores in graphene because of an extremely high
energy barrier for its chemisorption on the basal plane of graphene [2]. This systematic pore
expansion study, tracking the density of expanded pores as a function of etching condition, not
only confirms the theoretical prediction but also reveals that only vacancy defects larger than 0.30
nm can be expanded by CO, [3]. So far, the energetics for CO, led etching of graphene edges were
only studied by computational calculations and no experimental data was available. This study, for
the first time, validates that CO, expands graphene edges with an energy barrier is 2.7 eV, close
to that predicted for the dissociative chemisorption of CO, on the zigzag edges.

We demonstrate the presence of an additional configurational energy barrier for nanometer-sized
vacancies resulting in a significantly slower rate of expansion. Finally, CO, etching is applied to
map the location of the intrinsic vacancies in the polycrystalline graphene film where we show that
the intrinsic vacancy defects manifest mainly as grain boundary defects where intragrain defects
from oxidative etching constitute a minor population. These results present a novel tool for the
manipulation of vacancy defects in graphene with an added advantage of highly controlled size
manipulation decoupling pore nucleation from pore expansion. This will inspire and aid future
studies aiming to tune the PSD in graphene for molecular separation and sensing studies. It will
also aid efforts to manipulate the width of graphene nanoribbons to control their electronic
properties. Finally, CO, etching will also find application in the mapping of the intrinsic vacancy
defect with respect to grain boundaries, a method which can be extremely useful for researchers
looking to control or manipulate the intrinsic defects.

[1] S. Li, M.T. Vahdat, S. Huang, KJ. Hsu, M. Rezaei, N. Marzari, K.V. Agrawal, JACS Au, 2022,
2,723-730

[2] D.L. Biederman, A.]. Miles, F.J. Vastola, P.L. Walker, Carbon, 1976, 14, 351-356

[3] M. Rezaei, L.F. Villalobos, K.J. Hsu, K.V. Agrawal, Angew. Chem. Int. Ed., 2022, 61, e202200321


http://www.tcpdf.org

Inorganic & Coordination Chemistry, Poster IC-139

Novel manganese complexes with phenolate-substituted NHC ligands: catalytic
application in the oxidation of organic compounds

G. Rigoni?, P. Nylund?, M. Albrecht’*

!Department of Chemistry, Biochemistry and Pharmaceutical Sciences, University of Bern,
CH-3012 Bern, Switzerland

Oxidation chemistry keeps playing a critical role in organic synthesis for the production of
pharmaceuticals and value-added products, such as fragrances. Catalytic approaches are more
attractive than stoichiometric processes with hazardous inorganic oxidants, as well as the
replacement of noble metals currently employed in industry with earth abundant metals such as
Mn would be significantly convenient.

Our group recently synthesized a new class of 1,2,3-triazolylidene ligands bearing phenolate
moieties and their corresponding Ni and Fe complexes were found promising for several catalytic
applications.’? We decided to evaluate the activity of the Mn analogues in the oxidation of
selected substrates, which could benefit from the electronic flexibility of the mesoionic carbene
fragment.? In this work, we show that a high-valent Mn/NHC system efficiently catalyses the
oxidation of secondary alcohols and will discuss the effects of structural and electronic ligand
variations.

[1] Bertini, S.; Rahaman, M.; Dutta, A.; Schollhammer, P.; Rudnev, A. V.; Gloaguen, F.;
Broekmann, P.; Albrecht, M. Green Chem. 2021, 23, 3365-3373.

[2] Stroek, W.; Keilwerth, M.; Pividori, D. M.; Meyer, K.; Albrecht, M. J. Am. Chem. Soc. 2021,
143, 20157-20165.

[3] Pinto, M. F.; Olivares, M.; Vivancos, A.; Guisado-Barrios, G.; Albrecht, M.; Royo, B. Catal.
Sci. Technol. 2019, 9, 2421-2425.
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Maturarbeit: Towards a copper-Azophloxine inorganic complex for the selective naked-
eye detection of pyrophosphate in water

T. Rossel®?, A. Bieri?

!University of Neuchatel, Institute of chemistry, Avenue de Bellevaux 51, 2000 Neuchatel,
Switzerland(CH), 2Gymnase francais de Bienne, Pré Jean-Meunier 1, 2740 Moutier, Switzerland(CH),
3University of Neuchatel, Avenue de Bellevaux 51, 2000 Neuchatel, Switzerland(CH)

For the purpose of a high school thesis, we investigate with a student the possibility of detecting
pyrophosphate with an indicator displacement assay using a copper-based inorganic complex. Our
results indicate that real research with socially relevant results can be conducted at high school
using very modest resources. [1]

[1] Aria Bieri, Thibaud Rossel, Chimia, 2022, 76, 368.
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Initiation of Methyltrioxorhenium by C-H Activation in Homogeneous Olefin Metathesis
Catalysts

Y. Stoferle!, P. Chen'*
YETH Zirich

Olefin metathesis can be performed in homogeneous or heterogeneous fashion, mostly employing
Ru, Mo, W, or Re catalysts. For the latter, methyltrioxorhenium (MTO) supported on alumina is a
fairly well studied system . The initiation of MTO/AI,O5 to form the metathesis active alkylidene is
proposed to proceed via C-H activation of the MTO methyl group. This can take place either at a
basic site on the support 13! or by tautomerization of the surface-coordinated MTO I, Mechanistic
studies of heterogeneous catalytic reactions are often impaired by the fact that the surface
species are ill-defined, and thus hard to investigate. We therefore sought to design homogeneous
model systems, which enable us to study the C-H activation of MTO under metathesis conditions.

We looked at two model catalysts: I) a tri-component catalyst consisting of a frustrated Lewis pair
(FLP) / MTO; and HII) a trimetallic methyl aluminum phenoxide complex / MTO. The first one is
inspired by small molecule activation chemistry with FLPs, while the second one is supposed to
mimic an alumina surface on a molecular level. NMR studies using isotopically labeled MTO gave
insight into the activation of the MTO methyl group by deprotonation. Tracking catalyst
decomposition and metathesis initiation products allowed for indirect evidence on the initial active
species. These experiments suggest that the initially formed alkylidene is indeed a rhenium
methylidene, which originates from the MTO methyl group. In addition, the interconnection of
these consecutive steps is corroborated by kinetic studies. The present study with the two
homogeneous catalysts complements the work in the heterogeneous field consistently.

[1] Christophe Copéret, Pavel Zhizhko et al., Chem. Sci., 2021, 12, 3092-3115.
[2] Alain Salameh, Christophe Copéret et al., Angew. Chem. Int. Ed., 2007, 46, 3870-3873.
[3] Maxence Valla, Philippe Sautet et al., J. Am. Chem. Soc., 2016, 138, 6774-6785.

[4] Fan Zhang, Susannah Scott et al., J. Am. Chem. Soc., 2018, 140, 13854-13868.
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Transactinide chemistry in the sub-second regime using vacuum adsorption
chromatography

G. Tiebel*?, R. Dressler!, R. Eichler!, P. Steinegger'

!Laboratory of Radiochemistry, Nuclear Energy and Safety Division, Paul Scherrer Institute, 2
Laboratory of Inorganic Chemistry, Department of Chemistry and Applied Biosciences, ETH Zurich,
3Department of Chemistry, Biochemistry and Pharmaceutical Sciences, University of Bern

The chemical characterization of superheavy elements (SHEs, Z=104) demands for fast techniques
and is conducted at the one-atom-at-a-time level. The state-of-the-art approach used for such
studies is gas adsorption chromatography, which reaches its limit with radionuclides featuring half-
lives of >1 s[1]. Thus, radioisotopes of heaviest elements beyond flerovium (FI, Z=114) cannot be
addressed with the currently available approach. However, a suitable alternative is vacuum
adsorption chromatography, which may allow for the characterization of SHEs with radioisotopes
having half-lives in the millisecond regime [2].

Here, we present the designs of a vacuum adsorption chromatography experiment, which set out
to proof the expected short processing times. Two substantially different designs were compared
using Monte Carlo simulations. Based on these simulations, a final design has been chosen for a
planned experiment at the Cyclotron Institute of Texas A & M University.

[1] A. Tarler, R. Eichler, A. Yakushev, Nucl. Phys. A, 2015, 944, 640-689.
[2] P. Steinegger et al., J. Phys. Chem. C, 2016, 120, 7122-7132.
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Zirconium and hafnium metal oxo clusters as smallest conceivable nanocrystals; from
synthesis to application

D. D. Van den Eynden'??

'University Basel, University Ghent

Group 4 metal oxo clusters [ZrgO4(OH)4(RCOO),,] are an interesting type of material with
applications in 3D-printing, MOF’'s and catalysis.['®! They exist as a dimer or a monomer,
depending on the ligand used during synthesis. These systems are often regarded as the smallest
conceivable nanocrystals since they consist of an inorganic core capped with organic ligands,
similar to nanocrystals.

Despite the vast amount of applications there is no consistency throughout the available
synthesis. On top of this, complete characterizations are lacking in literature. In the past, crystal
diffraction was the main characterization technique to obtain structural information. However,
crystallizing these compounds becomes more and more challenging (if not impossible) when
longer ligands are used. Making it impossible to study the structure with crystal diffraction
techniques.

In order to overcome this problem Pair Distribution Function (PDF) was used. Since it allows for
measuring liquid fatty acid capped clusters and still obtain structural data. The organic ligand shell
on the other hand is probed via NMR, TGA and IR.

By improving the synthesis and purification of these clusters we developed an extended library of
possible ligands which allows for solubility of these cluster in a large range of solvents with
different polarities. By using our characterization toolbox, we found that the dimerization depends
on the steric hindrance of the ligands itself and that hydrogen bonded ligands are inherent to the
system on top of the coordinated ligands. Our results were found to be applicable for hafnium as
well. Lastly, these clusters showed improved catalytic activity compared to nanocrystals which can
be used as esterificaiton catalysts.!*!

Figure 1. General scheme showing the control over monomeric versus dimeric clusters by
changing the ligand reacting with the M(OR), precursor. Via ligand exchange these 2 different
cluster species can be converted into one another.

[1] Zhang, Y.; de Azambuja, F.; Parac-Vogt, T. N., Catal. Sci. Technol., 2022.

[2] Huang, J.-Y.; Xu, H.; Peretz, E.; Wu, D.-Y.; Ober, C. K.; Hanrath, T.; Chem. Mater., 2019, 31,
10017.
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High Temperature Studies with 4H-SiC a-Detectors for Future Superheavy Element
Experiments
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Institut, Villigen-PSI, Switzerland, “Laboratory of Inorganic Chemistry, Department of Chemistry
and Applied Biosciences, ETH Zurich, Zurich, Switzerland

The state-of-the-art technique for chemically classifying superheavy elements (SHEs, Z 104) is gas
phase thermochromatography. Using this approach, the deposition temperature of the SHE under
investigation within the chromatography channel relates to the element’s adsorption enthalpy with
the chosen stationary surface. To accommodate for short half-lives and low production rates, the
chromatography channel consists of an array of detectors, whose surface acts as the stationary
phase. This method has worked well for the characterizations of elemental copernicium (Cn,
Z = 112) [1], elemental flerovium (FI, Z = 114) [2], and Sg(CO)¢ (seaborgium, Z = 106) [3], where
subzero temperatures are needed for the adsorption of the chemical species inside the detector
array. A thermochromatography setup currently at Paul Scherrer Institut, the Cryo-OnLine
Detection system (COLD), utilizes an array of Si-based a-detectors subjected to a negative
temperature gradient from room temperature to approximately -180 °C. For comparably less
volatile compounds and elements, e.g., Nh and NhOH (nihonium, Z = 113) [4], temperatures
above the working range of Si-based detectors are required. The 4H-SiC semiconductor presents
an affordable and expandable alternative a-detector option. The larger band gap (i.e., 3.23 eV for
SiC vs. 1.14 eV for Si) makes 4H-SiC a suitable candidate for high temperature a-spectroscopy.
Presented here are the results of high temperature tests up to 700 °C in preparation for future SHE
chemistry experiments.

[1] Eichler, R. et al., Nature, 2007, 447, 72-75.

[2] Yakushev, A. et al., Inorg. Chem., 2014, 53, 1624-1629.
[3] Even, J. et al., Science, 2014, 345, 1491-1493.
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Evaporation of polonium from heavy-liquid-metal-cooled reactors
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ZUrich, Switzerland, “Laboratory of Radiochemistry, Nuclear Energy and Safety Division, Paul
Scherrer Institute, Villigen PSI, Switzerland

The use of liquid metals as a coolant is a potential development path for generation IV nuclear
power reactors. This type of reactor is primarily intended for the use as a so-called breeder reactor
or for the transmutation of nuclear waste, thus closing the nuclear fuel cycle. The distribution and
behavior of radionuclides produced during operation are of the utmost importance for evaluating
the safety of such systems. In order to make accurate predictions, the release of radionuclides
from the coolant must be well understood, particularly for potential accident scenarios.

Within the HORIZON2020 project PATRICIA, previous research on the volatilization of radionuclides
from liquid lead-bismuth eutectic (LBE), that is pertinent for the safety of future accelerator-driven
systems, is continued. Previous investigations on polonium, the most radiotoxic element produced
in the reactor, focused predominantly on its volatilization behavior from pure LBE. For the
experiments carried out in the framework of PATRICIA, it is intended to use LBE from the MEGAPIE
target to investigate the effect of spallation products on the volatility of polonium. The unique
feature of this sample material lies in the fact that it contains a similar chemical composition and
radionuclide inventory as found in the spallation zone of an actual accelerator-driven nuclear
reactor, which encompasses most elements of the periodic table. It can therefore be used as a
surrogate to study the complex chemical system of a heavy-liquid-metal-cooled reactor. Here, we
describe the latest results regarding the volatilization studies of polonium from MEGAPIE,
employing the transpiration method.
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Uranium nitrides (UN,) were identified almost 100 years ago as active catalysts in the industrial
Haber-Bosch process for the conversion of dinitrogen (N,) to ammonia (NHs).! This has since
generated significant interest in the dinitrogen chemistry of uranium, recently leading to the
discovery of complexes capable of stoichiometrically converting N, to NHs,%> and even the
catalytic conversion of N, to amine, however, these types of transformations still remain relatively
elusive. Herein, we present our work toward understanding the requirements necessary to
undergo the 6e” reduction and functionalization of N, to NHs utilizing well-defined diuranium
complexes. First, we highlight our work for the comparative studies for the reactions of acid (H")
and NH; with uranium nitrides containing different types of ancillary ligands, ultimately leading to
contrast differences in reactivity.® This work allowed us to harness significant information for the
design of diuranium complexes active in the H*/e" mediated catalytic transformation of N, to NH3,
as the conversion of uranium nitrides to NH; is an essential step in dinitrogen fixation. We will also
present our work in probing ancillary ligand effects toward N, binding, by utilizing a series of
heteroleptic diuranium nitride complexes containing different combinations of 0Si(O‘Bu); and
N(SiMejs), ligands.” In this work, we found by changing the number and type of ancillary ligands
leads to contrast differences in reactivity, in which one complex is capable of N,binding and
cleavage, with subsequent functionalization to NH;.
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