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Oxygen-atom Vacancies in Polyoxovanadate-alkoxide Clusters
E. M. Matson, B. E. Petel, W.W. Brennessel
Department of Chemistry, University of Rochester, Rochester, NY 14627 USA
matson@chem.rochester.edu

Abstract
Surface defect sites in reducible metal oxide materials have been long credited with the catalytic
activity of these heterogeneous catalysts. Here, we present our efforts at modelling oxygenatom vacancies at the surface of a redox-active vanadium oxide cluster. Reduction of the parent
polyoxovanadate-alkoxide cluster results in formation of a surface-exposed, reduced vanadium
site via oxygen atom transfer from the vanadate assembly to a substrate. The reactivity of
polyoxovanadate clusters bearing a single oxygen atom vacancy toward small molecule
activation will be discussed, summarizing recent efforts toward catalytic functionalization of
chemical contaminants and energy-poor gaseous substrates.
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Metal/Metal Oxide Interfacial Synergy in Polyoxometalate-Stabilised
Ruthenium Nanoparticle Catalysis
R. J. Errington, L. Feng, S. Doherty and J. G. Knight
Chemistry, Newcastle University, Newcastle upon Tyne, NE1 7RU, UK
John.Errington@ncl.ac.uk

Abstract
The performance of heterogeneous catalysts prepared by deposition of an active metal onto a
metal oxide support is dependent on the nature of the interface between the support and the
metal, often in the form of nanoparticles.[1] Seminal work by Weinstock has revealed details
of the adsorption of polyoxometalates (POMs) at the surfaces of metal nanoparticles,
providing insight into the interface at a molecular level.[2] The activity of POMs towards
proton and electron transfer and the wide variety of POM structures would suggest that the
catalytic activity of metal nanoparticles might be modified by the metal/POM interface and be
tunable by using different POMs for nanoparticle stabilisation.
This talk will describe our efforts to assess the influence of POMs on the catalytic activity of
Ru nanoparticles, either as aqueous suspensions or immobilized onto polymeric ionic liquid
(PIL) or graphitic carbon nitride (GCN) supports. Results from studies of Fischer Tropsch
synthesis, hydrogenolysis of hydroxymethyl furfural,
hydrogenation of trans-cinnamaldehyde and furfural,
conversion of cellobiose to sorbitol and conversion of
levulinic acid to γ-valerolactone suggest that the
presence of POMs at the surface of the Ru
nanoparticles promotes acid-dependent conversions.
The implications of these observations will be
discussed in terms of hydrogen migration resulting
from synergy between Ru nanoparticles and adsorbed
POMs, a process analogous to ‘hydrogen spillover’ in
heterogeneous catalysts.[3]
[1] S. J. Tauster, Acc. Chem. Res. 1987, 20, 389-394.
[2] Y. Wang and I. A. Weinstock, Chem. Soc. Rev. 2012, 41, 7479-7496; M. Zhang, J. Hao, A. Neyman, Y.
Wang and I. A. Weinstock, Inorg. Chem. 2017, 56, 2400-2408.
[3] R. Prins, Chem. Rev. 2012, 112, 2714-2738.
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Hybrid polyoxometalate materials for photo(electro)chemical applications
L. Ruhlmann, A. Bonnefont, V. Badets, Y. Liang, Z. Huo, D. Zhang, and Y. Lv
Laboratoire d’Electrochimie et de Chimie-Physique du Corps Solide, Institut de Chimie,
UMR 7177, CNRS-Université de Strasbourg, 4 rue Blaise Pascal, 67087, Strasbourg, France,
lruhlmann@unistra.fr

Abstract
The development of hybrid materials incorporating polyoxometalates (POMs) is a promising
approach

to

elaborate

new

functional materials. To expand
the practical applications, their
association

to

a

visible-light

photosensitizer

is

so

far

a

prerequisite.
Thus, POMs can be associated to a
visible-light photosensitizer such
as porphyrin which will promote
the use of POMs in photocatalysis

Figure 1 Various type of porphyrin-POM or hybrid POM systems.

or solar visible light conversion
materials. From this perspective, we have synthetized various POM-porphyrin hybrid materials
with covalent or non-covalent interactions [1]. We have also developed an original method of
electropolymerization of hybrid POMs such as Py-POM-Py (POM = Anderson, Keggin,
Lindqvist or Dawson) based on nucleophilic attack of the pendant pyridyl groups onto the
oxidized porphyrin [2-3,6]. Hybrid POM via pendant polymer or polymer of POM are also
deveopped with success [4]. A second methodology is also proposed to form hybrid POMporphyrin films: first the formation of cationic polyporphyrin electropolymer. Then, by
metathesis reaction, the (partial) exchange onto the surface of the initial counter ions by the
POMn- [1b]. The photovoltaic performances of such hybrid materials have been investigated
under visible-light illumination [5]. Photocatalysis of the photoreduction of metallic ions as
well as the photo-degradation of dyes and electrocatalysis of the reduction of NOx have also
been studied with success and will be described.
Preliminary works using operando spectroscopy such as the DEMS (Differential
Electrochemical Mass Spectroscopy) during the electrocatalysis of NOX will be also introduced.
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References
[1] a) I. Azcarate, B. Hasenknopf, E. Lacôte, L. Ruhlmann, Dalton Trans. 2013, 42, 12688. B) Z. Huo, A.
Bonnefont, C. Bucher, L Ruhlmann, Electrochimica Acta, 2018, 274, 177.
[2] L. Ruhlmann, A. Giraudeau, J.-H. Fuhrhop, J. Am. Chem. Soc., 1999, 121, 6664. [3] Z. Huo, D. Zang, S. Yang,
B. Hasenknopf, L. Ruhlmann, Electrochimica Acta, 2015, 179, 326. [4] G. Liu, A. Bonnefont, Y. Lv, L. Ruhlmann,
et al Chem. Comm. 2018, 54, 14132. [5] I. Ahmed, R. Farha, M. Goldmann, L. Ruhlmann, Chem. Comm. 2013,
49, 496. [6] I. Azcarate, Z. Huo, B. Hasenknopf, E. Lacôte, L. Ruhlmann, Chem. Eur. J. 2015, 21, 8271.
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Ultrathin Inroganic Nanowire based on Polyoxometalate
M. Sadakane,a) Z. Zhang,b) N. Yasuda,c) N. Hiyoshi,d) and W. Uedae)
a) Department of Applied Chemistry, Graduate School of Engineering, Hiroshima University,
b) School of Material Science and Chemical Engineering, Ningbo University, c) Japan
Synchrotron Radiation Research Institute/SPring 8, d) National Institute of Advanced
Industrial Science and Technology, e) Faculty of Engineering, Kanagawa University.
sadakane@hiroshima-u.ac.jp

Abstract
Reactions of tetrahedral [XO4]n- (X = P5+, Si4+ etc) and tungstate or molybdate [MO4]2form Keggin-type compounds, [XM12O40]n-. In the case of [XO3]n- (X = P3+, Se4+, Te4+ , Bi3+,
As3+ etc) with one unshared electro pair, complete Keggin structure can not be formed, but
lacunary

Keggin

[Bi3+W9O33]9-

[1],

Dawson-type

[(HP3+)2W18O62(H2O)]8-

[2],

or

[XMo6O21(ligand)3]n- [3, 4] are formed depends on the synthesis conditions.
We report that [XO3]n- (X = P3+, Se4+, Te4+) with one unshared electro pair froms
polymeric {[XM6O21]2-}n wire [5-8].

Figure 1. Stucure of (NH4)2[XM6O21].

[1] M. Boesing, A. Noeh, I. Loose, B. Krebs, J. Am. Chem. Soc. 1998, 120, 7252. [2] Q. Zheng, L. Vil-nadal, C.
Busche, J. S. Mathieson, D. Long, L. Cronin, Agnew. Chem. Int. Ed. 2015, 54, 7895. [3] U. Kortz, M. G. Savelieff,
F. Y. A. Ghali, L. M. Khalil, S. A. Maalouf, D. I. Sinno, Angew. Chem. Int. Ed. 2002, 41, 4070. [4] X. Sun, Z.
Liang, P. Ma, R. Ban, M. Jiang, D. Zhang, J. Wang, J. Niu, Dalton Trans. 2015, 44, 17544. [5] Z. Zhang, T.
Murayama, M. Sadakane, H. Ariga, N. Yasuda, N. Sakaguchi, K. Asakura, W. Ueda, Nature Commun. 2015, 6,
7731. [6] Z. Zhang, M. Sadakane, N. Hiyoshi, A. Yoshida, M. Hara, W. Ueda, Angew. Chem. Int. Ed. 2016, 55,
8292. [7] Z. Zhang, M. Sadakane, S. Noro, N. Hiyoshi, A. Yoshida, W. Ueda, Chem. Euro. J. 2017, 23, 1972. [8]
Z. Zhang, M. Sadakane, M. Hara, W. Ueda, Chem. Euro. J. 2017, 23, 17497.
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The Chemistry of Nano-confined Polyoxometalates
Graham N. Newton, Jack W. Jordan, Grace A. Lowe, Andrei N. Khlobystov, Darren A.
Walsh
GSK Carbon Neutral Laboratory for Sustainable Chemsitry, Jubilee Campus, University of
Nottingham, NG7 2TU, UK
Graham.Newton@nottingham.ac.uk

Abstract
Polyoxometalates (POMs) have received considerable attention in recent years due to their rich
redox properties and potential applications in energy storage.[1] Due to their discrete nature,
the use of POMs as components in energy storage devices relies on their stable combination
with conductive supports.[2] Carbon nanotubes (CNTs) are stable, hollow cylinders made
entirely of carbon. These nanostructured carbons are highly conductive, mechanically strong
and can be functionalized.[3]
This work describes the first report of the encapsulation of the Keggin [PW12O40]3- and WellsDawson [P2W18O62]6- heteropolyanions within carbon nanotubes (CNTs), along with detailed
structural, chemical and electronic characterization. Transmission Electron Microscopy (TEM)
confirms the presence of encapsulated POMs, as well as providing the necessary energy to
perform observable chemical transformations within the CNT. Access to POM redox properties
from within the CNT upon encapsulation is described, and the POM electrochemistry is shown
to be stabilized across a greater range of conditions and cycles than typically possible.
Investigations using Raman spectroscopy probe the electronic coupling between the host and
guest, showing electron transfer between the two.
1. Sadakane, M.; Steckhan, E., Electrochemical Properties of Polyoxometalates as Electrocatalysts. Chem. Rev.
1998, 98 (1), 219-238.
2. Song, Y.-F.; Tsunashima, R., Recent advances on polyoxometalate-based molecular and composite materials.
Chem. Soc. Rev. 2012, 41 (22), 7384-7402.
3. Miners, S. A.; Rance, G. A.; Khlobystov, A. N., Chemical reactions confined within carbon nanotubes. Chem.
Soc. Rev. 2016, 45 (17), 4727-4746.
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Cobalt-Polyoxometalates and Co3O4 Metal-Oxide Nanoparticles:
Fundamental Studies in Water-Oxidation Catalysis and Nucleation and
Growth Mechanisms
Richard G. Finke
Department of Chemistry, Colorado State University, Ft. Collins, CO

80523

Richard.Finke@colostate.edu

Abstract
Finke group research involving metal-oxide clusters has continued in three areas: (i) in the
synthesis and characterization of Co-POMs [1] and Co3O4 metal-oxide nanoparticles [2] of
interest in water-oxidation catalysis (WOC); (ii) in the determination of the kinetically
dominant, “true” catalyst in electrochemically driven WOC beginning with Co-POM
precatalysts [3,4]; and (iii) in exploiting the special properties of POM-stabilized Ir(0)n
nanoparticles en route to discovering the underlying, deliberately minimalistic, disproof-based
mechanisms of nanoparticle nucleation, growth, and agglomeration [5,6]. The talk will present
the primary evidence and highlights in as many of these areas as the allotted time allows.

[1] Folkman, S. J.; Kirner, J. T.; Finke, R. G. The Cobalt Polyoxometalate Co4V2W18O6810−: A Critical
Investigation of Its Synthesis, Purity, and Observed 51V Quadrupolar NMR, Inorg. Chem. 2016, 55, 5343-5355.
[2] Folkman, S. J.; Zhou, M.; Nicki, M.; Finke, R. G., Alcohol Solvent Effects in the Synthesis of Co3O4 MetalOxide Nanoparticles: Disproof of a Surface-Ligand Thermodynamic Effect En Route to Alternative Kinetic and
Thermodynamic Explanations, Inorg. Chem. 2018, 57, 1517-1526.
[3] Folkman, S. J.; Finke, R. G. Electrochemical Water Oxidation Catalysis Beginning with Co(II)
Polyoxometalates: The Case of the Precatalyst Co4V2W18O6810−, ACS Catalysis, 2017, 7, 7-16.
[4] Folkman, S. J.; Soriano-Lopez, J; Galán-Mascarós, J. R.; Finke, R. G. Electrochemically Driven WaterOxidation Catalysis Beginning with Six Exemplary Cobalt Polyoxometalates: Is It Molecular, Homogeneous
Catalysis or Electrode-Bound, Heterogeneous CoOx Catalysis?, J. Am. Chem. Soc. 2018, 140, 12040-12055.
[5] Laxson, W. W.; Finke, R. G. Nucleation is Second Order: An Apparent Kinetically Effective Nucleus of Two
for Ir(0)n Nanoparticle Formation From [(1,5-COD)IrI•P2W15Nb3O62]8- Plus Hydrogen, J. Am. Chem. Soc, 2014,
136, 17601-17615.
[6] Özkar, S.; Finke, R. Nanoparticle Nucleation is Termolecular and Involves Hydrogen: Evidence for a
Kinetically Effective Nucleus of Three, {Ir3H2x• P2W15Nb3O62}6-, in Ir(0)n Nanoparticle Formation From [(1,5COD)IrI•P2W15Nb3O62]8- Plus Hydrogen, J. Am. Chem. Soc. 2017, 139, 5444-5457.
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THIO-POMs as efficient HER Catalysts

E. Cadot†, B. Fabre,‡ N. Leclerc,† L. Rivier,† C. Falaise† and M. Haouas†
† Institute Lavoisier de Versailles, UVSQ, University Paris-Saclay, France
‡ Univ Rennes, CNRS, ISCR (Institut des Sciences Chimiques de Rennes), France
emmanuel.cadot@uvsq.fr

Abstract. Molecular engineering of
efficient HER catalysts is an attractive
approach for controlling the spatial
environment of specific building units
selected for their intrinsic functionality
required within the multistep HER
process.1 As the {Mo-S} core derived as
various coordination complexes has been
identified as one as the most promising
MoSx-based HER electrocatalysts, we
demonstrate that the covalent association
between the {Mo3S4} core and the redoxactive polyoxometalate (POM) produces a
striking synergistic effect featured by high
HER performance.2 Various experiments
carried out either in homogeneous or in
heterogeneous conditions showed that this synergistic effect arises from the direct connection
between the {Mo3S4} cluster and the POM unit. In addition, we report that this effect is
retained when the THIO-POM based catalyst is transferred within photocatalytic device or
deposited as co-catalyst (cocat) onto a microstructured p-type silicon. Using drop-casting
procedure to immobilize cocat onto the silicon interface led to high initial HER performance
under simulated sunlight. Furthermore, electrostatic incorporation of the thio-POM anion
cocat into a poly(3,4-ethylenedioxythiophene) (PEDOT) film is demonstrated to be efficient
and straightforward to durably retain the cocat at the interface of a micropyramidal silicon
(SimPy) photocathode. The thio-POM/PEDOT-modified photocathode is able to produce H2
under 1 sun illumination at a rate exceeding 400 µmol cm-2 h-1 at 0 V vs RHE, highlighting
the excellent performance of this photoelectrochemical system.
[1] Hou, Y.; Abrams, B. L.; Vesborg, P. C. K.; Björketun, M. E.; Herbst, K.; Bech, L.; Setti, A. M.; Damsgaard,
C. D.; Pedersen, T.; Hansen, O.; Rossmeisl, J.; Dahl, S.; Norskov, J. K.; Chorkendorff, I. Bioinspired Molecular
Co-Catalysts Bonded to a Silicon Photocathode for Solar Hydrogen Evolution. Nature Mater. 2011, 10, 434-438.
[2] Fu, D.; Fabre, B.; Loget, G.; Meriadec, C.; Ababou-Girard, S.; Cadot, E.; Leclerc-Laronze, N.; Marrot, J.; de
Ponfilly, Q. Polyoxothiometalate-Derivatized Silicon Photocathodes for Sunlight-Driven HER. ACS Omega
2018, 3, 13837-13849.
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Synthesis and properties of site-selective multi-transition-metal and acidcompatible multi-electron POM catalysts
C. L. Hill, K. P. Sullivan, Q. Yin, M. Tao, D. L. Collins-Wildman, D. G Musaev, T. Lian
and Y. V. Geletii
Department of Chemistry and Emerson Center, Chemistry, Emory University, Atlanta, GA
30322 USA
chill@emory.edu

Abstract
The effect of the atoms and groups proximal to the active site transition metal (TM) in water
oxidation catalysts (WOCs), those that facilitate ET, PCET and O-O bond formation in the 4electron, 4-proton oxidation of H2O to O2, have been extensively studied experimentally and
computationally. However, the influence of a second TM, i.e. TM’, adjacent to the WOC active
site TM has not been assessed. We have developed a synthesis of two-TM POM WOCs,
including [Co4Ni2(PW9O34)2]10- (Co4Ni4P2; X-ray structure in the figure with blue = Co(II); and
green = Ni(II)), which is nearly 100% selective for the desired CoNiNiCo isomer based on
anomalous dispersion X-ray diffraction (ADXRD), a
technique that uses a tunable synchrotron X-ray source.
Conventional X-ray crystallography can’t convincinly
distinguish two elements that are adjecent in the periodic
stable.
Comparing Co4Ni4P2 to the much-studied
[Co4(PW9O34)2]10- (Co4P2) reveals the impact of this TM
substitution on POM WOC electronic structure, potentials,
speed of key water oxidaton steps, etc. The internal TM’
can’t participate in PCET, etc. because they are buried; their
influence is indirect, yet such a substitution should impact
the TM active site electronic structure, potentials and rates of
key steps. DFT calculations suggest this is the case for
CoNiNiCo versus CoCoCoCo, Co4P2. Our preliminary
results will be presented.
The nature (size, charge, electronic structure) of POM WOC counterions impacts the catalytic
as well as [photo]electrode immobilization properties of these catalysts. Revealing new data
will presented and critiqued.
We thank the US Department of Energy, Office of Basic Energy Sciences, Solar
Photochemistry Program (grant DE-FG02-07ER-15906) for support of this resaerch.

Abstract submitted to FMOCS VI, Corvallis, Oregon, August 19-22, 2019
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Electronic Structure, Cluster Aggregation and Electron Transfer Processes
in Reduced Polyoxometalates
Josep M. Poblet
Departament de Química Física i Inorgànica
Universitat Rovira i Virgili, 43007-Tarragona, Spain
josepmaria.poblet@urv.cat

Abstract
It is well know that polyoxometalates can be reduced at relatively potentials and can act
as reservoir of electrons. Very recently, it has been reported that polyoxometallates clusters
like Li6[P2W18O62] can achieve very high proton–electron storage capacities in aqueous
solution.1 DFT calculations in combination with classical MD and CPMD simulations
were able to substantiate that the physical properties of classical polyoxotungstates, like
those of the prototypical Dawson anion [P2W18O62]6-, strongly depend on the presence of
collective forces associated to POM concentration, pH and countercation nature. At low POM
concentration and neutral pH only four electrons are reversibly incorporated to the POM.
However, in acidic media, the POM framework begins to protonate after the third
electron reduction. The salt concentration is also very relevant, since it favours the POM
aggregation, which induces an additional stabilization of molecular orbitals. These and
another

features

of

reduced polyoxometales will be discussed in the present

communication.

1

J.-J. Chen, M. D. Symes and Leroy Cronin, Nature Chemistry, 2018, 10, 1042–1047.
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Magnetic polyoxometalates for spintronics and quantum technologies
E. Coronado
Instituto de Ciencia Molecular (ICMol), Univ. Valencia,
Eugenio.coronado@uv.es

Abstract
The relevance of polyoxometalates (POMs) in the emergent areas of molecular spintronics
and quantum technologies is discussed with some key examples:
1) Spin valve effects in devices based on POMs
2) Spin blockade in a magnetic POM transistor [1]
3) Quantum operations in magnetic POMs used as quantum gates [2].
[1] J. De Bruijckere et al. Phys. Rev. Lett. 122, 197701 (2019).
[2] A. Gaita-Ariño, F. Luis, S. Hill, E. Coronado, Nature Chem. 11, 301 (2019).
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Plutonium(IV) Oxide Nanoclusters: Structure and Properties
Amy E. Hixon and Ginger E. Sigmon
Department of Civil & Environmental Engineering & Earth Sciences, University of Notre
Dame, Notre Dame, IN 46556 USA
ahixon@nd.edu

Abstract
The aqueous chemistry of Pu(IV) is complex due to its propensity to hydrolyze under all but
very acidic solutions and readily form colloids. The structure and assembly of these colloids
is highly debated, but is generally believed to be a complex mixture of hydroxides and
hydrous oxides (i.e., PuO2+x). Yet, the molecular structure of the plutonium colloid remains
unknown, which is unfortunate given its importance with respect to plutonium solubility,
nuclear waste reprocessing, and environmental fate and transport. This presentation will
discuss the synthesis, characterization, and crystal chemistry of five unique Pu(IV) oxide
nanoclusters containing 38, 22, or 16 metal centers (see Figure 1). In contrast to other
actinide(IV) oxide clusters, members of Pu(IV) oxide cluster family crystallize from aqueous
solution under ambient atmosphere and are capped only with inorganic ligands, such as
chlorine and water, which prevent formation of the extended PuO2 structure. Of particular
interest is the incorporation of hydroxide linkages into the smaller plutonium oxide
nanoclusters, which underscores previous observations and hypotheses regarding the
formation of the plutonium colloid. Further study of these and other related structures are
expected to shed light on mechanisms of formation, expand our understanding of aqueous
Pu(IV) chemistry, and enhance aqueous speciation models.

Figure 1. Ball and stick models of a) Na-{Pu38}, b) K-{Pu22}, and c) Na-{Pu16}. Purple =
plutonium; red = oxygen; green = chloride; teal and yellow = hydroxide.
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Actinyl Peroxide Cage Clusters: Mechanisms of Formation, Stability,
Thermodynamics, Transformations and Metal Oxidation States
P.C. Burns
Department of Civil and Environmental Engineering and Earth Sciences, 301 Stinson-Remick
Hall, University of Notre Dame, Notre Dame IN 46556
pburns@nd.edu

Abstract
Uranyl and neptunyl peroxide cage clusters were first reported by us in 2005. Subsequently, the
family has grown to more than 65 published clusters that contain from 16 to 124 uranyl ions
and various uranyl bridges. These clusters typically rapidly assemble in alkaline aqueous
solution containing hydrogen peroxide under ambient conditions, and can persist in solution for
at least several years. Our recent work on actinyl peroxide cage clusters that will be emphasized
in this presentation has focused on understanding the mechanisms of their formation, their
stability fields in pressure-temperature-pH space, their thermodynamic stabilities and cluster
salt solubilities, cluster transformations and dynamics, and an emphasis on the variable
oxidation states of neptunium in the Np24 cluster.
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Site Isolated Models in Catalysis :
Use of Silanol-Decorated Polyoxometalates
Geoffroy Guillemot
Sorbonne Université, Institut Parisien de Chimie Moléculaire, IPCM, 4 place Jussieu, CP 229,
F-75005 Paris, France
Geoffroy.guillemot@sorbonne-universite.fr

Abstract
Reliable structure-activity relationship studies have been the key to successful developments
in homogeneous catalysis. Conversely, SAR assignment in heterogeneous catalysis is a
difficult task because of the complexity of the surface and to the fact that only a small fraction
of the sites are actually involved in the catalytic reaction. Whereas, major progresses are
possible in the conception of single-site heterogeneous catalysts through a rational molecular
approach,[1] the use of discrete molecular models can still provide valuable clues to improve
our understanding of the intermediates and mechanisms occurring in heterogeneous systems.
To this end, a valuable molecular approach should fulfill the following criteria: the model
system (i) should display a single isolated site with a geometrical and chemical local
environment similar to the active site, (ii) should allow the successful achievement of the
same kind of transformations through a closely related chemical pathway. Moreover, the
model should help to bring insights into the SAR and in the nature of the active species and
intermediates involved in the catalytic process.
The silanol–decorated polyoxometalates (SiloxPOMs) that are depicted in the figure
below provide preorganized coordination environments that model site-isolation in
heterogeneous systems.[2] In this presentation, we want to stress their analogy with silicasupported catalysts and highlight how their use as catalysts allow us (i) to assess a reliable
SAR relevant to liquid phase heterogeneous oxidation catalysis,[2-3] and (ii) to unveil the
nature of the active sites involved in epoxidation catalysis by titanium-silicalite TS-1 and in
the partial oxidation of alcohols by vanadium oxides, following a Mars-van Krevelen
mechanism.[4]
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[1] C. Copéret, A. Comas-Vives, M. P. Conley, D. P. Estes, A. Fedorov, V. Mougel, H Nagae, F. Núñez-Zazur,
P. A. Zhizhko, Chem. Rev. 2016, 116, 323
[2] G. Guillemot, E. Matricardi, L.-M. Chamoreau, R. Thouvenot, A. Proust, ACS Catal. 2015, 5, 7415
[3] T. Zhang, L. Mazaud, L.-M. Chamoreau, C. Paris, A. Proust, G. Guillemot, ACS Catal. 2018, 8, 2330
[4] T. Zhang, A. Solé-Daura, S. Hostachy, S. Blanchard, C. Paris, Y. Li, J. J. Carbó, J.-M. Poblet, A. Proust, G.
Guillemot, J. Am. Chem. Soc. 2018, 140, 14912
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Bismuth oxide-Polyoxometalate hybrids with Highly Enhanced Proton
Conduction

Bai-Ling Liua, Hong-Ying Zanga*, Song Liangb, Yang-Guang Lia*
a
Key Laboratory of Polyoxometalate Science of the Ministry of Education, Faculty
of Chemistry, Northeast Normal University, Changchun, 130024, China
b
Key Laboratory of Bionic Engineering Ministry of Education, Jilin University,
Changchun, 130024, China
Email: zanghy100@nenu.edu.cn; liyg658@nenu.edu.cn
ABSTRACT

Design and synthesis of intrinsic proton conductors with high proton conductivity and
easy synthetic method is crucial and important to many energy-relevant applications[1],
especially proton exchange membrane fuel cells[2]. Herein, a brand new protonated bismuth
oxygen clusters conductors, BPN, ([H6Bi12O16][PW12O40][NO3]7, B = [H6Bi12O16]10+, N =
[NO3]-, P = [PW 12O40]3-) have been synthesized and their proton conductivity has also been
studied. Bismuth nitrate was used to hydrolyze in low pH (1-3) aqueous solution to form
protonated bismuth oxide cation, polyoxometalate anions were changed to balance the
cation clusters so as to produce corresponding ionic crystalline nanocomposite. We used
XRD, SEM and TEM to characterize the materials. In addition, we compared their water
uptake properties and proton conductivity. In particular, the introduction of polyoxoanions
(POAs) into protonated bismuth oxygen clusters can significantly increase proton
conductivity of BPN, especially that under high humidity and high temperature. When 20 wt
% HPWs was loaded into protonated bismuth oxygen clusters, the proton conductivity
reaches 0.12 S cm−1 at 90°C and 95% relative humidity which is comparable to that of
Nafion membrane. The protonated bismuth-oxo clusters provide both high positive charge to
effectively load POAs and abundant hydroxyl groups paving continuous hydrogen bonding
pathway along multiple channels to drive quick long-range proton conduction. POAs render
a stable water environment of bismuth oxide clusters act as effective proton carriers
enabling intermoleuclar and intramolecular proton transport. This study may bring a new
generation of pure inorganic crystalline nanocomposite intrinsic proton conductors and
merge the fields of layered materials and polyoxoanion clusters.

Fig.1 Proposed proton conduction mechanism of BPN.
REFERENCES
1
2

S. S. Park, A. J. Rieth, C. H. Hendon, and M. Dinca, J. Am. Chem. Soc. 2018, 140, 2016.
S. Bukola, Y. Liang, C. Korzeniewski, J. Harris, and S. Creager, J. Am. Chem. Soc. 2018, 140,
1743.
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Electro/Photocatalytic Oxidation of Hydrocarbons and Reduction of
Carbon Dioxide
Ronny Neumann, Eynat Haviv, Alexander Khenkin, Miriam Somekh, Dima AzaizaDabah, and Huijun Yu
Department of Organic Chemistry, Weizamnn Institute of Science, Rehovot, Israel 76100
Ronny.neumann@weizmann.ac.il

Abstract
As recently stated in an editorial (Acc. Chem. Res. 2017, 50, 445) “The conversion and storage
of solar energy in a sustainable fashion with minimal adverse impact on the planet” and “perfect
catalysts” are among the top three holy grails in chemistry. Based on our ability to transform
sunlight to electricity using photovoltaic technology, it would, therefore, seem appropriate as
will be shown in this talk to develop electro/photocatalytic reactions and processes. Four
examples will be given that demonstrate new such types of transformations all involving the
use of polyoxometalates as catalysts or electron relays.
(1)
The selective cathodic electrocatalytic oxidation in water of light alkanes and alkenes
with O2 catalyzed by an iron-tungsten polyoxometalate porous capsule, {FeIII30 WVI72}. For
example, the unique selective oxidation of ethane to acetic acid and ozone type cleavage of
ethylene to formaldehyde and formic acid.
(2)
The anodic formation of formyloxy radicals catalyzed by {CoIVW12} to activate C-H
bonds of benzene and other substrates to yield the corresponding formate esters. Since the latter
are easily hydrolyzed, the sum transformation, for example for benzene, is PhH + H2O ® PhOH
+ H2.
(3)
The coupling of a hydrocarbon dehydrogenation to a CO2 to CO reduction reaction
where a carbon nitride semiconductor is used a support and photosensitizer. A polyoxometalate
acts as a catalyst for the photo dehydrogenation of a hydrocarbon, and then relays the electron
and protons to a CO2 reduction catalyst.
(4)
Tri-transition metal substituted polyoxometalates such as b-[SiW9O37(CuIIH2O)3]10– are
shown to be outstanding electrocatalysts for the selective reduction of CO2 to CO. Very high
stability in electrolytic reactions was observed with stable currents for a period of 24h at a
potential of 2.5 V versus Fc/Fc+ and a Faradaic efficiency of >90%. Additionally, similar
compounds such as b-[SiW9O37(FeIII2NiIIH2O)3]10– are shown to be functional models of CO
hydrogenase/CO2 dehydrogenase enzymes that also have Fe-Ni active sites. As in the enzyme,
the CO oxidation is one order of magnitude faster than the CO2 reduction.
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Polyoxometalate-based electron transfer modulation method for efficient
electrocatalytic CO2 reduction

Jing Du,‡ Zhongling Lang,‡ Yuanyuan Ma, Huaqiao Tan,* Hongying Zang*, Zhenhui Kang,*
Yangguang Li*
Key Laboratory of Polyoxometalate Science of the Ministry of Education, Faculty of
Chemistry, Northeast Normal University, Changchun, 130024, China. liyg658@nenu.edu.cn
Electrocatalytic CO2 reduction reaction (CO2RR) involves multiple processes including the
CO2 molecule adsorption, proton- and electron-transfer and so on.1-3 Among them, the electron
transfer is the most difficult process to modulate and confirm because electrons are smaller,
lighter and more active than protons and molecules. Herein, we explore a new method (transient
photovoltage, TPV) to reveal the electron transfer process in the electrocatalytic CO2RR. In our
work, we synthesize a series of new polyoxometalate-carbonyl manganese (POM-MnL)
composite electrocatalysts for CO2RR. In these catalysts, SiW12-MnL exhibits the best
electrocatalytic property, possessing more than 95% Faradaic efficiency at the overpotential of
0.61 V and successfully suppressed the competing hydrogen evolution reaction (HER). A series
of experiments including DFT theoretical calculations, photoluminescence spectroscopy and
transient photovoltage (TPV) experiments were conducted to reveal the mechanism of electron
transfer modulation. These results demonstrate that POMs in these POM-MnL composite
electrocatalysts can not only serve as electron trap to capture and stockpile electrons, but also
act as electron pumps for manipulating the electron transfer process from POM to MnL,
promoting the generation of active catalytic centers, optimizing the reaction pathway for
electrochemical CO2RR and even suppressing the hydrogen evolution reaction (HER) route.
This work highlights the significance of electron-transfer modulation and may provide new
inspiration for the design of highly efficient and selective electrocatalysts for CO2RR.

Fig. 1 (a) Schematic diagram of the reaction mechanism induced by POMs-MnL; (b) The FE of CO (top) and
H2 (bottom) at different potentials for MnL and SiW12-MnL. (c) TPV curves of he POMs-MnL and MnL
loaded on KB in electrode in N2-saturated KHCO3 solution.
References:
1. Peter, S. C., ACS Energy Letters 2018, 3 (7), 1557-1561.
2. Martin-Sabi, M.; Soriano-Lopez, J.; Winter, R. S.; Chen, J. J.; Vila-Nadal, L.; Long, D. L.; GalanMascaros, J. R.; Cronin, L., Nat Catal 2018, 1 (3), 208-213.
3. Sinopoli, A.; La Porte, N. T.; Martinez, J. F.; Wasielewski, M. R.; Sohail, M., Coordination Chemistry
Reviews 2018, 365, 60-74.
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Soft-Landing of Mass-Selected Polyoxometalate Anions onto Surfaces:
Fundamentals and Applications
Julia Laskin,1 Pei Su,1 Venkateshkumar Prabhakaran,2 and Grant E. Johnson2
Department of Chemistry, Purdue University, West Lafayette, IN, USA
Physical Sciences Division, Pacific Northwest National Laboratory, Richland, WA, USA
1
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Abstract:
Soft-landing of mass-selected ions is a powerful tool for precisely-controlled preparation
of cluster-based interfaces. We have developed a high-intensity electrospray ionization
source that delivers nanoamperes of mass-selected cluster ions onto surfaces. This
capability allows us to efficiently populate two- and three-dimensional (2D and 3D)
interfaces with cluster ions. We are particularly interested in studying the deposition of
stable anionic polyoxometalates (POM), which efficiently retain their ionic charge on
surfaces. For example, we examined soft-landing of Keggin POM anions onto selfassembled monolayer (SAM) and carbon surfaces. POM are stable anionic species with
multielectron redox activity, which retain their negative charge following deposition on
surfaces. Cyclic voltammetry (CV) experiments indicate that soft-landed POM anions
maintain their electrochemical activity. Furthermore, a substantial increase in the
electrochemical capacitance and stability of carbon electrodes was observed after softlanding of POM anions. Detailed characterization of electrode surfaces indicates that the
observed improvement in the carbon electrode performance is attributed to a uniform
deposition of anions and elimination of inactive counter cations from the electrochemical
interface. Soft-landing of POMs into more complex porous carbon materials demonstrates
efficient population of 3D materials with redox-active anions. Detailed understanding of
the kinetics and mechanisms of interfacial processes occurring at electrochemical
interfaces prepared using ion soft-landing is obtained using a new in situ
spectroelectrochemical cell. The three-electrode cell is fabricated using a nanostructured
ionic liquid-based solid membrane with excellent transport properties, which enables
measurements both in vacuum and in controlled environments of inert and reactive
gases.[2] Comparison of the redox activity of different POM anions using the in situ cell
helped identify the best composition of the redox-active species for designing highperformance electrodes. These studies provide important insights into the activity of welldefined POM anions at complex interfaces.
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Symmetry driven self-assembly of bioinorganic framework based on
proteins and polyoxometalates
L. Vandenbroek, H. Noguchi, L. Van Meervelt, A. R. D. Voet, T. N. Parac-Vogt
Department of Chemistry, KU Leuven, 3001 Leuven, Belgium
tatjana.vogt@kuleuven.be

Abstract
Proteins are an attractive building block for designing nanomaterials with highly tunable
properties. Among different strategies developed to dictate protein self-assembly, a
supramolecular approach is emerging as a very promising route. Using non-natural host–guest
interactions for achieving protein assembly is an attractive approach as non-natural guest can
be designed in such way to provide selective, reversible and high affinity interactions with the
protein. At the same time, incorporation of unnatural chemical cofactors into such protein-based
nanostructures can overcome the inherent limitations of traditional biochemistry to engineer
materials that perform completely novel non-natural processes. Up to now mainly organic
molecules, namely calixarenes, crown-ethers and molecular tweezers have been used as guests
to induce protein oligomerization. In our approach we explore the unique affinities of protein
surfaces towards negatively charged polyoxometalate (POM) clusters in order to create novel
hybrid materials by controlled self-assembly. By using very stable designer proteins having a
six or eight fold symmetry (called Pizza and Taco proteins) and symmetric Anderson-Evans
and Keggin-type POMs, a range of novel bio-hybrid materials has been created. Depending on
the symmetry of protein and the POM, hybrid materials with different pore sizes having highly
specific symmetrical arrangement of the POM/protein units have been created. Our results
indicate that POMs are ideal nodes for the fabrication of protein frameworks by self-assembly
process. Such novel bioinorganic hybrid materials are particularly interesting as they could
combine the functionalities of proteins with the vast array of magnetic, electronic and catalytic
properties of POMs.
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A. Rompel
Universität Wien, Fakultät für Chemie, Institut für Biophysikalische Chemie, Althanstr. 14,
1090 Wien, Austria, http://www.bpc.univie.ac.at
annette.rompel@univie.ac.at

Abstract
POMs have been gaining attention and they were recognized for promising features aiding in
protein crystallography. In addition to stabilizing crystal contacts, POMs provide a source for
anomalous X-ray diffraction as a key to the phase problem and are easy to detect in the
electron density map due to high intensities. Thereby, they offer great potential for the
solution of unknown protein structures.
By overall promotion of the crystallization process through the entropic gain of liberated
hydration water and by facilitating new crystal contacts, formation of novel crystal types as
well as increased resolution due to closer protein packing and reduced flexibility can be
achieved, as shown using the Anderson-Evans hexatungstotellurate [TeW6O24]6- (TEW) for
direct co-crystallization with proteins. TEW has led to several co-crystallizations with the
proteins mushroom tyrosinase abPPO4, hen egg-white lysozyme HEWL, aurone synthase
cgAUS and Hsp70 nucleotide binding domain. With its disc-like structure, it acts as a “glue”
between protein molecules by binding to suitable surface patches via electrostatic, hydrogenbonding and van-der-Waals interactions, and even by an unanticipated covalent linkage in one
case under structural rearrangement of the polyoxotungstate (POT) cluster.
The success of TEW for protein crystallization served as an inspiration to investigate how the
binding affinity of POTs towards proteins could be further increased beyond the interactions
based on electronic polarization.
Acknowledgement
Financial support by the “Fonds zur Förderung der wissenschaftlichen Forschung” (FWF)
under P27534 is highly acknowledged.
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Abstract
Nucleation and growth of transition metal oxide solids from aqueous solution is a fundamental
process of great importance in chemistry, materials, biotechnology, and earth sciences. To
interpret the condensation pathway of transition metal oxides, it is vital to identify polycationic
species from aquoues solutions. Currently, the isolaition of transition metal polyoxocations are
typically done with the aid of organic ligands, which could potentianlly alter their natural
aqueous condensation pathway. Here, we present the polyoxocation synthesis and aquoues
speciation of two first-row transition metal ions - Cr(III) and Fe(III). First, for Cr(III), a thermaldrying recrystallization method is developed to obtain a Cr3+ dodecamer Keggin ion,
[{Zn(H2O)3}ZnO4Cr12(OH)24(H2O)12]8+, without organic ligation. This aqueous synthesis is
simple to implement and scalable, producing pure phase materials in gram scale. Secondly, for
Fe(III), we demonstrate a freeze-drying solvent exchange method that enables the isolation of
a metastable Fe(III)-sulfate decameric cluster formulated [Fe10O2(SO4)12(OCH3)2]·14CH3OH
(Fe10). Further study indicates that this cluser could be an important intermediate species during
the formanion of a common iron oxide/hydroxide mineral. Finally, we discusse the possible
reason behind different approaches for isolating these polyoxocations. By linking it to the
ligand-exchange nature of the monomer ions, we hope to provide some insights into the
experimental design for the isolation of polycationic species from solutions.
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Noble Metal-Based Oxo-Clusters: From POMs to POPs and
on to POP-MOFs
U. Kortz
Jacobs University, Department of Life Sciences and Chemistry, Campus Ring 1,
28759 Bremen, Germany, u.kortz@jacobs-university.de

Abstract
Polyoxometalates (POMs) based exclusively on Pd2+ addenda (polyoxopalladates, POPs) were
discovered in 2008.[1] The area of POP chemistry has developed rapidly ever since, due to the
fundamentally novel structural and compositional features of POPs, resulting in unprecedented
electronic, spectroscopic, magnetic, and catalytic properties.[2] In terms of POP structural types,
the symmetrical 12-palladate nanocube {MPd12L8} and the 15-palladate nanostar {MPd15L10}
are the most abundant. Especially for the {MPd12L8} nanocube, many derivatives with various
central guests including d and f block metal ions and various capping groups are known.[2] We
demonstrated the use of {MPd12L8} as discrete molecular precursors for the formation of
supported palladium metal nanoparticles as hydrogenation catalysts, and we discovered an
important dependence of the catalytic properties on the type of internal metal guest and external
capping group.[3] We also managed to construct 3D coordination networks using externally
functionalized POPs, resulting in MOF-type assemblies (POP-MOFs) with interesting sorption
and catalytic (C-C coupling) properties.[4]

[1] E. V. Chubarova, M. H. Dickman, B. Keita, L. Nadjo, M. Mifsud, I. W. C. E. Arends, U. Kortz, Angew. Chem.
Int. Ed. 2008, 47, 9542.
[2] (a) P. Yang, U. Kortz, Acc. Chem. Res. 2018, 51, 1599−1608; (b) N. V. Izarova, M. T. Pope, U. Kortz, Angew.
Chem. Int. Ed. 2012, 51, 9492.
[3] W. W. Ayass, J. F. Miñambres, P. Yang, T. Ma, Z. Lin, R. Meyer, H. Jaensch, A.-J. Bons, U. Kortz, Inorg.
Chem. 2019, 58, 5576–5582.
[4] S. Bhattacharya, W. W. Ayass, D. H. Taffa, A. Schneemann, A. L. Semrau, S. Wannapaiboon, P. J. Altmann,
A. Pöthig, T. Nisar, T. Balster, N. C. Burtch, V. Wagner, R. A. Fischer, M. Wark, U. Kortz, J. Am. Chem. Soc.
2019, 141, 3385−3389.
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From POM Clusters to POM-Organic Hybrids: the Evolution of Driving
Forces and the Control of Intermolecular Distances in Their SelfAssembly: Some Exciting New Progresses
Tianbo Liu
Department of Polymer Science, The University of Akron, Akron, OH 44325, USA.
tliu@uakron.edu

Abstract
This talk will focus on demonstrating how the major force(s) are identified for different
processes in the various cluster solutions, from those of pure POM clusters to POM-organic
hybrid macromolecules, how to experimentally identify the major attractive forces, and how to
control/adjust their strengths leading to macrophase separations (crystallization/precipitation)
and detectable changes of microphase transitions (self-assembled structures, e.g., size of
blackberry-type structures, blackberry-to-tubular transition, surfactant-related morphology
transitions…). With different dominant attractions, the self-assembled structures will be
structurally different, and demonstrate different unique features, especially the competition
between the electrostatic interaction and the van der Waals forces.
Two recent discoveries are particularly interesting: one is that the dominant long-range
electric interaction leads to an interesting observation – when the AIE (aggregation-induced
emission) agents are incorporated into macroionic nanocages, the adjustable intermolecular
distance in their blackberry type assemblies results in continuously tunable emission
wavelength. The other one is that for large, cubic-shaped nanocages, their special morphology
and charge distribution make their self-assembly stop at the stage of large 2-D sheets in aqueous
solution, instead of progressing further by bending the sheets into 3-D spherical blackberry
structures. This leads to unexpected gelation in such solutions at very low concentrations and
with strong temperature dependence. These two phenomena also open new opportunities for
the POM science – using POM clusters as bulky hydrophilic domains to control the
intermolecular distance for fluorescence emission (case 1) and the possibility of developing
reversible, pure POM-based hydrogels in the future (case 2).

31

K23

FMOCS VI

Autocatalytic networks of replicating inorganic templates lead to the
precise assembly of gigantic nanoclusters at criticality
L. Cronin
School of Chemistry, University of Glasgow

Abstract

Lee.Cronin@glasgow.ac.uk; www.croninlab.com; twitter: @leecronin; @croninlab

Molecular replication1 is crucial for life on earth, but has been only found to operate with
organic molecules and polymers. This is because a well-defined template is required to preserve
the structure of the molecule so templating could occur. Here, kinetic studies show that small
clusters such as the Keggin ion, [PMo12O40]3– {PMo12}, and [MoVI36O112(H2O)16]8–, {Mo36},
are involved in an autocatalytic network, whereby the templated assembly of gigantic
[MoVI130MoV20O442(OH)10(OH2)60]14– {Mo150} molybdenum blue wheel and [MoVI72MoV60
O372(CH3COO)30(H2O)72]42– {Mo132} Keplerate ball are templated by smaller clusters, but these
smaller clusters are able to catalyze their own formation autocatalytically. Investigation of the
very fast {PMo12} and {Mo36} cluster formation on the sub-second timescale unveiled key traits
of autocatalytic systems including molecular recognition and kinetic saturation. A stochastic
model confirms the presence of an autocatalytic network, leading to interrelated structures, and
this model shows why there is a vast separation in size between the small and large nanoclusters
based on molybdenum oxo-units, see Figure. The larger clusters are the only products stabilized
by the embedded autocatalytic cycle, isolated due to a critical transition in the network.
Figure a. Schematic
representation of the
stochastic kinetic model.
b. The model exhibits a
critical transition to the
formation of the giant
nanostructure Mo154, the
scaling relation near the
critical point is shown in
the inset. c. Near the
critical point the formation
of the other giant nanostructure
{Mo132}
is
maximized, showing critical scaling near the transition, with different scaling coefficients on
either side of the transition.
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Responsive Polyoxometalate Assemblies
Jingjing Xu, Henrieta Volfova, Yanting Gao, Roger J. Mulder, Gary Bryant, Lars Goerigk,
Eberhard Riedle, Georgina Such and Chris Ritchie
School of Chemistry, Monash University, Clayton, Victoria, Australia
Chris.Ritchie@monash.edu

Abstract
Intrigued by the various stimuli that can be utilized to manipulate the structures, electronic
and optical properties of molecules and materials developed thereof, we report our progress
towards various responsive polyoxometalate containing assemblies. Recently, we reported an
optically switchable polyoxometalate-based coordination complex demonstrating our ability
to employ molecular design principles to conformationally restrain and facilitate the
reversible operation of the switch using visible light.1 Examples of stimulated electron
transfer within single crystals of self-assembled supramolecular polyoxometalate based
materials and the solution state behavior of pH-responsive assemblies are also being
investigated with preliminary findings to be presented. 2

Xu, J; Volfova, H.; Mulder, R. J.; Goerigk, L.; Bryant, G.; Riedle, E. and Ritchie, C. Visible-Light-Driven
“On”/”Off” Photochromism of a Polyoxometalate Diarylethene Coordination Complex J. Am. Chem. Soc. 2018,
140, 33, 10482-10487
2
Unpublished Work
1
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Confined Electron Transfer for Supramolecular Catalysis within
Polyoxometalate-based Metal-Organic Frameworks
C. Duan,* and T. Zhang
State Key Laboratory of Fine Chemicals, Dalian University of Technology, Dalian, CHINA
cyduan@dlut.edu.cn

Abstract
Through incorporation of electron transfer pairs in both the ground and excited states into redox
active Werner type hosts with electronic acceptor/donor guests, the Duan group has developed
a promising method to mimic natural enzyme systems in terms of redox transformations within
a confined microenvironment. The host-guest systems fix and isolate the donor-acceptor pair
with a short through-space separation, and without a through-bond electron transfer pathway.
The confined electron transfer behavior differed from both the classical inter- or intramolecular
photoinduced electron transfer (PET) processes that obey the Rehm-Weller or the Marcus
theory. It has been proposed that this new electron transfer behavior assists in the stabilization
of the charge-separated pair, which promotes redox transformations.
The merger of the aforementioned chiral moiety with polyoxometalate produces an amphipathic
framework-based host that performs the asymmetric dihydroxylation of styrenes. Hydrogen
bond interactions between asymmetric catalytic sites and the terminal W=Ot units of
polyoxometalates promote the formation of a reactive tungstate-peroxide intermediate upon
reaction with hydrogen peroxide (H2O2), which drives oxygen atom transfer coupled with
confined electron transfer in a stereoselective manner. Captured carbon dioxide (CO2)
molecules that are synergistically fixed and activated by the chemical sites enhance the
compatibility of the W=Ot activated epoxidation and the Lewis acid catalyzed intermediate.
The tandem epoxidation of styrenes and asymmetric insertion of CO2 is accomplished in a
single workup to produce cyclic carbonates by this approach.

Figure 1. Confined electron transfer and redox catalysis within metal-organic architectures.
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Exploring materials space from polyoxometalates to nanostructured metal
oxides
C. Streb
Institute of Inorganic Chemistry I, Ulm University and Helmholtz-Institute Ulm, AlbertEinstein-Allee 11, 89081 Ulm, Germany
carsten.streb@uni-ulm.de

Abstract
Polyoxometalates (POMs) are a unique class of molecular compounds in their on right.
However, POMs can also be considered ideal precursors for the design of supramolecular,
extended metal oxide structures or even nanostructured solid-state oxides.[1–3] This presentation
will explore how POMs can be used to enable their conversion into new materials and
composites, sometimes with technological applications.[4] We will explore how this conversion
can be controlled, and which limitations need to be overcome to enable a knowledge-based
materials development. Finally, the role of POMs for developing composite materials where
metal oxide nanostructures are connected to electrodes will be discussed in the context of
electrochemical energy conversion and storage.[5,6]

[1]

L. Vilà-Nadal, L. Cronin, Nat. Rev. Mater. 2017, 2, 17054.

[2]

G. Izzet, B. Abécassis, D. Brouri, M. Piot, B. Matt, S. A. Serapian, C. Bo, A. Proust, J.
Am. Chem. Soc. 2016, 138, 5093–5099.

[3]

O. Sadeghi, L. N. Zakharov, M. Nyman, Science 2015, 347, 1359 LP – 1362.

[4]

W. Luo, J. Hu, H. Diao, B. Schwarz, C. Streb, Y.-F. Song, Angew. Chem. Int. Ed.
2017, 56, 4941–4944.

[5]

Y. Ji, L. Huang, J. Hu, C. Streb, Y. Song, Energy Environ. Sci. 2015, 8, 776–789.

[6]

S. Herrmann, C. Ritchie, C. Streb, Dalton Trans. 2015, 44, 7092–7104.
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Polyoxometalate chemistry probed
by silver ethynide composite cluster formation
T. Ozeki, K. Ohashi, Y. Umemoto and Y. Harada
Department of Chemistry, College of Humanities and Sciences, Nihon University
3-25-40 Sakurajosui, Setagaya-ku, Tokyo 156-8550, Japan
ozeki@chs.nihon-u.ac.jp

Abstract
Polyoxometalates have been proved to become scaffolds for the formation of silver ethynide
clusters to give various polyoxometalate-silver ethynide composite clusters.

We

demonstrated that each silver cluster flexibly changes its structure to fit itself to the structure,
charge and surface charge distribution of its scaffold polyoxometalate, whose structure stays
intact during the composite cluster formation. Recently, we found that, in certain situations,
polyoxometalates themselves also change their structures upon forming composite clusters with
Examples include the decomposition of [PW12O40]3– and [PMo12O40]3– into

silver ethynides.

WO42– and MoO42–, monomerization of [Si2W18Nb6O77]8– to [SiW9Nb3O40]7–, and
transformation of [W6O19]2– to [W6O22]8–.

In these examples, each polyoxometalate is

increasing its surface charge density to maximize its interaction with the cationic silver ethynide
cluster moiety.

Apparently, contaminated water plays an important role for the reaction of the

scaffold polyoxometalates and then the formation of the composite clusters.

Further mixed-

scaffold experiments could give us information on the relative stabilities of the
polyoxometalates.

This work was supported by JSPS Core-to-Core Program.
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Binding POMs with cyclodextrins: from their “counter intuitive”
associations to hierarchical multi-cluster assembly design
Clément Falaise, Anton A. Ivanov, Nathalie Leclerc, Jérôme Marrot, Mohamed Haouas,
Emmanuel Cadot
Institut Lavoisier de Versailles UMR 8180, Université Paris-Saclay, Versailles, France
clement.falaise@uvsq.fr

Abstract
The hierarchical assembly of
molecular clusters (POMs,
metal
atom
clusters,
fullerenes…)
through
supramolecular interactions
is a powerful strategy to
tailor
multi-cluster
architectures with properties
beyond the range of atomic
elements. In such context,
our group explores the design of multi-cluster systems using macrocyclic oligosaccharides as
supramolecular polytopic linkers.
Cyclodextrins (CDs) are able to bind hydrophilic molecular clusters, forming highly stable
host-guest complexes featured by association constants approaching or even outperforming
those of conventional adducts built from conventional hydrophobic guests.[1,2,3] Such
unexpected associations can be understood from solvation properties of the ionic polynuclear
guests, highlighted through systematic investigation in aqueous solution. Importantly, CDs
not only form robust host-guest complexes with POMs but can also interfere on
polycondensation of metalate anions.[4] In fact, we identified that CDs are useful to i) probe
the virtual dynamic library of polyoxometalate building blocks and ii) increase significantly
the formation rate of ‘blue wheels’ through a templating effect. Finally, we will show how
cyclodextrin can be used as supramolecular connector between different complementary
molecular cluster units (POMs and metal clusters). Resulting hierarchical multi-cluster
arrangements have been characterized either in solid state or in solution by a set of
complementary techniques (XRD, NMR, ITC, SAXS…).
[1] Wu et al. J. Am. Chem. Soc. 2015, 137, 4111
[2] Moussawi et al. J. Am. Chem. Soc. 2017, 139, 14376
[3] Moussawi et al. J. Am. Chem. Soc. 2017, 139, 12793
[4] Falaise et al. J. Am. Chem. Soc. 2018, 140, 11198
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Functional Porous Ionic Crystals Based on Polyoxometalates
Sayaka Uchida
Department of Basic Science, School of Arts and Sciences, The Univeristy of Tokyo
Komaba 3-8-1, Tokyo 153-8902, Japan
csayaka@mail.ecc.u-tokyo.ac.jp

Abstract
Properties of porous ionic crystals based on polyoxometalate anions (POMs), which are
different from conventional porous crystalline materials such as zeolites and metal-organic
frameworks (MOFs), can be summarized as follows: POMs show reversible redox properties,
which can lead to the formation of “redox-active” porous ionic crystals.1-3 Specific functions
such as guest binding and catalytically active sites can be incorporated beforehand into the ionic
components, and these functions can be maintained and utilized after complexation of the ionic
components since they still exist as discrete molecules in the crystal lattice.4 Ionic components
create electrostatic fields at internal surfaces, which are suitable for ion-uptake and
conduction.5,6 As shown below, crystal structures of porous ionic crystals can be controlled by
the appropriate choice of elements, charges, sizes, symmetry, or ligands of the ionic
components. These properties and control of structural features lead to interesting functions,
which are unique to porous ionic crystals.

1

Nanoscale, 11, 5460 (2019). 2Inorg. Chem., 57, 4833 (2018). 3ACIE, 55, 3987 (2016). 4ChemCatChem, in press

DOI: 10.1002/cctc.201900614. 5Communs. Chem, article no. 9 (2019). 6Inorg. Chem., 56, 15187 (2017).
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Giant polyoxometalate clusters as a photothermal catalyst for selective
oxidation under aerobic condition
Lixin Wu
State Key Laboratory of Supramolecular Structure and Materials, College of Chemistry,
Jilin University, Changchun 130012, P. R. China
wulx@jlu.edu.cn

Some polyoxometalates (POMs) are known to possess excellent properties as catalysts for
redox, addition and hydrolysis reactions while some other POMs perform the redox properties
in the presence of oxidant or reductant. For the POMs that have been partially reduced, they
normally bear coordination/grafting metal atoms at low oxidized state and show typical long
wavelength absorption at 500−700 nm, even near infrared region deriving from transition band
of reduced metal ions such as Mo, W, V, and so forth.[1] According to the electron transition
theory, when the energy dissipation does not follow the path of luminescence, the photoexcitation energy will transform to thermal vibrations. As the POMs are mostly nonluminescent, the photo-thermal transformation becomes the main form of excitation energy. As
a typical performance of this property, the photothermal behavior of POMs has been reported
to be applied in therapy of antitumors.[2,3] In principle, the photothermal transformation of
POMs can be used for other functional aspects such as catalysis. Actually, though POMs have
such well-known unique characteristics, no effective tries were found to combine them in one
POM system for catalytical reactions. By employing Mo15415− cluster that was enwrapped with
a pyridinium-grafted β-cyclodextrin (CD) cation (Py+-CD) as self-heating catalyst, we herein
report a novel photothermal-assisted catalysis for selective catalysis of olefin under a
supramolecular synergistic condition. both photo-acceleration and host-guest promotion effect
were oberserved to contribute to the catalytic activity for the allylic oxidation of cyclohexene
using dioxygen as oxidant in the aqueous solution. We believed that the present results open up
a new route for green-chemistry process of POMs.

References
[1] Wang, Y.Z.; Li, H.L.; Wu, C.; Yang, Y.; Shi, L.; Wu, L.X. Angew. Chem. Int. Ed. 2013, 52, 4577−4581.
[2] Zhang, S.M.; Chen, H.B.; Zhang, G.H.; Kong, X.P.; Yin, S.Y.; Li, B.; Wu, L. X. J. Mater. Chem. B, 2018, 6,
241−248.
[3] Zhang, S.M.; Zheng, Y.M.; Fu, D.Y.; Li, W.; Wu, Y.Q.; Li, B.; Wu, L. X., J. Mater. Chem. B, 2017, 5,
4035−4043.
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Computational Insights into New Niobate-Oxo Clusters

C. Bo,1,2 M. Segado,1 and E. Petrus1
Institute of Chemical Research of Catalonia (ICIQ), The Barcelona Institute of
Science and Technology, Av. Països Catalans 16, 43007 Tarragona, Spain
2
Departament de Química Física i Inorgànica, Universitat Rovira i Virgili, Marcel·lí
Domingo s/n, 43007 Tarragona, Spain
1
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Abstract
The chemistry of polyoxometalates is strongly dependent on their counterions. From a
theoretical point of view, developing models that deal with such effects satisfactorily is still a
challenge that we faced by applying the whole DFT and MD toolsets. New niobiate clusters
developed by Nyman’s group offer an excellent opportunity to show how modern
computational chemistry methods help understanding experimental complex results. This
presentation will summarize recent studies aimed at (i) unravelling cation-templated reaction
mechanisms,1 (ii) simulating the solubility trends across the alkali series,2 and (iii) justifying
the crystallographic disorder.3

[Nb6O19]8-

QR code: movie of a MD simulation of the aggregation process of Li8[Nb6O19] in water

1

Sures, D.; Segado, M.; Bo, C.; Nyman, M. J Am Chem Soc 2018, 140 (34), 10803.
Segado, M.; Nyman, M.; Bo. C. (submitted)
3
Wang, W.; Fullmer, L. B.; Bandeira, N. A. G.; Goberna-Ferrón, S.; Zakharov, L. N.; Bo, C.; Keszler, D. A.;
Nyman, M. Chem 2016, 1 (6), 887. Martin, P. M.; Petrus, E.; Segado, M.; Arteaga, A.; Zakharov, L. N.; Bo, C.
and Nyman, M. (submitted)
2
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Organotin supported polyoxotungstate cluster: Synthesis,
characterization and CO2 catalytic epoxidation activity
Vikram Singh, Jingping Wang* and Jingyang Niu*

Henan Key Laboratory of Polyoxometalate Chemistry, Institute of Molecular and Crystal
Engineering, College of Chemistry and Chemical Engineering, Henan University, Kaifeng,
Henan 475004, P. R. China
jyniu@henu.edu.cn , jpwang@henu.edu.cn

Abstract
Organometallic functionalized polyoxometalates are consistently being studied in recent years
due to their intriguing structural class as well varying electronic behavior due to POMs type
and diverse class of organic functionality.[1,2] Organotin supported polyoxotungstate of
formula H8[Na2P4W14(SnMe2)2]·9H2O (1) have been obtained and structurally characterized
by various physicochemical techniques like elemental analyses, Inductively coupled plasma
(ICP) analyses, IR and UV−Vis spectroscopy, electrochemistry, and single-crystal X-ray
diffraction. The compound 1 contains two electron releasing {Me2Sn} groups which occupies
the apical position of the electron acceptor heteropolyoxotungstate fragment. The two transpositioned Sn- atoms are octahedrally coordinated to four oxygen and two methyl carbon
atoms [Fig. 1]. The synthesized cluster exhibits efficient catalytic activity towards CO 2
cycloaddition reaction.

Fig.1. Cluster 1, Me2Sn occupies the apical sites in a trans- position where Sn is octahedrally coordinated
through adjacent oxygen atoms of another polyoxotungstate and methyl groups.
References
1. Cao, R.; Ma, H.; Geletii, Y. V.; Hardcastle, K. I.; Hill, C. L.. Inorg. Chem. 2009, 48, 5596−5598.
2. A. R. Siedle, W. B. Gleason, R. A. Newmark, R. P. Skarjune, Inorg. Chem., 1990, 29, 1667–1673.
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Shape controlled self-assembly of a temperature sensitive polymer induced
by superchaotropic POMs
P. Bauduin, T. Buchecker, P. Schmid and O. Diat
ICSM, CEA, CNRS, ENSCM, Univ. Montpellier, Marcoule, France
pierre.bauduin@cea.fr

Abstract
Ionic species, such as polyoxometalates (POMs) or (metal-) boron clusters, are at the frontier
between ions and (charged-)colloids due to their nm size.1a The large size and low charge
density of these nano-ions, compared to classical ions, are responsible for a peculiar behavior
called “super-chaotropy”.1b,

2a

This property refers to the surprisingly strong propensity of

nano-ions to adsorb to neutral polar interfaces and to interact with macrocycles. This property
results from the dehydration of (i) the weakly hydrated nano-ions, which has a reduced
enthalpic cost compared to smaller ions, and of
(ii) the surface (or macrocycle). We show here
for the first time that short chain poly(Nisopropylacrylamide) (PNIPAM), one of the
most famous thermoresponsive polymers, selfassembles in water (see the Figure below) to
form (i) discrete nanometer-globules and (ii)
micrometric sheets with nm-thickness upon
addition of the well-known Keggin-type
polyoxometalate (POM) H3PW12O40 (PW).
Therefore the superchaotropic behavior of
POMs with PNIPAM polymers enables the
formation of shape controlled supramolecular
organic−inorganic hybrids in water.

[1]

a) A. Malinenko, A. Jonchère, S. Maynadié, L. Girard, O. Diat, P. Bauduin P. Langmuir 34(5) 2018,

2026

b) T. Buchecker, P. Schmid, S. Renaudineau, O. Diat, A. Proust, A. Pfitzner, P. Bauduin, Chem.

Commun. 54(15) 2018, 1833.
[2]

a) B. Naskar, O. Diat, V. Rataj, P. Bauduin, J. Phys. Chem. C 119 (36) 2015, 20985. b) T. Buchecker,

X. LeGoff, B. Naskar, A. Pfitzner, O. Diat, P. Bauduin, Chem. - A Eur. J. 23 2017, 8434. c) T. Buchecker, P.
Schmid, I. Grillo, S. Prévost, M. Drechsler, O. Diat, A. Pfitzner, P. Bauduin, J. Am. Chem. Soc. 141(17) 2019,
6890.
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Water-soluble polyoxometalate complexes of MnO2
Mark Baranov, Biswarup Chakraborty and Ira A. Weinstock*
Dept. of Chemistry and Ilse Katz Institute for Nanoscale Science & Technology, Ben-Gurion
University of the Negev, Beer Sheva, 84105, Israel
iraw@bgu.ac.il

Abstract Building on our use of polyoxometalate (POM) cluster-anions as ligands for goldnanoparticles [1], we've been using POMs as covalently attached ligands for reactive metaloxide nanocrystals (NCs), giving soluble and isolable assemblies uniquely positioned between
molecular macroanions and solid-state metal oxides. For example, redox-active POMs coordinated
to anatase titanium-oxide nanocrystals [2] control H2 formation by rationally tuning rates of
visible-light driven electron injection into the TiO2 cores, while soluble POM complexes of aFe2O3 serve as oxidatively and hydrolytically stable catalysts for visible-light driven water
oxidation [3]. We now describe anionic POM complexes of 2-nm e-MnO2 cores (Figure 1, left)
that, via interactions with alkali-metal cations, M, serve as building blocks for the hierarchical
assembly of cubic nanostructures whose sizes increase with M in the order: Li+ < Na+ < K+ <
Rb+ < Cs+, and which include water-soluble 200-nm cubes comprised of over 600,000 POMcomplexed MnO2 cores (see cryo-TEM image in Figure 1). This hierarchical assembly induces
a shift of UV-vis absorbance into the visible, resulting in enhanced visible-light semiconductor
properties, and the first example of visible-light water oxidation by MnO2 in the absence of
added photosensitizers. The alkali-metal cation induced assembly is reversible via dialysis
against pure water, giving individual POM-complexed cores.

Figure 1. Cation-induced hierarchical assembly of POM-complexed MnO2 cores
[1] (a) Zhang, M.; Hao, J.; Neyman, A; Wang, Y.; Weinstock, I. A. Inorg. Chem., 2017, 56, 2400-2408 (Cover);
(b) Wang, Y.; Raula, M.; Wang, Y.; Zeiri, O.; Chakraborty, S.; Gan-Or, G.; Gadot, E.; Weinstock, I. A. Angew.
Chem. Int. Ed. 2017,56, 7083-7087; (c) Wang, Y.; Zeiri, O.; Raula, M.; Le Ouay, B.; Stellacci, F.; Weinstock,
I. A. Nature Nanotech. 2017, 12, 170-176 (Highlighted in Nanotechweb.org, AZO Materials, Phys.org).
[2] (a) M. Raula, G. Gan Or, M. Saganovich, O. Zeiri, Y. Wang, M. R. Chierotti, R. Gobetto, I. A. Weinstock,
Angew. Chem. Int. Ed. 2015, 54, 12416 –12421 (“Hot paper”); (b) B. Chakraborty, G. Gan-Or, Y. Duan, M.
Raula, I. W. Weinstock, Angew. Chem. Int. Ed., 2019, 58, 6584 –6589 (“Hot paper; Highlighted in Chemistry
Views Magazine); (c) B. Chakraborty, G. Gan-Or, M Raula, E. Gadot, I. A. Weinstock, Nature Comm. 2018,
4896.
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Polyoxometalate-templated macrocycles
X. Fang, M. Zhu
School of Chemistry and Chemical Engineering, Harbin Institute of Technology, Harbin,
150001, China
xkfang@hit.edu.cn

Small anion templates, from the halides to oxo-anions to carboxylates, have been widely used
to construct artificial receptors such as macrocycles, cages, and interlocked structures, but they
offer limited numbers of binding sites for host–guest interactions. Anionic POMs, on the other
hands, have up to dozens of surface oxygen atoms available for templation, thus allowing for
more elaborate and complex molecular architectures to be built. We describe here how the
Preyssler polyanion acts as a genuine template for the formation of a large macrocycle from
Mo(VI) and Fe-edta building blocks. The macrocycle forms a 1:2 host–guest complex with the
Preyssler guests, stabilized by site-specific and directional hydrogen bonds. Solution studies
indicate the guest exchange is fast on the NMR time scale but substitution of the Preyssler
guests with other prototypical POMs such the Dawson anion will lead to inreversible
transformation of the macrocycle.

Figure 1. The host-guest complex of Presyssler anions with a macrocyclic host
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Multi-layered and reduced molecular W/Mo oxide cages
Q. Zheng, W.-M. Xuan D.-L. Long,* and L. Cronin*
School of Chemistry, University of Glasgow, University Avenue, Glasgow, G12 8QQ, United
Kingdom

Deliang.Long@glasgow.ac.cn; Lee.cronin@glasgow.ac.cn

Abstract
The fabrication of redox-active molecular metal oxide (polyoxometalates, POMs) that can
switch between multiple states is critical for their application in electronic devices and
catalysis;1-4 yet, a sophisticated synthetic methodology is not well developed for such cluster
types. In this contribution we describe a strategy using heteroanion-directed and reductiondriven assembly to produce new multi-layered POM cages templated by multiple redox-active
pyramidal heteroanions (Figure 1). The heteroanions greatly affect the self-assembly process
of the resultant POM cages, leading to the generation of unprecedented multi-layered structures.
The introduction of reduced molybdenum centres is essential for the self-assembly of the
compounds and results in mixed-metal (W/Mo) and mixed-valence (WVI/MoV) POM cages,
as confirmed by redox titration, spectroscopy and spectrometry studies. Extensive analysis
reveals that the mixed metal cages are a statistical mixture of isostructural clusters with variable
ratios of W/Mo.

Figure 1. Schematic representation of heteroanion-directed and reduced MoV-driven assembly
of multi-layered POM cages. Color scheme: P orange; Se green; W/MoV indigo; O red; H black.
References:
1) C. Busche, L. Vilà-Nadal, J. Yan, H. N. Miras, D.-L. Long, V. P. Georgiev, A. Asenov, R.
H. Pedersen, N. Gadegaard, M. M. D. Mirza, J. Paul, J. M. Poblet, L. Cronin, Nature. 2014,
515, 545.
2) Q. Zheng, L. Vilà-Nadal, Z. Lang, J.-J. Chen, D.-L. Long, J. S. Mathieson, J. M. Poblet, L.
Cronin, J. Am. Chem. Soc., 2018, 140, 2595.
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Visible Light Driven Z-scheme Water Splitting with Transition Metalsubstituted Polyoxometalate as Shuttle Redox Mediator
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*Corresponding author: +81-75-383-2479, ryu-abe@scl.kyoto-u.ac.jp
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Abstract
Water splitting systems based on two-step photoexcitation have recently been developed and
proven as a promising approach to harvesting a wider range of visible light [1]. Although the
introduction of Z-scheme systems enables us to employ various visible-light responsive
photocatalysts, the choice of redox couple has been limited to simple ion couples such as IO3–
/I– and Fe3+/Fe2+. The development of redox couples with appropriate redox potentials and
reversibility under mild pH conditions is thus required in order to obtain the knowledge toward
preparation of suitable redox mediator and achieve highly efficient Z-scheme systems.
Here, we have paid attention to the use of transition metal-substituted polyoxometalates
[2, 3], most of which are known to exhibit reversible redox behavior, as shuttle redox mediators
[4, 5]. In the present study, V-substituted silicotungstate
(K5[SiW11O40VV], denoted as SiW11V) [6] was prepared and
employed as redox mediator to pursue the availability of
polyoxometalate. As shown in Fig. 1, the higher rates of H2
and O2 evolution are observed in the presence of
SiW11VV/SiW11VIV compared to the case of mixture of two
photocatalyst particels. The SiW11VV/SiW11VIV was revealed
Fig. 1. Two-step water splitting by
using Pt/WO3 and Ru/SrTiO3:Rh
particles in the presence of SiW11V
photocatalysts under visible light irradiation.
(50 mol in total) as redox mediator.
[1] Abe, R., Bull. Chem. Soc. Jpn. 2011, 84, 1000-1030. [2] Sadakane, M.; Steckhan, E., J. Mol. Catal. A 1996,

to function as shuttle redox mediator between the two

114, 221-228. [3] Sanchez, C.; Livage, J.; Launary, J. P.; Fournier, M.; Jeannin, Y., J. Am. Chem. Soc. 1982, 104,
3194-3202. [4] Tsuji, K.; Tomita, O.; Higashi, M.; Abe, R., ChemSusChem 2016, 9, 2201-2208. [5] Iwase, Y.;
Tomita, O.; Higashi, M.; Abe, R., J. Photochem. Photobiol. A: Chem. 2018, 356, 347-354. [6] Herve, G.; Teze,
A.; Leyrie, M., J. Coord. Chem. 1979, 9, 245-249.
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Tuning Co-based Polyoxometalates for the Water Splitting Reaction
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School of Chemistry & CRANN Institute, Trinity College, University of Dublin, Ireland.
sorianoj@tcd.ie, schmittw@tcd.ie

Abstract
The huge dependency of society on fossil fuels causes anthropogenic CO2 emissions into the
atmosphere which has already reached a historically high concentration, rising concerns about
climate change, ocean acidification as well as human health issues. Hence, the challenge of
reducing fossil fuel consumption and still matching the increasing energy demand in a clean,
sustainable and yet cost-effective way is one of the biggest challenges in the 21st century.1 An
attractive solution to circumvent this problem is the so-called hydrogen economy.2 Mimicking
natural photosynthesis, hydrogen economy aims to store energy in the form of chemical bonds.
However, the complexity and energy demand of the H2O oxidation half-reaction represents the
bottleneck for the development of this sustainable, environmentally-friendly technology using
H2O as energy feedstock.3 In this respect, Co-containing polyoxometalates (Co-POMs) have
been proven as good water oxidation catalysts in both homogeneous and heterogeneous
conditions within a wide range of pH values. Two of the most prominent Co-POMs are the well
known [Co4(H2O)2(PW9O34)2]10- (Co4) and [Co9(H2O)6(OH)3(HPO4)2(PW9O34)3]16- (Co9)
anions,4 the catalytic properties of which have been modified by fine-tuning their counterparts,
namely the heteroatom, the metal oxo core, the Keggin moiety, or the countercation. Here I will
give an overview of the recent structural modifications performed on these two Co-POMs and
show how they affected their catalytic properties. Finally, I will deliver our latest results on the
fine-tuning of the Weakley sandwich for the water splitting reaction.

References
1. N. L. Lewis and D. C. Nocera, Proc. Natl. Acad. Sci. U.S.A. 2006, 103, 15729–15735.
2. S. A. Sherif, F. Barbir, and T. N. Veziroglu, Solar Energy 2005, 78, 647–660.
3. C. C. L. McCrory, S. Jung, I. M. Ferrer, S. M. Chatman, J. C. Peters, and T. F. Jaramillo, J. Am. Chem. Soc.
2015, 137, 4347–4357.
4. (a) Q. Yin, J. M. Tan, C. Besson, Y. V. Geletii, D. G. Musaev, A. E. Kuznetsov, Z. Luo, K. I. Hardcastle, and
C. L. Hill Science, 2010, 328, 342–345. (b) M. Blasco-Ahicart, J. Soriano-López, J. J. Carbó, J. M. Poblet, and J.
R. Galán-Mascarós Nat. Chem. 2018, 10, 24–30.
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Electronic Structure and Speciation of Actinide Molecular Metal Oxides
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Abstract
The understanding and control of the speciation and self-assembly of aqueous molecular metal
oxides is fundamental since our ability to manipulate the evolution of transient species in
solution lies at the core of nanotechnology. In this aspect, actinide molecular metal oxides and
peroxides are highly relevant in an advanced nuclear energy cycle including fuel reprocessing
and long term waste storage. On one hand, uranyl-peroxide nanoclusters have emerged as a
unique family of self-assambled actinide nanocapsules. However, behind the apparent
structural simplicity of these species hides a highly complex chemical space with a myriad of
accessible nucleation pathways controlled by the pH, counterions, and the concentrations of the
different species in solution. On the other hand, the speciation of transuranic molecular metal
oxides is very complex and relatively little is known regarding their composition, structure, and
properties in solution. Here we will present our recent developments in the study of the
electronic structure, speciation, and nucleation of uranyl-peroxide nanoclusters and transuranic
molecular metal oxides.
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Understanding the Pathway and Thermodynamics of the Conversion of
Uranyl Peroxide Nanoclusters
H. Traustason, H. Lobeck, M. Xu, K. Caranto, and P. C. Burns
301 Stinson-Remick Hall, Notre Dame, IN 46556
htrausta@nd.edu

Abstract
Uranyl peroxide nanoclusters are a unique large family of polyoxometalates (POMs) that
provide exciting opportunities to explore structure-size-property relations and potential
applications, as well as to probe fundamental aspects of the actinides.1 Uranyl peroxide
clusters are mostly cages built from 20 to 124 uranyl ions and various bridging ligands, and
have diameters extending to 4 nm. The entire family of more than 60 types has been
developed over the past 14 years, providing an opportunity for development of descriptions of
how the thermodynamics influence their formation and reactions.2 The pyrophosphate
functionalized U24 cluster (U24Pp12) has 12 of the pyrophosphate ligands incorporated into
the wall of the cage.3 Upon heating an aqueous solution of U24Pp12, it slowly disassembles
and formation of U24 is observed. By using new techniques and state-of-the-art calorimetry
instruments, the enthalpies of formation of U24Pp12 and U24 in aqueous form can be
measured. This transformation has also been monitored via P-31 NMR in order to give insight
in the mechanism and rate of the breakdown of U24Pp12. The thermodynamic values and the
NMR can help explain the pathway and energy landscape of the conversion.

P. C. Burns, K. A. Kubatko, G. Sigmon, B. J. Freyer, J. E. Gagnon, M. R. Antonio, and L. Soderholm, Angew.
Chem., Int. Ed., 2005, 44, 2135-2139.
2
J. Qiu, P. C. Burns, Chemical Reviews, 2013, 113, 1097-1120.
3
J. Ling, J. Qiu, G. Sigmon, M. Ward, J. E. S. Szymanowski, P. C. Burns, J. Am. Chem. Soc. 2010, 132, 38,
13395-13402.
1
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Karah E. Knope
Georgetown University, Washington, DC, 20057
Kek44@georgetown.edu

Abstract
Cerium(IV)-oxo clusters and nanoparticles have received considerable attention over the past
decade due to their applications in fields ranging from catalysis to phosphor development.
Further, within the nuclear community, cerium has historically been used as a surrogate for
transuranic elements such as plutonium due to their similar ionic radii, accessible 3+/4+ redox
couple, and the resulting tendency of these metal ions to form related compounds. Due to their
high Lewis acidity, both Ce and Pu are known to exhibit extensive hydrolysis and condensation
chemistry and several polynuclear species ranging from dinuclear units to metal–oxo
nanoclusters containing 38-40 metal centers have been isolated and structurally characterized.
Condensation reactions in nonaqueous solutions, promoted by the addition of limited amounts
of water, together with structure directing agents such as carboxylates and/or polyalkoxides
have been used to isolate Ce(III)/Ce(IV)- and Ce(IV)-oxo clusters; organic ligands effectively
cap the cluster cores and thereby thwart further condensation reactions. Ce-oxo clusters capped
by inorganic ligands, such as Cl- and Br-, are a bit more elusive. Nonetheless, our group has
recently harnessed nonbonding interactions to isolate several chloride decorated Ce-oxo
clusters from aqueous solution. In this presentation, the synthesis and role of noncovalent
interactions in the isolation of novel Ce clusters will be discussed. The solid state
characterization of several cerium-oxo clusters as well as their surface reactivity will be
presented.
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Metal-peroxo, the new metal-oxo
M. Nyman, T. Arino, A.L. Arteaga, D.C. Hutchison, K. Kozma, N. Martin, J. Sommers
Department of Chemistry, Oregon State University, Corvallis, OR 97331
May.nyman@oregonstate.edu

Abstract
Metal-oxo cluster assembly in water is controlled primarily by pH, concentration and
electrochemical potential, as dictated by phase and Pourbaix diagrams. There are many other
ways to control speciation that are not so well understood, including counterions and peroxide.
For many years now, we and others have exploited peroxide in assembly of uranyl peroxide
capsules. More recently we have made inroads into expanding group IV polyoxocation
chemistry and group V POM chemistry, using the peroxide ligand. It serves multiple roles in
aqueous metal oxide chemistry including ligation, solubility, pH and redox control, disassembly
of thermodynamically stable phases, and reassembly. After giving brief highlights of the span
of our metal-oxo cluster research, I will present our recent understanding on reactivity of
peroxide in alkali-uranyl-peroxide systems, and how we have exploited peroxide ligation in
early transition metal-oxo clusters and materials chemistry.
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Catalytic hydrogen production by composite clusters comprising
sandwich-type polyoxometalate and silver(I) ethynide complexes
K.Ohashi, T. Yamamura, and T. Ozeki
Department of Chemistry, College of Humanities and Sciences, Nihon University
3-25-40 Sakurajosui, Setagaya-ku, Tokyo156-8550, Japan
oohashi.kenji@nihon-u.ac.jp
We prepared a series of composite clusters (Ag-MPOM) comprising sandwich-type
polyoxometalates ([M4(H2O)2(PW9O34)2]10- M = MnII, CoII, NiII, CuII, ZnII) and silver ethynide
complexes. Each cluster was obtained from solution containing [M4(H2O)2(PW9O34)2]10-,
silver(I) tert-butylethynide, and silver(I) trifluoromethanesulfonate. Single-crystal X-ray
diffraction showed that Ag-MPOM comprises a polyoxometalate and two dodecanuclear Ag(I)
complexes (Figure 1a). Plots of the number of molecules of H2 formed per Ag-MPOM molecule
(H2/Ag-MPOM) against photoirradiation time are shown in Figure 1b. The highest hydrogen
production was achieved when Ag-CuPOM was used as a catalyst. Hydrogen production by other
composite clusters was considerably lower than that of Ag-CuPOM. During photoirradiation, the
タイトル
color of the solution containing Ag-M
POM changed to reddish brown, which can be attributed
400
to plasmon absorption of Ag(0) nanoparticles. These複合体Co
results indicate that the precursor
350
sandwich-type300polyoxometalates play important roles in複合体Cu
the hydrogen production reaction1 as
250 nanoparticles that are produced by photoirradiation.
well as the Ag(0)
c

複合体Ni

b

a

200

タイトル
タイトル

150

400
400
350
350

(a)

400

100

300
0250
250

0
200

Ag
C

N
WO6
MO6

PO4

400
400
350
350

200 300
300
150 250
150
250
100 200
100
200
50 150
150
50 100
0
100
0 0 50
0 50

0
00
0

タイトル

0.5

H2 / Ag-MPOM

50300

0.5
0.5

300
200

150

1
1

C
Ag

0

1.5
1.5

N
Ni

複合体Ni
複合体Zn

タイトル

100
1.5
1.5

複合体Cu

Co
複合体Co
複合体Co
NiII
複合体Ni
複合体Ni
複合体Cu
CuII
複合体Cu
複合体Zn
複合体Ni
ZnII
複合体Zn
複合体Ni
複合体Mn
複合体Zn
複合体Mn
複合体Zn
複合体Mn
複合体Mn

50

1
1

複合体Co

複合体Co
MnII
複合体Mn
複合体Cu
複合体Cu
II

250
1.5

1

0.5
0.5

複合体Zn
(b)複合体Co

350

タイトル

タイトル

0

タイトル

タイトル

O

タイトル

P

タイトル

0.5

複合体Mn
1

Time / hour

1.5

Figure 1. (a) Structure of the polyoxometalate-silver(I) ethynide composite cluster. Organic ligands on silver clusters are
omitted for clarity. (b) Plots of the number of molecules of H2 formed per Ag-MPOM molecule (M = MnII, CoII, NiII, CuII,
and ZnII). Conditions: visible light ( > 400 nm), [Ir(ppy)2(dtbbpy)]+ (0.2 mM), triethanolamine (0.25 M), H2O (1.4 M), 2
mL CH3CN deaerated with Ar.
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Determination of ion-distribution around charged soft-matter systems
using Anomalous Small Angle X-ray Scattering
Mrinal K. Bera
NSF’s ChemMatCARS, The University of Chicago, IL 60637, USA
mrinalkb@cars.uchicago.edu

Abstract
Distribution of ions plays a crucial role in the interaction between charged soft-matter systems
in their aqueous solutions and, hence, their behavior. The charged soft-matter systems include
colloids, nanoparticles, macro-ions like heteropolyanions, DNAs, RNAs, proteins etc.
Although overall structure of these systems are relatively easier to determine using X-ray
and neutron scattering techniques, the measurement of distribution of surroudings ions is
challenging. In this regard, element sensitive Anomalous Small Angle X-ray Scattering
(ASAXS) can play a crucial role. Although powerful and known for more than 3-decades,
since the pioneering of work of Stuhrmann, ASAXS is still used only by experts. In effort
to bring the technique to researchers from diverse disciplines we have setup a dedicated
ASAXS facility at NSF’s ChemMatCARS at Sector 15 of Advanced Photon Source. In this
presentation, I will briefly discuss the development of the facility and some of the recent
experimental finding in terms of determining ion-distribution surrounding heteropolyanions
and polyelectrolyte micelles. NSF's ChemMatCARS Sector 15 is supported by the
Divisions of Chemistry (CHE) and Materials Research (DMR), National Science
Foundation, under grant number NSF/CHE- 1834750. Use of the Advanced Photon Source,
an Office of Science User Facility operated for the U.S. Department of Energy (DOE) Office
of Science by Argonne National Laboratory, was supported by the U.S. DOE under Contract
No. DE-AC02-06CH11357.

[1] H. B. Stuhrmann, Adv. Polym. Sci. 67, 123 (1985)
[2] M. Sztucki, E. Di Cola, and T. Narayanan, Eur. Phys. J.-Spec. Top. 208, 319 (2012)
[3] A. Jusufi and M. Ballauf, Mcaromol. Theor. Simul. 15, 193 (2006).
[4] R. Das et al, Phys. Rev. Lett. 90, 188103 (2003)
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Selective protein hydrolysis: a heterogeneous hafnium-oxide-sulfate
polyoxometalate catalyst
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Abstract
Proteomics is the large scale study of the proteome, representing the end result of gene
transcription, translation, and protein synthesis up to post-translational protein modification
(PTM). The proteome is dynamic and the study of protein levels, function, localization, and
regulation is of crucial importance in biological and biomedicinal research. Gel-free or shotgun
proteomics is currently the main technique for protein analysis. Prior to analysis, peptide bonds
in proteins need to be broken chemically or enzymatically. Currently, protein cleavage is
performed using proteases, e.g. trypsin, pepsin. These proteases are expensive, only stable in
certain reaction conditions and will contaminate samples due to autoproteolysis. Chemical
cleavage, as an alternative, can be used to circumvent these disadvantages. However, there is a
need for new, less toxic, chemical catalysts that generate middle-sized peptide fragments (4-15
kDa). Our research group has recently proven that the Hf(18)-oxide sulphate cluster could be
used as an aspartate selective solid catalyst to promote the hydrolysis of horse heart myoglobin
peptide bonds. Protein fragments were analysed by combining SDS-PAGE and HPLC-MS(MS) analyses. The Hf(18) cluster selectively generated peptide fragments in the range of 412kDa, ideally suited to perform middle-down proteomics. Furthermore, the influence of the
hydrolysis conditions was investigated to identify the changes in the Hf(18) structure and its
catalytic efficiency.
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Exploring the Electronic Properties of Organoarsonate Hybrid
Polyoxometalates
A. J. Kibler, J. M. Cameron, S. Argent, D. Robinson and G. N. Newton
GSK Carbon Neutral Laboratories, Jubilee Park, Nottingham, NG7 2GA
Alexander.Kibler@nottingham.ac.uk

Abstract
The covalent organofunctionalization of POMs is a popular strategy for the synthesis of multicomponent hybrid systems, but also serves as a powerful tool for the fine tuning of the electronic
structure of the polyoxometalate core.1 Fujimoto et al. recently showed how simple
modifications to the electronic nature of arylphosphonate groups covalently grafted to WellsDawson phosphotungstates [P2W18O62]6- resulted in controllable shifts of the HOMO-LUMO
energies of the system, such that the inherent photooxidative performance of the
polyoxometalate can be enhanced threefold through the employment of a strongly electron
withdrawing functional group.2
Here we have synthesised a new family of organic-inorganic hybrid polyoxometalates through
the grafting of arylarsonate groups to the Wells-Dawson phosphotungstate. In addition to the
structural characterization of the archetypal phenylarsonic hybrid Wells-Dawson
([P2W17O61(AsOPh)2]6-) we also present the full electronic characterization of these molecules
using cyclic voltammetry (CV), UV-vis spectroscopy (UV-Vis) and time dependent density
functional theory (TDDFT) and compare this to their phenylphosphonate and phenylsiloxane
analogues. We show that organoarsonate hybrid POMs are excellent candidates for the design
of bespoke photooxidation catalysts in a variety of oxidative transformations.

1

A.J. Kibler, G.N. Newton, Polyhedron, 154 (2018) 1-20.
S. Fujimoto, J.M. Cameron, R.-J. Wei, K. Kastner, D. Robinson, V. Sans, G.N. Newton, H. Oshio, Inorg.
Chem., 56 (2017) 12169-12177.
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Polyoxometalate−Organic Architectures
Self-Assebmled by Lacunary Phosphomolybdates and Pyridyl Ligands
K. Suzuki, C. Li, N. Miuno, and K. Yamaguchi
Department of Applied Chemistry, School of Engineering, The University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan
ksuzuki@appchem.t.u-tokyo.ac.jp

Abstract
The development of novel systems for metal–organic architectures is an attractive research field
because they are fascinating materials with unexplored functions. Lacunary polyoxometalates
(POMs) offer structurally well-defined coordination sites with various coordination directions
and numbers; thus, we have designed metal-oxo clusters possessing unique catalytic and
magnetic properties.1 Here, we report the successful self-assembly of POM–organic
architectures comprising multivacant lacunary POMs and pyridyl ligands.2 As a lacunary POM
building block, we chose a Keggin-type trivacant lacunary phosphomolybdate [A-α-PMo9O34]9−
because of (i) the unique properties of phosphomolybdates and (ii) the strong Lewis acidity of
their vacant sites. However, the low hydrolytic stability of lacunary phosphomolybdates makes
it extremely difficult to isolate and utilize them. Consequently, the introduction of metal species
and/or organic ligands into their vacant
sites has not been successfully achieved
to date. We revealed that by introducing
pyridine moieties to its vacant sites, the
lacunary

phosphomolybdate

significantly
solvents.

stabilized

Furthermore,

is

in

organic

the

resultant

structure can be utilized as a reactive
building block to synthesize a dimer
pillared by 4,4’-bipyridyl and a tetramer
bridged by two cofacial porphyrin ligands,
which can intercalate aromatic molecules.
(1) (a) Suzuki, K.; Tang, F.; Kikukawa, Y.; Yamaguchi, K.; Mizuno, N. Angew. Chem., Int. Ed. 2014, 53, 5356. (b)
Minato, T.; Suzuki, K.; Yamaguchi, K.; Mizuno, N. Angew. Chem., Int. Ed. 2016, 55, 9630. (c) Minato, T.; Ohata,
Y.; Ishii, K.; Yamaguchi, K.; Mizuno, N.; Suzuki, K. J. Mater. Chem. C 2019, DOI: 10.1039/C9TC00740G.
(2) Li, C.; Mizuno, N.; Yamaguchi, K.; Suzuki, K. J. Am. Chem. Soc. 2019, 141, 7687.
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Chain length effects on the size, stability, and electronic structure
of redox-active organic-inorganic hybrid polyoxometalate micelles
Sharad Amin, Jamie M. Cameron, Darren A. Walsh, Victor Sans*,and Graham
N. Newton*
GSK Carbon Neutral Laboratory, University of Nottingham, Nottingham, NG8 2TU, UK
Sharad.Amin@nottingham.ac.uk

Abstract
The self-assembly of functional molecular ‘building blocks’ into nanoscale supramolecular
architectures is one of the most promising strategies for the development of new, dynamic
materials with a range of unique functionalities. Amphiphilic molecules are particularly
attractive building blocks for such systems as they provide a simple route for the direct selfassembly of an array of tuneable molecular surfactants into a series of different nanoscopic
structures (e.g. lyotropic liquid crystalline phases, micelles or vesicles).[1]
The use of multi-functional hybrid-polyoxometalate (POM) species has led to the development
of a new class of hybrid organic-inorganic redox-active surfactants, allowing a range of new
hybrid supramolecular assemblies to be prepared.[2,3] Recent work in our own group has shown
how hybrid-POMs based on organo-functionalised Wells-Dawson polyphosphotungstates selfassemble in water to form redox active micellar superstructures.[4]
Here, we present a detailed investigation into the effect of chain-length on the size, stability and
electrochemical behaviour of series of redox active micelles, composed of hybrid-POM
surfactants of the general formula K6[P2W17O61[P(O)C6H4(CnH2n+1)]2] (where n = 10, 12, 14,
16, 18 and 20). This tuneable approach to molecular and supramolecular material fabrication
provides a benchmark for the design of redox-active soft nanomaterials and should underpin
future studies into the design of these systems as novel electrocatalysts, nanocapsules, and
charge carriers.

Figure 1. A schematic illustration of solvent dependent assembly of {W17Cn} into a micellar structure. Cn represents the number
of carbon atoms in the aliphatic segment of the molecule (n = 10, 12, 14, 16, 18 and 20).

[1] X. Fan, Z. Li and X. J. Loh, Polym. Chem., 2016, 7, 5898
[2] S. Landsmann, C. Lizandara-Pueyo and S. Polarz, J. Am. Chem. Soc., 2010, 132, 5315.
[3] A. Dolbecq, E. Dumas, C. R. Mayer and P. Mialane, Chem. Rev., 2010, 110, 6009.
[4] K. Kastner, A. J. Kibler, E. Karjalainen, J. A. Fernandes, V. Sans and G. N. Newton, J. Mater. Chem. A,
2017, 5, 11577.
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Synthesis of Polyoxometalate Clusters using Carbohydrates as Reducing
Agents
E. Janusson, and L. Cronin
Joseph Black Building, School of Chemistry, University of Glasgow
Eric.Janusson@glasgow.ac.uk; Lee.Cronin@glasgow.ac.uk

Abstract

Figure. Carbohydrate synthesis of molybdenum Wells-Dawson leads to isomeric selectivity
and TWIMS-MS DT/MS plot of isolated γ-{P2Mo18} following synthesis incorporating D-(–)Fructose as an organic reducing agent.[1]
Achieving fine morphological control of metal clusters is a challenging task and, from a
synthetic polyoxometalate (POM) perspective, often a mysterious one. Much of the difficulty
in accurately determining synthetic procedures which lead to one particular spatial
configuration is due to the parameter space involved. Many of the process variables employed
are intricately involved in determining the structure obtained, though the impact of many of
these are poorly understood. We expanded on controlling the self-assembly of Dawson-type
molybdenum heteropolyanions by incorporating reducing sugars in a new synthetic protocol.
Dawson structures are among many polyoxometalates which are capable of rotational
isomerism; however, selective synthetic procedures are nearly uncharted. Fuctose, glucose, and
dithionite were compared in the new synthesis. It was demonstrated that the two chemicially
similar sugars, D-(–)-Fructose and D-(+)-Glucose have a strikingly different impact on
controlling the resulting structure. While dithionite was demonstrated to be nonselective,
glucose tended to hinder POM formation, whereas fructose produced the gamma isomer
selectively under matching conditions. In addition to many standard POM characterization
techniques, Travelling-Wave Ion Mobility Mass Spectrometry (TWIMS-MS) was utilised to
distinguish between the major products of the reactions: the more stable alpha (α-{P2Mo18})
isomer and the gamma molybdenum Dawson isomer (γ-{P2Mo18}). Further, the interesting
1

E. Janusson, N. de Kler, L. Vilà-Nadal, D.-L. Long and L. Cronin, Chem. Commun., 2019, 55, 5797–5800.
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structural and electrochemical properties of the 6-electron reduced γ-{P2Mo18} species were
closely examined and compared with the more common α-{P2Mo18}. Our results demonstrate
that carbohydrates are a new and exciting class of environmentally-friendly and organic
reducing agents which are capable of structural direction in metal cluster synthesis.
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Impact of alkalis and metals on the niobium chemistry
N. P. Martin, T. Rahman, M. Amiri and M. Nyman
Chemistry Departement, Oregon State University, Corvallis, OR, USA
nicolas.martin@oregonstate.edu

Abstract
POM chemistry is largely dominated by metal of group VI (Mo, W) and large entities
have been isolated in a wide range of pH. With group V (Nb and Ta), the chemistry is more
limited and the Lindqvist hexanuclear unit is the predominant species in aqueous solution above
pH=12. Formation of larger PONbs (polyoxoniobate) usually requires hydrothermal conditions
and addition of heteroatoms (mainly copper). Our group recently reported the formation of
{Nb24} size units in solution, simply by mixing tetramethylammonium (TMA) decaniobate
[Nb10O28]6-, {Nb10} with an alkali salt1. However, despite the monodispersity of these solutions,
we were not able to crystallize it for absolute identification of cluster forms. This presentation
is divided in two projects involving this interesting chemistry
First, we will track the solubility trend of the {Nb10} and {Nb24} compounds. For the
latter, we altered a {Nb10} solution using different alkalis and different salts. The solubility of
{Nb10} is trickier since it converts to {Nb24} in presence of alkalis. However we found a way
to isolate solid product of A2TMA4Nb10 (A = Li to Cs) and we were able to check their
solubility.
We will also present how we replaced the O=Nb-H2O monomers in {Nb24} by the very
stable uranyl (O=U=O). This lead to the formation of new heterometalic clusters with the {Nb7}
unit as building block2. The use of lanthanides also lead to the crystallization of {Nb7} clusters
derivative stabilized by an hetero atom.

(1)
(2)

Sures, D.; Segado, M.; Bo, C.; Nyman, M. Alkali-Driven Disassembly and Reassembly of Molecular
Niobium Oxide in Water. J. Am. Chem. Soc. 2018, 140, 10803–10813.
Martin, N. P.; Petrus, E.; Segado, M.; Arteaga, A.; Zakharov, L. N.; Bo, C.; Nyman, M. Strategic Capture of
the {Nb7} Polyoxometalate. Chem. Eur. J. 2019.
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Photoelectrochemical properties of porphyrin copolymer thin films
modified with polyoxometalates
A. Bonnefont, Y. Liang, Z. Huo and L. Ruhlmann
Laboratoire d’Electrochimie et de Chimie-Physique du Corps Solide, Institut de Chimie,
UMR 7177, CNRS-Université de Strasbourg, 4 rue Blaise Pascal, 67087, Strasbourg, France,
bonnefont@unistra.fr

Abstract
Porphyrin molecules possess large conjugated two-dimensional π-system making them
suitable for light harvesting and electron transfer processes, for example in solar energy
conversion. The combination of porphyrins (light harvesting antenna and electron donor) and
polyoxometalates (electron acceptor) is a promising strategy to increase the efficiency of the
photoinduced charge separation [1].
In this presentation, the preparation, characterization and the photoelectrochemical
properties of electropolymerized poly-zinc-octaethylporphyrin/viologen copolymer thin film
modified with Preyssler-type polyoxometalate ions, [NaP5W30O110]14- will be discussed [2] (see
Figure). These composite electrodes have been characterized by UV/Vis absorption
spectroscopy, X-ray photoelectron spectroscopy, electrochemical quartz microbalance and
electrochemical impedance spectroscopy. Their photoelectrochemical properties will be
discussed as a function of the solvent, the thickness of the film, and the nature of the viologen
spacer.

Figure: Schematic illustration of the energy level diagram showing electron transfer processes
of poly-porphyrin/POM electrodes under visible light illumination (V Viologen, P Porphyrin).

[1] C. Allain, D. Schaming, N. Karakostas, M. Erard, J.-P. Gisselbrecht, S. Sorgues, I. Lampre, L. Ruhlmann, B.
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porphyrinepolyoxometalates, Dalton Trans. 42 (2013) 2745-2754.
[2] Z. Huo, A. Bonnefont, R. Farha, M. Goldmann, E. Saint-Aman, H. Xu, C. Bucher, L. Ruhlmann, Photovoltaic
properties of supramolecular assemblies obtained by incorporation of Preysler's type polyoxometalate in a
polycationic copolymer of porphyrin, Electrochim. Acta 274 (2018) 177-191.
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Connecting polyoxometalates with geochemistry
Magda Pascual-Borràs, C. André Ohlin
Chemistry Department, Umeå University, 907 36 Umeå, Sweden
magdalena.pascual@umu.se

Reactions on metal oxide surfaces are of considerable importance, and include such divergent
processes as the weathering of minerals and heterogeneous catalysis on an industrial scale.
Our understanding of these processes is hampered by the difficulty of achieving a truly
molecular view of surface processes. Discrete metal oxide clusters, such as polyoxometalates
(POMs), are of similar size to surface defects and can be used as molecular models for
mineral surface processes. Furthermore, because of the discrete nature, they can be submitted
to investigation using molecular Density Functional Methods (DFT) methods.1 This class of
molecules thus offers an alternative approach to furthering our understanding of surface
processes, such as protonation and dissolution/weathering.
An example of that are the Wells-Dawson-type POMs [M4(H2O)2(PW9O34)2]10- and
[M4(H2O)2(P2W15O56)2]16- which offer a unique opportunity to study the chemistry of water
bound to mineral-like surfaces in solution and for which the water-exchange kinetics have
been determined with M=Co(II) and Mn(II).2,3 These showed the rates of water exchange of
the Co(II)-derivative and the Mn(II) derivative are pH-independent and pH-dependent,
respectively. Both molecules exhibit a two-proton protonation event at similar pH.
We have used DFT to rationalize the observed pH dependencies, and connect these studies
with some general observations of water exchange in transition metal complexes and how
these relate to surface events.4

Figure 1 Structure of [M4(H2O)2(PW9O34)2]101

C. A. Ohlin, et. al, Nature Mat. 2010, 9, 11.
C. A. Ohlin, et. al, Chem. Eur. J. 2011, 17, 4408.
3
R. Sharma, J. Zhang, C. A. Ohlin, Dalton Trans. 2015, 44, 19068.
4
C. A. Ohlin, M. Pascual-Borràs, Dalton Trans. 2018, 47, 13602.
2
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The Giant {Pd72}Prop and {Pd84}Gly Macrocycles self-assembly process
L. Vilà-Nadal
School of Chemistry, University of Glasgow
Laia.Vila-Nadal@glasgow.ac.uk

Abstract
The formation of giant polyoxometalate (POM) species is relatively underexplored, as their
self-assembly process is complex due to the rapid kinetics.i Polyoxopalladates (POPds) are a
class of POMs based on Pd, the largest of which is the {Pd84}Ac wheel, and its slower kinetics
mean the system is more amenable to systematic study. Our results show that it is possible to
follow the assembly of two types of Pd wheels, {Pd84}Gly and the smaller {Pd72}Prop, formed
using glycolate and propionate ligands, respectively. We analyzed the formation of Pd wheels
using mass spectrometry (SEC-HPLC-MS and preparative desalting followed by MS). This was
accompanied by studies that followed the chemical shift differences between the outer/inner
ligands and the free ligand in solution for the {Pd84}Ac, {Pd72}Prop, and {Pd84}Gly species using
NMR, which showed it was possible to track the formation of the wheels. Our findings confirm
that the macrocycles assemble from smaller building blocks that react together to form the
larger species over a period of days. These findings open the way for further structural
derivatives and exploration of their host–guest chemistry.

Figure 1. General mechanism of assembly for three giant POPds, {Pd72}Prop, {Pd84}Ac, and
{Pd84}Gly, suggested by our spectroscopic studies.

i

L. G. Christie, S. Asche, J. S. Mathieson, L. Vilà-Nadal, L. Cronin, J. Am. Chem. Soc.,2018, 140, 9379-9382
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Tunable metal oxide materials via assembly of Preyssler-type
polyoxoanions
A. M. Schimpf, L. Chen, L. S. Alves, C. E. Lemmon, and M. J. Turo
Department of Chemistry and Biochemistry, University of California, San Diego
La Jolla, CA, USA
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Abstract
Molecule-based metal oxides are promising materials for a wide range of semiconductor
technologies as they allow access to atomically precise, modular materials. Polyoxometalates
(POMs) are ideal molecular building blocks owing to their wide structural diversity, ease of
functionalization and facile, reversible redox activity. Herein, we present the synthesis of
tunable tungsten oxide materials via coordination assemblies of the Preyssler anion,
[NaP5W30O110]14−, or its derivatives. Remarkably, X-ray diffraction shows that the frameworks
adopt the same structure with bridging units based on Mn2+, Fe2+, Co2+, Ni2+, Cu2+, Zn2+ or
mixtures thereof. The synthesis and tunable properties of the materials, including magnetic and
electronic switchability, will be discussed. These materials demonstrate the promise of
molecular building block approaches to developing new solid-state metal oxides with tunable
or emergent properties.

67

FMOCS VI

ABSTRACTS
OF POSTER PRESENTATIONS
MONDAY
P-M1 - P-M12

68

P-M1

FMOCS VI

Investigation of Peroxide Interaction of Alkali Uranyl Triperoxide Monomers
T.A. Arino, A. Arteaga, and M. Nyman
Oregon State University, Corvallis OR 97331
trevor.arino@gmail.com

Abstract
Actinide chemistry is very rich and diverse due to their wide range of oxidation states
(3+ to 7+); yet much of the actinide chemistry is still in its infancy. Recent investigation has
found the reactivity of the uranyl triperoxide monomer (U1) directly relates to the alkali metal
cation, the Li+ analog being the most stable and Cs+ the most reactive. The main goal of this
study is to isolate and stabilize the Rb+ and Cs+-U1 analogs as well as track their formation to
the intermediate pentameric face, U5, and onto fully formed capsules. These reactions are being
studied primarily by spectroscopic and x-ray techniques; such as Small Angle X-Ray Scattering
and Single Crystal X-Ray Diffraction. The second goal of this project is to understand the role
of the alkali in the stabilization and destabilization of the monomeric unit. There is speculation
that the alkali metal counterion used to form the monomer species affects the rate at which the
terminal peroxide ligands in the structure disproportionates and allows for the formation of U5
and fully formed capsules. Here, we attempt to understand the role of the alkali promoted
peroxide disproportionation by studying a simple peroxide alkali-hydroxide system by Raman
spectroscopy in order to determine the rate of the reaction. Where preliminary studies have
found Cs+ to be the fastest and Li+ the slowest, as expected. Future studies consist of
understanding and quantifying the relationship that the alkali metal has on the formation of
uranyl peroxide intermediates and other larger species.

U-O
peroxide
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Effects of Metal Ions on Uranium (IV) Sulfate Speciation and SupraMolecular Assembly
I. Colliard, N. P. Martin, G. Morrison, H. Zur Loye, M. Nyman
Oregon State University
Corvalllis, Oregon
colliari@oregonstate.edu

Abstract
Due to its high industrial use, uranium(IV) sulfate is encountered in the extraction of uranium
from ores and in the production of uranium hexafluoride. Although the salt is of great import,
there is very little research into aqueous behavior of the U(SO4)2; especially, interactions with
other metals and ligands have been slow. Nevertheless, herein we report the synthesis of novel
U(IV) sulfate species. Via controlled hydrothermal reactions, a wide variety of new crystals
have been synthesized and their structures determined. The new structures range from simple
dimeric uranium sulfate species to novel mix metal frameworks. The mix metal frameworks
are made up of uranium-lanthanide/transition metal sulfate (Ux-Ln/TM for short) or more
specifically they are made up U-sulfate clusters linked by Ln or TM monomers. Furthermore,
we report a new class of uranium-oxide clusters: the so-called ‘cluster of clusters’ which is
comprised of 14 uranium hexamers linked together making a capsule of a size of 3 nm. These
new structures are, as far we know, the first of their kind in the actinide-oxo cluster field in
terms on composition, structure, and composition. Additionally, these crystals have been
characterized via vibration spectroscopy, small angle X-ray scattering, calorimetry, and by their
magnetic ordering. As such, the new structures elucidate more information on the aqueous
behavior of uranium sulfate, as well as introducing potentially useful applications. Such as the
potential use of Ux-Ln/TM in single molecule magnets, due to the presence of 4f/3d and 5f
electrons.
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Radiation Induced Assembly of Uranium Peroxide Nanoclusters
D. E. Felton, M. C. Fairley, Jay A. LaVerne, M. Nyman, and P. C. Burns
301 Stinson Remick Hall, Notre Dame IN 46556
dfelton1@nd.edu

Abstract
Actinide peroxide nanoclusters self-assemble in solution across a wide pH range 1. Irradiation
of water generates reactive species that may produce conditions favorable for nanocluster
formation. The impact of radiation on uranyl peroxide cluster formation is unexplored. Uranyl
triperoxide monomers readily form in aqueous solution at high pH and, with excess peroxide,
can remain in solution for long time periods. This study aims to investigate how radiation
impacts the formation of U24 clusters from the monomer and their stability after formation.
The conversion is monitored using Raman spectroscopy, which gives distinct spectra for the
monomer and the cluster. Due to difficulty in normalizing the data a model was used to relate
the ratio of the peaks to the percent of monomer loss and cluster formed. A rate was then
determined and is given for the conversion as a function of dose (Mrad). Water chemistry is
modified in order to determine the role of the radiation in the mechanism of cluster formation.
1.

Qiu, J.; Burns, P. C. Clusters of Actinides with Oxide, Peroxide, or Hydroxide Bridges. Chem. Rev. 2013,
113 (2), 1097–1120. https://doi.org/10.1021/cr300159x.
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Stereoselective Assembly of Gigantic Chiral Molybdenum-Blue Wheels
using Lanthanide ions and Amino Acids
E. Garrido Ribo, and L. Cronin*
WestChem School of Chemistry, University of Glasgow, Glasgow, G12 8QQ, UK
e.garrido-ribo.1@research.gla.ac.uk

lee.cronin@glasgow.ac.uk

Abstract
The synthesis of chiral polyoxometalates (POMs) is a challenge because of the inherent highly
symmetric nature of the metal coordination environment and weak interactions of chiral organic
molecules with the metal framework. Herein we report the stereoselective synthesis of a series
of gigantic chiral Mo Blue (MB) POM clusters.1 These are formed by exploiting the
coordinating lanthanides ions as symmetry breakers to produce MBs with asymmetric
frameworks. Decorating these frameworks with amino acids ligands promotes the selective
formation of enantiopure MBs. All the compounds share the same framework archetype, based
on {Mo124Ce4}, which forms an intrinsically axially chiral structure (Δ or Λ) controlled by the
stereochemistry of functionalized enantiopure amino acids. The chirality and stability of the
compounds in solution are confirmed by circular dichroism (CD), 1H NMR and Electrospray
Ion Mobility-Mass Spectrometry (ESI-IMS-MS) study. In addition, the framework of the
{Mo124Ce4} MB not only behaves as host, able to trap a chiral {Mo8} cluster that is not
accessible by traditional synthesis, but also promotes the transformation of tryptophan to
kynurenine in-situ.
This work demonstrates the potential applicability of our synthetic strategy to produce gigantic
chiral POM clusters capable of host-guest chemistry and selective synthetic transformations.

Scheme 1. Stereoselective synthesis of chiral MB by using lanthanide ions as ‘symmetry
breakers’ and amino acids as chiral auxilliaries.
1

Xuan, W., Pow, R., Watfa, N., Zheng, Q., Surman, A. J., Long, D., Cronin, L., J. Am. Chem. Soc. 2019, 141,
1242-1250
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Spectral change of the 132-nuclear Keplerate-type polyoxomolybdates
by the substitution with tungsten atoms
A. Hori, K. Ohashi, T. Ozeki
Department of Chemistry, College of Humanities and Sciences, Nihon University
3-25-40, Sakurajosui Setagaya-Ku, Tokyo 156-8550, Japan
ozeki@chs.nihon-u.ac.jp

Abstract
Müller reported {Mo132}, [MoVI72MoV60O372(CH3COO)30(H2O)72]42–, in 1998[1] and
{W72Mo60} , [WVI72MoV60O372(CH3COO)30(H2O)72]42– , in 2009.[2] We demonstrated that the
clusters in between, {(WxMo1–x)VI72MoV60} where x = 0 ~ 1, can be facilely prepared by simply
adding Na2WO4·2H2O during the synthesis of {Mo132}. Single crystal X-ray diffraction
revealed that the occupancies of W in {(WxMo1–x)VI72MoV60} gradually increases as the
concentration of W in the solution is elevated. Here we report the gradual spectral change of
{(WxMo1–x)VI72MoV60} to show the substitution for W takes place continuously.
Samples were prepared according to a modified Müller’s procedure where Na2WO4·2H2O
was deliverately added while keeping the total molar concentration of Mo and W to be constant.
Powder X-ray diffraction demonstrated that all these solutions give face-centred cubic crystals
isomorphous to {Mo132}.
Their IR spectra showed a systematic change that the five peaks from 500 to 1000 cm–1
shifted to higher frequency as the W ratio increases. The IR peak shifts are from 6 to 24 cm–1.
In the UV-vis spectra, the absorption maxima showed blue shifts up to 80 nm.
This work was supported by JSPS Core-to-Core Program.

[1] A. Müller, E. Krickemeyer, H. Bögge, M. Schmidtmann and F. Peters, Angew. Chem. Int. Ed. 1998, 37, 33603363.
[2] A. M. Todea, A. Merca, H. Bögge, T. Glaser, L. Engelhardt, R. Prozorov, M. Luban and A. Müller, Chem.
Commun , 2009, 3351-3353.
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Synthesis and solution characterization of alkyltin Keggin clusters
Danielle C. Hutchison, Morgan R. Olsen, May Nyman
Department of Chemistry, Oregon State University, 153 Gilbert Hall, Corvallis, Oregon 97331 (USA)
hutchisd@oregonstate.edu

Abstract
Alkyltin clusters have shown promise as solution-based precursors for EUV
nanolithography. As such, it is important to characterize the solution behavior of these
clusters to better understand the chemistry occurring at later steps in the lithography process.
We have synthesized several new butyltin Keggin clusters and performed extensive solution
characterization by electrospray ionization mass spectrometry (ESI-MS), small angle x-ray
scattering (SAXS), and multinuclear (1H, 13C, 23Na, and 119Sn) NMR.1 Interestingly, these
new butyltin Keggin clusters have only been crystallized in the relatively low-symmetry β and
γ isomeric forms.2 We have investigated the effects of solvent, aging, heating, and the
identity of the central cation (Na+ or Ca2+) on the isomerization and solution behavior of these
clusters.
(1)

(2)

Saha, S.; Park, D.-H.; Hutchison, D. C.; Olsen, M. R.; Zakharov, L. N.; Marsh, D.; Goberna-Ferrón, S.;
Frederick, R. T.; Diulus, J. T.; Kenane, N.; et al. Alkyltin Keggin Clusters Templated by Sodium. Angew.
Chem. Int. Ed. 2017, 56 (34), 10140–10144.
Hutchison, D. C.; Stern, R. D.; Olsen, M. R.; Zakharov, L. N.; Persson, K. A.; Nyman, M. Alkyltin
Clusters: The Less Symmetric Keggin Isomers. Dalton Trans. 2018, 47 (29), 9804–9813.
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Confinement of poly(allylamine) in Preyssler-type polyoxometalate and
potassium ion framework for enhanced proton conductivity
T. Iwano, S. Miyazawa, S. Uchida
Department of Basic Sciences, School of Arts and Sciences, The University of Tokyo, 3-8-1
Komaba, Meguro-ku, Tokyo 153-8902
csayaka@mail.ecc.u-tokyo.ac.jp

Abstract
Polyoxometalate based solids are promising candidates of proton-conducting solid electrolytes.
In this work, a Preyssler-type polyoxometalate is crystallized with K+ and poly(allylamine),
which is also a good proton conductor, from aqueous solutions. Here we show that the low
durability of polyoxometalate and poly(allylamine) due to hygroscopicity is overcome by the
electrostatic interaction between the polyoxometalate and protonated amine moieties in the
solid state. Crystalline compounds are synthesized with poly(allylamine) of different average
molecular weights, and all compounds achieve proton conductivities of 10−2 S cm−1 under mild
relative humidity and low-temperature conditions. Spectroscopic studies have revealed that the
side-chain mobility of poly(allylamine) and rearrangement of hydrogen-bonding network
contribute to the proton conduction in compounds with poly(allylamine) of low and high
average molecular weights, respectively. While numbers of proton-conducting amorphous
polyoxometalate-polymer composites have been reported, these results show both structureproperty relationship and high functionality in crystalline composites.1)
1.5 nm

1) T. Iwano, S. Miyazawa, R. Osuga, J. N.
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Fig 1. Schematic presentation of the structures of the
Preyssler-type Polyoxometalate, poly(allylamine), and
crystalline composite.
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Pair Distribution Function (PDF) Analysis of Metal-Oxo Clusters in
Aqueous Solutions
K. Kozma, Prof. M. Nyman
Department of Chemsitry, Oregon State University, 153 Gilbert Hall, Corvallis, Oregon, USA 97330
kozmak@oregonstate.edu

Abstract
Obtaining structural information from solutions without single-crystal data of dissolved species
is always a challenging problem. Beyond standard solution characterization techniques, X-rays
still can be utilized to reveal direct structural information. Small-angle X-ray scattering (SAXS)
is routinely used to acquire information about the size and shape of various metal-oxo clusters
in solvent, and pair distribution function (PDF) analysis of X-ray total scattering measurements
is capable to represent atom-pair correlations in short-range order. Although PDF analysis is
widely used for solid-state measurements and corroborate structurally disordered materials at
synchrotron X-ray facilities, we utilized a laboratory diffractometer to perform PDF analysis of
metal-oxo cluster in solutions. Mo Kα X-ray source and high-quality detector make in-house
diffractometer capable to carry out this type of measurements.
Metal-oxo clusters are molecular, water-soluble metal-oxide species with distinct size and
precise composition. Many metals form clusters in solution, our poster represents several
examples of these molecules through the periodic table. These instances represent investigation
of atom-pair correlations of individual cluster molecules in solution state. We include examples
of the standard {SiW12} Keggin ion, different uranyl-peroxide nanoclusters with hollow capsule
structures (U60, U32R, U28 and U24). In these samples we observed all correlations of an
individual cluster predicted from single-crystal structures. In addition, further examples show
cases where PDF with other techniques are utilized to reveal solution speciation. These
investigations include characterization of TiOSO4 solutions and novel, Zr-based clusters with
unique face-shared polyhedra connectivity.
Our studies show that with advantageous experimental conditions – with heavy elements and
high concentrations in stable systems – in-house PDF measurements is a powerful
supplementary method to extract structural information via observing atom-pair correlations in
the short-range order.

Figure 1 Scattering of X-ray photons through solution samples is used to generate PDF to
study atom-pair correlations.
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A polyoxometalate-based supramolecule with proton
conduction
Sai Sun 1, Yangguang Li 1, Hongying Zang1, Song Liang2*
1

Key Lab of Polyoxometalate Science of Ministry of Education, Northeast Normal University,
Changchun 130024, P. R. China
2
Key Laboratory of Bionic Engineering (Ministry of Education), College of Biological and
Agricultural Engineering, Jilin University, Changchun, 130022, P. R. China.
E-mail: (Songliang@jlu.edu.cn)

Abstract:
Developing new low-cost and efficient proton-conducting materials remains an attractive and
challenging task. Herein, a Preyssler-type polyoxometalate derived coordination compound
(compound 1 ） had been synthesized with a hydrothermal method. The structure was
characterized by single crystal X-ray diffraction, PXRD, FT-IR, TG and etc. We studied the
relationship between the crystal structure and proton conduction of compound 1 and found that the
presence of 2-MI was beneficial to the migration of protons. Meanwhile, the counter cation Na+
has a strong interaction with water molecules, which has a positive effect on proton conduction.
Compound 1 showed the maximum proton conductivity with a value of 6.24 × 10-3 S cm-1 at 367
K and 97% RH. Kinetic investigation indicates that the proton conduction mechanism of
compound 1 follows the vehicle mechanism.

(a) The asymmetric unit of compound 1 contains two coordination modes of Co ion and free 2-MI
ligands; (b) The packing diagram of the 3D supramolecular of compound 1.
Reference
[1]K. Niinomi, S. Miyazawa, M. Hibino, N. Mizuno, S. Uchida, Inorg. Chem. 56 (2017) 15187.
[2] J. Du, M.-D. Cao, S.-L. Feng, F. Su, X.-J. Sang, L.-C. Zhang, W.-S. You, M. Yang, Z.-M. Zhu,
Chem. Eur. J. 23 (2017) 14614.
[3] X. Wang, Y. Wang, M. A. Silver, D. Gui, Z. Bai, Y. Wang, W. Liu, L. Chen, J. Diwu, Z. Chai, S.
Wang, Chem. Commun., 54 (2018) 4429.
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Organic–inorganic hybrid polyoxometalates having cationic component as
a radical: Schiff’s base modified polymorphs with phosphotungstic acid
N. K. Mishra and S. Sabbani
School of Physical Sciences, Jawaharlal Nehru University, New Delhi-110067, India
neerajmishra.08@gmail.com, sabbani07@gmail.com

Abstract
Polyoxometalates (POMs) are a class of discrete anionic inorganic metal-oxide cluster
containing compounds with a wide range of unique physical properties and applications in
areas as diverse as catalysis and medicine.1 The development of research in the field of
organic–inorganic POM hybrids allows the great combination of the properties of both metaloxo species (polyoxometalate clusters) and organic moieties;2 this will not only bring about
the advantages of rigidity of organic molecules, such as, structural modification, but may also
provide synergistic effects arising from the interactions between the organic and inorganic
moieties.3 In this work, we present the construction of an organic–inorganic hybrid
framework consisting of cationic radical of a Schiff’s base and POM counter anion. With
selection of an organic ligand L1, (4-(salicylideneamino)-1,2,4-triazole) and an inorganic
Keggin-type phosphotungstate, two polymorphs (compounds 1 and 2) have been synthesized
which composed of radical as a cationic part. Crystal structure of the both compounds shows
the presence of one [PW12 O40 ]3- anion along with two L1 molecules. The analysis of electron
spin resonance (ESR) spectra indicates that the concerned compound shows a radical signal
with the g value of 2.0023. Synthesized compounds are additionally characterized by NMR,
UV-vis, FTIR spectrocopy and spin trapping studies that have been performed using the
molecule TEMPO.

Fig 1. ESR spectrum of the organic inorganic hybrid having cationic rad ical.

.
1. Song Y. F, Long D. L and Cronin L. Cryst Eng Comm., 2010, 12, 109.
2. Schroden R. C, Blanford C. F, Melde B. J, Johnson B. J. S and Stein A, Chem. Mater., 2001, 13, 1074.
3. Proust A, Thouvenot R and Gou zerh P ,Chem. Commun., 2008, 1837.
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Photochemical Generation of H2 and Peroxouranates: A Computational
Study
Enric Petrus,a Mireia Segado,a Joan González Fabra,a Nuno A. F. Bandeira,a Carles Bo.a,b
a

Institute of Chemical Research of Catalonia (ICIQ), Av. Països Catalans 16, 43007
Tarragona, Spain.
b
Departament de Química Física i Inorgànica, Universitat Rovira i Virgili, Marcel·lí
Domingo s/n, 43007 Tarragona, Spain.
epetrus@iciq.es

Burns’ group revealed a photochemical hydrogen generation reaction involving uranyl
nitrate.1 It has been shown that in basic conditions and sunlight irradiation both molecular
hydrogen and a peroxo-bridged dimer are formed. Actually, Cahill’s group applied this
chemistry to prepare bipiridine peroxo-bridged clusters2 and Perleppes’ group used it to
enhance the current uranium extraction methods.3 Nevertheless, little is known on how the
photochemical oxidation proceeds and the hypothetically applicability of these clusters into
catalysis.
Hitherto, we first studied a ground state mechanism which did not lead to the evolution of
hydrogen but to the formation of hydroxo-bridged uranyl dimers. That is why, we proposed a
second mechanism relying on excited state reactivity. In fact, we present both a concerted and
a stepwise pathway which do involve hydrogen generation and formation of a peroxo-bridged
dimer.

1

McGrail, B.T.; Pianowski, L. S.; Burns, P.C. J. Am. Chem. Soc. 2014, 136(13), 4797−4800.
Thangavelu, S. G.; Cahill, C. L. Inorg. Chem. 2015, 54 (9), 4208.
3
Tsantis, S. T.; Zagoraiou, E.; Savvidou, A.; Raptopoulou, C. P.; Psycharis, V.; Szyrwiel, L.; Hołyńska, M.;
Perlepes, S. P. Dalton Trans. 2016, 45 (22), 9307
2
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Exploring the structure and speciation of uranyl peroxide compounds using
17-O NMR
Aliya M. Whitehill, Peter C. Burns
University of Notre Dame, Notre Dame, IN 46556, USA
awhitehi@nd.edu

Abstract
More than 65 different uranyl peroxide cage clusters have been reported that contain between
16 and 124 uranyl ions and are stabilized by a variety of counterions and ligands. Uranyl
peroxide cage clusters readily self assemble in alkaline aqueous solutions containing hydrogen
peroxide, where they can persist or crystallize. Understanding and controlling reaction
mechanisms is difficult due to the complexity of these systems and the difficulty of
characterization. Given the importance of peroxide in these clusters, we have developed a
method to synthesize 17-O labelled peroxide, as this isotope is well suited for studies using
nuclear magnetic resonance (NMR). We are currently using NMR to study both studtite (a solid
form of uranyl peroxide) and uranyl peroxide cage clusters in solution to better understand their
mechanisms of formation and transformation. These studies are complemented by Raman
spectoscopy and electrospray ionization mass spectroscopy.
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Bi3+ Manganese mixed metal-Oxo cluster, Synthesis and
Characterization
Mehran Amiri 1, and May Nyman 1*
1
Department of Chemistry, 153 Gilbert Hall, Oregon State University, Corvallis, OR 97331,
USA.
amirim@oregonstate.edu, May.Nyman@oregonstate.edu

Abstract
Metal-oxo clusters are nanosize molecules which are mostly made of metal ions in the aqueous
solution under the hydrolysis or condensation reactions. Metal-oxo clusters are intermediate
molecules before the formation of metal oxides. Therefore study to better understanding of this
molecules will make a clear pathway from the monomeric metal ions to the metal oxides. With
this knowledge, we can manage and optimize this pathway to make the new or more efficient
metal oxides. Beside that metal oxo cluster are useful for catalyst proposes in many different
areas. Here we are presenting a new metal oxo cluster made of manganese and bismuth mixed
metals with the main formula [MnIV6BiIII1.75KO9(CH3COO)10.25(CH3COOH)2(NO3)](NO3).
7.25H2O. The structure was found with crystallography x-ray diffraction and was conform with
the powder x-ray diffraction (PXRD), Fourier transform infrared (FT-IR), Thermogravimetric
analysis (TGA), Energy-dispersive X-ray spectroscopy (EDAX) and Scanning electron
microscope (SEM). Also we used the solution characterization like small and withe angel
scattering (SWAXS) and Electrospray Ionization Mass Spectrometry (ESI-MS) to monitor the
stability and behavior of this cluster in different solvents media. All the characterizations
conform that this cluster is formed as a ring shape molecule with six manganese (IV) in the ring
that has a bismuth (III) cation in the center bottom of the ring and a potassium cation in the
center up. This main ring is the most stable fragment in the solution but in the solid form each
ring has been connected to another with a bismuth linker in a chain shape. Bismuth and
manganese compounds both have a lot of application in different areas because of their
magnetic and electric properties respectively, a large number of study recently has been done
on these compounds.
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Small Angle X-ray Scattering (SAXS) Provides Insights Into UiO-66 MOF
Assembly
K. Brunson, L. Palys, and M. Nyman
Gilbert Hall, 2100 SW Campus Way, Corvallis, OR 97330
brunsonk@oregonstate.edu

Abstract

Figure (a.) Previously reported octahedral
multinuclear cluster in Zr UiO-66[1] (b.)
new 4x4 sheet multinuclear cluster (c.)
Small Angle X-ray Scattering (SAXS) data
with a good match to simulated scattering
for a ‘4x4 sheet’ aggregate

References:
[1] H. Xu, S. Somer, N. L. N. Brogue, J. Gao, and
B. B. Iversen, Chem. Eur. J. 2019, 25, 2051-2058.

Since the discovery of the first metal-organic
framework (MOF) in 2005, countless
framework materials have been synthesized
from metals across the periodic table. The
structures and properties of these porous
materials have been explored thoroughly due
to their widespread applications in catalysis,
intercalation chemistry, battery materials, and
gas sequestration. In comparison to the
sizable amount of information surrounding
MOF’s, there is a surprising lack of
mechanistic
understanding.
One-pot,
syntheses are often performed with little
known about MOF assembly during the
solvothermal phase. In order to truly be able
to exploit and optimize the diverse properties
of metal-organic frameworks, a fundamental
understanding of their mechanism of
formation is crucial. In this work, we explore
multinuclear cluster aggregates in solution
prior to final MOF formation in the Zr/Hf
UiO-66, selected as a model system because
it is widely studied, synthetically robust, and
very stable. Small Angle X-ray scattering
(SAXs) was used to monitor UiO-66 reactions
prepared at room temperature with varying
concentrations of reagents and acidic
modulator. A recent study reported the
occurrence of a cluster-aggregate in the Zr
UiO-66: an octahedron with hexameric Zr6nodes at each of the vertices.[1] Our data
suggest that the predominant clusteraggregate in solution is better described by a
4x4 sheet of Zr6 nodes.
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Utilizing Polyoxometalates to Probe the Redox State of Peptides and
Proteins
H. A Damiana,b, Dr G. N. Newtona and Dr N. J. Mitchellb
a Carbon Neutral Laboratory, Jubilee Campus, Nottingham NG7 2GA
b School of Chemistry, University Park, University of Nottingham NG7 2RD
heather.damian@nottingham.ac.uk

Abstract
Native disulphide bond formation is critical for the proper folding of many proteins 1; these
bonds can be found in nearly one-third (7000) of the proteins in the eukaryotic proteome 2. An
integral function of the disulphide bonds it to stabilize the tertiary and quaternary structures of
proteins. There is evidence that some disulphide bonds in certain proteins are labile; resulting
in functional changes. However, others that are structurally important are not exposed at the
protein surface3.
Polyoxometalates (POMs) have rich electrochemical properties, variable redox states and have
the ability to accommodate more electrons via reduction 4. Upon reduction certain POMs
transition from colourless to blue in a reversible fashion. This colour change can be observed
via UV-vis spectrometry. The reduced state of the POM has the ability to break a disulphide
bond, e.g. within peptides and proteins, as it is oxidised back into its ground state. This
technique could for example be used to find the redox state of the protein angiotensinogen
(AGT)5. The precursor to the vasopressor peptides angiotensin I and II. High levels of these
vasopressor peptides cause hypertension6.
Through the observable colour change from the POM a colorimetric test could be developed
using UV-vis spectrometry, allowing for the number of disulphide bonds within the sample to
be quantified. The development of rapid, point-of-care analytical techniques to quantify the
ratio of these redox states would enable more effective diagnosis of conditions such as
hypertension.
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1 – K. J. Woycechowsky, R. T. Raines; Curr Opin Chem Biol., 2000; 4(5): 533
2 – G. Rajpal, P. Arvan, in Handbook of Biologically Active Peptides (Second Edition), 2013, Disulfide bond
formation.
3 - http://www.cryst.bbk.ac.uk/PPS95/us/darren-f/s-s.html
4 - J. M Cameron, S. Fujimoto, K. Kastner, R. J. Wei, D. Robinson, V. Sans, G. N. Newton, H. H. Oshio, Chem.
Eur. J., 2017, 23, 47-50
5 - A. Zhou, R. W. Carrell, M. P. Murphy, Z. Wei, Y. Yan, P. L. Stanley, P. E. Stein, F. Broughton-Pipkin and R.
J. Read, Nature, 2010, 468, 108-111.
6 - H. D. Mistry, L. A. McCallum, L. O. Kurlak, I. A. Greenwood, F. Broughton-Pipkin, R. M. Tribe, Hypertension,
2011, 58, 497-504
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Stability of Solid Uranyl Peroxides to Radiation
M. Fairley,1 N. Myers,1 G. E. Sigmon,2 P. C. Burns,2 and J. A. LaVerne1,3*
1. Radiation Laboratory, University of Notre Dame, Notre Dame, IN 46556
2. Department of Civil and Environmental Engineering and Earth Sciences, University of
Notre Dame, Notre Dame, IN 46556
3. Department of Physics, University of Notre Dame, Notre Dame, IN 46556
mfairley@nd.edu

Abstract
The stability of a variety of uranyl peroxide compounds to radiation were investigated using
γ-rays and 5 MeV He ions, the latter to simulate α-particles. Polycrystalline powders
were characterized using powder X-ray diffraction, Infrared spectroscopy, Raman
spectroscopy, X-ray photoelectron spectroscopy, and UV-Vis spectroscopy before and
after exposure to radiation.
Studtite, U60Ox30 (Ox=oxalate), and U24Pp12
(Pp=pyrophosphate) were found to be relatively stable to γ-irradaition while a weakening
of the uranyl bond was found in U60, [(UO2)(O2)(OH)]6060-, peroxide cage cluster.
Studtite and U60 were the most effected by α-irradiation resulting in an amorphous uranyl
peroxide compound characterized by Raman spectroscopy and powder X-ray diffraction.
U60Ox30 and U24Pp12 are more stable to α-irradiation showing minor signs of the
formation of an amorphous uranyl peroxide.
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Abstract
Cluster-based inorganic nanopatterning is a new field of research and a new technology. Few
studies have been conducted to understand the elementary chemical steps of the process by
which metal oxo-hydroxo clusters undergo solubility transformations upon low-energy
electron exposure, a proxy for EUV radiation. Organo-tin clusters such as [(nBuSn)12O14(OH)6]2+ enable production of very high resolution patterns based on cluster radii
that are 3 - 4 times smaller than the radii of gyration of polymers in conventional photoresists.
Films of the tin clusters form nanopatterns via absorption of EUV light, which creates
primary and secondary photoelectrons. These electrons cleave tin-carbon bonds and initiate
cluster condensation. Condensation creates a differential solubility contrast between exposed
and unexposed areas, allowing positive or negative tone development based on developer
choice. The high EUV absorption cross section of the metal (tin) contributes to high
sensitivity and the reduced radii of these Sn clusters as opposed to CARs diminishes
diffusion-based blur. The ability to directly write and pattern functional inorganic materials
eliminates processing steps, allowing higher throughput.
Few studies investigate the chemical changes of these organotin oxide hydroxide clusters
from bulk powders, to solution-deposition precursors, to functional sol-gel thin films.
Additionally, little chemistry is known regarding film thermolysis and radiolysis. We
elucidate how n-butyltin speciation transforms throughout dissolution in casting solvent, spincoat deposition, and post-application bake (PAB); i.e. evolution during standard thin-film
production. The fundamental understanding of precursor chemistries and resultant thin films
allows us to better study lithographic processing. In lithography, films are exposed to both
heat and radiation. These processes can induce chemistries independently or synergistically so
it is important to understand both. We isolate, investigate, and elucidate the thermal behavior
of these n-butyltin thin films. Finally, we utilize our knowledge of n-BuSn speciation and
thermolysis to govern resultant patterns with informative decisions regarding development,
post-exposure bakes, and delay times.
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Abstract
Inorganic clusters are of high interest due to their ability to be utilized as precursors for thin
film and device fabrication. Their pre-organized structure, ease of deposition, low temperature
processing conditions, and solubility in benign solvents gives chemists a pathway towards lowenergy and efficient thin film fabrication. In this work, we present a novel inorganic cluster
M[𝜇-OH)2Co(NH3)4]3(NO3)6 (M = Al, Ga, In) that mimics the structure of the famous Werner’s
hexol. This work will detail the synthesis of these heterometallic clusters, their characterization
and some promising developments into their thin film fabrication. The synthesis of these
clusters takes advantage of the acid lability of the carbonato ligand on the starting cobalt
precursor and utilizes the strong Lewis-acidity of the corresponding metal nitrate salts to
undergo olation and form the final hexol-type structure. Solid-state structures of these
compounds have been determined via single crystal XRD and NMR spectroscopy and show
that these structures persists in solution after dissolution into D2O or [D6]DMSO. Solution
deposition of these clusters onto films shows formation of a cobalt mixed metal oxide spinel
that can act as catalysts for the oxidation of benzene. Films have been characterized via GIXRD, AFM, and XRR and show strong crystallinity, and controlled thickness. The synthesis of
these clusters and potential use in thin films are especially encouraging and can considerably
expand the number of stable aqueous heteronuclear ions.

Angew. Chem. Int. Ed. 2017, 56, 8776-8779
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Rapid formation of small mixed-valence silver clusters via electron transfer
in a porous ionic crystal based on polyoxometalate
T. Okunaga, S, Uchida
1)

Department of Basic Science, School of Arts and Sciences, The University of Tokyo,
Komaba, Meguro-ku, Tokyo 153-8902, Japan
csayaka@mail.ecc.u-tokyo.ac.jp

Abstract
Reversible redox property is one of the keys to further functionalize porous crystalline
materials. We have previously synthesized a redox-active porous ionic crystal with
dodecamolybdophospate

[PMo12O40]3-

and

[Cr3O(OOCH)6(mepy)3]+

(mepy

=

4-

methylpyridine) as building blocks. The crystal showed cooperative migration of electrons with
alkali metal ions in the 1-D channel.1) Besides, it has been well known that silver ions (Ag+)
and clusters (e.g., Ag3+) can selectively adsorb unsaturated hydrocarbons via  and -bonds.2,3)
Based on these considerations, we utilized a redox-active porous ionic crystals of
Cs2[Cr3O(OOCH)6(mepy)3]2 [PMoVMoVI11O40] to form silver clusters (mainly Ag42+), and this
ion-exchange (Cs+→Ag42+) took less than 1 min, while the ion-exchange(Cs+→Ag+) took more
than 24 h. Photoemission spectra of the compound showed this reaction consisted of two steps:
electron transfer from reduced POM to Ag+ and the subsequent formation of a silver cluster,
and diffusion of the silver cluster and exchange with Cs+. In addition, the compound containing
the silver cluster showed high affinity toword unsaturated hydrocarbon guests.4)

1) R. Kawahara et al., Chem, Mater., 2015, 27, 2092, 2) S. Uchida et al., J. Am. Chem. Soc., 2008, 130, 12370, 3)
Y. Lei et al., Science, 2010, 328, 224, 4) S. Uchida et al., Nanoscale, 2019, 11, 5460
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Abstract
Mixed-valence polyoxidovanadates (MV-POV) present rich structural chemistry; however,
they still less explored in their pharmacological potential than the decavanadate,
HnV10O28(6-n)− (V10).1,2 Here we report the antituberculosis potential of two pseudospherical
polyoxidovanadates (NH4)7[H6VIV2VV12O38(PO4)]9H2O (V14) and (Me4N)6[VIV8VV7O36(Cl)]
(V15).2 The inhibition growth assays of Mycobacterium smegmatis cultures upon treatment with
compounds, gave IC50 values of 13 and 2.0 mol L–1 for V14 and V15, respectively. These values
are lower than those reported for metavanadate (190 mol L–1)1 and close to the value obtained
for V10 (3.7 mol L–1).1 Spectroscopic studies performed in freshly prepared aqueous solutions
and after 24 h by UV-Vis-NIR, EPR, and 51V NMR, demonstrated some hydrolysis and a more
extensive oxidation of vanadium(IV) in V14, than in V15. EPR spectra of both solutions present
a broad line, characteristic of MV-POV near neutral pH, and for V15 this line is overlapped with
the hyperfine lines of the vanadyl cation VIVO(OH2)5]2+. The vanadium(V) species monitored
by 51V NMR for V14 and V15 in solution changed with pH and time. V15 solutions presented
only signals of lower intensity assigned to V10 and H2VO4– (V1). While V14 solutions were more
complex, with high intensity signals referring to V10, V1 and [H4V14O38(PO4)]5– (V14-ox), a
fully-oxidized polyoxidovanadate with a similar structure of V14.3 Aiming to determine which
chemical species formed in the biological media, spectroscopic analyses in the Middlebrook
7H9 media are being performed. 51V NMR spectra of V14 solutions showed signals consistent
with simple oxidometalates and vanadium-complexes with media components such as citrate
and phosphate. The spectra recorded in supernatant after cells were removed showed the
presence of a new species formed by the reaction of the vanadates with a cellular metabolite.
The anti-mycobacterial activity of MV-POV and the chemical complexity of their solutions
suggest that speciation studies in different media are essential to explore the biological potential
of this class.
References:

1.

3.Andersson,

I., et al. (2005) Dalton Transactions, 3658-3666.

Samart, N., et al. (2018) Frontiers in chemistry, 6:519.

2.

Postal, K., et al. (2016) RSC Advances, 6:115.
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Figure 1. Representation of the {Mo132} host, decorated with chiral lactate ligands,
highlighting the ability of the host to resolve chiral guest species, such as D/L-carnitine, in
aqueous solutions with analysis via NMR studies.
Investigations of chiral host-guest chemistry are valuable to understand biological systems, to
control reactivity, and to explore chiral recognition in confined environments. Considerable
efforts have explored chiral recognition by designing artificial hosts including cyclodextrins,
calixarenes, cucurbiturils, crown ethers, and chiral cages.1 Despite the tremendous development
of chiral organic and metal-organic hosts the use of inorganic hosts is limited. This is due to the
difficulty of producing chiral inorganic compounds and their inherently weak interactions with
chiral organic guests.
Herein we show that polyoxometalates (POMs) are unique hosts for enantioselective
discrimination. Chiral POMs can be obtained by breaking the local symmetry of the clusters or
through chiral induction from chiral building blocks. By synthesizing a water-soluble chiral
porous nanocapsule based on the inorganic metal-oxo Keplerate-type cluster, {Mo132}
incorporating chiral lactate ligands, with the composition [Mo132O372(H2O)72(x-Lactate)30]42- (x
= D or L), it was possible to study the interaction with a chiral guest, L/D-carnitine, in aqueous
solution (Fig. 1). The chiral host was characterised by X-ray crystallography and supported
with circular dichroism and NMR solution studies. The enantioselective recognition was
studied by quantitative 1H NMR and 1H DOSY NMR which highlighted that the chiral
recognition is controlled at the pores of the {Mo132} structure.
Our findings demonstrate the use of chiral porous inorganic POMs as versatile platforms for
chiral recognition. This opens the door for their application in asymmetric catalysis and chiral
separation and will stimulate further development of chiral inorganic materials for asymmetric
technological applications.2
1. G. A. Hembury, V. V. Borovkov, Y. Inoue, Chem. Rev. 2008, 108, 1, 1-73.
2. N. Watfa, W. Xuan, Z. Sinclair, R. Pow, Y. M. Abul-Haija, D. Long, L. Cronin, In preparation, 2019.
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Abstract
Polyoxometalates are usually soluble in water and are good precursors for thin films deposition.
These thin films can be used for various purpose like piezoelectric compound, solar cell, energy
storage, optical compounds etc. In our research we are interested of potassium sodium niobate
(K0.5Na0.5NbO3 or KNN) and lithium niobate (LiNbO3) thin films depositions from niobium
polyoxo clusters ({Nb10} derivatives. The KNN thin films has piezoelectric characteristics
which can replace the lead containing piezoelectric compounds. On the other hand, LiNbO3
thin films has optical properties.
Previously, these niobate thin films precursors consisted in organic salts of niobium, Nb2O5 or
{Nb6} POMs with alkali salts 1, 2. In those process, it is difficult to achieve a high concentration
of niobium in solution to obtain a thicker thin film without a high number of multiple coating.
Our group observed that {Nb10} POMs react with alkali salts in solution and convert to {Nb24}
species in solution 3. The latter present a high solubility in water and can be a good candidate
for KNN and LiNbO3 thin film deposition. Indeed, thicker thin films with a smaller number of
multiple coating can be obtained. We used the solution of {Nb24} with lithium and
potassium/sodium salts as a precursor to design protocol for thicker LiNbO3 and KNN thin
films. The solutions of {Nb24} with alkalis have been characterized by Raman and SAXS. The
characterizations of the thin films have been performed with XRD, XRR, Ellipsometry and
AFM.
{Nb10O28}

15-

6-

{H9Nb24O72}

Thin films

Alkali salt

1.

2.
3.

Nakashima, Y.; Sakamoto, W.; Maiwa, H.; Shimura, T.; Yogo, T. Lead-Free Piezoelectric
(K,Na)NbO3Thin Films Derived from Metal Alkoxide Precursors. Japanese Journal of Applied Physics
2007, 46(No. 14).
Ono, S.; Böse, O.; Unger, W.; Takeichi, Y.; Hirano, S.-I. Characterization of Lithium Niobate Thin Films
Derived from Aqueous Solution. Journal of the American Ceramic Society 2005, 81(7), 1749–1756.
Sures, D.; Segado, M.; Bo, C.; Nyman, M. Alkali-Driven Disassembly and Reassembly of Molecular
Niobium Oxide in Water. Journal of the American Chemical Society 2018, 140 (34), 10803–10813.
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POMs are highly charged systems and their chemical and physical properties in solution are
strongly dependent on the interactions with its cationic counter-parts. Group V/VI POMs
provides an oportunity to investigate these multiple roles of the counterions. Group V clusters
have higher charge density compared to group VI, and both subclasses lead to opposite
solubility trends. Group VI follows the trend Li>Na>K>Rb>Cs (normal solubility) while
group V the opposite Li<Na<K<Rb<Cs (anomalous solubility)1. Through classical molecular
dynamics simulations2,3 of mixed Lindqvist-type clusters of niobium and tungsten, we have
quantified the critical features that drive the turning point between anomalous and normal
solubility. Two major characteristics of POMs, charge and size, delineate two distinct patterns
of aggregations that determine solubility trends. Highly charged POMs are capable of
breaking apart all alkalis solvation shell thus enhancing the formation of long-lived alkaliPOM contact ion pairs, then alkalis act as an electrostatic “glue” forming large oligomers. For
lower-charged POMs a fewer number of counter-cations are associated. Nevertheless, due to
the large number of oxygen atoms in the POM surface, enough number of hydrogen bonds
between POM and water allow formation of dimers following the normal solubility trend.

1. D. J. Sures, P. I. Molina, P. Miró, L. N. Zakharov and M. Nyman, New J. Chem., 2016, 40, 928–936
2. X. López, C. Nieto-Draghi, C. Bo, J. B. Avalos and J. M. Poblet, J. Phys. Chem. A, 2005, 109, 1216–1222
3. A. Chaumont and G. Wipff, Eur. J. Inorg. Chem., 2013, 2013, 1835–1853
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Abstract
The challenges with using polymer-based photoresists for EUV lithography can be eliminated
by using oxohydroxo metal nanoparticle photoresists instead. Oxohydroxo metal clusters have
the potential to provide faster writing speeds, higher resolutions, and better etch resistance than
chemically amplified polymer resists1,2,3,4,5. The Persson Group at UC Berkeley, in
collaboration with Oregon State University, conducted research on the stability of
organotin Keggin clusters for use as sensitive high-resolution photolithographic resists. The
sodium centered tin Keggin ions were synthesized and characterized, as well as
computationally modeled6. A one-step synthesis obtained the β-isomer (β-NaSn12), the γisomer (γ-NaSn12), and a γ-isomer capped with a butyltin (γ-NaSn13). The Sn Keggin ions
crystallized readily without counterions which increased the simplicity of the synthesis as well
as improved the yield, purity, and reproducibility. Solution characterization (SAXS, NMR, ESIMS) verified that solutions contained only the Na-centered dodecamers. Computational
modeling was used to determine the ground state electronic structure of these three
butyltin Keggin structures, as well as the capped β-isomer (β-NaSn13), and the hypothetical αisomers (α-NaSn12 and α-NaSn13). Computational modeling using density functional theory
(DFT) to obtain the hydrolysis Gibbs free energy and HOMO-LUMO gap gave the stability
ranking: β-NaSn12 > γ-NaSn12 > α-NaSn12 which was consistent which experimental
observations. The uncapped isomers were computationally evaluated to be more stable than
their respective capped analogues (Figure). There is a balance between corner-linking to
minimize cation-cation repulsion, and edge-lining to maximize stability via bond formation.
Therefore, this sodium centered tin Keggin ion represents the only Keggin ion family so far,
that favors the isomers of lower symmetry6. And finally, the system’s neutral charge makes it
a valuable model system for understanding the fundamental patterning mechanisms at play.

Frederick, R.T., Amador, J.M., et al. J. Phys. Chem. C. (2018) 122, 16100-16112.
Passarelli, J., Murphy, M., et al. J. Micro/Nanolith. MEMS MOEMS (2015) 14, 043503.
3 Cardineau, B., Del Re, R., et al. Microelectronic Engineering. (2014) 127, 44-50.
4 Saha, S., Deok-Hie, P., et al. Angewandte Chemie (2017) 129(34) 10274-78.
5 Li, M., Manichev, V., et al. Advances in Patterning Materials and Processes XXXV, (2018) Proc. of SPIE Vol.
10586, 105860K.
6 Hutchison, D.C, Stern, R.D, et al. Dalton Trans. (2018) 47, 9804.
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