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WELCOME MESSAGE

Dear Colleagues,

Under the auspices of the Portuguese Chemical Society (SPQ), and on behalf of the Organizing
Committee, it is my pleasure to invite you to attend the 13th Inorganic & Bioinorganic Chemistry
Conference which will be held in the 29™ and 30" of March 2022 in Aveiro. After successive delays
because of the (still) on-going COVID-19 pandemic, it is with great pleasure that we finally announce
the realization of this event that will occur in a presential mode.

The aim of this biennial Conference is to provide a forum to discuss inorganic and bioinorganic
chemistry topics. The importance of inorganic chemistry in catalysis, energy, materials,
nanotechnology, biology and medicine is immense and current research challenges require active
discussions among the inorganic chemistry community.

The preliminar scientific programme is already completed with remarkable line-up of invited scientists
that include the recipient of the 5™ edition of the Alberto Roméo Dias Prize, Professor Jodo Rocha
(University of Aveiro), and two plenary lectures (videoconference) from Professor Omar Yaghi
(University of Berkeley) and Professor Konstantinos Demadis (University of Creete). The programme
will further include oral and poster presentations, in a good balance while promoting mostly the
interaction between scientists.

We very much look forward to welcoming you in Aveiro.
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GENERAL INFORMATION

Registration
The registration fee includes:

- Admission to all the Meeting’s scientific sessions
- Conference materials

- Lunches (both days)

- Coffee Break(s)

Please note: Due to the COVID-19 pandemic, food at coffee breaks may not be served by the Organisation

Poster and oral presentations (technical information)

Oral Presentations

Participants giving an oral presentation are strongly encouraged to send the presentation at least
one day before the beginning of the conference so it can be uploaded into the available computer in
the room. Each participant will have the chance to test his/her presentation before the beginning of
each session.

An Apple Macintosh with Keynote and the latest version of Microsoft Office will be available so all
presentation formats can easily be used. Presentations in PDF can also be used. A laser pointer will
also be available to each presenter.

Please note:

Plenary Lectures will have a total duration of 50 minutes (45 + 5 for discussion) while normal
presentations are of 20 minutes (15 + 5 for discussion).

Posters

We would like to encourage the participants with an accepted communication as a poster to mount
them during the registration period. Materials to fix the posters will be provided at the registration
desk. The location of the poster presentation will be in Galeria multiusos - Zona ZTC

Please note:

Posters should be printed with a maximum dimension of 90 x 110 cm (width x height) and preferably
in paper.

Official language

The official language of the Workshop is English. No simultaneous translation will be provided.

Badges and Security

It is essential that you wear your personal badge at all times while in the Workshop venue and during
all the Events, as it is the official entrance pass to scientific sessions and other activities.
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VENUE MAP

The 13th Inorganic & Bioinorganic Chemistry Conference will be held at the University of Aveiro, at Anfiteatro
Carlos Borrego ( (building number 7)

- Conference
. Venue
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Reach the university campus from Aveiro train station

Aveiro railway station is located at about 15 minutes walking distance or 5 minutes taxi ride from the
University Campus or 10 minutes bus (line 4) which departs from outside the railway station.

Reach the university campus by car

From the north using the A1 motorway or from the east using the A25: Take the A1 motorway headed
to Lisbon. Exit the A1 in the direction of Aveiro and take the A25. There are two exits to the city from
the A25, first "Aveiro-Norte" and some kilometers further on, the "Aveiro" exit. This second exit is the
best for reaching the University of Aveiro campus.

From the south using the A1 motorway: Take the A1 motorway in the direction of Porto, exit the
motorway at "Aveiro-Sul/Agueda” (exit 15) and follow the EN235 road directly to the University
Campus. From the south, using the A8 and A17 motorways: Exit the motorway at "Aveiro-Sul" and
follow the EN235 road directly to the University campus.



SCIENTIFIC PROGRAMM

Time |Tuesday (29 March)

08h30 |REGISTRATION

09h30 [OPENING SESSION with Filipe Almeida Paz (Conference Chair), Professor Artur Silva (President of
SPQ and Vice-Rector of the University of Aveiro), Professor Joao Coutinho (Director of CICECO) and
Professor Armando Silvestre (Director of the Chemistry Department of the University of Aveiro)
Chair: Tito Trindade

10h00

PL1 - B Royo - "The Impact of N-Heterocyclic Carbenes in Manganese Catalysis"

LUNCH (12h30 - 14h00) Location : University Restaurant

Coffee Break & Poster Session (14h00 - 15h00) Location : Galeria Multiusos — ZTC

Chair: Artur Silva. Co-Chair: Filipe A. Almeida Paz

15h00 |Prémio Alberto Romao Dias. Recipient: Professor Joao Rocha, University of Aveiro
15h30 |PL2 -J Rocha - "Still here having fun with porous silicates & Metal-Organic Frameworks"
16h30 [PL3 - O Yaghi - "Reticular Chemistry for a Sustainable Future"
Time |Wednesday (30 March)
Chair: José Moura
09h00 |PL4 - K D Demadis - "Phosphonates and metal-phosphonates: A short journey through their chemistry,

technology and applications"

Break and Elections

Chair: Teresa Duarte

LUNCH (12h30 - 14h00) Location : University Restaurant

Coffee Break & Poster Session (14h00 - 15h30) Location : Galeria Multiusos — ZTC

Chair: Baltazar Castro

15h30

PL5 - E Pereira - "Biological macromolecules and metal nanoparticles: applications and new properties"

16h30

CLOSING CEREMONY - Poster prizes and final remarks
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The Impact of N-Heterocyclic Carbenes in Manganese Catalysis

[
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B. Royo"

ITQB NOVA, Instituto de Tecnologia Quimica e Biolégica Antbénio Xavier, Universidade Nova de Lisboa, Avenida da
Republica, 2780-157 Oeiras, Portugal
* E-mail: broyo@itqb.unl.pt

Manganese has recently emerged as an excellent metal for catalysis. The vast natural abundance of
manganese-it is the third most abundant transition metal in Earth’s crust-together with its low price and non-
toxicity render it a particularly attractive metal for catalysis. Recent advances have shown the impressive
reactivity of this metal in various important organic transformations, including (de)hydrogenation,
hydrosilylation, and transfer hydrogenation reactions. Compared to the extensively employed pincer
phosphine-derived ligands in Mn catalysis, the development of phosphine-free Mn catalytic systems remains
poorly developed.'

We have recently disclosed the excellent catalytic performances in reduction reactions of Mn complexes
bearing N-heterocyclic carbene (NHC) ligands, a key class of inexpensive and readily available ligands.? In
this seminar, our recent work on manganese with mesoionic carbenes of 1,2,3-triazolylidene type, an
interesting subclass of NHCs, will be presented. Up to date, the Mn chemistry of mesoionic carbenes have
remained elusive. Here we present the first examples of Mn(l) complexes with bidentate ligands featuring
combinations of pyridine, triazole, and 1,2,3-triazolylidene ligands (Scheme 1).3 In addition, the synthesis of
Mn(0) complexes containing a bridging 1,2,3-triazolylidene will be discussed. Having this complexes with
varying electronic and steric properties, we have investigated their activity in a number of catalytic processes,
including hydrosilylation, oxidation, borrowing hydrogen processes, and CO2 reduction. The impact of the
introduction of NHC ligands in the catalytic efficiency of the Mn complexes will be discussed.
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Scheme 1: Mn-NHC complexes applied in catalysis
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Still here having fun with porous silicates & Metal-Organic Frameworks

[
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Jodo Rocha'”

! CICECO-Aveiro Institute of Materials, Department of Chemistry, University of Aveiro, 3810-193 Aveiro, Portugal,
* E-mail: rocha@ua.pt

In the past quarter century, | had a lot of fun designing and building up nanoporous transition metal and
lanthanide silicates, and Metal-Organic Frameworks (MOFs), in the form of powders (Figure 1), films and
membranes, studying their structures and properties and looking for promising real-world applications. I'm still
here and having fun with these chemical zoo, and this talk will show you why.

Without fully unveiling the story (for more impact, | hope), | shall explain how the porous silicates my lab has
been producing are essentially different from conventional zeolites. Even if some of their putative properties
and applications (including catalysis ion exchange, gas storage and separation) are like zeolites’, other are
unprecedented, for example, intriguing light emission or deployment as a drug (already on the market) to treat
hyperkalemia (excess K*in serum).

MOFs materials are much ‘softer’ than silicates, but both exhibit nanoporosity and are, thus, complementary
gadgets in the toolbox of chemists. | shall highlight my work on lanthanide-bearing MOFs and their application
in sensing of molecules, pH and temperature. MOFs can also be explored for the betterment of people in
developing countries, and | shall illustrate this point with an example of mosquito nets. | have been concerned
with potential applications of MOFs to clean the environment and here | shall present an example of UO22*
capture from waters. The talk will close with some examples of my recent research on electrically conductive
MOFs and photoresponsive organic-inorganic ferroelectrics.

Figure 1: Still having fun with porous powders.
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Reticular Chemistry for a Sustainable Future

AN |

Omar Yaghi

University of California, Berkeley, CA, 94720
Yaghi@berkeley.edu

The clean air, clean energy, and clean water challenges facing our planet today impact our health, wealth,
happiness, and future. These three stresses present difficult science and engineering problems to solve as
they require, among many aspects, the selective capture of small molecules (e.g. hydrogen, methane,
carbon dioxide, and water). Our ability to capture, store, manipulate, and harness the power of these
molecules in an efficient and economical manner is paramount to our success in building a sustainable
future. The emerging field of reticular chemistry and materials has yielded extensive classes of nanoporous
metal-organic frameworks and covalent organic frameworks. The flexibility with which these materials can be
made, modified, and scaled bodes well for their integration into devices and providing robust solutions to
these challenges. In this presentation, | will highlight how efforts in establishing the basic science of reticular
materials that has led us to carbon capture from air and flue gas, and harvesting water from air to produce
drinking water in various parts of the world regardless of temperature and humidity levels. Our efforts in
taking this technology from the laboratory to the field including the design and engineering of prototypes will
be discussed and the results presented.
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Phosphonates and metal-phosphonates: A short journey through their
chemistry, technology and applications
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K.D. Demadis’, E. Chachlaki, A. Fanourgiakis, A. Moschona, M. Vassaki, K. Xanthopoulos

Crystal Engineering, Growth & Design Laboratory, Department of Chemistry
University of Crete, Voutes, Heraklion GR-71003, Crete, Greece
* E-mail: demadis@uoc.gr

(Poly)phosphonic acids constitute an exciting family of phosphorus compounds. One of the attractive attributes
of these molecules is the rich chemistry of the phosphonate moiety, and, in particular, its high affinity for metal
ions and mineral surfaces. Whether the phosphonate group belongs to a “small” molecule or to a polymeric
matrix, phosphonate-containing compounds have found a phalanx of real-life applications.

Herein, we address all the attractive attributes of molecules that are endowed with phosphonate
moieties, and some derivatives with other functional groups (carboxylates, amines, sulfonates, heterocyclics,
etc.). Moreover, a mention is made on phosphonate-containing polymers. Last, but not least a general
overview is given on the growing field of metal-phosphonate materials, their basic structural architectures and
how their structural features can affect their properties.

Phosphonates (as organic molecules) and metal-phosphonates (as solid MOF-type materials) have
seen a tremendous growth in the past decades. There are several reasons for that: (a) there have been
important advances in the synthesis of several types of phosphonic acids, esters and phosphonate-containing
polymers, (b) virtually the metal ions from the entire Periodic Table have been mapped regarding their
coordination with phosphonate linkers, (c) The metal-phosphonate compounds that have been synthesized
and structurally characterized have been evaluated for their utility in several technological and pharmaceutical
applications.

Since the latter have been the principal drivers for the observed growth, we will present the applications
that use (or could potentially use) the attributes of phosphonates and metal phosphonates:

(1) Phosphonic acids as scale inhibitors or scale/deposit dissolvers in water treatment applications

(2) Phosphonic acids and metal-phosphonates as corrosion inhibitors in water treatment applications

(3) Phosphonic acids and metal-phosphonates as controlled release and drug delivery systems

(4) Phosphonic acids and metal-phosphonates as novel consolidants in Archaeology, for the preservation

of Cultural Heritage elements.

This presentation has the ambition to convince even the most skeptical observer that phosphonate
chemistry is not just a curiosity-driven exercise, but a true problem solver.
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E. Pereira

LAQV/REQUIMTE, Departamento de Quimica e Bioquimica, Faculdade de Ciéncias, Universidade do Porto; Rya do
Campo Alegre, s/n, 4169-007 Porto, Portugal
* E-mail: eulalia.pereira@fc.up.pt

Metal nanoparticles are well known to have useful optical properties that can be used in biosensors and other
applications in bionanotechnology. These optical properties arise from the Localized Surface Plasmon
Resonance (LSPR), and include extremely high absorption and scattering of visible light, enhancement of
Raman signals of molecules adsorbed to their surface, and fluorescence quenching/enhancement. As such,
they are excellent reporters in (bio)sensing applications, opening the way to new types of biosensors, and
improving the performance and sensitivity of well-known detection methods.

Our research team is studying bionanoconjugates containing metal nanoparticles in biosensing and
biocatalysis applications, in particular studying the effect of size/shape of nanoparticles (Figure 1). Selected
examples will be presented including (i) the use of silver and gold nanostars in disposable platforms for Surface
Enhanced Raman Spectroscopy (SERS);! (ii) gold nanoparticles for immunosensors;? (iii) gold nanoparticles
as activity modulators of enzymes;? and gold nanoparticles for genosensors.

Figure 1: Selected electron microscopy images of metal nanoparticles synthesized and used: From top left (clockwise
direction): silver nanostar; gold nanostars; gold nanospheres and nanostars; gold nanocubes; platinum nanodendrites;
gold nanotriangles.
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Molybdenum:
a single metal, multiple oxygen and hydrogen atom transfer options

L. Maia'", J.J.G. Moura'

"LAQV, REQUIMTE, NOVA School of Science and Technology | FCT NOVA, Campus de Caparica, Portugal
* E-mail: luisa.maia@fct.unl.pt

Molybdenum biological relevance is poorly recognised and largely disregarded. Yet, molybdenum is essential
to all forms of life, being found in the active site of enzymes that catalyse redox reactions involving carbon,
nitrogen and sulfur atoms of key metabolites (Figure 1)." Some of the molybdenum-dependent reactions
constitute key steps in the global biogeochemical cycles of carbon, nitrogen and sulfur, while in humans they
play several carbon- and nitrogen-related roles and are vital for the sulfur metabolism.22 The recent explosive
growth in understanding the structure and function of molybdoenzymes is helping us to grasp the biochemical
versatility of this transition metal and in this communication some key molybdoenzymes reactions will be
thoroughly discussed.

H.~-R R
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xanthine oxidase sulfite oxidase formate nitrate reductase
dehydrogenase

pyranopterln cofactor

Figure 1: In biological systems, molybdenum is mainly found associated with one or two pyranopterin molecules that
coordinate the metal by a cis-dithiolene group. The metal coordination sphere is completed by a diverse array of groups
that allowed the evolution of enzymes with different physiological functions, such as xanthine oxidase and sulfite oxidase
(involved in human health and disease), formate dehydrogenase (responsible for the biological carbon dioxide and formate
handling and an interesting biotechnological target for the development of devices for atmospheric carbon dioxide
utilization) or nitrate reductase (responsible for the biological nitrate utilisation and also a biotechnological target to mitigate
soils and aquifers contamination). Bottom: structure of the pyranopterin molecule; top: active site structure of key
molybdoenzymes (for simplicity, only the dithiolene moiety of the pyranopterin molecules(s) is(are) represented).
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Colorectal cancer (CRC) is an important cause of global morbidity and mortality however, limited therapeutic
drugs are available'?. CRC harboring KRAS and BRAF mutations (the most frequent mutations present in
CRC) make this type of cancer resistant to available inhibitors, which constitutes a clinically relevant problem
that needs to be overcome3. Moreover, targeting KRAS mutations are being difficult to achieve highlighting the
need of developing new specific target drugs. Ruthenium (Ru) drugs had arisen as one of the most promising
metallodrugs with features that increase their specificity and selectivity toward cancer cells*.

In this work, a new family of Ru-cyclopentadienyl agents was designed using macromolecules and/or
biomolecules to increase the targeting for CRC cells. Here, we aimed to unravel the anticancer effects and
mechanism of action of these new Ru agents in CRC cells. For that purpose, we used two CRC-derived cell
lines with KRAS and BRAF mutations and a normal colon cell line to evaluate cell viability, proliferation, cell
death mechanism, migration, intracellular distribution, actin cytoskeleton alterations, and KRAS signaling
pathways expression (the most important signaling pathways for CRC carcinogenesis).

Our results revealed that the new Ru-cyclopentadienyl agents present promising anticancer activity. We found
that all Ru agents are selective to CRC cells, decrease proliferation, induce apoptosis, decrease migration,
and have different distributions in CRC cells (Figure 1). The lead agent, PMC79, also affects the actin
cytoskeleton and inhibits KRAS signaling pathways in CRC, only in the cell line with KRAS mutation. This
result suggests that PMC79 has a noticeable effect on CRCs harboring KRAS mutation. Overall, the new Ru-
cyclopentadienyl agents are promising drugs for CRC therapy, which could bring new exciting therapeutic
avenues in CRC harboring KRAS mutations.

Ru-cyclopentadienyl agents

[ @ @3 |||Actin alterations
Affect KRAS signaling
pathways

Figure 1: Results of Ru-cyclopentadienyl agents in CRC cell lines.
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Nickel N-Heterocyclic Carbene Complexes based on Xanthines:
Synthesis and Antifungal Activity on Candida sp.
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Invasive fungal diseases affect more than two million people worldwide. The increasing incidence of invasive
fungal infections is the result of many factors, including an increase in the resistance to current drugs®. There
is as such an urgent need to obtain new drugs that are efficient, selective and able to overcome existing
resistance mechanisms. Candida yeasts are responsible for more than 70% of all Invasive fungal diseases
and Candida Glabrata infections are among the most concerning as it is a species resistant to the classic azole
based antifungals?.

Nickel compounds have been recently reported to be active antifungal agents against candida strains?.
Inspired by this, we have developed a set of nickel NHCs based on xanthines. Xanthine derivatives are
excellent ligand precursors for the formation of N-heterocyclic carbenes (NHCs) complexes*.

R Ni
o%j/ |
AR
rR-N_ R
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Figure 1: General structure of Nickel(Il)(NHC) complexes based on xanthines
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Silver(l) and copper(l) aminophosphine coordination polymers for
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The design and synthesis of silver(l) and copper(l) coordination compounds have seen a sweeping
development in recent years due to their rich structural diversity and many different applications, including
luminescence, electrical conductivity, catalysis, and biological activity. In particular, bioactive coordination
polymers (bioCPs) have emerged as a promising class of compounds that feature high porosity, structural
tunability, proper stability, versatile host-guest interactions, sorption, and ion release properties, along with an
interesting sensing capability and therapeutic outcome. -3

Thus, an increasing effort has been paid toward the design of new antimicrobial materials and
luminescent “turn-on” sensors based on coordination polymers. Among many parameters that influence the
self-assembly formation, stability, water solubility, and antimicrobial and sensing properties of Cu(l) and Ag(l)
coordination networks, the choice of the multidentate ligands with both homo and heteroatom donor systems
is a particularly important factor.-3

Hence, we highlight herein our recent results on the synthesis and characterization of rare aqua-
soluble bioactive or luminescent silver(l)- and copper(l)-organic networks, derived from a cagelike
aminophosphine (1,3,5-triaza-7-phospaadamantane) and its derived ligands, as well as various carboxylic
acids and/or supporting ligands. These products exhibit significant antimicrobial activity and stimuli-responsive
photoluminescence, thus opening up their potential exploration as novel bioactive and sensing materials. -3

N . .”1" ¢ d na

| ¥

Scheme 1: Simplified representation for the self-assembly synthesis of Ag(l)-based bioCPs.
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Electrically conductive Metal-Organic Frameworks (MOFs) have emerged in the past few years as promising
materials towards applications in (opto)electronics, electrocatalysis or energy storage, among others.! One of
the most common strategies for the design of conductive MOFs is based on the use of electroactive organic
ligands and their partial oxidation/reduction to increase the number of charge carriers.2 Although perylene salts
were reported as the first molecular conductors, they have been scarcely explored as building block for the
construction of conductive MOFs. In the first part of the talk, | will present the electrical conductivity
enhancement of a perylene-based MOF upon partial ligand oxidation by using two-probe single-crystal
devices.? The origin of the conductivity enhancement is rationalized by means of spectroscopic studies and
quantum-chemical calculations. In the second part of the talk, | will present a new family of perylene-based
MOF with different transition metals (Co, Ni, Zn) to study the influence of the metal on the MOF’s optical
properties. These results highlight the great versatility of perylenes as building blocks for the construction of
electroactive MOFs.
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Figure 1: Representative Current (/)-Voltage (V) plot for crystal devices of Per-MOF (black) and l2@Per-MOF (red) at 300
K.
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Antibiotic coordination frameworks for enhanced activity
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Antibiotics largely contributed to reduce the number of deaths associated with microbial infections in the last
century, but over the last years their efficacy has been compromised, making imperative to find more efficient
forms. Metal-organic frameworks (MOFs) and hydrogen bonded frameworks exploring antibiotics as ligands
(antibiotic coordination frameworks, ACFs) are presented herein as auspicious alternatives to enhance the
antimicrobial activity of commercially available active pharmaceutical ingredients’. Mechanochemistry, a
sustainable technique?, has been used as the main synthetic technique to unveil these novel ACFs.

Biological assays using Gram-positive and Gram-negative bacteria, as well as yeasts have shown that new
ACFs with different drugs, as nalidixic acid, pipemidic acid or tazobactam, making use of different metal sites
are more active against specific microorganisms than the free antibiotics used in their synthesis3+5,

Aims:
v" Rejuvenate old antibiotics
v Change relevant properties

v Enhance the antimicrobial activity

Figure 1: Antibiotic coordination frameworks
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Polyoxometalates: a decade of success applications for effective
sustainable catalytic systems
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Early-transition metal oxygen anion clusters, also known as polyoxometalates (POMs), are a class of
compounds with high interest as catalysts due to their unusual versatility and compatibility with environmental
friendly conditions and operations, being designated by “green catalysts”. Despite their good activity in various
catalytic systems, their solubility in polar media became a disadvantage, precluding their application at
industrial scale where efficiency, robustness and recycling are required. To overcome this drawback,
considerable efforts to promote their recovering and recycling have been made through the immobilization of
POMs using various solids supports.

The POMOF group from LAQV/REQUIMTE have been using the POMs as active center in different sustainable
catalytic systems: olefins epoxidation, glycerol acetalization, desulfurization of fuels, ring opening epoxides,
Isomerization of glucose, among others. 1-4 The conciliation of sustainability and catalytic efficiency has been
the main target. Therefore, POMs structural modifications and their incorporation in different solids has been
largely investigated. The most success support materials found are mainly silica, Metal-Organic Frameworks
and polymeric membrane. Strategic functionalization and support design have been strong focus of research.
POMs MOFs Silicas Membrane lonic Liquids

POMs
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Photoresponsive textiles are increasingly needed for applications such as anti-counterfeiting, UV-protection,
fashion, and camouflage for military purposes.’ Inorganic materials, such as tungsten(VI) oxide, are promising
for the production of light-responsive textiles, demonstrating fast response to light stimulus (sunlight/UV
radiation), high color reversibility, good coloration, cyclability and resistance to high temperatures, although
the bleaching can take several days.? The processes used for the synthesis of such materials need to be
simple, low-cost and easy to scale-up in order to be used in industry.

In this work, several WOs-based photochromic materials were produced through a cost-effective single-step
solvothermal reaction using different types of structure-directing agents to be subsequently used for the
production of advanced light-responsive textiles. The role of the structure-directing agent on the morphological,
structural, chemical and photochromic properties of the as-prepared materials was evaluated by electron
microscopy, X-ray diffraction, Fourier transform infrared spectroscopy, Raman spectroscopy, X-ray
photoelectron spectroscopy, diffuse reflectance UV-vis spectroscopy and colorimetry. Two distinct classes of
materials were obtained: WOs Lindqgvist-type polyoxometalates involved in a network of polyvinylpyrrolidone
(PVP), and WO3/H2WOQO4-based materials, where H2WO4 was the predominant phase. The WOs Lindqvist-type
polyoxometalates presented better photochromic response, reaching higher total color difference (AE = 21.4
up to 50.6 vs. AE = 1.9 up to 15.2 for the WO3/H2WO4 materials). Moreover, distinct colors were achieved for
both sets of materials (Figure 1A).

The Lindqvist-type WOs materials with the best photochromic performance, prepared using PVP with different
molecular weights, were incorporated on cotton substrates by screen-printing to create three photoresponsive
fabrics: WO3_PVP_L@cot, WOs_PVP_M@cot and WOs_PVP_H@cot. The smart fabric WOs_PVP_L@cot
presented remarkable coloration from white to blue in 5 min, when irradiated with UV light, and bleached in 5
hours after being placed in the dark (Figure 1B), with AE = 28.4. The WO3s_PVP_H@cot revealed an
impressive dual chromism (photochromism and hydrochromism), rapidly changing its color when irradiated
with UV light for 4 min, and returning to the initial color when placed in the dark for 3 h or when immersed in
water for 10 s. The obtained results confirmed that the as-prepared WOs materials accomplished the features
necessary to be implemented in the textile industry.

-
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Figure 1: A) Photochromic response of WO3;_PVP and WO3/H2WO4 materials before and after UV light irradiation (A =
360 nm). B) Photographs of the light-responsive cotton fabric WOs_PVP_L@cot before and after UV light irradiation (A =
360 nm).
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Dendrimer-based Metal Nanoalloys for Optical Detection of Pesticides

T. Fernandes'’, N.C.T. Martins’, S. Fateixa’, H.l.S Nogueira®, A.L. Daniel-da-Silva', T. Trindade'

'Department of Chemistry, CICECO- Aveiro Institute of Materials, University of Aveiro, 3810-193 Aveiro, Portugal
* E-mail: jtfernandes@ua.pt

The distinctive nanoarchitecture of poly(amidoamine) (PAMAM) dendrimers offers a set of interesting features
for the design of dendrimer-metal hybrids suitable for sensing applications'-2. Our research group has explored
the characteristics of such hybrid systems in the optical detection of aqueous analytes, by using surface
enhanced Raman scattering (SERS) methods®*®. Herein, the chemistry of PAMAM dendrimers is explored to
produce a series of gold and silver colloidal nanoalloys of variable chemical composition. Colloids of metal
nanoalloys of tunable size, surface chemistry and shape were obtained by carefully selecting the reaction
conditions. By taking advantage of the dendrimer’s architecture, which was used as the sole reducing and
stabilizing agent, we have prepared metal colloids showing long-term colloidal stability and tunable optical
response. In addition, the in situ synthesis of the Au/Ag nanoparticles in the presence of PAMAM, led to
nanoassemblies having the dendrimer as a macromolecular “glue”. In these nanoassemblies, interparticle
plasmon coupling between neighboring nanoparticles was observed, resulting in better SERS response as
compared to their monometallic counterparts. As such, the dendrimer stabilized metal hybrids were explored
in SERS studies aiming at probing vestigial pesticides in spiked water samples. To achieve this goal, the
Au:Ag-PAMAM nanostructures were explored in the design of multiple SERS sensing substrates that were
then applied using variable operational conditions. To this end, SERS studies were accomplished either in the
colloidal form (Figure 1-A) or hydrophobic paper substrates by the controlled deposition of the Au:Ag-PAMAM
hybrids through inkjet printing (Figure 1-B). The SERS substrates presented here allowed the screening of
thiram and ziram for concentrations as low as 1x10-7 M. Both, the colloids and the paper-based substrates
displayed good SERS signal homogeneity, high repeatability and long-term stability. The strategies described
in this research demonstrate the versatility of the reported methods to prepare efficient dendrimer-based SERS
substrates, which can be used for water quality monitoring in multiple analytical contexts.
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Figure 1: Au:Ag-PAMAM nanoalloys as SERS substrates by using distinct operational conditions.
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The chemistry of Radon is still largely unknown, and due to its radioactive character is difficult to
handle and study in conventional laboratory conditions. By and large the most widely studied congener is
xenon which displays a rich chemistry' with the most electronegative elements fluorine and oxygen. More than
a decade ago an extensive computational study by Slepkov and others2 was published on the decomposition
reaction of xenon tetroxide (XeOs). The latter is a violently explosive gas that is greatly endothermic
(Asze%.15=+643 kJ mol-'), however the rate of decomposition is slow enough to make it stable even at room
temperature. Their main findings were that this explosive decomposition instead of being stepwise as initially
thought would occur in a concerted fashion by formation of a ‘bow tie’ intermediate species Xe(n?-O2) giving
way to the respective elements (Scheme 1).

In this communication the existence of RnOa4 (Td) is predicted based on comparisons with the known
xenon analogue. In addition, we re-analyze this curious Xe(n?-O2) structure under the lens of wavefunction
methods and draw comparisons with the likely heavier tetroxide Rn(n2-Oz2)2. These D2n isomers will be shown
to have partial multiconfigurational character (Figure 1) and an enquiry is made into the formal oxidation state
of the noble gas atom in these species.

(e}
(e} O
™~
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Scheme 1: Decomposition reaction of late noble gas tetroxides (Ng=Xe,Rn).

Figure 1: CASPT2 Natural Orbital that is partially occupied in Rn(n2-02)2.
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Detection of galectin-3 biomarker through UV-Vis spectroscopy
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Galectin-3 (Gal-3) is a carbohydrate-binding protein1 related to the development and progress of heart failure

23 In this work, we developed a colorimetric method for detecting Gal-3 using modified gold nanoparticles
(AuNPs) as probes. The surface of AuNPs was modified and covalently bonded to Gal-3 antibody. The
resulting probes were blocked with BSA and set in contact with Gal-3 in buffer, spiked into diluted saliva (1:10)
and diluted fetal bovine serum (1:100). The alterations in the localized surface plasmon resonance of AuNPs
were monitored using UV-VIS spectroscopy. A linear relationship between the aggregation ratio (A7sonm/As26nm)
and the Gal-3 concentration was found. The sensing range and LOD values were 0 - 200 yg.L-' and 10.8 -
31.5 pg.L", respectively, depending on the matrix complexity. Yet, the sensing range and LOD can be

compared to the Gal-3 typical cut-off of 17.7 pg.L" 4 The specificity of AuUNPs probes was confirmed and their
colloidal stability was ensured for 10 days. The strategy was tested in human plasma samples and evaluated
with the western blot technique (Figure 1). This method uses a simple UV-Vis spectrometer for analysis,
providing a low-cost approach for Gal-3 detection and easier transition to point-of-care test.

6650.0 5723.1 35783  5640.2
Cgal-3 (ng.L?)

Figure 1: Western blot results of the plasma samples analysis, at different Gal-3 concentrations.
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N-alkylation of amines with alcohols via borrowing hydrogen approach has emerged as an atom economical
and waste-free strategy to provide N-alkylated amines. Various catalytic systems have been developed for
these transformations. However, the traditional ones are based on precious metals, such as Ir, Ru and Rh.!
Due to their high cost, toxicity and limited availability, numerous efforts have been done to developing non-
noble metal catalysts with Fe, Mn, Co and Ni. Nonetheless, the majority of these catalytic systems are based
on phosphine ligands. With the aim of developing phosphine-free catalytic systems with cheap metals, our
research team has recently focused on the preparation of active Mn catalysts using N-heterocyclic carbene
ligands (NHCs).2 Mesoionic carbenes (MICs), especially those derived from 1,2,3-triazolylidenes, are an
interesting subclass of NHCs that have advanced to prominent class of ligands in catalysis. In many cases,
their strong o-donor and weak 1-acceptor properties yield metal complexes with enhanced catalytic activities
and stability.> Despite these interesting features, the chemistry and catalysis of Mn has remained elusive.*
Herein we describe the synthesis of a new family of tricarbonyl Mn(l) complexes bearing ditriazolylidenes of
general formula fac-[Mn(MICAMIC)(CO)sBr] and their catalytic activity in the N-alkylation of amines. For
comparison, their Re counterparts have also been investigated (Scheme 1). Interestingly, we showed for the
first time, that Mn and Re triazolylidenes are efficient catalysts for the alkylation of aniline with benzyl alcohol
in the presence of a base.

NHz OH [cat] (1.5 mol%) /©
£BUOK g N

_ _Et R
Me*NEj\‘ X =X
“u, | wCO Me-NG, | co
M. ‘M’
N, N
Me—-N ‘ CO Me—-N cO
NQN\EtCO NC’)N\R(‘:O

1 (M =Mn, X = Br) 3(R=Et M= Mn, X = Br)
2 (M =Re, X = Cl) 4 (R=n-Bu, M = Mn, X = Br)
5 (R =Et M=Re, X = Cl)
6 (R =n-Bu, M = Re, X = Cl)

Scheme 1: Catalytic N-alkylation of aniline with benzyl alcohol by Mn and Re triazolylidenes.
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The incessant and drastic growth of global energy demand makes it imperative to develop new
affordable high-quality materials at a large scale to act as powerful electrocatalysts (ECs) on clean energy
storage and conversion devices." Among these, fuel cells (FC) and water splitting devices have emerged as
strong candidates however, their application has been hampered due to the use of noble metal-based
electrocatalysts. In the reactions of oxygen - the Oz reduction (ORR) and evolution (OER) reactions,
conventional electrocatalysts are based on noble metals and their oxides, such as Pt, Pd, RuOz2, and IrOx.
However, in addition to being scarce and having a high cost these have poor stability under operating
conditions.

This work involves the preparation of electrocatalysts based on Dawson Sandwich-type
polyoxometalates and multi-walled carbon nanotubes doped with melamine. All materials prepared
demonstrated moderate ORR electrocatalytic performance in alkaline medium with diffusion-limiting current
densities between -4.68 and -3.06 mA cm?2 and potential onset values of 0.94 = Eonset 2 0.74 V vs. RHE.
Additionally, the materials tested showed selectivity towards a mixed-regime mechanism of 2- and 4-electron,
between 2.7 and 3.5. The materials also presented moderate to good OER electrocatalytic performances in
alkaline medium, with overpotential values between 0.39 and 0.56 V vs. RHE and maximum current densities
between 8.9 and 183.8 mA cm=.
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Figure 1: Schematic illustration of application of hybrids.

[1] Freire, C.; Fernandes, D. M.; Nunes, M.; Abdelkader, V.K.; ChemCatChem, 2018, 10, 1703.
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probes, such as better photostability, narrow emission bands and wider wavelength range for the excitation

source. Semiconductor quantum dots and carbon dots are among the colloidal systems exhibiting such
properties, together with the ability for exploring surface chemistry envisaging stable fluorescent properties
and biocompatibility. These features make them suitable for fluorescence probing of a variety of biological
and organic analytes."2 Carbon-based nanoparticles obtained by hydrothermal methods have gained
prominence in the past years,3 namely due to the low cost and wide variety of carbon sources used in the
synthesis.* In this work, novel fluorescent carbon-silica composite nanoparticles were prepared via the
hydrothermal treatment of previously synthesized carrageenan/silica hybrid nanoparticles (Figure 1). The

resulting composite nanopatrticles display a distinct emission spectrum and enhanced fluorescence emission

compared to nanoparticles prepared by hydrothermal treatment of carrageenan in similar experimental
conditions. The amorphous silica network is expected to confer chemical robustness to the material and to
protect the fluorescence centers from quenching. Due to the general affinity of carbon-silica nanomaterials

towards organic contaminants,® these novel composites might be explored as fluorescence probes for such

analytes through changes in the fluorescence behavior after interaction with the contaminant molecules.

Figure 1: Scanning Electron Microscopy image of fluorescent composite of carbon and silica.
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Besides their inherent porosity, Metal-Organic Frameworks (MOFs) may also incorporate tunable
electronic properties (electrical and optical) which strongly depend on the selected building blocks, becoming
very attractive for their implementation as integral components in electronic devices.[" In recent years,
electroactive organic molecules have emerged as promising building blocks for the design and construction of
crystalline porous frameworks such as MOFs for different applications in electronics.? In this direction, the
construction of new perylene-based MOFs is encouraged due to their remarkable luminescence and promising
electrical properties.

Herein, we report a detailed study on the electrical conductivity enhancement of a perylene-based
MOF upon partial ligand oxidation by iodine doping using two-probe single-crystal devices. In addition, a new
family of perylene-based MOF with different transition metals (Co, Ni, Zn) has been synthesized exhibiting
tunable optical properties depending on the nature of the metal. This study highlights the great versatility of
perylenes as building blocks for the construction of electroactive MOFs.

In summary, we have reported the first evidence of increased conductivity in a perylene-based MOF
upon iodine doping. This conductivity is ascribed to the partial oxidation of the perylene ligands, as witnessed
by EPR and emission spectroscopy, and supported by theoretical calculations. The charge transport is
described by means of a through-space hopping mechanism along the herringbone perylene packing, with
highest conductivities of the order of 10> S-cm™" measured in two-contact single-crystal devices.l®! For these
reasons, we highlight the potential of perylene building blocks for the design of electrically conductive and
photoresponsive MOFs. In addition, we have presented a new synthetic route to prepare a novel family of
isostructural MOFs based on PTC and TM exhibiting high crystallinity and stability. These studies on PTC-TM
indicate that it is possible to tune the optical properties by switching the TM while the electrochemical properties
of perylene are preserved, demonstrates by solid-state cyclic voltammetry of PTC-TM.B!

i
v)‘\\\lk‘

Figure 1. Partial views of the crystals structures of Per-MOF and PTC-TM MOF on the ac and bc planes showing the
arrangement of the metal ion and PTC linkers. Color code: C (grey), H (white), O (red), K (purple) and Zn (blue).
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The agro-food industry produces large amounts of water namely in fruit and vegetables' washing and cleaning
processes.! Due to the high concentration of pesticides, the wastewater can no longer be reused and is
discharged into wastewater treatment units, where the treatments employed might be non-effective in
removing such contaminants."' Acetamiprid is an insecticide commonly used in this context, namely to control
Hemiptera spp. proliferation in fruit, vegetables and ornamental plants and flowers. Several methods have
been developed to remediate the presence of acetamiprid and other pesticides in wastewater discharged into
treatment units." Adsorption is a simple, low-cost and easy scaled-up process. In this sense, nanomaterials
have been explored due to their potential superior effectiveness of adsorption owing to the large specific
surface area, as compared to conventional materials.2 Among the transition metal dichalcogenides, MoS:2
nanomaterials have proved to be effective in removing water contaminants by adsorption processes.?
Moreover, the combination of these materials with magnetic particles impart to the ensuing nanocomposites
the ability for easy, fast and cost-less recovery of the sorbents by magnetic separation.*

In this work, composite nanostructures of MoS2-FesOs were produced by a hydrothermal method.® The
nanostructures were characterized by transmission electron microscopy and powder X-ray diffraction. The
uptake of acetamiprid spiked in water samples was investigated by using variable operational conditions,
namely the insecticide concentration and contact times. The concentration of acetamiprid in the aqueous
samples was monitored using UV-VIS spectroscopy by measuring the absorption at A=245 nm, due to the
analyte. The MoS2-FesO4 materials assessed in this research decreased the concentration of acetamiprid by
48%, after 3 h contact time in the dark. The performance of the MoS2-Fe304 nanomaterials as multifunctional
sorbents is discussed based on these results and their potential for subsequent regeneration.
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The present study reports a time-dependent self-assembly formation of new copper(ll) coordination
compounds from an aqueous-medium reaction mixture composed from copper(ll) nitrate, Hsbes biobuffer
(N,N-bis(2-hydroxyethyl)-2-aminoethanesulfonic acid), ammonium hydroxide and benzenecarboxylic acid,
namely 4-methoxybenzoic (Hfmba) or 4-chlorobenzoic (Hfcba) acids. Two products were isolated from each
reaction: 1D coordination polymers [Cus(u3-OH)z(ufmba)z(fmba)2(H20)2]n (1) or [Cuz(u-OH)2(p-fecba)z]n (2) and
discrete tetracopper(ll) rings [Cus(u-Hbes)s(u-Hzbes)(pu-fmba)]-2H20 (3) or [Cus(u-Hbes)s(u-Hzbes)(p-
fcba)]-4H20 (4), respectively. The compounds were obtained as stable crystalline solids in relatively good
yields and characterized by standard methods, including single-crystal X-ray diffraction.” The structures of 1
and 2 feature distinct types of metal-organic chains driven by the ps- or y-OH- ligands along with the p-
benzenecarboxylate linkers. The structures of 3 and 4 disclose the chair-like Cu4 rings assembled from four y-
bridging and chelating aminoalcoholate ligands along with p-benzenecarboxylate moieties. To evaluate a
catalytic activity of 1-4, two model reactions were explored, namely (a) the mild oxidation of saturated
hydrocarbons with hydrogen peroxide to form alcohols and ketones, and (b) the mild carboxylation of alkanes
with carbon monoxide, water and peroxodisulfate to generate carboxylic acids. For these reactions, effects of
different parameters were studied, including an influence of acid co-catalyst and selectivity characteristics.
Apart from notable catalytic activity and widening the family of Cu-based catalytic systems, this study
showcases a novel time-dependent synthetic strategy for the self-assembly of two different Cu(ll) coordination
compounds from the same reaction mixture.

C,-C; Cycloalkanes
Oxidation Carboxylation

CO/H,0, S,04%, H,0/MeCN

T N e s
Alcohols b
Self-assembly synthesis in aqueous medium
R-OH + R=0 R-COOH
Ketones Carboxylic Acids

Scheme 1: Model Cu-catalyzed hydrocarbon oxidation and carboxylation reactions.
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Cerium is the most abundant of the rare earth elements and is one of the most inexpensive. It displays low-to-
moderate toxicity and plays an important role in organic synthesis [1]. Although, the Ce3®* ions exhibit intrinsic
4f — 5d optical absorption transitions, the corresponding luminescence has not typically been observed in
molecular cerium(lll) compounds, likely due to rapid deactivation of their excited states by non-radiative
relaxation pathways. Nevertheless, the number of reported luminescent Ce®* complexes has increased in the
last years, with a large variation in the luminescence properties; e.g. the emission wavelength could be
adjusted by varying the coordination environment [2,3]. Some of these complexes have demonstrated to be
photocatalytically active [3]. Furthermore, cerium(lll) complexes are expected to be more stable in OLEDs
since their excited-state lifetimes are generally in the order of nanoseconds [4].

Herein, we report the synthesis and characterization of two violet-blue emissive cerium(lll) halide complexes
supported by a bis(aryloxide) cyclam ligand, with the general formula [Ce{(®B"2ArO)Me2-cyclam}X]
(X=CI (1), 1(2)). The compounds were characterized by '"H NMR spectroscopy, ESI-MS and single-crystal X-
ray diffraction analysis.

The two Ce(lll) compounds exhibit, in thf, intense absorption bands in the UV region and emission spectra
with maxima centered at ca. 415 nm. Initial photophysical studies in tetrahydrofuran showed that 2 (39%)
exhibits a photoluminescence quantum yield higher than 1 (4%).

In order to evaluate the redox properties of the complexes, their electrochemical behavior was studied by cyclic
voltammetry in thf. The preliminary results show that the Ce(lll)/Ce(IV) oxidation potential is lower (ca. 250
mV) for complex 2 than for complex 1.
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Figure 1: Normalized excitation and emission spectra of 2 in thf solution (0.5 mM) at room temperature.
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Recently, the employment of simple transition metals as photocatalysts (PC) has led to the discovery of
unprecedented chemical transformations. Compared to the conventional cooperative dual catalysis, which
combines a photocatalyst (PC) and a transition metal catalyst working in synergy, this new class of
unconventional PCs operate through a single catalytic cycle. In this case, the transition metal photocatalyst
plays a double role, harvesting light and catalyzing the chemical transformation.! This new area of
photocatalysis represents a very attractive approach of promoting chemical reactions, using visible light and
avoiding the need of expensive photosensitizers. In continuation with our work devoted to sustainable catalytic
methods for the functionalization of organic molecules,?? we describe here the excellent catalytic activity of a
Manganese N-heterocyclic carbene (NHC) complex working as a photocatalyst for the hydrosilylation of
ketones with phenyl silane (Scheme 1). The catalytic system operates at room temperature and under visible-
light irradiation (blue LED), enabling the conversion of a wide variety of functionalized ketones to the
corresponding alcohols in excellent yields. The Mn-NHC complexes have been fully characterized by
spectroscopic and analytical methods, including the crystal X-ray diffraction studies. Experimental essays
performed for the elucidation of the reaction mechanism will be presented.
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Scheme 1: Photocatalytic hydrOS|IyIat|on of ketones mediated by Mn-NHC complexes

Acknowledgements

We thank the Fundacéo para a Ciéncia e a Tecnologia for financial support of PhD grant SFRH/BD/XXXX (H.M.) and
projects PTDC/QUI-QIN/0359/2021, MOSTMICRO-ITQB UIDB/04612/2020, UIPD/04612/2020, CERMAX Project
No.022162, UIDB-UIDP/50006/2020 and UIDB-UIDP/04378/2020. We also thank C. Almeida for elemental analysis at
ITQB NOVA.

References

1 M. Parasram and V. Gevorgyan, Chem. Soc. Rev., 2017, 46, 6227—6240.

2 S. C. A. Sousa, S. Realista and B. Royo, Adv. Synth. Catal., 2020, 362, 2437-2443.

3 S. Frides, S. Realista, H. Mourao and B. Royo, Eur. J. Inorg. Chem., 2022, DOI: 10.1002/ejic.202100884.

27

P9




th U o i (Uﬂ’\'\af\/j’/ﬂ (,/:,’ I '
AN h”ﬂmh ] T
1B Gos0 MM NG
o == S
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Gas-phase reactions of metal ions with small molecules have been extensively studied.’?2 Research in this
area has focused predominantly on the interactions of naked and ligated transition metals ions with small
molecules because these systems are good models for understanding the fundamentals of catalytic
processes.3

In this work, gas-phase ion chemistry studies are being performed using quadrupole ion trap (QIT) mass
spectrometry (MS) with electrospray ionization (ESI). QIT-MS is a technique that is especially suited for studies
of ion/molecule reactions (IMR) at room temperature, due to the ability to perform complex sequences of ion
manipulation, and provide detailed kinetic, mechanistic, and energetic information.

We have previously prepared in the gas-phase, gold(l) bis(dithiolene) complexes, [Au(qdt)]- (qdt = quinoxaline-
2,3-dithiolate) and [Au(mnt)]- (mnt = 1,1-dicyanoethylene-2,2'-dithiolate), from the correspondent gold(lll) salts,
(TPP)[Au(qdt)2] and (TBA)[Au(mnt)z] in CH3CN solutions, directly injected into the ESI source of the QIT. CID
(collision-induced dissociation) of [Au(qdt)2] and [Au(mnt)z]- formed by ESI also showed the formation of
[Au(qdt)] and [Au(mnt)]-, respectively.*

We will present examples of the reactivity of these Au(l) (bis)dithiolene complexes with different small
molecules. We observed so far that [Au(X)(L)]- (X=qdt, mnt) complexes are formed with L= NO, NOz and Oz
but not with N2 and N20. As shown on Fig. 1, [Au(qdt)]- is clearly more reactive than [Au(mnt)]- and NO more
reactive than O2.

Theoretical studies of these systems, using DFT methods, are being conducted to evaluate the experimental
observations, address electronic structures and energetics, tackle the nature of bonding and give rise to ideas,
concepts and strategies for condensed-phase chemistry and catalysis.
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Enhancing MOF Properties by Cationic Incorporation
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Research on Metal-Organic Frameworks (MOFs) and Coordination Polymers (CPs) is currently driven
towards the need to employ such materials in technological areas. Our research group has focused on the
design of novel networks based on polyphosphonic acid ligands and rare-earth cations. With these building
units we obtained highly robust dense networks exhibiting, in many cases, multifunctionality (e.g.,
photoluminescence combined with catalytic activity). In this manuscript we report a new series of isotypical
porous rare-earth-phosphonate MOFs whose properties are significantly boosted by a simple acid-base post-
synthetic modification of the parent materials: [Ln(Hspptd)]-:zSolvent [where Ln3* = Y3* (1) and (Yo.95Euo0.05)%*
(1_Eu)] are converted into [KsLn(pptd)]-zSolvent [where Ln3 = Y3 (1K) and (Yo.9sEuo.05)>* (1K_Eu)] by
immersing the powder of 1 and 1K_Eu into an ethanolic solution of KOH for 48 h. The K*-exchanged Eu-based
material is photoluminescent, do not show photobleaching under several harsh conditions, and exhibits a
considerable boost in CO2 adsorption being capable of being reused for several consecutive cycles. They can
further separate CzH2 from CO2 from a complex ternary gas mixture composed of CH4, CO2 and CzHa.
Moreover, the incorporation of K* ions increases the conductivity by 4 orders of magnitude, rendering this
material as one of the best conducting MOFs reported to date."
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This study outlines the synthesis, characterization, and antibacterial properties of new hybrid biopolymer
materials doped with bioactive silver(l) coordination polymers (bioCPs)."2 Four new bioCPs, [Aga(us-
Hzepma)z],-4nH20 (1), [Ags(Me-Hostma)z(H20)4],-2nH20 (2), [Agz(ps-hfa)ln (3), and [Agz(ps-nda)(H20)z2]n (4)
were assembled from Ag sources (AgNOs or Ag20) and pyromellitic (Hspma), trimesic (Hstma), homophthalic
(Hzhfa), or 2,6-naphthalenedicarboxylic (Hznda) acids as building blocks. These compounds were used as
active antimicrobial agents (dopants) in the development of bioCP-doped biopolymer films, based on
epoxidized soybean oil acrylate (ESOA) or potato starch (PS) as model biopolymer materials, which can be
adjusted to exhibit various rates of degradability/silver release. Both bioCPs and their hybrid biopolymer films
(1@[ESOA]n, 2@[ESOA]n, 3@[ESOA]n, 4@[ESOA]n, 3@[PS]s, and 4@[PS]») with a very low loading of bioCP
(0.05-0.5 wt%) showed a remarkable antimicrobial activity against Gram-positive (S. epidermidis and S.
aureus) and Gram-negative (P. aeruginosa and E. coli) bacteria. The biopolymer films produced also inhibited
the development of bacterial biofilms (Figure 1). Overall, 1@[ESOA]. revealed greater antibacterial effect when
compared to other doped films; 3@[PS]» showed higher efficacy than 3@[ESOA],, while 4@[ESOA]» and
4@[PS]n had similar antimicrobial and biofilm inhibition performance. This multidisciplinary study not only
combines several important research areas, but also expands an antimicrobial application of bioactive
coordination polymers and hybrid biopolymer materials obtained from renewable biofeedstocks such as
soybean oil and potato starch.
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Figure 1: lllustration of biofilm inhibition and antibacterial activity of hybrid biopolymer materials doped with bioactive
silver(l) coordination polymers.
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Wounds have a significant impact on society, not only on those who suffer from them but also on the
health care system. Moreover, wounds do not always follow the expected healing process. The incidence of
complications, such as infections, can inhibit wound healing and increase the cost of health care. Therefore,
wound dressings emerge as a possible solution since they are crucial in promoting wound healing. "

In an increasingly environmentally conscious society, biopolymers-based wound dressings are
becoming more eminent because of their abundance, renewable character, exudates’ absorption capacity,
and non-cytotoxicity.? Cellulose is an example of a widely studied polysaccharide, being increasingly used in
wound healing applications. In particular, bacterial cellulose (BC) has a unique morphology and unique
physicochemical, mechanical, and biological properties. In addition, BC can be modified and functionalized in
order to have better performances. Moreover, bacterial cellulose has a nanofibrillar structure that provides
ideal conditions for wound healing, and BC-based materials can act as drug delivery systems due to their
ability to incorporate and release bioactive molecules.?

On the other hand, antibiotic resistance is one of the biggest threats to global health since it is reducing
the ability to treat common infectious diseases. Metallodrugs with antibacterial activity emerge as a possible
alternative to antibiotics. These pharmacologically active metal complexes display new properties and might
have enhanced biological activity due to the synergistic combination between the ligands and the metal.
Besides, metallodrugs possess different geometries and three-dimensional structures that are generally
associated with higher clinical success rates.*

This work presents the synthesis and characterization of metallodrugs with antibacterial activity, and
their incorporation into BC membranes for wound healing applications. Cobalt(ll), copper(ll), nickel(ll), and
zinc(ll) complexes of levofloxacin and ciprofloxacin, in the presence and absence of N-donor ligands, were
synthesized and characterized. All complexes exhibited antibacterial activity against Staphylococcus aureus,
and one was successfully incorporated into BC membranes, increasing their thermal stability. A rapid release
profile, suitable for topical administration, was obtained.
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The search for new antimicrobial compounds represents an important research direction to combat microbial
resistance. Bioactive coordination polymers are a promising class of antimicrobial materials.!? The present
study highlights the synthesis, characterization and antibacterial activity of a novel Cu(ll) coordination polymer,
{[Cu(dda)(NH3)2]-H20}, (CP 1). This compound was generated by self-assembly from a copper(ll) sal,
dodecanedioic acid (HO2C-C10H20—CO2H, Hzdda) and aqueous ammonia, followed by characterization by
standard methods (elemental analysis, FTIR, single-crystal and powder X-ray diffraction). Optimization
conditions to increase yield of CP 1 were explored, resulting in up to 90% yields in a single crystal phase.
Single-crystal X-ray diffraction shows that the crystal is twinned with contribution of two domains (0.38:0.62)
and has a transformation matrix of 180°. CP 1 crystallizes in the monoclinic system, space group P2+, and
is composed of copper(ll) centers lying in a special position (center of inversion), which are coordinated by p-
dda?" linkers and NHs ligands building an infinite linear 1D chain. The copper centers are 5-coordinated and
adopt a trigonal bipyramid {CuN203} geometry (Figure 1). Antibacterial activity of 1 was evaluated against
Gram-positive and Gram-negative bacteria, showing a pronounced activity for E. coli and S. epidermidis
(Figure 1). Hzdda also revealed some minor antibacterial activity against S. epidermidis and S. aureus. The
obtained results are promising and the research on constructing hybrid polymer materials with CP 1 as an
antimicrobial dopant is currently in progress.?
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Figure 1: (a) Crystal structure and packing pattern of coordination polymer 1. (b) Antibacterial activity data (inset shows
an example of inhibition halo).
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Nowadays, humans are constantly exposed to nanoparticles, and their effects and impact on the human body
are still not completely known." Due to the widespread use of titanium dioxide nanoparticles (TiO2NP) and the
use of cerium oxide nanoparticles (CeO2NP) in nanomedicine, the NanoLegaTox project aims to explore the
toxicological effect of these nanoparticles on human lungs, brain, and liver, alone and co-exposed with arsenic
and mercury, at environmental realistic concentrations. Therefore, nanoparticle characterization (Figure 1) is
key to the project’s success as it plays an important role to understand their interaction with the metals and
the biological behavior of these nanomaterials.

Size and shape were given particular attention, as these parameters have been shown to alter cellular uptake,
protein adsorption, accumulation in organelles and distribution throughout the body. At first instance, and due
to the analytical challenges associated with characterization in culture media and during exposure, the
characterization of TiO2NP and CeO2NP was performed in its pristine state, i.e. in the commercially available
suspensions. However, some of the culture media properties, such as ionic strength, pH, or even the high
protein content may alter the nanomaterials physicochemical characteristics.

Here, we investigate and compare the size and shape, the XRD pattern and the surface composition of pristine
TiO2NP and CeO2NP, with the ones obtained upon addition of the nanoparticles to cell culture media with
added fetal bovine serum. This helps to identify the effect of true size and shape, and NPs composition during
in vitro nanotoxicity assessment.

Size distribution T <

Structure Surface charge

Surface composition O ’ Porosity

Figure 1: Nanoparticle’s characterization scheme.

Acknowledgements

Project NanoLegaTox (POCI-01-0145-FEDER-029651) was cofinanced by COMPETE 2020, Portugal 2020 and European
Union, through FEDER. A.T. Reis thanks the financial support of Fundacéo para a Ciéncia e Tecnologia through Grant
SFRH/BPD/122112/2016. A.C. Estrada and C.B. Lopes are funded by national funds (OE), through FCT — Fundagéao para
a Ciéncia e a Tecnologia, |.P., in the scope of the framework contract foreseen in the numbers 4, 5 and 6 of the article 23,
of the Decree-Law 57/2016, of August 29, changed by Law 57/2017, of July 19.

References
1 Ray P.C.; YuH.; FuP. P. J. Environ. Sci. Health C 2009

33

P15




th y v,‘\‘r\/"s\_ﬂ’g’ﬂ}\'\zf\/j’/'}c,/:” I ,
L u,,mn,u _L' | F""‘*
1B C G0 MBS IR
o ——_ VNNV EAY
Synthesis of Platinum Complexes based on Uracil

[

AN |

G. Orsini!, M.I.P.S. Leitao’, A. Petronilho®

ITQB NOVA Av. da Republica, 2780-157 Oeiras, Portugal
giulia.orsini@itgb.unl.pt

Modified nucleosides are widely used in chemotherapy, acting as antimetabolites that disrupt the synthesis of
nucleic acids. Currently, and similarly to cisplatin, they can be applied as a standalone treatment or in
combination chemotherapies, to improve effectiveness in treatment by the dual mode of action that each drug
provides. However, combination therapies are often problematic due to the different pharmacokinetics of
individual drugs. To circumvent these issues, one promising strategy is to combine cytotoxic functionalities in
one single drug.

In line with this, we have developed synthetic methodologies to obtain nucleosides functionalized with
platinum complexes. We have recently reported the synthesis of complexes based on guanosine? and
adenosine®. These complexes are formed by means of C-X oxidative addition to Pt(0) precursors, in good
yields. More recently, we have focused our attention on synthesis of organometallic nucleosides based on
pyrimidine bases. Specifically, we have examined the reactivity of uridine.

We synthesized complex 3 via C-l oxidative addition of the pyrimidine-based ligand | to the Pt(0)
precursor (Scheme 1). Compound 3 can be easily deprotected under basic conditions. Similar reactivity was
observed for deoxyuridine (compound Il) leading to complex 4 (Scheme 1). In this poster communication, we
will discuss aspects of this reactivity.

PPhy
(0] I\ / o
| Pt
| )N\\H 7 ONH
N0 +Pt(PPhg)y — - PhsP N)QO
AcO A AcO
O
(0]
OAc R OAc R
I R: OAc 3 R: OAc
IR:H 4R:H

Scheme 1: Metallation of pyrimidine-based ligand precursors.
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The rational design of porphyrin coordination polymer catalysts offers several advantages over their
homogeneous counterparts, including recyclability and reusability, as well as facile post-reaction removal of
the catalytic components from the organic products. In this regard, the construction of metalloporphyrin-based
nanoscopic cages in a highly organized manner with rich -electron density can provide favorable interactions
with targeted guests while containing multiple active metal centers that can facilitate synergistic interactions
with the substrates enhancing the catalytic activities.?

Herein the strategies used to obtain novel coordination polymers from the reaction of 5,10,15,20-
tetrakis[2,3,5,6-tetrafluoro-4-(4-pyridylsulfanyl)phenyllporphyrins and 5,10,15,20-tetrakis(4-pyridyl)porphyrins
with copper(ll) acetate are presented.®# The new materials exhibit high heterogeneous catalytic activity for
catechol oxidation in the presence of air (O2) or H202 (30 %) (Scheme 1).
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Figure 1: Catechol oxidation by porphyrin coordination polymers.
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The antioxidant activity of 3-hydroxy-4-pyridinone chelators
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Reactive oxygen species (ROSs) are generated during normal cellular metabolism, participating in cellular
signalling. However, if the concentration of ROSs increases beyond the healthier limit, their presence can be
harmful. Once the generated free radicals are usually unstable, their excess tend to react quickly, usually with
biomolecules, which is believed to be the principal cause of several diseases, like Alzheimer’s or cancer.!
Iron is well-known as contributing for hydroxyl radical’s production, through Fenton and Haber-Weiss reactions,
meaning that the presence of redox active iron in the organism, can enhance ROSs concentration.?

ROSs reactivity can be neutralized by compounds with the capacity to donate an electron and stabilize their
resulting radical. These compounds, known as antioxidants, play a crucial role in ROSs neutralization and are
considered an ally to preserve a healthy body.3

3-Hydroxy-4-pyridinones (3,4-HPO) are N-heterocyclic compounds, bearing hydroxyl and ketonic oxygen
atoms in the 3 and 4" position of the hexagonal ring. These compounds are widely known for their chelating
properties towards M (lll) and M(Il) and biocompatibility. The delocalisation of the nitrogen’s electrons, affords
aromaticity to the hexagonal ring, which is responsible for the increase of the acidity of the hydroxyl group, at
the 31 position, achieving phenolic properties.* All these characteristics suggests that 3,4-HPO derivatives can
be good candidates to neutralize reactive oxygen species, congregating chelating properties and radical
scavenging behaviour in the same molecule.®
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Figure 1: DPPH EPR signal in the absent (A) and in the presence of an hexadentate chelator (B).

The present work is focused on the synthesis and evaluation of antioxidant activity of 3,4-HPO compounds
and compares four bidentate units and an hexadentate chelator. The antioxidant activity was evaluated
through DPPH free radical scavenging method, using Electron Paramagnetic Resonance (Figure 1) and UV-
Vis spectroscopies. From the experimental data, we could confirm that beyond 3,4-HPO derivatives
chelating ability, these molecules also can donate electrons to reactive oxygen species revealing strong
antioxidant potency.
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In pursuit of our general interest in the synthesis of copper(ll) coordination compounds and their catalytic
exploration toward mild C-H functionalization of alkanes and other substrates,’ in the present study we
describe some recent synthetic strategies to obtain novel Cu(ll) complexes and coordination polymers driven
by 4-sulfamoylbenzoate and 4-sulfobenzoate blocks. Two slightly different synthetic strategies and ligand
precursors were explored, resulting in the generation of a discrete complex [Cu(pab)2(H20)3] (1) and a 1D
coordination polymer {[Cu(u-psb)(H20)z]-(H20)}» (2). Both compounds were synthetized in aqueous medium
by reacting Cu?* ions with 4-sulfamoylbenzoic acid (Hpab, for 1) or 4-sulfobenzoate monopotassium salt (Kpsb,
for 2), and sodium hydroxide. While compound 1 was obtained by self-assembly at room temperature, the
synthesis of 2 required refluxing, followed by crystallization (Scheme 1). The products were obtained as stable
crystalline solids in relatively good yields and characterized by standard methods, including single-crystal X-
ray diffraction. The structures of 1 and 2 feature distinct coordination modes of ligands (pab™ or psb~) and their
carboxylate moieties (terminal monodentate or p-bridging bidentate), as well as different coordination
environments around Cu(ll) centers (trigonal bipyramidal or square pyramidal), respectively. The use of distinct
reaction and crystallization conditions is a decisive factor for the control and synthesis of these copper(Il)
coordination compounds. Regarding the reactivity of 2, some strategies are currently in progress to extend
this 1D coordination polymer into 2D or 3D metal-organic architectures by introducing an additional linker
ligand. The exploration of the obtained compounds as potential catalysts' in mild oxidative functionalization of
hydrocarbons is currently being investigated.

Self-assembly synthesis in
aqueous medium

Scheme 1: Strategies for the synthesis of 1 (left) and 2 (right), including their structural representations.
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Renewable energies have been garnering increasing attention in the past decades owing to the increased
awareness of sustainable development and environmental challenges, but coal still plays an important role in
power generation. The main byproduct of its combustion is coal fly ash (CFA). Annually, about 750 million tons
of CFA are produced worldwide' and several efforts have been made in order to convert into valuable products
as: ceramics tiles, zeolites, alumina etc. More recently, the CFA has been used as a supporting material for
transition metal oxides of Mn(ll), Co(ll), and Ni(ll) to environmental applications (catalytic degradation of 4-
chlorophenol).?

Nitrophenol (NPh) is frequently detected in wastewater from many industries (pharmaceutical, foundry, rubber
processing, etc.) and it is proven that are toxic to the environment and may cause diseases to human beings.
Furthermore, other anthropogenic chemicals such as toluene, benzene and nitrobenzene can be transformed
into NPhs with nitrogen oxides and photochemical reactions in the air. To date, a variety of techniques have
been developed to effectively remove NPh from waters, including coagulation, adsorption, microbial
degradation, electrochemical oxidation and advanced oxidation, photocatalytic oxidation, and advanced
reduction.> 4 Among these methods, catalytic reduction stands out because aminophenol (APh) is the only
reaction product. The APh are value added products as they intermediate the synthesis of pharmaceuticals,
dyes, and can be used as a corrosion inhibitor and an antioxidant.

In this work the Fe-rich fraction collected from the economizer CFA by magnetic separation (ferrite magnet),
named as bulk ECOM, without any further chemical functionalization was tested as catalysts for 2-NPh or 4-
NPh reduction in the presence of NaBH4 (reductant) in water at room temperature. Furthermore, the effect on
the ECOM of a previous treatment with NaOH and NaBH4 was also evaluated. All the samples are active in
NPh reduction, a complete reduction of 4-NPh was observed in 90 min using ECOM washed with NaOH, while
only 92% of 2-NPh was reduced in 75 min using the same catalyst. In the case of bulk ECOA 81% of 4-\NPh
and 100% of 2-NPh was reduced in 120 min. This indicated that some surface changes caused by washing
with NaOH or NaBHs allow easier access of substrate to active sites.
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Cancer is a leading cause of death worldwide, accounting for nearly 10 million deaths in 2020. One
of the most effective and broadly used treatments for cancer are based on chemotherapy. Since the
introduction of cisplatin and other platinum drugs, the cure rate improved in most types of cancer. However,
the severe toxic effects associated with Pt-based drugs and the inherent resistance of tumors to this treatment
have led to the scientific community to search for alternative metallodrugs that can overcome these drawbacks.

Herein, we present our results on the development of a new family of Ru complexes with interesting
properties as anticancer agents. A series of half-sandwich Ru(ll) compounds bearing 1,2,3-triazole-derived
ligands have been synthesized and fully characterized (Figure 1), including the X-ray diffraction studies. The
cytotoxic activity of these complexes has been evaluated against human tumor cells, namely ovarian
carcinoma (A2780), colorectal carcinoma (HCT116), and colorectal carcinoma resistant to doxorubicin
(HCT116dox), and against normal primary fibroblasts. Among the Ru complexes tested, those bearing triazole-
pyridine fragments displayed good activity as anticancer agents in A2780 cancer cell lines, while showed no
antiproliferative effect in human normal dermal fibroblasts. Interestingly, exposure of ovarian carcinoma cells
to IC50 concentrations of these complexes led to an accumulation of reactive oxygen species, and an increase
of apoptotic and autophagic cells. Moreover, in vivo toxicity studies of these complexes using zebrafish and
chicken embryos probed that they were non-toxic. Thus, it has been demonstrated that the newly synthesized
Ru complexes containing triazole-pyridine ligands are promising candidates as anticancer agents against

ovarian cancer?.
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Figure 1: Half-sandwich Ru(Il) compounds tested as anticancer drugs
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The harmful environmental and health effects arising from the combustion of fossil fuels have been widely
recognized as one the current days’ major global crises. The presence of N- and S-containing compounds in
fuels leads to the emission of their corresponding oxides, contributing to worldwide climate change
phenomena. Currently, the petroleum industry resorts to the injection of hydrogen at high temperatures and
pressures to remove these compounds from fuel streams. With strict legislation being introduced to limit S in
fuels, the development of new technologies encompassing desulfurization and denitrogenation with superior
sustainability claims is a priority. Simultaneous catalytic oxidative desulfurization (ODS) and denitrogenation
(ODN) processes display high efficiency for the removal of S and N-content in fuels. This technology allows to
produce cleaner fuels under energetically sustainable conditions, using environmentally benign oxidants and
recyclable catalysts'. Metal-organic frameworks (MOF), 3D porous materials, comprised of organic bridging
ligands and metallic centres, have emerged as promising catalysts, due to their structural diversities and
unique properties, such as high porosity, large surface areas and remarkable stabilities.

Pristine UiO-66, a MOF family composed by the self-assembly of 12-connected Zrs or Hfs nodes bridged by
1,4-benzene-dicarboxylate linkers, were prepared, thoroughly characterized, and tested as heterogenous
catalysts in ODN and ODS systems. Both materials exhibited good catalytic activity for the ODN system (80%
and 94% denitrogenation for the Zr and Hf-based MOF, respectively); ODS performance, however, was
lacking, and thus, a straightforward activation was performed. Post-synthetic treatment of the pristine MOF
with titanium chloride introduces coordination defect centres into the rigid UiO-66 structures, boosting the
catalytic activity of UiO-66(Zr) from 62% to 97% and doubling that of UiO-66(Hf) (from 40% to 80%
desulfurization) (Figure 1).
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Figure 1: ODS performance of pristine and coordination defective UiO-66s.
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Metal-organic frameworks (MOFs), also known as porous coordination polymers, have been proven to be
outstanding candidates for bridging the gap between zeolites and mesoporous silica. MOFs are constituted by
metal ions/clusters interconnected by organic linkers and have captured widespread interest, achieving an
explosive development over the past two decades. The crystalline nature, structural diversity, and tailorability,
as well as ultrahigh surface area make MOFs find their potential applications in diverse areas, such as gas
sorption and separation, chemical sensing, proton conductivity, biomedicine and catalysis. However, in
numerous MOFs the structural stability and performance limits their practical applications, relatively to other
porous materials. Consequently, distinct strategies have been used to prepare MOF based materials and
overcome these disadvantages.'?

The modification and derivation of MOFs, and their utilization as platform, opens an avenue to the preparation
of diversified porous materials with unique advantages in comparison to traditional pristine materials. Following
our interest in the development and application of functional MOFs towards catalytic sustainable processes an
overview of more interesting functional porous MOF-based materials prepared and investigated as
heterogeneous catalysts in our research group is reported (Scheme 1).2

ﬂ&/\

/ {
7 [BMIM]PMoy,

[BMIM]PMo.,,@ZIF-8

Scheme 1: representation of the preparation of the POM/MOF composite material by a “bottle-around-the ship”
approach and using a sustainable room temperature synthetic strategy (one-pot and in situ).
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Encapsulation of catalytic active PMo12 in MOF-808 for
simultaneous desulfurization and denitrogenation of fuel
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The combustion of S- and N-based compounds present in fuels is associated with the emission of hazardous
gases, namely, S and N oxides (SOx and NOx), which leads to environmental and industrial problems.
Therefore, strict legislation demanding low sulfur limits have been stablished for road fuels (S < 10 ppm) and
for marine fuel (S < 500 ppm). The legislation to control N content in fuels is not regulated yet; however, the
European standards for global emission of NOx have been tightened.

Hydrodesulfurization (HDS) and hydrodenitrogenation (HDN) are the traditional methods used by petroleum
refineries for the removal of S and N from fuels, but these processes are based on expensive technology,
requiring severe experimental conditions to achieve high efficiency. Oxidative desulfurization (ODS) and
oxidative denitrogenation (ODN) are alternative and/or complementary methods to the HDS and HDN
processes. Through ODS and ODN, S- and N-based refractory compounds can be effectively removed from
liquid fuels using moderate temperature and atmospheric pressure. However, reports of success simultaneous
ODS and ODN processes are scarce.! ODS and ODN occurs in in two main steps: oxidation and extraction.
The oxidation step requires the activation of the oxidant, such as H202, by a catalyst. Polyoxometalates
(POMs), such as phosphomolybdic acid HsPMo12040 (PMo12) show high catalytic performance in oxidative
reactions.? Nevertheless, these compounds are highly soluble in catalytic media behaving as homogeneous
catalysts, with difficult removal at the end of the reaction. Therefore, their heterogenization by immobilization
in adequate solids supports, such as metal-organic frameworks (MOFs), provides the preparation of active
heterogeneous catalysts with robustness and easy recovery from reaction. MOF-808 presents two types of
cavities: a smaller tetrahedral pore and an adamantane shaped pore.

In this work, a novel heterogeneous catalyst was prepared by the encapsulation of an active center PMo12 on
to MOF-808 framework by “bottle-around-the-ship” approach (Figure 1). The composite PMo12@MOF-808 was
tested as catalyst for simultaneous ODS and ODN of a multicomponent model fuel containing various
refractory S and N-compounds. In these catalytic studies, H202 was used as oxidant and the ionic liquid
[BMIM]PFs as extraction solvent since this combination has shown great performance in ODS.3 The recycling
capacity and stability of the heterogeneous catalyst were also investigated.

PMo;,@MOF-808
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Figure 1: Representation of the preparation of PMo12@MOF-808 by the “bottle-around-the ship” approach.’
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The prevention of water contamination and/or its remediation are fundamental, since water is an
extremely important and indispensable natural resource for life." Toxic metal ions and organic dyes
are two of the most alarming water pollutants, which can lead to adverse effects on human health or
even carcinogenicity.? Several studies have been focusing on the development of effective
procedures and technologies for environmental remediation.® Adsorption is regarded as one of the
most promising methods, from an economic and energetic point of view, exhibiting the advantages
of simplicity and practicability for the efficient removal of a wide range of water pollutants, namely
toxic metal ions, pesticides, organic dyes, and antibiotics.* A wide variety of adsorbents have been
tested and silica has received enormous attention due to its structural and economic characteristics
and advantages, namely fast adsorption of metal ions, high surface area, remarkable chemical,
thermal and mechanical stabilities, and uniformity of pore distribution.®®

In the present work, two different types of mesoporous silica-based materials, spherical silica
particles and periodic mesoporous organosilicas, were synthesized and tailored with different
functional groups and/or porosities. The adsorptive capacity of the prepared materials was evaluated
in the removal of some of the most common organic and inorganic pollutants. The effect of
adsorption kinetics and recycling ability were also assessed.

pollutants

mesoporous silica

Figure 1: Schematic representation of pollutants adsorbed on silica-based materials.
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An effective and sustainable process capable to execute simultaneously desulfurization and denitrogenation
of fuels is in fact an actual need for the refinery industry. The key to achieve this goal is the parallel oxidation
of sulfur and nitrogen compounds present in fuels, by the utilization of active and recyclable catalysts."
Polyoxometalates are described for their high catalytic efficiency as homogeneous catalysts in simultaneous
oxidative desulfurization and denitrogenation of model fuel oils.?2 This work presents a novel heterogeneous
catalyst prepared via encapsulation of an imidazolium-based polyoxometalate (POM) into ZIF-8 framework
(BMIM]PMo12@ZIF-8). This composite material has shown exceptional catalytic efficiency towards the
oxidative desulfurization and denitrogenation of a model fuel containing various sulfur and nitrogen
compounds. The catalyst was able to completely remove all these compounds after only 60 minutes and the
catalytic system was able to be reused for ten consecutive cycles without loss of efficiency. This work presents
the first incorporation of an ionic liquid POM in to ZIF-8. The novel material was successfully used as catalyst
to simultaneous remove sulfur and nitrogen from a multicomponent model fuel.
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Scheme 1: Scheme of a) PXRD patterns of [BMIM]PMo12@ZIF-8 material before catalytic utilization, isolated after 1t
cycle (AC1) and after the 10™ catalytic cycle (AC10) and b) Reutilization performance of [BMIM]PMo12@ZIF-8 over 10
cycles combining desulfurization and denitrogenation processes to treat a multicomponent model fuel.?
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Melanoma is one of the most aggressive forms of skin cancer, that occurs as a result of malignant
transformation of melanocytes giving rise to a diverse set of clinical features 3. Melanoma revealed some
resistance to the conventional therapies 24, so is the major importance the development of new mechanisms
of therapeutics to improve cancer treatment enhancing patients’ quality of life. Nanotechnology provides an
opportunity to encapsulate antitumor drugs into nanostructured drug delivery systems, which allows a
controlled and prolonged release pattern, ensures a targeted action, and enhances the biological potential of
the drugs*-®. Nanoparticles can be combined with different targeting ligands to reduce the off-target effect.
This will not only increase the bioavailability of the drug, but also reduce the adverse effects associated with
compounds used in conventional therapies “. In the present work, we present three different approaches for
the development of nanostructured drug delivery systems for melanoma therapy: i) mesoporous silica
NaYF4:Yb,Er (NaYF4:Yb,Er@mSiO2) were functionalized with folic acid (FA) and loaded with doxorubicin
(DOX); ii) mesoporous silica nanoparticles (MSN) were loaded with resveratrol (RES) 7; iii) fluorescent carbon
dots are being prepared for the loading of drugs (e.g doxorubicin, active phytocompounds). Our results showed
that NaYF4:Yb,Er@mSiO2 functionalization with FA enhanced the DOX release. A slight pH-dependence of
DOX release at acidic pH was observed. The polyphenol RES was successfully encapsulated onto MSNs
which promoted the amorphization of RES desirable to increase the solubility of this drug. A pH-dependence
of RES release was also observed. In both nanostructures, the pH-sensitive behavior is of high interest and
may benefit drug delivery to tumor cells because the intracellular pH in tumor cells is lower than in healthy
cells. Both DOX loaded-NaYF4UCNPs@mSiO2-FA and RES-loaded MSNs showed cytotoxicity to melanoma
cancer lines. In conclusion, our results demonstrated that the developed nanostructured systems could serve
as drug delivery systems for melanoma therapy.
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A novel bioactive Cu(ll) complex with ibuprofen: Synthesis,
characterization, binding capacity and antitumoral properties
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Non-steroidal anti-inflammatory drugs (NSAIDs) are an important class of therapeutic molecules, discovered
more than 100 years ago, that are nowadays extensively used as analgesic, anti-inflammatory, and antipyretic
agents. NSAIDs general mode of action involves the inhibition of cyclooxygenase (COX) enzyme, which takes
part in the biosynthesis of prostaglandins and thromboxane. However, their use is usually associated with
several side effects such as kidney failure and gastrointestinal problems.” Transition metals are crucial to
human health and have structural and functional roles comprising the maintenance of cellular functions
involved in a wide range of essential physiological activities in human organism. Moreover, transition metals
exhibit different oxidation states and can interact with a number of negatively charged molecules.? This
capacity has been explored for the development of metal-based (metallodrugs) with promising
pharmacological application and may offer unique therapeutic opportunities.® The synthesis of metallodrugs
involving transition metal ions and NSAIDs as ligands started with the preparation of an acetylsalicylic acid
(commercially known as aspirin) copper(ll) complex. Posterior studies revealed that the Cu(ll)-aspirin complex
presented a more effective anti-inflammatory effect and lower ulcerogenicity and irritation in the digestive tract
compared to parent drug (free aspirin).# This study was an important breakthrough because free aspirin has
no COX specificity, meaning that blocks the conversion of arachidonic acid into endoperoxide, stopping some
steps of the inflammatory process, but also inhibit COX-1 which is present in almost all tissues (stomach,
kidneys, intestine, etc.) causing an increase in the risk of gastrointestinal bleeding and damage.' Therefore,
coordination with Cu(ll) brought many advantages, both in the mitigation of aspirin side effects and on its
biological activity.

This work describe the synthesis (using two methodologies, one pot and microwave-assisted synthesis) and
characterization of a novel Cu(ll) complex coordinated with ibuprofen and 2,2’-dipyridylamine. Binding studies
(with DNA and BSA), MTT (against MDA-MB-231, a triple negative cancer cell line) and TBARS assays tested
the metallodrug potential for future antitumoral applications.
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As-grown hot-filament chemical vapor deposition (HFCVD) diamond can be easily functionalised
through a variety of physical and/or chemical methods to feature amine groups that are an ideal platform for
the subsequent binding of enzymes, DNA or proteins.’

In the present work, we use boron-doped HFCVD diamond films as the substrate to demonstrate our
functionalization approach. Firstly, the samples were exposed to oxygen plasma, in order to create active O-
terminated surfaces. In a second step, the surface was used to react with a solution of 5% of (3-
aminopropyl)triethoxysilane (APTES) in ethanol overnight (Scheme 1a). This step was important to create a
spacer between the diamond surface and the amine group, with enough distance to the surface to attach a
wide variety recognition units. Herein, as a proof of concept we used fluorescein isothiocyanate (FITC) to
modify the diamond surface with a simple immersion procedure in a 0.1 mg/ml solution of FITC in PBS with
10% DMSO (Scheme 1b).

II:ITC
NH; NH
o3
\/Or‘/— H/
Si Si Si
~0" b /TN /1
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— — >
a) overnight b) overnight

Scheme 1 - Functionalization of O-terminated diamond films

After each step, the samples were tested for the contact angle, which showed expected alterations in
the hydrophobicity of the surfaces. X-ray Photoelectron Spectroscopy (XPS) with calculation of sulfur/carbon
(S/C) and nitrogen/carbon (N/C) ratios confirmed the presence of both molecules attached onto the surface.
We expect to expand this procedure to other recognition units in order to produce highly specific sensors for
infectious diseases.
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Magnetic nanoparticles have been studied to remove contaminants from aqueous matrices due to its
advantages, such as, tuning size, particle shape, magnetic properties allowing their recovered and reused,
high surface-to-volume ratio, and the possibility of being coated or surface functionalized!. Magnetite
nanoparticles have been also coated with silica (SiOz2) shells since it prevents oxidation and nanoparticles
aggregation, as well as provides stability and a versatile surface for subsequent chemical functionalization?.
In addition, N-(trimethoxysilylpropyl)ethylendiaminetriacetate, trisodium salt (TMS-EDTA) has been used for
coating silica shell due to its ability as chelating agent to capture contaminants, such as metals, or to the
possibility of further functionalization for contaminants sorption3+.

In this work three methodologies were investigated to produce core/shell nanoparticles, comprising magnetite
cores coated with amorphous silica functionalized with EDTA (Fes04/SiO2-EDTA). Thus, after the synthesis of
magnetite nanoparticles two ways were used to obtain Fes04/SiO2-EDTA. One methodology consisted of
coating the magnetite with silica and subsequent functionalization with EDTA, in a two-step procedure®; the
other two methodologies comprised of coating and modifying the magnetite nanoparticles with silica and EDTA
simultaneously, performing the procedure in one step®’. Different characteristics were observed for
Fe304/SiO2-EDTA nanoparticles obtained by the three different methodologies, in what concerns to the SiO2
coating and SiO2-EDTA shell dimension, colloidal stability, and magnetic properties.
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New antimicrobials are urgent and necessary to treat infections resistant to currently used antibiotics and
antifungals. In the end of 2021, the World Health Organization (WHQ) declared the antibiotics microbial
resistance (AMR) as one of the ten global human health threats.” According to estimates,? in 2050 the
worldwide mortality due to AMR may reach 10 million persons per year and the related costs ca. 1 trillion
dollars. Such numbers clearly show the need for new efficient antimicrobial agents able to treat infections and
overcome microorganisms (bacteria or fungi) resistance.

Complexes are potentially efficient alternatives to existing antimicrobials since the specific characteristics of
the metal and the ligands may prompt mechanisms of action different from the organic molecules in use.
Aiming at the identification of complexes with biological properties, in particular combining antimicrobial and
anticancer activity we have synthesized a variety of complexes based on silver (Ag(NOs), Ag(OAc)) and gold
(KAu(CN)2, AuCl) precursors, using camphorimine ligands with distinct electronic and steric properties. Two
pathways were followed to assess the biological properties (antimicrobial, anticancer) of the camphorimine
complexes. The evaluation of the antibacterial activity was based on the calcularion of the MIC values towards
Gram-positive (S. aureus Newman) and Gram-negative (B. contaminans, E. coli, P. aeruginosa) bacteria. The
antifungal activity was evaluated towards the Candida species (C. albicans and C. glabrata). The anticancer
properties were assessed by evaluation of the Inhibition Concentration (ICso) through the MTT assay towards
cancer (A2780, A2780cisR, other) and non-tumoral (V79, HEK 293, other) cell lines. Results obtained until
now show that the gold complexes have neglectable fungal activity but they have high cytotoxic and
antimicrobial activity.® The silver complexes, especially those of the type [Ag(OH)L] display very good
antimicrobial activity.*?

Aiming at applications in surgical remediation, two selected camphorimine complexes were used to
functionalize PCL coating and their ability to prevent the colonization and inhibit microfilm formation by Candida
strains evaluated.®
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Scheme 1: Synthesis of different complexes, selection of the ones with best activity for medical application.
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The layer-by-layer (LbL) electrostatic assembly is a procedure that consists of alternately exposing a substrate
to solutions of oppositely charged chemical species, such as polyelectrolytes. The interactions between the
oppositely charged layers are dominated, though not exclusively, by electrostatic attractive forces. Thin films
fabrication by LbL methods has a strong potential in a wide range of applications, such as coatings, photonics,
and sensors. Due to the important mechanical, thermal, chemical and electronic properties, the integration of
graphene-based materials into LbL assemblies overcomes some limitations on the physical and chemical
properties. Furthermore, the incorporation of lanthanopolyoxometalates (LnPOMs) will confer
photoluminescent properties that can be explored in the development of optical devices. It has been described
that LnPOMs containing the Eu3* ion exhibit photoluminescent properties due to excitation paths that involve
ligand-to-metal charge-transfer states associated with O-Ln and O-M (M = Mo, W) transitions'2.

In this work, a graphene oxide functionalized with an ionic liquid was decorated with LnPOMs to produce a
hybrid nanocomposite with luminescent behaviour (rGO-IL-LnPOM). Then, the nhanocomposite was attached
to a quartz substrate which was previously prepared by a layer-by-layer process, alternating a layer of
positively charged polyelectrolyte (poly(allylamine hydrochloride), PAH) and a layer of negatively charged
polyelectrolyte (poly(4-styrenesulfonate), PSS) (Figure 1). Due to the presence of negative LnPOM species in
the hybrid nanocomposite (rGO-IL-LnPOM), the latter negatively charged species can be attached onto the
positive PAH top layer of the quartz substrate. The resulting multilayered structure exhibit photoluminescence
behaviour showing that the LnPOMs emission is maintained in the nanohybrid film, with a good potential for
application in nanosensors. We have tested these nanohybrid films for the detection of metals ions in aqueous
solutions. The nanohybrid film showed a good response for Cr3* in aqueous solution, with selectivity and
linearity between 1-10 pM, associated to the luminescence quenching of Cr3. Our strategy to construct
luminescent graphene/lanthanopolyoxometalate nanohybrid films is expected to provide a new methodology
to develop economical, fast and sensitive nanosensors for environmental pollutants monitoring.
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Figure 1: Schematic illustration of LbL electrostatic assembly of luminescent graphene/lanthanopolyoxometalates.
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Over the years, the design of high-performance functional and smart textiles with innovative properties has
been a major quest, boosted by the market trends and consumer requirements." The growth of the markets of
loT and wearable electronics led to a demand for advanced energy storage technologies integrated on
clothing, with a myriad of applications ranging from Healthcare, Sports and Protection to Fashion and Defense.
Supercapacitors are a clean and safe energy storage solution to produce wearable energy storage clothing,
owing to their high power density, fast charging, long cycle life and robustness.?

Nanotechnology fostered new opportunities in the Textile and Clothing industry, to endow new functionalities
on fabrics, while preserving their intrinsic aesthetic properties, comfort and lightness.! The combination of
carbon-based nanomaterials with redox-active transition metal oxides is a promising route for the development
of high-performance textile supercapacitors with synergistically-enhanced energy density and power density
by enabling the occurrence of both non-faradaic and pseudocapacitive charge storage mechanisms."34

In this work, we will provide an overview of the progress on the development of innovative smart textile
supercapacitors with multifunctional properties (Figure 1):'-34 (i) energy storage/fluorescent textiles; (ii)
magnetically-responsive energy storage textiles and (iii) an innovative all-in-one self-powered energy
harvesting & storage technology. The remarkable role of functional carbon-based nanomaterials and hybrid
carbon/metal oxides as building blocks for the development of such smart systems will be highlighted. The
journey from the concept and design of these engineered nanomaterials through eco-sustainable and scalable
routes, their incorporation on textile substrates and assembly of multi-tasking systems will be presented.
Finally, the assessment of the electrochemical performance and feasibility of the developed technologies to
power electronic devices will be demonstrated.

Figure 1: Multifunctional energy storage textiles.
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Molybdoenzymes play numerous catalytic roles in biological systems. The molybdoenzyme sulfite oxidase
(SO) transforms the toxic sulfite to sulfate using water as the oxygen atom source and cytochrome c as the
physiological oxidizing partner.”2 In animals, each subunit of this dimeric enzyme holds a Mo-cofactor (Moco)
linked by a flexible dangling peptide chain to a b-type heme (Fig. 1a).3 In the reductive half cycle, the active
site [MoV'02] center oxidizes sulfite to sulfate, yielding a reduced [Mo'VO] center. This is then oxidized through
intramolecular electron transfer to the heme b, by two consecutive intramolecular proton coupled one-electron
transfer steps, to regenerate the resting state [Mo¥'O2].2# In this study, to mimic the intramolecular electron
transfer in native SO, an oxo-molybdenum (dithiolene) complex covalently linked to iron porphyrin (Fig.1 b)
was synthesized to exhibit metal centered electron transfer between the two model prosthetic groups. This
bimetallic model complex, D1, (characterized by UV-Vis, IR, and ES| Mass spectroscopy) responds to such
electron transfer. The D1 EPR signal clearly indicates such electron transfer with the intermediate generation
of Mo(V) signal (Fig. 1c).
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Figure 1: a) Schematic representation of SO Moco and heme centers; b) Chemical structure of Fe--Mo bimetallic model
complex D1; ¢) X-band EPR spectra of D1 at 120K in polycrystalline KBr matrix showing the Mo(V) signal.
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Polyoxometalates (POMs) belong to a class of metal-oxygen cluster anions that have been applied in several
fields, one of the most important being the acid and oxidative catalysis. ' However, in order to prepare stable
heterogeneous catalysts, it is convenient to immobilize POMs in solid supports that allow their recovery and
reuse. Mesoporous silica nanoparticles possess ordered porosity, high surface area-to-volume ratio,
controllable pore size and can be easily functionalized. These properties may even improve the performance
of materials in terms of energy and power density, lifetime and stability, make them ideal for use as supports
for adsorption, catalysis, chemical separations and fuel cells.?

A novel composite has been synthetized and characterized through the immobilization of the Keggin sandwich-
type [Sm(PMo11039)2]""- anion (SmPOM) on large-pore silica spheres (LPMS), previously functionalized with
trimethylammonium groups (TMA) (Scheme 1).3 The material SMPOM@TMA-LPMS has been evaluated as
heterogeneous catalyst in a biphasic desulfurization system using acetonitrile or the ionic liquid 1-butyl-3-
methylimidazolium hexafluorophosphate ([BMIM]PFs) as extraction solvents and H20: as oxidant. The
optimized extractive and catalytic oxidative desulfurization system (ECODS) with [BMIM]PFe was able to reach
complete sulfur removal from a model diesel containing 2100 ppm S in just 60 min." The desulfurization
performance of the heterogeneous catalyst was compared with the corresponding homogeneous SmPOM.!
The reusability and stability of the composite were also investigated for consecutive ECODS cycles without
loss of desulfurization efficiency, turning the process more sustainable and cost-effective. The remarkable
results with simulated diesel have motivated the application of the catalyst in the desulfurization of untreated
real diesel. :a[g}
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Scheme 1:
The SMPOM@TMA-LPMS
composite used in ECODS.
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Abstract

Cancer is the second leading cause of mortality and morbidity worldwide and one of the most common
diseases in society. Breast cancer represents the most incident cancer in all words by 2020, with about 30%
of breast cancer cases resulting in patient death'. Surgery, chemotherapy, radiation therapy, and hormone
therapy remain the main treatments for this type of cancer2. Cancer subtypes directly influence the treatment
to be applied 3. Triple-negative breast cancer has the worst prognosis of all breast cancers and has the lowest
survival rate, once this cancer does not respond to anti-hormonal therapy 45. However, increasing resistance
to anti-cancer drugs through poor response for some types of breast cancer to treatments highlights the need
to develop new therapeutic agents to fight the disease®. In this context, venoms of arthropods such as
scorpions, bees, and wasps, in the last decades, have shown a high potential against cancer 7. Wasp venom
is one of the most variable venoms and consists of complex mixtures of biologically active compounds, mostly
peptides, proteins, and other small molecular mass compounds that may have antimicrobial, anti-inflammatory,
and/or antitumor activity 8.

In this study, we evaluated the anti-tumor potential of the Chartergellus-CP1 peptide isolated from the wasp
venom of Chartergellus communis in human breast cancer cell lines MCF-7 (HR+) and MDA-MB-231 (triple-
negative). Cell viability, morphology and reactive oxygen species (ROS) production were assessed for both
cell lines after exposure to Chartergellus-CP1 during 24 and 48 h.

The results showed that Chartergellus-CP1 peptide proved to be highly cytotoxic against both cell lines,
promoting a high dose-dependent antitumor action. Chartergellus-CP1 leaded to a high generation of ROS
(this was more evident in the MCF-7 cell line). This work demonstrates, for the first time, the cytotoxic effects
of Chatergellus-CP1 on human breast cancer cell lines showing the potential of Chatergellus-CP1 as an
antitumor peptide.
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