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Nowadays, we observe a continuously increasing transfer of diverse nanoparticles 
(NPs) into all segments of terrestrial environment. [1] Combined, additive interactions 
affect structure and toxicity of particular nanomaterials embedded into matrix 
elements. Their properties are different than those of isolated nanomaterials alone. 
Unfortunately, majority of studies dedicated to nanotoxicity are focused on particular 
nanoparticles which rarely exist in the environment alone. However, the traditional 
approach to the toxicity determinations does not account for complex, additive 
interactions. Therefore, the following joint impact cannot be properly assessed. 
Here we postulate that the usual activity and toxicity tests should also involve mixtures 
of nanoparticles in addition to a single component studies. The impact of 
nanoparticles on plants physiology and their nutritional quality has not been fully 
understood as yet and obviously requires further studies. 

Elżbieta Skiba,a Monika Pietrzak,a Jakub Kubicki,a and Wojciech M. Wolf a 
 
aInstitute of General and Ecological Chemistry, Lodz University of Technology,  Zeromskiego 116, 90 924 Lodz, Poland 

  
elzbieta.skiba@p.lodz.pl 

[1] J. Zhang, W. Guo, Q. Li, Z. Wang, S. Liu, Environ. Sci. Nano 2018, 5, 2482–2499. 
[2] E. Skiba, S. Michlewska, M. Pietrzak, W.M. Wolf, Sci. Rep. 2020, 10, 13574. 
[3] E. Skiba, M. Pietrzak, M. Gapińska, W.M. Wolf, Int. J. Mol. Sci. 2020, 21, 8497. 

01
Additive Effects of Nanoparticles in the Plant 
Environment 

 
In this work, the influence of two nanometric oxides (CeO2 and ZnO) applied together 
on green pea was studied and thoroughly compared to that induced by a single 
stressor alone. Special emphasis was directed towards metal homeostasis and plant 
physiology. The methodology was based on hydroponic pot experiments as developed 
recently by Skiba et al.[2-3] Our results show that the mixture of cerium and zinc oxides 
NPs affects plant development, alters nutrients uptake and their further migration 
in Pisum sativum L. in a more complex way than CeO2 and ZnO alone. 

Climate, Environment and Natural Resources
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Among the action lines which are being developed in the area of green analytical 
chemistry, the use of nanomaterials as sorbents for the extraction of organic and 
inorganic compounds from different matrices constitutes an important strategy that 
allows the possibility of method miniaturisation, reducing the number and amount of 
reagents and solvents necessary and decreasing the generation of waste. In addition, 
the high surface area of this type of materials enables improving the extraction 
efficiency respect to conventional materials, even with highly complex samples. 
Among the nanomaterials used in the field, the application of carbon-based sorbents 
constitutes a huge part due to the efficient interaction with target compounds [1]. In the 
same way, the introduction of magnetic nanoparticles has allowed the simplification 
of the procedure due to the easy separation of the sorbent from the matrix using an 

Bárbara Socas-Rodrígueza, Ruth Rodríguez-Ramosb, Álvaro Santana-Mayorb and Miguel Ángel Rodríguez-Delgadob 
 
Laboratory of Foodomics, Institute of Food Science Research, CIAL, CSIC, Nicolás Cabrera 9, Madrid, 28049, Spain  Departamento de Química, 
Unidad Departamental de Química Analítica, Facultad de Ciencias, Universidad de La Laguna (ULL). Avda. Astrofísico Fco. Sánchez, s/n. 38206 
San Cristóbal de La Laguna, España 

barbara.socas@csic.es 

[1] Á. Santana-Mayor, R. Rodríguez-Ramos, B. Socas-Rodríguez, M. Asensio-Ramos, M.Á. Rodríguez-Delgado Solid-Phase Extraction 2019, Chapter 4, 83–127.  
[2] M. Soylak, O. Ozalp, F. Uzcan Trends in Environmental Analytical Chemistry 2021, 29, e001092. 

01
Application of sustainable methodologies based 
on nanomaterials for the analysis of endocrine 
disruptors in complex matrices 

external magnet, which offers important advantages for method performance [2]. 
In this study, the applications of different nanomaterials used as extraction sorbents 
for the extraction of the same group of endocrine disruptors from complex matrices 
were compared. The developed procedures were adapted, optimised, and successfully 
validated for each application. Results showed the suitability of nanomaterials as 
sorbents and highlighted the advantages and disadvantages of their use, considering 
the nature of the samples evaluated and the procedure applied.  

Climate, Environment and Natural Resources
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This presentation explores bio-inspired and biomimetic nanomaterials, differentiating 
between bio-inspired or biomimetic nanotechnology and bionanotechnology. 
Following a clarification of these terms, the basics of bio-inspired and biomimetic 
nanomaterials are presented. Subsequently, a systematic classification of synthetic 
methods of bio-inspired and biomimetic nanomaterials is given, based on the method 
of manufacturing and not on the functionality of the materials.  
This enables a more coherent correlation with safety aspects, which are yet to be 
defined in many cases. Due to the great variety, a categorization according to material 
properties or material compositions is not considered practical. In addition to chemical 
properties, physical parameters such as size, structure and surface quality play 
an important role in the categorization.  
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Biomimetic and Bio-Inspired Advanced Materials 

In summary, it can be said that bio-inspired and biomimetic nanomaterials represent 
important base materials as so-called functional advanced materials in research, 
development and industry – provided that the material development is accompanied 
by a corresponding safety and sustainability-oriented technology assessment.[1] 

Functionally Nanostructured Biomaterials. © Friedel Hinz (a)-(c) & Masayuki Kato. 
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The National Nanotechnology Initiative (NNI) by the U.S. Government in 2000 set 
a precedent for nanotechnology innovation worldwide. Mainly due to the unique 
properties of nanoparticles (NPs), but also of their novelty, NPs are now widely used 
in many sectors and they are of great scientific interest. Titanium dioxide nanoparticles 
(TiO2 NPs) can be found in a variety of products including cosmetiacs, food industry 
products and paints, and they are applied in photocatalytic processes. The widespread 
use of NPs has led to a growing concern about their impact on human healt 
 and environmental implications. Indeed, even though NPs are not yet fully regulated, 
they have been included in lists of emerging pollutants. In this communication, 
a method coupling surfactant assisted dispersive liquid liquid microextraction 
(SA-DLLME) with single-particle inductively coupled plasma mass spectrometry
(SP-ICP-MS) for the selective extraction of TiO2 NPs from tap water is proposed.
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Determination of TiO2 NPs in Tap Water by SP-ICP-MS

Comprehensive investigation of the extracting parameters affecting the efficiency 
of SA-DLLME procedure was carried out. Optimal conditions were 1.0 mL
of surfactant/extractant (49:1) mixture, 0.5 min vortex time, 1500 rpm speed of vortex, 
5 min centrifugation time and 3500 rpm speed of centrifugation. This new strategy 
achieved a TiO2 NPs size detection limit in water of 40 nm with a particle number 
concentration limit of 2.5 x 103 particles/mL. The method presented enabled 
the selective extraction of TiO2 NPs, which could be of benefit to toxicological
and environmental risk assessment in aquatic systems. 
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Phthalic acid esters (PAEs) are substances widely used in the industry of plastic 
to improve handling properties of products such as food contact materials. These 
compounds are not chemically bound to the polymeric matrix and, therefore, they 
can easily leach into the environment. Since PAEs are suspected to act as endocrine 
disrupting compounds, their presence in food products may pose a risk to human 
health[1]. For this reason, it is necessary to develop analytical methodologies that allow 
their exhaustive evaluation at very low concentration levels in edible matrices. 
In this case, sample preparation plays an important role due to the complexity 
of foodstuff. The use of functionalised magnetic sorbents as extraction materials 
of organic contaminants has been configured as a good option since small amounts 
give rise to highly efficient extraction procedures thanks to the specific interactions 
established with the target analytes.
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Development of a green method based on a polymer-coated 
magnetic sorbent for the analysis of phthalates in food  

Besides, their easy separation, rapidness, and reduced costs agree with green 
chemistry principles. In this work, a miniaturised solid-phase extraction technique 
based on Fe3O4 nanoparticles coated with polypyrrole has been developed 
and applied for the determination of a group of 11 PAEs in food samples. 
After optimising the extraction procedure, the method was validated obtaining 
recovery values in the range 70-120% for most target analytes and applied 
to the analysis of jelly and apple-based beverage samples[2]. 
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Chemical pollution of surface waters poses a threat to the aquatic environment, 
with acute and chronic toxicity effects to the aquatic organisms, loss of habitats 
and biodiversity, and that pose a threat to human health. European Union Directive 
2013/39/EU establishing a framework for community action which involves 
the identification of substances which take priority over those which constitute 
a significant risk to or via the aquatic environment at Union level[1]. 

In this work, an electrochemical sensor based on Molecular Imprinted Polymers 
(MIPs) for the detection of atrazine (ATZ) was developed. The MIP was successfully 
electropolymerized onto the surface of a gold microfabricated electrode. A calibration 
curve for varying concentrations of ATZ in water samples was obtained. The decreasing 
trend in MIP sensor suggests that ATZ is being detected using the developed sensor, 
while the non-imprinted polymer (NIP) showed an opposite trend.
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Development of an electrochemical sensor for detection 
of atrazine based on molecular imprinted polymers 

The analytical performance of the sensor, shows a dynamic range between 
0 and 25 µg/L and a limit of detection of 1.63 µg/L. The results obtained 
from the characterization techniques, atomic force microscopy and scanning electron 
microscopy showed concordant and consistent results with the electrochemical 
measurements that can be associated with the formation of a polymer layer 
at the electrode surface. Overall, the developed  
MIP-based electrochemical sensor shows to be a reliable strategy to detect 
and quantify ATZ in real-time. 
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Sulphate reducing bacteria are the main responsible for the production of hydrogen 
sulphide in aquaculture tanks. Despite the high operational and economic risk 
associated with hydrogen sulphide related problems in the aquaculture sector, 
only very little is known about this complex topic and reliable data are scarce. 
Due to its high toxicity even at low concentrations, sensitive and rapid analysis of H2S 
in water is imperative in aquaculture systems. 

Hydrogen sulphide concentration should not exceed 5 μg/L in aquaculture ponds 
as elevated concentrations of hydrogen sulphide increase the susceptibility of marine 
organisms to disease. Currently available sensors for sulphide present limits 
of detection in the µM range, while it is clear that the nM should be attained. 
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01
Development of highly sensitive H2S sensor based 
on SERS

In this work, we are adapting a recently developed technology for the detection 
and quantification of sulphide in water using fluorescent gold nanodots (GNDs) [1] 
to a surface-enhanced raman spectroscopy (SERS) based sensor, with the aim 
of attaining the most sensitive and easily integrating technology for online monitoring. 
6-mercapto-striazolo(4,3-b)-s-tetrazine (MTT), a purple compound, was attached 
to the GNDs as well as to gold nanostars (GNSs) [2] used as SERS substrates. 
In presence of H2S, MTT is displaced by the formation of Au2S, obtaining an abrupt 
quench in the GNDs fluorescence and decrease in the SERS signal. Initial results, using 
a portable RAMAN system, demonstrate an increase in sensitivity of more than 5,000 
times using the SERS strategy, being able to detect at least up to 10 nM of S2- using 
a portable RAMAN system. 

Climate, Environment and Natural Resources
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Currently, pesticide delivery systems have gained an important emphasis 
on agriculture, with the development of micro-and nanocarriers capable 
of trapping active ingredients (Ais) in their structures. These systems may improve 
the physicochemical stability of AIs and consequently increase their effectiveness 
and reduce environmental impacts [1]. In this study, a controlled and biodegradable 
release system was developed for the herbicide atrazine (a molecule used to prevent 
pre-emergence broadleaf weeds in crops). Herein, superparamagnetic iron oxide 
nanoparticles (Fe3O4 NPs, ca. 10 nm) were associated in polymeric microparticles 
of poly-epsilon-caprolactone (MPs:ATZ) in order to provide magnetic property to the 
delivery system [2]. Hence, magnetic microparticles were analyzed by scanning electron 
microscopy (SEM), which showed that the MPs:ATZ have spherical morphology and ca. 
100 µm of diameter.
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Ecotoxicological evaluation of a magnetic herbicide 
delivery system

The MPs:ATZ presented excellent magnetic attraction with a herbicide encapsulation 
efficiency of ca. 69%. Additionally, the phytotoxicity analysis in aquatic fern Azolla 
caroliniana showed that the MPs: ATZ maintained their herbicidal activity via inhibition 
of photosystem II, presenting less toxicity than the non-encapsulated atrazine 
herbicide, presenting a reduced risk to the environment [3].  
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The increasing occurrence of pharmaceutical contaminants in water matrices 
is of major environmental concern. Beyond the lack of regulation, the development 
of accurate quantification methods of pharmaceuticals is also a challenge. 
So far, solid-phase extraction (SPE) columns filled with a broad-spectrum resins have 
been used for pharmaceutical monitoring in water samples. Using this approach, 
32 pharmaceuticals were recently found in the Tagus estuary in Portugal.[1] 
We have shown that two-dimensional covalent organic frameworks (2D COFs) adsorb 
pharmaceutical pollutants efficiently.[2,3] Herein, TpBD-(CF3)2 COF adsorbed 22 of the 
23 pharmaceuticals detected in water samples of the Tagus river using typical SPE.[4] 

With diclofenac and α-hydroxyalprazolam, TpBD-(CF3)2 outperformed the SPE. 
Also, COF adsorbed efficiently (>80%) 19 pharmaceuticals without acid pre-treatment 
of the water samples, highlighting its potential to be used as in situ passive adsorbent. 
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Efficiency of a covalent organic framework  
as adsorbent for the screening of pharmaceuticals  
in estuary waters  
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Since people have become more careful with themselves or with ensuring 
and maintaining the health and quality of life, food quality started to be a goal 
nowadays. In this context, there is a growing tendency to consume products 
containing as small amounts of chemicals as possible, especially from the class 
of pesticides. The quality of food products must be seen and ensured starting 
with the raw material, most often offered by agriculture. Considering the practice 
of quality, sustainable agriculture will provide both to the food industry and people, 
raw materials and products with high quality. In this context, there is also a trend 
in using biopesticides instead of chemical synthesis pesticides during the cultivation 
and growth of plants. Various biologically active compounds from plant sources 
have been shown to have high efficacy, multiple mechanisms of action, low toxicity 
to mammals, which has led to an accelerated growth in the interest of their use 
as biopesticides in a stabilized and easy to handle form. 
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Extracts from Spontaneous Flora with Biopesticidal 
Action used to Control Pests in Agricultural Crops 
and Seeds in Deposits

This paper presents the results of our research team conducted in order to investigate 
the effectiveness 
of the bioinsecticidal effect of alcoholic / hydro alcoholic extracts obtained from plants 
of spontaneous flora in the region of Moldova (Romania) (i.e. Artemisia absinthium; 
Primula veris; Origanum vulgare; Achillea millefolium) to pests during seed storage 
(insect beans - Acanthoscelides obsoletus) and those from culture (Colorado potato 
beetle - Leptinotarsa decemlineata). Obtaining plant extracts was performed by various 
extractive techniques: maceration, heat assisted extraction and ultrasonic assisted 
extraction. Process efficiency (expressed as degree of extraction) was investigated 
taking into account several physical parameters (i.e. solid / liquid ratio: 1/10, 1/15and 
1/20, respectively, extraction time: 10-30 minutes, temperature: 30°C, 45°C and / or 
60°C. Our results show that the extracts obtained can be considered organic products, 
because they do not affect the harvested plants or seeds, but instead it protects them.  
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The impact of heavy metals on the environment and human health is one of the 
most pressing issues of today. The use of microorganisms as biosorbents has been 
proven efficient, mostly at laboratory scale. Upscaling the optimized batch processes 
is very important for the treatment of real effluents. In order to apply the removal 
process in continuous systems the immobilization of microorganisms is beneficial 
[1]. Nanomaterials are used to support microorganisms owing to the fact that they 
facilitate a better isolation of the biosorbent and can provide a larger surface area 
through the formation of biofilms [2]. Iron oxide magnetic nanoparticles [3] and nano 
zero valent iron [4] are among the nanocomponents included in the production  
of microbial biosorbents. 
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Immobilization of microorganisms for heavy metals 
removal using nanomaterials 

The current work reviews the research carried out up to now regarding the application 
of nanomaterials in the microbial removal of metal ions and the potential 
of development of this niche.  
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Bacteria colonization and biofilm formation is encouraged on nearly all wet surfaces, 
with their development being often unwanted due to the serious problems they can 
cause in different fields, including water purification technology and water quality 
monitoring (e.g. water treatment membranes or buoys for remote monitoring). [1] 
There are several conventional approaches to combating biofilms: physical 
and/or mechanical removal, chemical removal, and the use of antimicrobials, 
sanitizers, or disinfectants to kill biofilm microorganisms. [2] However, biofilms 
are highly resistant to many of these strategies and the direct damage from biofouling 
is estimated at billions of dollars a year. The development of novel approaches 
is in high demand and thus, the main objective of this project is to apply advanced 
nanotechnology tools and concepts to develop innovative antibacterial nano-enabled 
surfaces to efficiently eradicate biofilms, providing complete antibacterial control.
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Innovative antibacterial surfaces for water 
purification and monitoring technology 

The proposed novel antibacterial surfaces were fabricated first on flat surfaces using  
poly(N-isopropylacrylamide) (polyNIPAM) hydrogel, acting as anti-adherent surface,  
and embedding different antimicrobial additives (ethylenediaminetetraacetic acid 
(EDTA), Ag, titanium oxide (TiO2)). PolyNIPAM was also used to produce 
nano/micro-structured surfaces and their antibiofilm activity was studied 
in comparison with smooth surface. [3] Finally, we assessed the antibacterial/antibiofilm 
properties of the developed surfaces and evaluated the influence of the material 
properties and nano/micro-sized features architecture. 
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The occurrence of emerging pollutants in water sources is a matter of great concern 
due to potentially harmful effects on the environment and human health.[1] Magnetic 
nanomaterials are very convenient for removing pollutants because they combine 
large specific surface area that favours adsorption and, size-tuned magnetic features 
that allow easy/fast separation from water by applying an external magnetic field. 
The surface modification with biopolymers enhances the adsorptive capabilities 
of magnetic nanoparticles without compromising the low-cost. The nanosorbents 
should exhibit a high adsorption capacity and reusability, which led us to develop new 
magnetic polysaccharide-hybrid based materials to tackle this challenge. Hence, 
we have investigated a series of core-shell particles comprising a core of Fe3O4 
(~50nm) coated by shells of polysaccharide-siliceous material prepared using a facile 
one-step sol-gel based procedure.
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Magnetic Polysaccharide-Hybrid Nanosorbents  
for Efficient Removal of Emerging Pollutants  
from Water 

The applicability of the approach was demonstrated by invoking the chemical nature 
and ionic character of distinct polysaccharides, namely carrageenan, alginate, chitosan 
and derivatives. The adsorptive performance of the nanosorbents towards several 
pharmaceuticals (metoprolol, diclofenac, sulfamethoxazole, ciprofloxacin) and 
pesticides (glyphosate) frequently detected in waters was investigated. Overall, 
our nanosorbents showed high adsorption capacity, reusability and applicability 
in real water samples.[2-3] The results indicate that these polysaccharide-based 
magnetic nanosorbents are among the most effective magnetic systems reported 
in the literature, for the removal of tested pollutants from water. 
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The wings of certain insects (for example, cicadas and dragonflies) reveal exceptional 
properties such as super-hydrophobicity and self-cleaning abilities. In these aspects, 
they are comparable to the famous lotus leaf. Furthermore, the wings can also kill 
bacteria[1][2]. Hexagonally arranged arrays of nanopillars (approximal height 200nm 
and 180nm center distance) are responsible for mechanically destroying bacteria 
(notably without chemical bactericides)[3].

The poster presents the surface structures of two New Zealand cicada species 
(Amphipsalta cingulata and Kikihia scutellaris) imaged with various methods such 
as Atomic Force Microscopy. 
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The study’s main focus lies in investigating antibacterial structure properties 
by introducing low-cost bioimprinting techniques to transfer these structures 
to artificial surfaces. Such a fast and efficient reproduction approach of these 
antibacterial structures open a vast field of various applications such as hospital 
surfaces, medical instruments, smartphone displays, and door handles.
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In recent years, titanium dioxide nanoparticles (TiO2 NPs) have been increasingly used 
in the industry due to their novel properties. The widespread use of TiO2 NPs might 
cause environmental pollution problems, and they can interact with living organisms. 
Seaweed are a great source of minerals, fibre, and proteins, and are widely used 
in human and animal nutrition. However, seaweed are also natural bio accumulators 
of pollution. Their nutritional properties make them increasingly consumed by the 
western population, but it is necessary to ensure food quality to protect customers. 
This study describes the methodology for the determination of total titanium in edible 
seaweed, and to isolate TiO2 NPs from the complex matrix. For the total content 
of titanium, a microwave acid digestion is necessary previous to their analysis 
by inductively coupled plasma mass spectrometry (ICP-MS).  
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Presence of titanium dioxide nanoparticles  
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A basic extraction with tetramethylammonium hydroxide (TMAH) was performed 
for separating TiO2 NPs from the vegetable matrix. TiO2 NPs in the extracts 
were analyzed by single particle ICP-MS (SP-ICP-MS). The developed methodology 
was applied to the study of Palmaria Palmata and Ulva sp. from the Atlantic area. 
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The biomedical applications of silver nanoparticles (Ag NPs) is leading to their presence 
in aquaculture facilities.[1,2] To date, there is still paucity of knowledge of Ag NPs 
effects to aquatic organisms produced in aquaculture facilities at the molecular level. 
The current study work aims to examine molecular processes involved with Ag NPs 
exposure in one of the most valuable seafood products of European Atlantic coast 
aquacultures, the turbot “Scophthalmus maximus”. 

Commercial polyvinylpyrrolidone-coated silver nanoparticles (PVP-Ag NPs, Ø 15 nm), 
were incorporated in feeds (0, 0.75 and 1.5 mg/kg Ag NPs). Liver samples 
were collected after 14 days of exposure. “Shot-gun” proteomics was performed 
(SP3 extraction using the protease trypsin [3]) followed by DEP and functional analysis 
(g:profiler). Changes in gene expression (NRF2, NFkB1, FASN, PPARαb, GR1, 
THRαb, RXRαa, RXRβb and RXRγb) were analysed by quantitative PCR (qPCR). 
Proteomic analysis revealed that PVP-Ag NPs activates cofactors of catabolic 
and anabolic reactions in the liver of turbot (NADP+ and NAPDH). 
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Proteomic and Transcriptomic Effects  
of Commercial Polyvinylpyrrolidone-coated Silver 
Nanoparticles on Turbot Liver 
(Scophthalmus maximus)  
 

Furthermore, the gene expression analysis suggested an activation of fatty acid 
synthesis and anti-oxidative response, a reduction of fatty acid β-oxidation, 
and alterations in metabolism. 

Our results are consistent with previous works investigating the involvement 
of cofactors of oxidation-reduction enzymatic reactions in the conversion of ionic Ag+ 
and Ag NPs forms.[4] In addition, our results confirm the induction of functional hepatic 
alterations in fish when exposed to Ag NPs.[5,6] 
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Compounds comprising the family of phthalic acid esters are a well-known group 
of plastic migrants due to their extensive use mainly in the plastics industry, industrial, 
and domestic applications, among others, their ubiquity and persistence in the 
environment, as well as their studied endocrine-disrupting potential. Thus, not only 
the scientific community but also the popular society are especially concerned about 
the harmful effects of these compounds, both on the environment and on the health 
of the population most vulnerable to their negative effects[1]. 

Among the different nanomaterials that are considered revolutionary due 
to their unique properties that can be very advantageous, materials derived 
from graphene stand out. In this regard, reduced-graphene oxide improves 
their aqueous compatibility due to the oxidised superficial groups and possesses 
enhanced extraction capacity through the establishment of π-π, hydrogen bonds, 
and electrostatic interactions with phthalates[1]. Álvaro Santana-Mayor,a Ruth Rodríguez-Ramos,a Bárbara Socas-Rodríguez,b María del Mar Afonso,c José Antonio Palenzuela López,c and 
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Reduced-graphene oxide-based magnetic 
nanoparticles as promising nanomaterial  
for phthalic acid esters determination  
in environmental waters

In this study, a laboratory synthesised nanomaterial based on reduced-graphene 
oxide and magnetic nanoparticles has been applied for the extraction of a group 
of 14 phthalates in different water samples by magnetic-micro-dispersive  
solid-phase extraction. The developed method was optimised and thoroughly 
validated demonstrating the good performance of the methodology. 
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The reprotoxicity of titanium dioxide nanoparticles (TiO2 NP) has been demonstrated 
for humans[1] and freshwater fish[2]. Still, no information is available for marine 
organisms, specifically to oysters. Our objective was to assess the potential toxic 
effects of realistic concentrations of TiO2 NP on sperm quality of the Pacific oyster 
(Crassostrea gigas). Sperm was collected from the gonad and exposed for 1 h 
to 2 concentrations of TiO2 NP (0, 10, 1000 μg.L-1). No alteration of sperm motility 
parameters, mitochondrial function, GPx and SOD activities were found. Yet, CAT 
activity decreased in the lowest concentration vs control, while the genetic damage 
indicator increased in all concentrations, suggesting that TiO2 NP affect the oysters’ 
sperm DNA integrity. Our results set baseline information regarding the reprotoxicity 
of TiO2 NP to oyster sperm and points out bivalves’ vulnerability towards these NP. 
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Fig1. Main effects of titanium dioxide nanoparticles (TiO2 NP) on oyster sperm 
[1] M. Santonastaso, F. Mottola, Nanomaterials 2020, 10, 1118.  
[2] C.S. Ramsden, T.B. Henry, Aquat. Toxicol. 2013, 126, 404-413.  
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Titanium Dioxide Nanoparticles And Oyster Sperm: 
Friend Or Foe? 
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Plants and algae use chloroplasts, micron-size rounded organelles, to convert light 
into energy. That the organelle is found in highly variable light environments makes 
them a very attractive inspiration for ecological approaches to light manipulation in 
energy harvesting scenarios. It was recently discovered that several deep-shade plants 
present specialized chloroplasts, named iridoplasts, where the internal structure is 
organized in a well-ordered and periodic multilayer [1]. Because of this, iridoplasts 
show a strong blue reflection which is thought to enhance absorption of the green 
wavelengths of the light spectrum due to fundamental physical processes. Using 
computational simulations, we show that light intensity conditions could be tuning 
their optical properties, switching between green and blue reflection with a lower and 
higher light absorption respectively. This is shown to be resilient to biologically realistic 
structural disorder. We also show that both types of chloroplasts have light absorption 
tuning capabilities depending on light intensity conditions, absorbing more when light 
is scarce and absorbing less when it is in excess. 
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Tuneable light absorption in specialized 
chloroplasts can inspire new light sensitive 
nanotechnology 

This is an extraordinary case of photonic properties undertaking an important role 
in natural light harvesting. Understanding these natural systems can inspire us 
to develop new nanotechnologies in particular regarding sensors and light 
harvesting materials. 

Iridoplast reflection spectrum at different light conditions and internal structure.
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This presentation explores bio-inspired and biomimetic nanomaterials, differentiating 
between bio-inspired or biomimetic nanotechnology and bionanotechnology. 
Following a clarification of these terms, the basics of bio-inspired and biomimetic 
nanomaterials are presented. Subsequently, a systematic classification of synthetic 
methods of bio-inspired and biomimetic nanomaterials is given, based on the method 
of manufacturing and not on the functionality of the materials.
  
This enables a more coherent correlation with safety aspects, which are yet to be 
defined in many cases. Due to the great variety, a categorization according to material 
properties or material compositions is not considered practical. In addition to chemical 
properties, physical parameters such as size, structure and surface quality play 
an important role in the categorization.  
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Using Complementary Analytical Techniques  
For The Characterization And Monitoring  
Of Platinum Nanoparticles In Environmentally 
Relevant Media 

In summary, it can be said that bio-inspired and biomimetic nanomaterials represent 
important base materials as so-called functional advanced materials in research, 
development and industry – provided that the material development is accompanied 
by a corresponding safety and sustainability-oriented technology assessment.[1] 
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Fully patterned memristive devices with feature sizes as small as 25 μm2 are 
presented. The active layer is a sustainable amorphous oxide semiconductor (i.e., free 
of critical raw materials), processed at low temperatures and compatible with flexible 
substrates. The devices show electroforming-free operation and bipolar switching 
characteristics, with a window of two orders of magnitude. Neuromorphic capabilities, 
specifically potentiation and depression were shown using pulses varying from the 
millisecond to microsecond range. The pattern recognition ability of the devices when 
simulated in a deep neural network has also been studied. In addition, the conduction 
mechanisms of both resistance states were analyzed, with low resistance state being 
identified as thermionic emission and high resistance state as Poole-Frankel emission, 
which suggests significant modulation of the ZTO bulk region.
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In general, uncoated polyamide tends to have a relatively high wear rate if polyamide 
is integrated in sliding systems (e.g. hinges, bearings, rack rails). As a consequence of 
that any kind of material failures will occur much faster than with a low friction coating.  

Deposition strategies to obtain low friction and wear resistant coatings on 3D-printed, 
rough polyamide 12 (PA) surfaces were developed by atmospheric pressure plasma 
deposition. Dry lubricants such as MoS2 and graphite were fed as powder material 
to the plasma jet (Inocon Technologie GmbH), applying parameter sets without 
thermal damage of the heat sensitive PA. In general, microtribological characterization 
indicates that especially the chemical coating composition and thickness has high 
influence on the coating performance. 
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02
Atmospheric pressure plasma deposition 
of low-friction coatings  

Pure MoS2 coatings are quickly worn, especially on roughness tips of the quite rough 
coatings (roughness Ra up to 20 µm), exposing the substrate locally and leading to 
friction coefficients similar to PA12 and rather limited potential of wear protection. 
Compound coatings with graphite within a MoS2 matrix provide huge potential for 
wear protection (>20 times less penetration depth) even in the case of exposing PA12 
to roughness tips, due to the transfer of lubricating carbon into these exposed areas. 
If the thickness is sufficiently high, missing wear 
of tips results in low-friction behavior with friction coefficients <0.1 (thus, 4 times lower 
than for uncoated PA12). 

Digital, Industry & Space
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Artificial Intelligence (AI) is expected to have a radical impact on the European 
economy. Today AI relies on high-performance hardware systems (central processing 
unit (CPUs) and graphic processing unit (GPUs), specialized AI accelerators, 
and highperformance networking equipments. But such hardware also consumes 
a lot of power and cannot cope with the ever-expanding AI workload and complexity. 
This problem is even more exacerbated for edge AI devices that suffer from limited 
performance and poor energy efficiency to bring more cognitive intelligence 
at the edge to interact with cyber-physical agents. New thinking is needed to improve 
AI performance, lower the power consumption and match the needs of various novel 
applications, which cannot simply exist with conventional hardware. 
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02
Edge AI and Energy:  A holistic view from materials, 
devices, systems to applications 

This presentation provides an overview of the technology and research developments 
to address the rising concern of power consumption in edge AI while providing 
a holistic view from nanoelectronics devices to systems and applications. This work 
is conducted in the framework of the EU H2020 NeurONN project [1]. 
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The current trend in development of low-cost satellites is based on small dimensions 
combined with advanced electronics. Traditionally, radiation-sensitive electronics 
on satellites are protected by tungsten or lead foils, which are high-density materials 
and contribute significantly to the overall mass of the satellite. Here, we design 
and investigate temperature-gradient-resistant lightweight silane-based composites 
containing micro- or nano-particles of W or WO3, taking inspiration from similar 
approaches in the medical field[1,2]. While the polymeric matrix provides flexibility under 
thermal gradients (such as those occurring in satellites during their orbits) 
and low density, the particles enable shielding from soft X-rays and other radiation. 
For reference, thin tungsten films were deposited by magnetron sputtering. 
The properties of the two kinds of coatings were compared and the X-ray protective 
properties were investigated using both a custom-designed measurement setup 
and conventional X-ray absorption. The best performing radiation-protective coatings 
will be launched in a payload experiment on the INFANTE satellite. 
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Momentum transfer from light to matter provides the basic principle of optical 
tweezers, which have been awarded the Nobel Prize in Physics 2018.[1] Most studies 
have hitherto employed this principle for trapping and manipulation of single 
nanoparticles. However, in a microfluidic channel one can also monitor the effect of 
optical forces exerted on ensembles of dielectric nanoparticles, to acquire knowledge 
about various nanoparticle parameters, such as size, shape or material distributions. 
 
In this paper we present an optofluidic force induction scheme (OF2i) for real-time,  
on-line optical characterization of large ensembles of nanoparticles.[2] Our 
experimental setup builds on precisely controlled fluidics as well as optical elements, 
in combination with a focused laser beam with orbital angular momentum. 
By monitoring the single-particle light scattering and nanoparticle trajectories, 
we obtain detailed number-based information about the properties of the individually 
tracked particles. 

Marko Šimić,a,b Gerhard Prossliner,b,c Ruth Prassl,c Christian Hill,b,c  Ulrich Hohenestera 
 
aInstitute of Physics, University of Graz, Universitätsplatz 5, 8010 Graz, AT bBrave Analytics GmbH, Neue Stiftingtalstraße 2, 8010 Graz, AT 
cInstitute of Biophysics, Medical University of Graz, Neue Stiftingtalstraße 6, Graz, AT 

 
marko.simic@uni-graz.at 

[1]Ashkin A., PNAS 1997, 94, 4853−4860. 
[2]C. Hill. (2020). EU Patent No. 3422364B1. European Patent Office.  
[3]A. D. Kiselev and D. O. Plutenko, Phys. Rev. A 2014, 89, 043803.  

02
Optofluidic Force Induction Scheme  
for the Characterization of Nanoparticle Ensembles 

We analyse the trajectories using a simulation approach based on Maxwell’s equations 
and Mie’s theory, in combination with realistic laser fields and fluidic forces.[3] 
We discuss the basic physical principles underlying the OF2i scheme and demonstrate 
its applicability using standardized Latex particles with a pre-determined size 
distribution. Our results prove that OF2i provides a flexible work bench for numerous 
pharmaceutical and technological applications, as well as medical diagnostics. 
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Gas sensing, based on bulk refractive index (RI) changes, has been a challenging task 
for localized surface plasmon resonance (LSPR) spectroscopy [1,2]. In this work, it is 
demonstrated that a plasmonic thin film composed of Au nanoparticles embedded 
in a CuO matrix can be used to detect small changes (as low as 6×10-5 RIU) in bulk RI 
of gases at room temperature, using a High-Resolution LSPR spectroscopy system. 
Such thin film system was optimized by reactive magnetron sputtering, followed 
by an in-air annealing protocol treatment at 700 ⁰C to promote the Au nanoparticles 
growth. To enhance the film’s surface activity, a simple Ar plasma treatment revealed 
to be enough to remove the top monolayers of the film and to partially expose the 
embedded nanoparticles, and thus promoting the film’s gas sensing. The treated 
sample exhibit high sensitivity to inert gases (Ar, N2), presenting a refractive index 
sensitivity to bulk RI changes of 425 nm/RIU.
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02
Plasmonic Au:CuO Thin Films for Gas Sensing  
at Room Temperature 

Furthermore, a 2-fold signal increase was observed for both O2 and CO gases, showing 
that the thin film system is clearly more sensitive to these non-inert gases, due to, 
most probably, chemisorption. The results showed that the Au:CuO thin film system 
is a RI sensitive platform able to detect inert gases, which can be more sensitive 
to detect non-inert gases as O2 or even other reactive gases as CO. 
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Sustainable by Design: Embedding Sustainability Criteria 
Throughout Life Cycle of Products and Processes

03

Council of the
European Union



Eu
ro

N
an

oF
or

um
 | 

5-
6 

M
ay

, 2
02

1

049

The EC Chemicals Strategy for Sustainability, the Green Deal, and other initiatives 
in Europe indicate an ambition regarding safety, sustainability and circularity of 
chemicals, towards a non-toxic environment. Innovation brings potential for economic 
growth and addressing societal and environmental challenges. However, innovation 
often comes with high uncertainty regarding its risks. Concerns are raised on the 
access of all important actors to high-quality data, technical risk assessment, public 
perception and acceptance, and regulatory harmonisation and effectiveness, among 
other aspects. Improvements are needed in how risks to human health and the 
environment are assessed, managed and communicated. 
 
To address these challenges, three H2020 projects of the NMBP-13 call (NANORIGO, 
RiskGONE and Gov4Nano) are working to improve the governance of nanorisks in 
Europe. They are jointly developing the concept of a new organisation tasked with 
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Aarhus, Denmark LIST, Esch-sur-Alzette, Luxembourg g FactorSocial, Lisbon, Portugal h FIOH, Tampere, Finland i AIRI, Rome, Italy 
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Sustainable by Design: Embedding Sustainability Criteria Throughout Life Cycle 
of Products and Processes03

A new Council for the Governance of 
Nanotechnology-related Risk  

collecting, sharing and disseminating insight for governing risks from  
nano-based products. The Nanotechnology Risk Governance Council (NRGC) will 
be an independent organisation with the goal to improve the governance of benefits 
and risks, now and for the long-term. The poster describes the goal of the Council, 
the challenges it will address, the activities and services it could offer, and some 
of the organisational elements. 
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The perspectives of innovation through the use of nanomaterials (NMs) in key sectors 
such as agriculture, food industry, medicine, energy, environment, and electronics, 
has exponentially increased their development, production, and application. However, 
a major concern for public health is that some materials for long being considered safe 
for humans, e.g., titanium dioxide or cellulose fibers, can acquire different properties 
at the nanoscale that, despite being more attractive for industrial applications, may 
also elicit nano-bio interactions and toxic effects. Furthermore, their physicochemical 
properties can be influenced by the surrounding matrix or by physiological processes, 
such as digestion or inhalation, that modify their primary physicochemical properties. 
These secondary features may also influence the NMs toxicity and associated adverse 
health outcomes, such chronic inflammation and/or cancer. Therefore, the safety 
assessment of NMs must be conducted early in their development process and follow 
the nanotoxicology principles, in order to unveil the most relevant physicochemical 
characteristics that determine their potential adverse effects. In this work, 
the nanotoxicological investigation for the case studies of titanium dioxide NMs 
and nanocelluloses are presented. 

Henriqueta Louroa,b, Célia Venturaa,b, Dora Roloa, Nádia Vitala, Fátima Pintoa, Maria João Silvaa,b 
 
aNational Institute of Health Doutor Ricardo Jorge, I.P. (INSA), Lisbon, Portugal bCentre for Toxicogenomics and Human Health (ToxOmics), Nova 
Medical 
School/Faculdade de Ciências Médicas, Universidade Nova de Lisboa, Portugal 

Henriqueta.Louro@insa.min-saude.pt 

03
Early-stage nanosafety assessment as a critical tool  
for innovative nanomaterials development

They illustrate the establishment of relationships between NMs characteristics 
and their toxicological properties and how they may direct the synthesis of innovative 
and safer NMs. If such tool is used at an early stage of NMs or product development, 
it moves industry towards a safe and sustainable by design (SSBD) approach that will 
enable safety to keep pace with innovation for the benefit of citizens.

 The Portuguese ISO/CEN Technical Commission for Nanotechnologies (CT194) 
is acknowledged for its role in bridging the gap between science and industry. 
Work funded by FCT/MCTES through national funds (PIDDAC) 
PTDC/SAU-PUB/29481/2017, PTDC/SAU-PUB/32587/2017, and UIDB/00009/2020; 
UIDP/00009/2020). NV holds a FCT PhD Scholarship grant 2020.07168.BD. 

Sustainable by Design: Embedding Sustainability Criteria Throughout Life Cycle 
of Products and Processes



Eu
ro

N
an

oF
or

um
 | 

5-
6 

M
ay

, 2
02

1

051

The global market for inorganic metal finishing technologies was worth 66.5 € billion 
in 2020 and is expected to reach 93.3 € billion with a CAGR of 5% by the end of 2027.  
PureNano project develops a purification/regeneration process of spent plating baths 
based on functionalized magnetic nanoparticles (MNPs) to be used by the plating 
industry and beyond. It brings together European expertise to develop an effective 
spent bath regeneration technology by capturing various ions remained in the spent 
bath by using functionalized (cationic, anionic and non-ionic) iron oxide nanoparticles 
and nanoparticle aggregates. As a consortium integrated by highly skilled partners, 
PureNano researches a more efficient recycling technology for spent bath 
by modifying and improving existing recycling technologies and thus contributing 
to a more efficient and sustainable plating industry. 

Scaling up of functionalized magnetic nanoparticles and aggregates is carried out by 
CaptiveS. Effectiveness of these magnetic nanoparticle aggregates in capturing metallic 
and non-metallic species in spent bath will be evaluated at 2 pilot lines (PLs) at Cnano 
and GASER SRL. The reuse and disposal of used MNPs will be probed into through 
three main routes:  
• Metal recovery and regeneration of MNPs 
• Water and waste treatment 
• Circular reuse of MNPs in concrete formulations 

A. Ahniyaza, A. Sugunana, L. Magagninb, C. Kostoulab, R. Pescec, J. Buzón Morenod, M. Tripianad, A. Larad, C. Matose, G. Carmona-Aparicioe, A. 
Carminatif, C. Onoratog, I. Deligkiozig, C. Panagiotopoulouh, D. Kosmidih, L. Sakellariouh, I. Angelouh, A. Karathanasisi, E. Papaioannoui, A. Bairamisi, 
E. Grilloj, F. Buttafavaj, E. Travainik, N. Kampakasl   
 
aRISE, Sweden; bPolitecnico di Milano, Italy; cCaptiveS, Italy; dIDENER, Spain; eISQ, Portugal; f GASER, Italy; gAXIA Innovation, Germany; hNTUA, Greece; 
iCnano, Greece; jTecnochimica, Italy; kASFIMET, Italy, lKampakas, Greece. 

e-mail address of the presenting author: anwar.ahniyaz@ri.se

 Inorganic Metal Finishing - Global Market Trajectory & Analytics, https://www.researchandmarkets.com/reports 

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under Grant Agreement No. 821431

03
Functionalized magnetic nanoparticles and nanoparticle 
aggregates enable the regeneration and reuse of spent 
plating baths 

The following promising achievement have been obtained so far: 
• Controlled aggregates of MNPs were produced with different coatings to obtain             
MNPs slurry engineering: general and efficient method to maximize electrochemical 
performance for a given active material and minimize side effects. 
• Preliminary studies have been conducted to validate the three different  
recycling routes.  
• The design of the purification and separation plant has been done. 
• The preliminary Health & Safety hazard analysis, including nanosafety issues, 
has been completed, as well as the Life Cycle Analysis for the production 
and functionalization of MNPs

Sustainable by Design: Embedding Sustainability Criteria Throughout Life Cycle 
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Scientists have always tried to understand and mimic the behavior of the natural 
molecules involved in biological affinity processes in a synthetic way. Synthetic 
materials with molecular recognition properties have been developed for a wide range 
of processes, where high-affinity, robustness and reusability are required. 
Advanced and cheap affinity materials such as molecularly imprinted polymers (MIPs) 
have been developed using a clean technology, namely supercritical carbon dioxide 
(scCO2), bringing many beneficial aspects compared to traditional ones, where volatile 
organic solvents are typically used and mechanical crushing and sieving are needed, 
destroying partially the affinity sites which can comprise the material´s performance. 
This green technology is very appealing because it takes advantage of a pollutant gas 
and secondary product from many industries and uses it to replace organic solvents 
in polymer synthesis and processing. At the end of the process, CO2 is simply released 
as a gas leaving no residues in the final material, thus without the need of any further 
drying or purification steps. 

Raquel Viveiros and Teresa Casimiro 
 
CleanMIPTech group, LAQV-REQUIMTE, Chemistry department, NOVA School of Science & Technology | FCT NOVA, NOVA University of Lisbon, 2829-
516 Caparica, Portugal

raquel.viveiros@fct.unl.pt  

[1] https://sites.fct.unl.pt/clean-mip-tech/. 

Acknowledgements: The authors would like to thank financial support from Fundação para a Ciência e Tecnologia, Ministério da Ciência, Tecnologia e Ensino Superior 
(FCT/MCTES), Portugal through project PTDC/EQU-EQU/32473/2017 (by national funds through FCT/MCTES, PIDDAC). The Associate Laboratory Research Unit for 
Green Chemistry - Clean Technologies and Processes - LAQV is financed by national funds from FCT/ MCTES (UIDP/QUI/50006/2020 and UIDB/QUI/50006/2020) and 
co-financed by the ERDF under the PT2020 Partnership Agreement (POCI-01-0145-FEDER – 007265).

03
Green development of advanced and cheap affinity 
materials 

 

In particular, advanced synthetic affinity materials developed in scCO2 are obtained 
with outstanding features, as they are obtained as dry-powders, in high yields, 
stable, robust and reusable, ready-to-use, with controlled morphology and with 
similar binding properties in comparison with natural molecules. Oral drug delivery, 
switchable sensors, enrichment of high-value compounds from natural resources, 
clean-up contaminants from diesel and aqueous environmental samples and 
purification of Active Pharmaceutical Ingredients (APIs) [1] are some of the fields where 
these materials were already successfully tested. 

We envisage that scCO2 technology could be a versatile greener alternative technology 
that enables the production of cost-effective affinity-targeted materials in a clean way, 
for a wide range of applications, avoiding the excessive use of organic solvents.  
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Additive manufacturing technologies have the potential to change the way 
manufacturing is designed, allowing the production of complex geometries that 
would not be possible, or would be too expensive to achieve, with other techniques. 
Given the potential applications in aerospace, automotive and medical sectors, the 
interest in Metal Additive Manufacturing (MAM) has recently been growing. Despite 
the MAM production costs are not yet competitive for simple geometries and mass 
production, MAM processes are expected to be able to reduce weight, resources, 
energy consumption, waste generation and the environmental impacts associated with 
more complex metallic parts. Thus, many authors claim that, depending on geometry 
and production scale, additive manufacturing may be a more sustainable alternative 
to conventional processing. However, there are not yet many environmental life cycle 
studies supporting MAM developments. 

MULTI-FUN project [1] aims to advance new multi-material and multi-functional MAM 
parts and technologies. Taking advantage of nanometric grain refinement, properties, 
such as strength, hardness, or thermal resistance, can improve metal matrix 

Helena Monteiro,a Inês Lei,a,b and Gabriel Carmona Aparicioa 
 
a R&Di, Instituto de Soldadura e Qualidade, 4415-491 Grijó, Portugal b Faculty of Engineening of University of Porto, Porto, Portugal 
 
himonteiro@isq.pt 

[1] MUTI-FUN, grant agreement No: 862617  

03
Life cycle assessment of metal additive 
manufacturing parts   

composite materials and nano-enabled coatings. In addition, MAM technologies under 
study have the potential to 3D print advanced parts that are expected to have reduced 
costs and lower environmental impacts. As MAM developments are quite new, studies 
that corroborate these expectations are required. Thus, environmental, and economic 
Life cycle assessment (LCA) is being used to estimate the potential environmental 
impacts of MAM parts and identify hots-spot for improvement supporting MAM 
developments, from an early stage of product design, towards more sustainable 
and cost-effective production. This study also increases knowledge in the LCA field 
regarding modeling emerging technologies and products (such as nano-enabled 
and MAM products).  

Sustainable by Design: Embedding Sustainability Criteria Throughout Life Cycle 
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Additive Manufacturing (AM) is considered to have generated revolutionary prospects 
for the advancement of the manufacturing field. Fused Filament Fabrication (FFF) is 
the most accessible AM technique, based on programmable extrusion of a continuous 
thermoplastic filament to create objects layer-by-layer. Following its spread in the 
research and manufacturing world, use of FFF in progressively more demanding 
applications has led to the development of advanced materials which possess unique 
properties. This is commonly achieved through the incorporation of additives in the 
polymer filament feedstock. The introduction of Carbon Fibers (CFs) in continuous 
or chopped form offers substantial increase in overall filament mechanical strength. 
While FFF 3D printing is a relatively safe process, there are several important hazards 
to consider. Processing of the polymer filaments in high temperatures close to the 
melting point results in the emission of substantial numbers of nanoscale particles 
(<100nm). These particles pose an occupational hazard since, if inhaled, they can 
penetrate into sensitive areas of the lungs and cause inflammation & irritation.  
In this work, an exposure campaign in 3D printing sessions with chopped  
CF-reinforced filaments is presented. Airborne (nano)particle measurements 
in a workplace applying an industrial-grade continuous fiber reinforcement (CFR) 
printer have been performed. 

Panagiotis Karayannis1*, Stratos Saliakas1, Elias Koumoulos1 

1IRES—Innovation in Research & Engineering Solutions, Rue Koningin Astridlaan 59B, 1780 Wemmel, Belgium 

*karayannisp@innovation-res.eu 
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03
Nanoparticle exposure assessment in 3D printing 
processes with CF-reinforced filament materials 

The objective was to assess the exposure risks present due to the emissions 
of ultrafine particles. The 3D printing activities have been evaluated in terms 
of occupational exposure risk, and controls required were defined. The emission 
hazards of 3D printing can be a disruptive barrier in the wide market and industry 
absorption of this technology. Quantification of the occupational health risks, as well 
as definition of required safety practices serve as important supportive actions 
towards the establishment of 3D printing in the industrial landscape. 
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It has been widely acknowledged that the risk governance of nanotechnology should 
be based on a clear understanding of risk, its management practices, and the societal 
risk perception by all stakeholders. The IRGC Risk Governance Framework describes 
processes aiming to provide and structure scientific evidence about a risk in a societal 
context. NANORIGO and RiskGONE and GOV4NANO projects considers this framework 
along with ao. the ISO 21505 and ISO 31000 standards modified in caLIBRAte to 
fit nanotechnology, its products and contiguous frameworks. The NRGF provides 
guidance for early identification, assessment, management and communication 
of risks, involving multiple stakeholders, considering the social impacts of the various 
uses of nanoproducts, and coupling risk benefit assessment. It integrates selected 
methods, tools and best practices that can improve or complement existing practices 
for safety and risk management. 

Arto Säämänena, Marie-Valentine Florinb, Francisco Huertasc, Arantxa Ballesterosc, Piet Sellked, Anna-Kaisa Viitanena, Panagiotis Isigonise, Nils 
Bohmerf, Dalila Antunesg, Keld Alstrup Jensenh 
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03
Nanotechnology Risk Governance Framework  
(NRGF) – adaptation of the IRGC approach 

Stakeholder needs, as continuously identified, are incorporated in the NRGF 
to enable tailored development for multiple stakeholder groups. The NRGF comprises 
of interlinked steps and cross-cutting core functions and serves as the integrator 
of important concepts and principles, tools and illustrations. The framework is 
converted to interoperable web-based solutions also including the use of FAIR data 
to facilitate its’ interactive and flexible use. 
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 Life Cycle Assessment (LCA) is a methodology which is widely implemented in industry, 
research and development in order to analyze the environmental performance 
of systems, products, materials and technologies. The LCA methodology is used 
for the analysis of results obtained in laboratory scale studies, and rarely focuses 
on the environmental burdens caused by large scale processes. At the earliest stage 
of development, the sustainability dimension is in a continuous increase demand 
in research projects. Life cycle assessment (LCA), being a widely used and standardized 
tool to evaluate the environmental impact of a product, process or service, started to be 
considered an ideal instrument to evaluate the scale-up dimension. Most studies begin 
at the laboratory scale and provide a procedure for simulating a scale-up production 
considering existing data but requiring knowledge of large-scale behavior [1].
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[1] F. Piccinno, R. Hischier, S. Seeger, C. Som, J. Clean Prod. 2016, 135, 1085-1097. 

03
Necessity of sustainability assessments in the framework 
of microbial processes upscale 

Given this context, in this paper we propose the microbial processes upscale steps 
considering the following flow: laboratory protocol; design of plant flow diagram; 
separate upscale of each individual process according with the process framework; 
linkage and consolidation of the in- and output data of all the involved process; 
application of the LCA methodology. LCA applied in microbial processes upscale 
supports the development of new upscale technologies. 
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 The aim of this study is to use recycled plastic at fan shroud application in order 
to reduce environmental footprint of product by avoiding CO2 emissions from 
mining, storage and transportation operations.[1] In the first step of this study, local 
polypropylene waste sources were used in glass fiber reinforced polypropylene 
compound to compare recycle PP GF versus virgin PP GF materials in terms 
of mechanical, thermal and physical properties. Tensile and impact tests with support 
of DSC, FTIR and TGA analysis were performed to characterize recycled and virgin 
PP GF products. In the second part of the study Fan Shroud, which accommodates 
the fan that in turn provides necessary air distribution across the radiator in order 
to have effective engine cooling, has produced using recycled PP GF compound. 
In order to validate fan shroud made by recycled PP, manufacturing & assembly 

Ozak Durmusa, Buse Nur Biddleb, Eren Mermerc, Mehmet Ali Orald, Arda Kucuksarıe, and Mustafa Basaranf 
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[1] A. Heru Prastawa, B. Sri Hartini, AIP Conference Proceedings 2019, 030015, page 2. 

03
Recycled Polypropylene Fan Shroud Application for 
Heavy Duty Trucks  

feasibility, dimensional reliability and vehicle tests carried out. Cradle to gate Life Cycle 
Assessment analysis was studied for virgin and recycled plastic fan shrouds to identify 
the hotspots and comparing two products at 11 LCA impact categories. 

Sustainable by Design: Embedding Sustainability Criteria Throughout Life Cycle 
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Repair3D project develops innovative reclamation and repurposing routes for 
end-of-life plastic and carbon fibre reinforced polymer (CFRP) components employing 
advanced nanotechnology solutions, additive manufacturing (AM) and recycled 
resources, for the production of high added value 3D printed products with advanced 
functionalities. In this way, the combination of AM, polymer processing and recycling 
technologies could constitute a new paradigm of a distributed recycling process, easily 
implemented at local scale in collaboration with the industrial sector and collection 
facilities, in order to create competitive, highly customisable products at lower 
production costs, in a flexible digital environment that fully unravels the potential 
of eco-design and allows for integration of smart intrinsic self-sensing, self-repairing 
and recycling options. All aspects and stages of thermoplastic and CF reinforced 

Tatjana Kosanovic Milickovic, Aikaterini Flora Trompeta, Ana Frengkou, Nikolina Chronopoulou, Maria Kanidi, Costas A.Charitidis 
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03
Repair3D - Recycling and Repurposing of Plastic Waste 
for Advanced 3D Printing Applications 

thermoplastic 3D printing material development from recycled resources, starting 
with the selection of suitable waste streams, strategies for material repair, 
compatibilization and upgrade towards AM processing, compatibility between 
different thermoplastic matrices and the reinforcing fibres and nanoparticles, 
comparative assessment of various AM thermoplastic processing technologies 
and closed-loop material optimisation in terms of processability and performance 
have been addressed. 
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Safe and sustainable innovation requires a good understanding of the potential 
health and environmental risks along the life cycle of a product. In the absence of 
specific and integrated regulatory guidelines for the management of risks associated 
to the use of nanomaterials (NMs) and nano-enabled products (NEP), numerous 
organizations have produced guidance documents with the aim of covering the 
obvious management gaps that exist in the different application domains (workers, 
consumers, environment). There is still a need to provide industry with easy to use 
and integrative guidance with clear workflows exploiting the most relevant resources 
for each evaluation case, so that industry can efficiently manage the potential risks 
associated to NMs and NEPs. The challenge now is to distil and integrate available 
resources (methods, models, frameworks, and tools) to reduce their complexity, costs 
and delocalization. To address this challenge SAbyNA will develop an integrative  
user-friendly Guidance Platform with optimal workflows to support the development 
of safe-by-design of products (NMs and NEPs) and processes over the whole life cycle.  

Socorro Vázquez-Campos,a Camilla Delpivo,a Joan Cabellos,a Verónica González,a Elena Cerro,a Apostolos Salmatonidis,a Nathan Bossaa 
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Abstract for the EuroNanoForum, May 5-6, 2021, Virtual Poster Session on Topic 3. Sustainable by Design: Embedding sustainability criteria throughout the life cycle of 
products and processes 

03
SAbyNA Guidance Platform: Guiding Industry  
in the Design and Development of Safer Nanomaterials 
and Nano-enabled Products 

A panel of safe-by-design strategies and risk mitigation measures will be incorporated 
in the Guidance workflows with hierarchies and decision trees to facilitate the 
identification of most suitable approaches for each case. SAbyNA will also develop 
specific modules of such Guidance Platform tailored to the Paints and 3D printing 
industry, to showcase how usability can be increased by targeting specific industrial 
sectors. A continuous dialogue with different stakeholders and end-users will 
maximize the added value of the SAbyNA Safe-by-design Guidance Platform, which 
will also be demonstrated in real life industrial case studies. 
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NanoCommons is a H2020 Research Infrastructure project focusing on bridging 
in vivo & in vitro experimental with in silico prediction approaches by offering integrated 
data workflows for nanomaterials safety assessment and beyond. The NanoCommons 
Knowledge Base provides access to high quality nanoinformatics services based 
on reliable data, established by clear metadata recommendations[1] using unique 
nanomaterial identifiers[2], for nanosafety assessors in industry, academia and regulatory 
agencies. Being user-led, the NanoCommons Infrastructure encompasses services 
needed by the user community of nanotechnology, nanosafety, nanomedicine, 
and related fields. 
 
The NanoCommons’ service catalogue covers four categories relevant for nanosafety 
assessment: 
experimental workflows design and implementation; 
• data processing and analysis; 
• data visualisation and predictive toxicity; 
• data storage and online accessibility. 
 
These services are designed to promote data FAIRness (Findable, Accessible, 
Interoperable, Reusable), a key NanoCommons goal. A suite of online available training 
materials has been developed for the offered processes to help users chose the services 
relevant to their research, innovation or development questions and applications, being 
compiled in the gradually growing NanoCommons User Guidance Handbook.

Martin Himly,a Beatriz Alfaro Serrano,b Dieter Maier,c Thomas Exner,d Iseult Lynch,e and the NanoCommons consortium 
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03
The NanoCommons Infrastructure – A Quick Guide to the 
WHAT and HOW of Experiment-to-Informatics Workflows 
Serving the Safe & Sustainable-by-Design Concept

This integrated data generation-to-reutilization process shall bridge academic research 
with industry and regulators, serving the Safe-and-Sustainabilityby-Design concept 
in nanotechnology and beyond. 
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The European Commission has been funding the establishment of “Open Innovation Test Beds” 
in order to stimulate the faster development of new materials and products based on emerging 
technologies, by taking advantage of cooperative innovation (access to facilities, capabilities and 
services) to achieve market competitiveness and readiness (from laboratory innovation to industrial 
prototyping). In particular, lightweight nano-enabled multifunctional materials, with improved 
performance, such as strength, thermal, self-cleaning and/or self-sensing properties, are being 
developed. The LightCoce and LightMe ecosystems aim covering the gap in the upscaling and testing of 
multifunctional lightweight materials by providing open access, to SMEs and large industry, to upgraded 
Pilot Lines (PLs) and a wide range of services. To achieve market readiness, the innovative products 
must comply with the applicable regulatory and normative requirements, namely those relating to 
safety and environmental protection. In this regard, LightCoce and LightMe ecosystems, provide 
dedicated services, such as an integrated approach for assessing safety and sustainability aspects 
for the design and upscaling of novel/modified nano-enable products or processes. This integrated 
evaluation encompasses risk assessment (RA), life cycle analysis (LCA) and life cycle costing (LCC) . 

RA identifies uncertainties (especially those related to the use of nanomaterials) and potentials risks, 
following the principles and guidelines of the standard ISO 31000. Then, aiming at risk prevention and 
control, health, safety and environmental specifications and recommendations will be defined, based 
on current guidelines (OECD, WHO, other European and international entities), standards (CEN/TC 
352 and ISO/TC229) and regulatory requirements (namely REACH and CLP). Monitoring nanoparticles’ 
concentration along production processes will allow to assess the exposure to engineered 
nanomaterials and to verify the effectiveness of safety control measures. Control Banding or simplified 
tools will be used to prioritize action on risk control, saving resources (time and money). Communication 
and consultation with external and internal stakeholders should take place during all stages of the RM 

Ana Rita Alberto a, Cristina Matos a, Gabriel Carmona-Aparicio a, Helena Monteiro a, Rocío Barros Garcíab , Sonia Martel Martínb 

aISQ, Oeiras, Portugal; bICCRAM – Universidad de Burgos, Burgos, Spain. 

e-mail: arsoares@isq.pt 

 Breedveld, L. (2013). Combining LCA and RA for the integrated risk management of emerging technologies. J. of Risk Research, 16(3-4), 459-468. 2 Curley, M., & 
Salmelin, B. (2013). Open innovation 2.0: a new paradigm. OISPG White Paper, 1-12. 

03
Upscaling safe and sustainable products through 
European innovation ecosystems: LightCoce and LightMe  

process. The potential environmental impacts and benefits associated to the development and 
application of the new/modified nano-enable products will be assessed through an LCA framework 
following ISO 14040 and 14044 standards. Based on close collaboration, the environmental hot 
spots for improvement can be identified and alternative production scenarios assessed to support 
decision. Similarly, LCC allows to identify the main production and life cycle cost drivers, to support 
decision-making towards the most viable combinations of materials and manufacturing methods. 
Using similar system boundaries, the comprehensive approach proposed, integrates LCA, LCC and 
RA analysis and supports the identification of interactions, including tradeoffs, between the different 
safety and sustainability criteria required for market acceptance. This will also result in the definition 
of strategies to improve eco-efficiency, risk governance and products/processes feasibility. 

The development of this integrated assessment within the LightCoce and LightMe ecosystems 
could stimulate creativity, innovation, and the faster launch of new products on the market taking 
advantage of an integrated set of skills, at attractive prices, which is essential in the early stages of 
research and development. The very high investments associated with the design of new/modified 
processes and products, can be significantly reduced by the synergies created in this type of 
ecosystem2. Ensuring the safety, environmental and economic aspects of the new technologies is 
essential for a faster market acceptance and for meeting the sustainability goals required nowadays

Sustainable by Design: Embedding Sustainability Criteria Throughout Life Cycle 
of Products and Processes
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One of the important problems of today is continuous increase in the amount 
of energy consumption by the devices produced with developing technology. [1]
Therefore, white goods stand out as the most important electrical appliances when 
energy consumption is being considered in households. When household appliances 
are considered, it is seen that refrigerators are the products that cause the most 
electricity consumption after the illumination. In a refrigerator compressor, the 
refrigerant, lubricating oil, and mechanical equipment must work in harmony with 
one another.[2] The compatibility of the refrigerant gas and lubricating oil in the 
compressor is extremely important in that the lubricating oil can provide the necessary 
protective layer on the metal surfaces. 

In this study, the changes caused by temperature and pressure on the chemical 
and physical properties of compressor lubricating oils were investigated. For this 
purpose, three different viscosity samples from three different companies were used 
as compressor oil. Lubricating oil with a viscosity of 9 cSt with naphthenic content 
selected, with a viscosity of 7 cSt with paraffinic content selected and with a viscosity 
of 5 cSt with aromatic and naphthenic content was selected. 

Gizem Balkız a, Dr. Hüsnü Kerpiççi a, Hamza Tarık Öztürk a and Prof. Dr. Ayşegül Meriçboyu b 
 
a  Arçelik A.Ş. Çayırova Kampüsü Merkez Arge Temel Bilimler Istanbul, 34950 b Istanbul Technical University Sarıyer, Istanbul,34467 

 gizem.balkiz@arcelik.com 

[1] Harrington L., Aye L., Fuller B., Hepworth G., (2019), "Peering into the cabinet: Quantifying the energy impact of door openings and food loads in household 
refrigerators during normal use",  International Journal of Refrigeration. 
[2] Harrington L., Aye L., Fuller B., (2018), "Impact of room temperature on  energy consumption of household refrigerators : Lessons from analysis of field and laboratory 
data.'' Elsevier

Mobilising industry for a clean and circular economy04
 Organic Analysis over the Compressor Lubricating Oil 

These samples were tested in compressors operated under different conditions. 
The oil samples tested in the compressors were taken and analyzed and the results 
obtained were compared with the results of the original sample. In these tests, 
the effects of temperature and pressure on the properties of lubricating oil were 
examined. 

Necessary chemical analyzes were selected in order to determine the chemical 
changes of lubricating oils under different mechanical effects. Chemical analyzes were 
performed in two parts. GC-MS, GC-SIMDIS analyzes were used for the determination 
of organic molecules in chemical analyzes. 
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Nanoimprinting [1] is a cost efficient replication technology for micro- and 
nanostructures. To be able to do this on large areas, i.e. on wafer scale or larger, 
step&repeat and roller-based processes are interesting. We have established 
nanoimprint tools and processes which are highly versatile and can be used for 
a broad range of applications ranging from micro-optics [2] to life sciences [3]. There 
are two types of step&repeat NIL tools, one for nanoscale feature nanoimprinting 
on pre-coated substrates [4] and one for microscale feature replication with dedicated 
material dispensing for each imprinting step. Figure 1 (left) shows a wafer that 
was patterned using the tool for nanostructures.  

In addition to directly patterning the substrates, our tools also are used to create 
masters for the fabrication of imprinting plates for roll-to-plate nanoimprinting 
(Fig.1 (right)). 

Michael Haslinger, a Sonja Kopp, a and Michael Mühlberger a 
 
aPROFACTOR GmbH, Im Stadtgut D1, 4407 Steyr, Austria 
 
michael.muehlberger@profactor.at 

[1] Schift, H., J Vac Sci Technol B 2008, 26,.458-480.  
[2] Yde, L, et al., presented at NNT2016 http://www.nntconf.org/submissions/ rollerNIL%20NNT%20R2P%20v1.pdf (last accessed 2021.03.03.). [3] Brückl, H., et al. 
Scientific Reports 2021 (accepted) 
[4] Haslinger, M. et al., Nanotechnology 2020, 31, 345301 (11pp)

04
Step&Repeat and Roll-to-Plate Nanoimprinting for R&D  
in Optics and the Life Sciences 
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In the Alentejo region, the cheese industry stands out for its significant impact on 
the rural economy. However, cheese production activity generates effluents of high 
complexity and great environmental impact. Over the years, CEBAL has combine R&D 
with knowledge and technology transfer activities, grading membrane technology, 
exploring in particular the use of nanofiltration as a green and innovative technology, 
and its application on the treatment and/or valorization of wastewater from different 
agro-industrial sources. CEBAL is currently equipped with five membrane units 
at different scales, including a semi-industrial one built as a car trailer. Given the 
challenges identified on the cheese sector in previously works, [1,2] a technology transfer 
project called LactoMTec arise from the clear opportunity to transfer scientific and 
technological advances on membrane separation processes, since the technology 
allows the treatment of cheese wastewaters, the reuse of treated water and also the 
valorization of their by-products, such as protein or lactose, that can be an alternative 
source of functional ingredients on food or pharmaceutical industries.[3] 

Carina Pissarraa, Teresa Brása,b, Maria F. Duartea,b and Rita Martinsa,b 
 
aCEBAL – Centro de Biotecnologia Agrícola e Agro-Alimentar do Alentejo / IPBeja – Instituto Politécnico de Beja,7801-908 Beja bMED – Mediterranean 
Institute for Agriculture, Environment and Development, Instituto de Investigação e Formação Avançada, Universidade de Évora, Pólo da Mitra, Ap. 
94, 7006-554 Évora, Portugal 
 
carina.tapada@cebal.pt 

[1] Brás, T., et al., Ambiente Magazine november 2016, 22. 
[2] Brás. T., et al., Voz do Campo, Agrociência april 2015, 26-27.  
[3] Chiara, M., et al., Food Industry 2013, I, 549−570.  

04
Technology Transfer approach for circular valorization  
of cheese-making wastewaters using  
nanofiltration-based processes 

Therefore, the project aims to mobilize cheese-making producers into dynamics 
considering (bio)circular economy perspectives at a broad interaction and sharing 
with researchers, as well as other players that can contribute to build a circular chain. 
The project is based on three crucial stages for its development: 1) roadmapping 
and characterization of the cheese sector; 2) organization of public events and 
technology demonstrations; 3) validation of the technology transfer through on-site 
experimentation actions.

Mobilising industry for a clean and circular economy
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Today, challenges attributed to marine-shell waste generation are not fully realized 
to a valuable extent, and have been given relatively little attention. Hence, strategies 
that would not stop their accumulation, but rather refine them to functional 
innovations are considered novel.[1] Herein, remarkable bioinspired hydrogels for 
wound healing were fabricated from squid gladii cast-offs. β-chitin was first chemically 
extracted from squid pens, and then functionalized with acrylamide (Am-β-Chn) in 
a one-pot route. Fabrication of the hydrogels was then carried out by subsequent 
crosslinking of Am-β-Chn with oxidized alginate (OA). Characterization studies 
demonstrated the biocompatibility, biodegradability, and injectability of the hydrogels. 
Continuous step strain rheology studies showed the ability of the hydrogels to 
recover after exposure to multiple low-high strain cycles. The ability of the hydrogels 
to manifest self-healing property owes to the presence of dynamic Schiff base and 
H-bond crosslinks within their network. Furthermore, results of in vivo study showed 

Jolleen Natalie I. Balitaan,a,b Chung-Der Hsiao,d Jui-Ming Yeh,e  and Karen S. Santiagoa,b,c 
 
aThe Graduate School; bDepartment of Chemistry, College of Science; and cResearch Center for Natural and Applied Sciences, University of Santo 
Tomas, España Boulevard,  Manila 1008, Philippines dDepartment of Bioscience Technology & Department of Chemistry, eDepartment of Chemistry; 
Center for Nanotechnology; and R&D Center for Membrane Technology, Chung Yuan Christian University, Chung Li 32023, Taiwan, ROC 

 
jibalitaan@ust.edu.ph 

[1] M. Yadav, P. Goswami, K. Paritosh, M. Kumar, N. Pareek, & V. Vivekanand. 2019. Seafood waste: a source for preparation of commercially employable chitin/chitosan 
materials. Bioresources and Bioprocessing, 6(8), 1–20.  

04
The Power of Biorefinery: Squid Pen Waste-Derived 
Biomimetic Innovation for Wound Healing 

that indirect application of hydrogels to laser-ablated full-thickness wounds on 
zebrafish notably accelerated its contraction. To the best of our knowledge, this is the 
first study that applied biorefinery of squid pen wastes to its full extent, by developing 
novel Am-β-Chn/OA hydrogels equipped with both self-healing and accelerated 
wound-healing properties. 

Mobilising industry for a clean and circular economy
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Smart materials find a wide range of applications due to their varied response to 
external stimuli. The different fields of application include the day-to-day life of citizens 
but also big industries such as the automotive or the aerospace industry as well 
as civil engineering have directed their interest in smart material applications. The 
scope of application of smart material is to provide solutions to engineering problems 
with unfeasible efficiency and to provide an opportunity for the creation of new 
products that could generate revenues. The overall objective of the MASTRO Project 
is to develop intelligent bulk materials for smart applications in the transport sector 
incorporating several self-responsiveness properties such as self-sensing, self-de-icing, 
self-curing, self- healing and self- protection aiming at increasing consumer safety, 
component lifespan and performance while reducing maintenance and manufacturing 
costs.  Self-responsiveness functionalities were achieved by incorporating electrical 
conductive nanomaterials like carbon nanotubes (MWCNTs) and graphite-based 
nanomaterials into smart lightweight polymer composites together with asphalt 
and concrete formulations.  

Silvia Hernándeza, Araceli Gálveza, Raquel Casadoa, María Casadoa and Jose Veraa 
 
aAcciona Construcción, Calle Valportillo II, 8 Alcobendas (Madrid), Spain 
 
silvia.hernandez.rueda.ext@acciona.com 

Accelerating the shift to sustainable and smart mobility05
MASTRO project: Intelligent bulk MAterials for a Smart 
TRanspOrt sector (www.mastro-h2020.eu) 

These technologies are being demonstrated at prototype level in a relevant 
environment, for the aeronautic, automotive and transport infrastructure sector. 
Within MASTRO project, three aeronautic demos (wing leading edge, engine intake 
and fuel system), four automotive demos (Bumper, Wind screen wiper area, battery 
filling system and Seats (textile)) and three transport infrastructure demos (asphalt 
and concrete pavement and FRP truss structures nodal joints) will be manufactured. 
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A cost-efficient production of reliable, innovative materials and devices like advanced 
electronics products requires nanoscale real-time in-line control, nowadays not 
available, during manufacturing. The H2020 EU-funded CHALLENGES project main 
objective is to develop multipurpose nano-optical techniques and metrological 
protocols for real-time characterization, using plasmonic enhanced Raman, InfraRed, 
Photoluminescence signals, capable to enable an increase of speed, sensitivity, 
spectral range with full cleanroom compatibility within different production 
environments, to improve devices performance, quality and reliability. CHALLENGES 
will focus on the demonstration of such technology in three relevant application 
contexts: Semiconductor Industry, Si Photovoltaics, and 2D Materials. 
 

Lisa Bregoli,a Ivan Gordon,b Amaia Zurutuza,c Vittorio Morandi,d Fabio Sacconi,e Narciso Gambacorti,f Amiad Conley,g Aaron Lewis,h Andrew 
Shubin,i Giorgio Cellere,l Burkhard Beckhoff,m Andrey Babin,n Isella Vicini,a Névine Rochat,f and Marco Rossio  
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San Sebastian, Spain  dCNR-IMM, Bologna Unit, Bologna, Italy eTIBERLAB, Rome, Italy  fUniv. Grenoble Alpes, CEA, Leti, Grenoble, FrancegNOVA 
Measuring Instruments, Rehovot, Israel, hNanonics Imaging, Jerusalem, Israel iScanSens, Hamburg, Germany  lApplied Materials, Olmi di S.Biagio 
di Callalta, Treviso, Italy;  mPhysikalisch-Technische Bundesanstalt, Braunschweig, Germany  nSOL Instruments, MINSK, Belarus oUniversity “La 
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Market access of Nanomaterials Regulations, Standards, Characterisation06
CHALLENGES - Real time nano CHAracterization reLatEd 
techNloGiEeS 

However, the envisaged results are expected to be transferred in the future to many 
other industrial fields in which the materials control at the nanoscale is required. 
This project has received funding from the European Union’s Horizon 2020 research 
and innovation programme under grant agreement No 861857. 
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The study refers to the characterization of pill-type parts made of sintered metal 
powders, with a composition of 95% W; 3.5% Ni; 1.5% Fe, using techniques/ 
technologies and control systems specific to powder metallurgy.[1] The products 
obtained by powder metallurgy eliminate Co as a binding element, expensive and with 
radioactive potential. The main characteristics of the powder mixture were determined 
and analyzed: apparent density, flow rate and humidity. The density, HRC hardness, 
mass, dimensions and porosity of the sintered products were determined on the 
finished product – the pill. Also, the sintered parts were analyzed morphologically 
and structurally to highlight W, in the Ni and Fe matrix.[2] From sintered metal powders 
based on W, in Ni and Fe matrix, products were made for the military industry, and 
for the medical field – protection screens, gamma ray collimators. 

Liliana-Laura Badita,a Aurel Zapciu,a Valentin Gornoava,a and Iulian Sorin Munteanua 
 
aNational Institute of Research and Development in Mechatronics and Measurement Technique, 6-8 Sos. Pantelimon, district 2, Bucharest, Romania 
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[1] R. Muresan, Metalurgia pulberilor, 2005, U.T. Press, Cluj-Napoca, Romania. [2] A. Zapciu, M. Vocurek, F. Izvoranu, I.S. Munteanu, L.L. Badita, V. Gornoava, Int. J. of 
Mechatronics and Appl. Mech. 2018, volume 3, 236−244.

06
Characterization of advanced materials from sintered 
metal powders for special uses   
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Photon Density Wave (PDW) spectroscopy[1] is one of the very few optical methods 
for the characterization of the optical properties of highly concentrated liquid 
emulsions or suspensions. Such materials often exhibit multiple light scattering 
- the basis for successful PDW experiments. Since this analytical technique can 
quantitatively separate light absorption and light scattering properties[2], chemical 
and structural information of such materials can be obtained. 

PDW spectroscopy has been applied to investigate the Ostwald ripening of 
concentrated o/w-nano-scaled emulsions, produced by a phase inversion temperature 
(PIT) emulsification. Even for volume fractions of 20% of the oil phase (isohexadecane), 
ripening rates in dependency of the emulsifier concentration (tetraoxyethylene 
laurylether, 2-8 vol%) can be obtained with high precision and high temporal 
resolution. 

A. Krausea,b, S. Schlappaa, L. Bressela,b, O. Reicha, M. Münzberga,b, and R. Hassb 
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06
Characterization of Concentrated Nano-Scaled Droplets, 
Soft and Hard Particles by Fiber-Optical Photon Density 
Wave Spectroscopy 

Furthermore, the inline monitoring of high solid content (up to 55 wt%) polymer 
particles has been investigated. Polyvinyl acetate nanoparticles (400-700 nm) 
were successfully synthesized by starved feed radical emulsion polymerization, 
characterized by PDW spectroscopy, and compared to reference methods like DLS. 
As a third topic, hard sphere and electrostatic nano-particle interactions have been 
studied by PDW spectroscopy. Through appropriate theoretical modelling, 
the experimentally obtained optical properties of polymer particles in highly 
concentrated suspensions (> 5 vol%) can be used to determine their ionic strength, 
particle surface charge and size. Conversely, PDW spectroscopy can be applied 
to adjust the optical properties of suspensions with nano-scaled particles, e.g. 
by changing the ionic strength of the system.  

[1] L. Bressel, R. Hass, O. Reich, J. Quant. Spec. Rad. Transfer 2013, 126, 122–129. 
[2] O. Reich, H.-G. Löhmannsröben, F. Schael, Phys. Chem. Chem. Phys. 2003, 5, 5182-5187. 
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In the present study new block PLA-b-PHSu copolymers in 95/5, 90/10 and 80/20 mass 
ratios were synthesized [1]. Poly(hexylene sucinate) (PHSu) was selected due 
to its non-toxicity and high biodegradation rate in order to improve PLA’s degradation 
rate[2]. In order to test the physicochemical properties, the morphology and the 
crystallization process of the new copolymers, SEM, PLM, FTIR and TGA measurements 
were performed. FTIR proved that block copolymers have been prepared. Thermal 
degradation, by TGA, revealed that as the content of PHSu increases the copolymers 
start to lose mass at lower temperatures compared to PLA. 
PLM showed small crystallites forming above 90 °C in PLA, while in the other 
copolymers at lower temperatures. SEM showed rough surfaces and few voids.  

Presenting Author (Iouliana Chrysafi)a, Eleni Pavlidou a and Dimitrios N.Bikiarisb 
 
a Laboratory of Advanced Materials and Devices, Department of Physics, Faculty of Sciences, Aristotle University of Thessaloniki, Thessaloniki, 
GR-54124, Greece b Laboratory of Polymers Chemistry and Technology, Department of Chemistry, Faculty of Sciences, Aristotle University of 
Thessaloniki, GR-54124, Greece 
 
iochrysa@physics.auth.gr 

[1] I. Chrysafi et al., “Effects of poly(hexylene succinate) amount on the crystallization and molecular mobility of poly(lactic acid) copolymers,” Thermochim. Acta, vol. 698, 
no. November 2020, p. 178883, 2021, doi: 10.1016/j.tca.2021.178883. 
[2] Z. Bai, Y. Liu, T. Su, and Z. Wang, “Effect of hydroxyl monomers on the Enzymatic degradation of poly(ethylene succinate), poly(butylene succinate), and poly(hexylene 
succinate),” Polymers (Basel)., vol. 10, no. 1, 2018, doi: 10.3390/polym10010090. 

 (a) FTIR spectra of PHSu, PLA, PLA-b-PHSu80/20, (b) Mass (%) versus Temperature curve for PLA, PHSu and their 3 copolymers at the heating rate of 20 ¡C/min, 
SEM micrographs of PLA-b-PHSu80/20 
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Characterization of new block PLA-b-PHSu copolymers 
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The metallic nanoparticles (NPs) have gained major interest for biomedical 
applications, prompting the need for intense research into their fate in the human 
body and interactions with biomolecules. Silver and gold NPs possess a high 
affinity for sulphur and are prone to interact with various biothiols, resulting in 
biotransformations of both NPs and thiol molecules.[1,2] In this study, we examined 
the binding and interactions of model biothiols, cysteine and glutathione, during 
the formation and exposure to silver and gold NPs. The biothiol transformations are 
tracked using nuclear magnetic resonance (NMR) spectroscopy, while adsorption 
and binding are modelled computationally using molecular dynamics (MD) techniques. 

Barbara Pem,a Mateja Toma,b Valerije Vrček,b and Ivana Vinković Vrčeka 
 
Institute for Medical Research and Occupational Health, Ksaverska cesta 2, Zagreb, 
Croatia  Faculty of Pharmacy and Biochemistry, University of Zagreb, Ante Kovačića 1, Zagreb, Croatia 
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06
Combined experimental and computational study  
of biothiol interactions with silver and gold nanoparticles  

In the model system, oxidative dimerization of thiols precedes their binding to the NP 
surface, and the binding is stronger for dimers compared to monomers. 
In an in vivo system, this may translate to biothiol depletion and NP destabilization, 
thereby indicating possible negative consequences for human health.  

[1] N. Feliu, D. Docter, M. Heine, P. del Pino, S. Ashraf, J. Kolosnjaj-Tabi et al. Chem Soc Rev 2016, 45, 2440–57.  
[2] K. Vangala, F. Ameer, G. Salomon, V. Le, E. Lewis, L. Yu et al. J Phys Chem C 2012, 116, 3645–52. 

ACKNOWLEDGEMENTS: This study was financially supported by the Croatian Science Foundation (grant HRZZ-IP-2016-06-2436).
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Colloidal semiconductor nanoparticles, commonly known as quantum dots (QDs) have 
emerged as an attractive class of optoelectronic materials with increased potential 
for biological applications. Several advances have been made in the optimization of 
indium phosphide (InP) QDs in order to synthesize safer alternatives to the traditional 
toxic cadmium-based nanoparticles.[1,2] Indium phosphide core QDs with zinc sulphide 
shells (InP/ZnS) have been reported with a maximum photoluminescent quantum yield 
of 85% in organic solvent and 57% in organic solvent.[3] 

To further explore the optical properties of InP/ZnS QDs, the effect of core growth 
time and sample concentration was tested using different indium precursors during 
the synthesis. Using a typical hot-injection method for the synthesis, the QDs were 
characterized by spectroscopic measurements. Preliminary results show that orange 
and green QDs (InBr3 and InI3 precursors, respectively) exhibit 
a concentration-dependent fluorescence emission profile and a response to different 
core growth time. With the increase in core growth time, green InP/ZnS QDs show 
a redshift in the emission peak, while orange QDs suffer a blueshift. Hélio M. Gil,a Simon D. J. Calaminus,c and Graeme J. Stasiuka,b 
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06
Concentration-dependent optical properties of InP 
Quantum Dots 

The emission intensity of both QDs benefits from lower core growth times, since 
a two-fold decrease in the intensity is observed at 40 minutes using the same 
concentration. The emission profile within the same sample of QDs shows that with 
increasing concentration, the emission peak redshifts, accompanied by a decrease 
in the intensity.  

The results provide insights on how the control of the synthetic conditions of InP/
ZnS QDs affects the optical properties of the nanoparticles. Further studies including 
a wider range of QDs and core growth times should be conducted to identify optimal 
conditions for the synthesis of InP/ZnS QDs. 

[1] M. D. Tessier, D. Dupont, K. De Nolf, J. De Roo and Z. Hens, Chem. Mater. 2015, 27, 4893-4898. 
[2] P. Reiss, M. Carriere, C. Lincheneau, L. Vaure and S. Tamang, Chem. Rev. 2016, 116, 10731-10819. 
[3] M. T. Clarke, F. N. Viscomi, T. W. Chamberlain, N. Hondow, A. M. Adawi, J. Sturge, S. C. Erwin, J.-S. G. Bouillard, S. Tamang and G. J. Stasiuk, Commun. Chem. 2019, 2, 1-7. 
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Risk Governance of nanomaterials addresses multiple criteria including risk 
assessment and management, life cycle assessment and ecological, social and 
economic risk-benefit assessment. In addition, there is increasing interest in 
addressing ethical issues. To accommodate consideration of ethical issues, RiskGONE 
developed guidelines [1] and online tools for screening ethical impacts and performing 
a small-scale Ethical Impact Assessment (EIA) adapted from the corresponding CEN 
pre-standard.[2] Online tools developed in RiskGONE support users in performing 
the six-step EIA procedure (screening, drafting an EIA-plan, identifying and evaluating 
ethical issues, drafting remedial actions, and review of the EIA).
 

Ineke Malsch,a Panagiotis Isigonis,b Evert Bouman,c Antreas Afantitis,d Georgia Melagraki,d Maria Dusinskac 

 
aMalsch TechnoValuation, PO Box 455, 3500AL Utrecht, The Netherlands bUNIVE, Ca’Foscari University of Venice, Mestre-Venezia, Italy,  
cNILU-Norwegian Institute for Air Research, Kjeller, Norway, dNovamechanics, Nicosia, Cyprus 
 
malschtechnovaluation@xs4all.nl 

06
Exploring User Interest in Ethical Tools for Nano-Risk 
Governance 

During an online stakeholder workshop on 26-27 January 2021 of the EU-funded 
NMBP-13 projects (Gov4Nano, NanoRIGO and RiskGONE), the methodology was 
presented and discussed, resulting in feedback on expected users, applications 
of nanotechnology which call for assessment of ethical impacts and relevant ethical 
issues. This poster presents an analysis of the results of this stakeholder engagement.  

[1] RiskGONE D3.6 Draft guidelines on Identification of regulatory and ethical risk thresholds. RiskGONE project, December 2020 
[2] CEN, CWA 17145-2:2017 (E) Ethics assessment for research and innovation - 
Part 2: Ethical impact assessment framework. CEN, Brussels, June 2017 
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The constantly rising production, use and market size of manufactured nanomaterials 
(NMs) raise concerns among different stakeholder groups with regards to their effects 
on human and environmental health[1]. Currently, nanosafety hazard assessment 
is still widely dependent on  in vivo (animal) models, and the development of robust 
and regulatory relevant strategies is required to prioritize and/or reduce animal 
testing[2]. Adverse outcome pathways (AOPs) are a structured representation of 
biological events that start from a molecular initiating event (MIE) leading to an adverse 
outcome (AO) through a series of key events (KEs). The AOPs framework[3] offers great 
advancement to regulatory risk and hazard assessments. While many different AOPs 
for chemicals have already been developed and reported, the AOP collection for NMs 
is narrow. By performing a literature search, we identified KEs relevant for NMs that 
are associated with existing AOPs in AOP-Wiki. 
 

Sivakumar Murugadoss1, Ivana Vinković Vrček2, Mihaela Roxana Cimpan3, Barbara Pem2, Marvin Martens4, Egon Willighagen4, Anita 
Sosnowska5, Tomasz Puzyn5, Maria Dusinska6, Valérie Fessard7 and Peter Hoet1  
 
1KU Leuven, Leuven, Belgium, 2Institute for Medical Research and Occupational Health, Zagreb, Croatia, 3University of Bergen, Bergen, Norway, 
4Maastricht University, Maastricht, the Netherlands, 5QSAR Lab, Gdansk, Poland, 6NILUNorwegian Institute for Air Research, Kjeller, Norway, 
7ANSES, Fougères, France 
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06
Identifying the relevance of exisiting aops  
for nanomaterials 

The identified AOPs were analysed for upstream events at the molecular and 
cellular level and their potential relevance for NMs was assessed. Based on this 
analysis, new KEs were identified that can be useful in addressing the knowledge 
gaps in existing AOPs and generating nano-relevant AOPs. 

[1] M. E. Vance, T. Kuiken, E. P. Vejerano, S. P. McGinnis, M. F. Hochella, D. R. Hull, Beilstein J. Nanotechnol. 2015, 6, 1769. 
[2] European Commission, “Animals used for scientific purposes,” can be found under https://ec.europa.eu/environment/chemicals/lab_animals/index_en.htm, 
2020. 
[3] “AOP-Wiki,” can be found under https://aopwiki.org/. 
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The main objective of NANORIGO (NANOtechnology RIsk GOvernance) is to develop 
and implement a transparent, transdisciplinary and science-based Risk Governance 
Framework (RGF) for managing possible nanotechnology risks regarding social, 
environmental and economic benefits. A new risk management approach is formed 
based on available high-quality data and advanced scientific tools developed for 
industry and regulators’ decision-making, and on communication with all stakeholders 
(regulators, industries, politicians, the civil society). The RGF will use a life-cycle 
perspective and integrate available knowledge on ethical, social, environmental, 
and economic concerns into a user-friendly format that can be easily adapted 
and transferred into regulation for hazard, exposure and risk assessment and 
management of nanomaterials. It will consist of: (i) risk management strategies based 
on reinforced tools for guidance and decision-making developed for risk assessment, 
(ii) validated methodologies to identify potential hazard and exposure, and (iii) 
a web-based information and communication platform to facilitate access to good 
quality data and a clear risk understanding of stakeholders, and their valuable 
feedback. The NANORIGO work plan consists of 7 work packages covering all major 
risk governance aspects. 
 

Mark Morrison,a Rudolf Reuther b 
 
Torus Building, Scottish Enterprise Technology Park, East Kilbride, Glasgow, G75 0QF, UK Oberes Lautenbächle 3 – 77886 Lauf – GERMANY 
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06
NANORIGO – NAnotechnology RIsk GOvernance 

Finally, a self-sustained European Risk Governance Council (ERGC) will be established 
and implemented by NANORIGO and all relevant stakeholders, and embedded in 
relevant international structures, in close cooperation with the International Risk 
Governance Center (IRGC). Case studies will demonstrate the sustainability of solutions 
and their consistent integration into regulatory applications under real conditions. 
For the first time, all stakeholders will be brought together under a common “umbrella” 
to share and integrate the most appropriate governance tools, frameworks and plans 
for future scientific and regulatory research and to foster consistency of management 
approaches in the EU and synergies internationally.  
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Engineered nanomaterials are applied in a wide range of products providing novel 
or improved functions and a ground-breaking innovation potential due to their 
unique physico-chemical features. However, there is still limited knowledge about 
the benefits and risks connected to the versatile use of nanomaterials. RiskGONE is 
part of a cluster of H2020 projects addressing specific support tools to better predict 
the impact of nanomaterials on human health and the environment, to manage the 
decisionmaking process and to shape a more holistic safety policy for nanomaterials.[1] 

Stakeholders’ understanding of benefits and risks is crucial for the correct governance 
of this technology. This requires a flexible and solid public policy framework 
balancing uncertainty, benefits, threats, and risks. Such a framework must be based 
on scientific evidence supporting a clear understanding of risks, their assessment 
and management within wider societal considerations.[2]   Together with the other 
two NMBP-13 projects, RiskGONE therefore aims to establish a science-based 
nanomaterial safety governance body, in the form of a pan-European transparent 
and self-sustained Risk Governance Council. 

Nils Bohmera, Maria Dusinskab, RiskGONE consortium a: 

DECHEMA e.V., Frankfurt, Germany b: NILU, Kjeller, Norway 

nils.bohmer@dechema.de

06
RiskGONE - Science-based Risk Governance 
of Nano-Technology 

In addition, transparent and understandable risk assessment and decision-making 
tools are to be provided based on a cloud platform and a range of nanospecific 
guidance documents will be prepared to support the risk governance of 
nanomaterials. Draft guidelines on the quantification of lifecycle risk indicators and 
on the societal acceptance of nanomaterials considering risk and benefit perception 
are already available. The project’s activities are balanced between experimental and 
theoretical work and focus on the risk governance framework and council, risk-benefit 
assessment, characterization, in vitro dosimetry and environmental fate, human 
hazard assessment, eco-toxicological hazard assessment and ethical issues. 
This project has received funding from the European Union’s Horizon 2020 program: 
grant agreement 814425. 

[1] https://riskgone.eu/  
[2] Isigonis, P. et al.: Risk Governance of Emerging Technologies Demonstrated in Terms of its Applicability to Nanomaterials. Small 2020, 16, 2003303. 
https://doi.org/10.1002/smll.202003303 
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Understanding the potential impacts of manufactured nanomaterials (NMs), 
or obtaining data required under legislation for the classification and labelling 
of nanomaterial-enabled products, entails performing robust and relevant 
characterisation of NM properties. For many stakeholders without detailed knowledge 
and understanding of the available analytical techniques, obtaining relevant 
information on the optimal techniques to use is complex and difficult. The ACEnano 
H2020 project is addressing this issue through the ACEnano Toolbox. The Toolbox 
comprises a Decision Tool (DT) for the choice of optimal analytical techniques, and 
a Knowledge Infrastructure (KI) for the storage and retrieval of Standard Operating 
Protocols, coupled with performance data derived from Interlaboratory Comparison 
studies and in selected cases, demonstrations of the use of techniques through video 
protocols. These tools will be made freely accessible online prior to the end of project 
(June 2020). 

Stephen Lofts,a Ruud J. Peters,b Thomas Exnerc, Barry Hardyd, Lucian Farcald, Daniel Fernandez Poulussene, Eva Valsami-Jonesf 
 
aUK Centre for Ecology and Hydrology, Lancaster, LA1 $AP, United Kingdom,  stlo@ceh.ac.uk bWageningen Food Safety Research, Akkermaalsbos 2, 
6708 WB, Wageningen, The Netherlands cSeven Past Nine, Hribljane 10, 1380 Cerknica, Slovenia  
dEdelweiss Connect,Technology Park Basel, Hochbergerstrasse 60C, 4057 Basel, Switzerland eFundación Idonial, Parque Científico Tecnológico 
de Gijón, Avda. Jardín Botánico, 1345. 33203 Gijón, Spain f School of Geography, Earth and Environmental Sciences, University of Birmingham, 
Birmingham. B15 2TT, UK 

06
The ACEnano Toolbox: a coupled Knowledge 
Infrastructure and Decision Tool to support nanomaterial 
analytical challenges 

Users may retrieve information directly from the KI, or may use the DT to produce 
a set of recommended techniques (based on known NM characteristics and the 
analytical endpoint required), and be guided to the information on those techniques 
within the KI. 

Acknowledgement: This project has received funding from European Union Horizon 2020 Programme (H2020) under grant agreement nº 720952.
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Nanoparticles (NPs) are used now for centuries and more and more they find their way 
into applications and products on the market. As the usage of nanoparticles 
is increasing, also accidental release of NPs is now an important issue for a safe work 
environment. We found that after a skin contact with quantum dot particles, these 
NPs are barely to remove by applying soap or other typical decontamination agents. 
If they are not removed, they can enter the body by cross-over contamination orally 
or by skin penetration.[1] In this contribution, we present a gel that allows a complete 
removal of NPs from the skin. This marks a first step towards safe handling 
of nanomaterials, especially since this point is not yet covered by up-to-date 
occupational safety guidelines. The presented gel displays therefore an important step 
for the sustainable and safe use of nanomaterials. 

Max Schnepfa,b, Jonas Schuberta,b  
 
aDepartment of Functional Colloidal Materials, Leibniz-Institut for Polymer Research Dresden e.V. bDermaPurge GmbH 
 
schubert@dermapurge.com 

06
The removal of NPs after accident - How to avoid 
incorporation? 

[1] Nafisi, S.; Maibach, H. I., Chapter 3 - Skin penetration of nanoparticles. In Emerging Nanotechnologies in Immunology, Shegokar, R.; Souto, E. B., Eds. Elsevier: Boston, 
2018; pp 47-88. 
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 Short peptides capped on the N-terminus with aromatic groups are often able 
to form supramolecular hydrogels, via self-assembly, in aqueous media. The 
rheological properties of these readily tunable hydrogels resemble those of the 
extracellular matrix (ECM) and therefore have potential for various biological 
applications, such as tissue engineering, biosensors, 3D bioprinting, drug delivery 
systems and wound dressings. This poster describes a new photo-responsive 
supramolecular hydrogel based on a ‘caged’ dehydropeptide (CNB-Phe-Phe-OH), 
containing a photo-cleavable carboxy-2-nitrobenzyl (CNB) group. Crucially, cleavage 
of the capping group by UV light is accompanied by dissolution of the hydrogel, as 
the delicate balance of intramolecular interactions within the hydrogel structure 
is disrupted. The UV-cleavage product is a non-toxic and proteolytically stable 
dehydrodipeptide, which often have beneficial biological properties. Hydrogels which 
can be disassembled non-invasively with temporal and spatial control have great 
potential for specialized on-demand drug release systems, wound dressing materials 
and various topical treatments.  

Peter J. Jervis,a Loic Hilliou,b Renato B. Pereira,c David M. Pereira,c José A. Martinsa and Paula M. T. Ferreiraa 
 
aUniversity of Minho, Braga, Portugal. 
bUniversity of Minho, Guimarães, Portugal. cUniversity of Porto, Porto, Portugal. 
 
peterjervis@quimica.uminho.pt 

Health and Wellbeing07
A Model Photo-Caged Dehydropeptide  
as a Stimuli-Responsive Hydrogel 

[1] P. J. Jervis, L. Hilliou, R. B Pereira, D. M. Pereira, J. A. Martins, P. M. T. Ferreira. Nanomaterials 2021, 11, 704. 
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 The development of new synthetic biology circuits for biotechnology and medicine 
requires deeper mechanistic insight on allosteric transcription factors (aTFs). 
The GntR superfamily, known to regulate essential biological processes, gives an 
attractive opening in the development of controllable expression systems.[1] 
Yet, it is not clear if GntR TFs are metal sensing or if the metal plays a structural role 
or is required for binding of other effector molecules.[2,3] Here we have built 
a new homology model for the TF UxuR, which is responsible for control the Ashwell 
metabolic pathway. We then validated our predictions by constructing a sensor 
plasmid for D-fructuronate in E.coli and performed site-directed mutagenesis. 
Our results show that zinc coordination is necessary for UxuR function since mutation 
to alanines prevents expression derepression by D-fructuronate. For instance, repress 

Beatriz C. Almeida,a Jennifer Kaczmarek,b Pedro R. Figueiredo,a Ricardo D. González,a Kristala L. Jones Pratherb and Alexandra T. P. Carvalhoa* 
 
aCenter for Neuroscience and Cell Biology, Institute for Interdisciplinary Research, University of Coimbra, Portugal bDepartment of Chemical 
Engineering, Massachusetts Institute of Technology, Cambridge, United States 
 
beatrizcolumbanoalmeida@gmail.com 
*atpcarvalho@uc.pt 

Health and Wellbeing07
Allosteric transcription factor: regulation through zinc 
coordination 

the expression of uidA gene (negatively regulated by UxuR) on the gut flora, prevent 
the production of β-glucuronidase, an enzyme responsible for the most side-effects 
of cancer chemotherapeutic Irinotecan.[4] These molecular insights provide a new basis 
to better harness these metabolic systems for biological circuits engineering. 

[1] S. Rigali; A. Derouaux; F. Giannotta and J. Dusart J. Biol. Chem, 2002, 277, 12507–12515. 
[2] M. Kotowska; M. Świat;J. Zarȩba-Pasławska; P. Jaworski and K. Pawlik Front. Microbiol., 2019, 10, 1451. 
[3] Y.G. Gao; H. Suzuki; H. Itou; Y. Zhou; Y. Tanaka; M. Wachi; N. Watanabe; I. Tanaka and M. Yao Nucleic Acids Res, 2008, 36, 7110–7123. 
[4] A.G. Patel and S.H. Kaufmann Science, 2010, 330, 766-767. 
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Surface enhanced Raman scattering spectroscopy (SERS) is a versatile and highly 
sensitive analytical technique that can reach very low detection limits, down to a single 
molecule.[1] While SERS has a wide spectrum of applications in many fields, most SERS 
measurements are performed in sophisticated lab settings, using rigid SERS substrates 
and complex instrumentation.[2] These conditions can be a burden in  
resource-limited situations and for field-deployable applications. 
Here, we are presenting a facile method to develop flexible SERS substrates that can 
be accompanied by a miniaturized Raman spectrometer to produce a readable signal. 
The substrates are fabricated by the incorporation of gold nanostructures into the 3D 
microporous architecture of polyvinylidene fluoride membranes, and do not require 
the use of any equipment. The SERS performance of these substrates is optimized 
by tuning the plasmonic behavior of gold nanostructures within the pores of PVDF 
membranes. 

Ahmed Mahmouda and Lorena Diégueza 
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Health and Wellbeing07
An Equipment-Free Method to Fabricate Flexible SERS 
Substrates 

A few analytical applications with biomedical relevance are presented 
as proof-of-concept demonstrations of the potential of these substrates. Merging 
the flexibility of these substrates and the portability of handheld Raman devices can 
open new avenues for the implementation of SERS-based diagnostic systems 
at the pointof-care.  

S. Nie and S. R. Emory, Science 1997, 275 (5303), 1102-1106 
N.A Owens et al, Appl. Spectrosc.2018, 72 (7), 1104-1115 
 
Acknowledgement 
The authors wish to acknowledge the “Innovative Microfluidic Platform for Analysis of myeloid 
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 Microbial adhesion on material’s surfaces is a route for transmission of infectious 
diseases. Therefore, the development of thin film coatings is crucial to prevent 
outbreaks [1]. Thin films of zinc oxide (ZnO) were produced by reactive DC magnetron 
sputtering with sputtering angles of α = 0°, 40°, 60° and 80° (glancing angle deposition 
– GLAD - configuration) [2]. Their antifungal action was tested against the pathogenic 
fungus Candida albicans. The incidence angle increase resulted 
in a three-fold increase in the surface porosity and the formation of different types 
of pores distributions (micro-, meso-, and macropores). Regarding the biological effect, 
the thin films produced with α ≥ 40° inhibited the viable cell growth by 68 %. Moreover, 
the mesoporous films enhanced the antifungal activity of ZnO thin films against 
Candida albicans. Thus, these thin films are promising candidates to be used as 
antifungal coatings [3]. Further studies will include i) the production of nanocomposite 

Patrícia Pereira-Silva a,b,c, Augusto Costa-Barbosa b,c, Diogo Costaa,b,c, Marco S. Rodriguesa, Paula Sampaiob,c, Joel Borgesa, Filipe Vaza 
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Antifungal Action of ZnO Thin Films Produced  
by Glancing Angle Deposition in Reactive DC Magnetron 
Sputtering 

ZnO thin films, namely nanoparticles embedded in ZnO; ii) the antimicrobial action 
evaluation (against different bacteria and fungi); and iii) the study of the molecular 
mechanisms involved in the antimicrobial action of ZnO. 

[1] K. Page, M. Wilson, I.P. Parkin, J. Mater. Chem. 2009, 19, 3818–3831 
[2] M.S. Rodrigues, J. Borges, M. Proença, P. Pedrosa, N. Martin, K. Romanyuk, A.L. Kholkin, F. Vaz, Nanotechnology 2019, 30, 225701. 
[3] P. Pereira-Silva, A. Costa-Barbosa, D. Costa, M.S. Rodrigues, P. Carvalho, J. Borges, F. Vaz, P. Sampaio, Thin Solid Films 2019, 687, 137461. 
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Electrospun nanofiber membrane plays a vital role in biomedical/healthcare field 
ranging from wound healing, tissue engineering and even in biosensing applications. 
This study explored the development of biocompatible and antibacterial cellulose 
acetate electrospun nanofiber membrane prepared from banana (Musa acuminata 
x balbisiana) pseudostem fibers, a by-product of the banana fruit industry. High 
dissolving pulp material from the fiber was produced through alkaline treatment. 
Cellulose acetate (CA) was derived via esterification reaction. The synthesized cellulose 
acetate and chlorhexidine (CHX), an antimicrobial drug were dissolved 
in acetone:dimethylacetamide binary solvent system and subsequently electrospun.  
FT-IR analysis of the nanofiber membrane revealed the presence of characteristic 
peaks associated with the CHX and the CA components. SEM image analysis 
showed that the fiber diameter of the nanofiber ranges from 200 nm to 300 nm. 
The antimicrobial assay of the CHX-loaded nanofiber membrane showed potent 
antimicrobial activity against Gram (-) E.coli and Gram (+) S.aureus bacteria.  

Carlo M. Macaspag and Jenneli E. Caya 
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Health and Wellbeing07
Biocompatible and Antimicrobial Cellulose Acetate 
Nanofiber Membrane from Banana (Musa acuminata 
x balbisiana) Pseudostem Fibers 

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide cytotoxicity assay 
(MTT assay) of the CA-CHX nanofiber membrane showed low cytotoxicity on human 
intestinal epithelial cell line, having an IC50: >100 μg/mL. These results indicate 
the successful preparation of a nanofiber membrane from banana pseudostem 
fiber that is antimicrobial and biocompatible with potential application in biomedical 
engineering. 

[1] K. Page, M. Wilson, I.P. Parkin, J. Mater. Chem. 2009, 19, 3818–3831 
[2] M.S. Rodrigues, J. Borges, M. Proença, P. Pedrosa, N. Martin, K. Romanyuk, A.L. Kholkin, F. Vaz, Nanotechnology 2019, 30, 225701. 
[3] P. Pereira-Silva, A. Costa-Barbosa, D. Costa, M.S. Rodrigues, P. Carvalho, J. Borges, F. Vaz, P. Sampaio, Thin Solid Films 2019, 687, 137461. 

 Figure 1. Development ofbiocompatible and antimicrobial cellulose acetate(CA)nanofiber membrane. (a)banana fiberraw 
material, (b)CA nanofiber membrane, (c)antimicrobial assay of theCAnanofibermembraneand (d)proliferation of HIEC-
6cellsinCAnanofibermembrane
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Carbon nanotubes (CNTs) have attracted the attention of academy and industry due 
to their potential applications, being currently produced and commercialized 
at mass scale, but their possible impact on different biological systems remains 
unclear [1]. In the present work, an assessment to understand the toxicity of 
commercial MWCNTs (on the unicellular fungal model Saccharomyces cerevisiae was 
performed. Firstly, the nanomaterial was physico-chemically characterized, to obtain 
insights about its morphological features and trace elements composition. Afterwards, 
a toxicology assessment was done, where it could be observed that cell proliferation 
was negatively affected in the presence of 800 mg L-1 of the nanomaterial for 24 
hours, while oxidative stress was induced at a lower concentration (160 mg L-1) after 
short exposure periods (2 and 4 hours). Finally, to pinpoint molecular mechanisms 
behind the early damage induced by the selected CNTs and to identify possible toxicity 
pathways, the transcriptome of S. cerevisiae exposed to 160 and 800 mg L-1 of the 
selected nanomaterial was studied. Surprisingly, only a small number of genes showed 

Juan Antonio Tamayo-Ramosa, Sonia Martel Martína, Rocío Barrosa, Santiago Aparicioa,b, Brixhilda Domia, Maria Suarez-Diezc, Carlos Rumboa 
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Health and Wellbeing07
Biological Response of Saccharomyces cerevisiae  
to Multi-walled Carbon Nanotubes 

significant transcriptional changes in the presence of the higher concentration 
employed (130), most of them found downregulated, indicating a limited biological 
response of the yeast cells exposed to the selected CNTs. Nevertheless, many of the 
genes showing expression levels changes were involved in molecular mechanisms 
previously described to be altered in the presence of other toxicants and carbon 
derived nanomaterials, with functions related metal ion homeostasis, nutrients 
utilization, stress response, RNA metabolic processes and ribosome biogenesis.  

[1] MA Saleemi, MN Fouladi, PVC Yong, K Chinna, NK Palanisamy, EH Wong Chem. Res. Toxicol 2021 34 (1), 24-46 
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Pancreatic cancer (PC) is currently the 4th leading cause of death by cancer in Europe 
[1]. In the present work, MIPs nanostructures are previously conjugated to quantum 
dots (QDs) in aqueous media to detect CA19-9 protein cancer biomarker, in human 
serum [2]. Both conjugates were assembled in a cellulose-based matrix and dried at 
60ºC to form the correspondent imprinted and non-imprinted cellulose membranes, 
HEC@MIPQDs and HEC@NIPQDs. The linear range (LR) of response for MIPs is 
(1.2x10-2 – 5.4x10-1) U/mL an d the limit of detection (LOD) is 2.4x10-3 U/mL, 
in 1000-fold diluted human serum, which is below the scope for clinical applications 
(37 U/mL). Overall, this work enables the quantification of the CA19-9 PC biomarker 
within a cellulose membrane, with potential to apply in POC applications. 
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CA19-9 optical detection assisted by a molecular 
imprinting strategy  

[1] Hongbeom Kim, Kyung Nam Kang, Yong Sung Shin, Yoonhyeong Byun, Youngmin Han, Wooil Kwon, Chul Woo Kim and Jin-Young Jang*, Cancers 2020, 12, 1443-1454. 
[2] A. Margarida L. Piloto, David S.M. Ribeiro, S. Sofia M. Rodrigues, João L.M. Santos, M. Goreti F. Sales*, Sens. Actuators, B 2020, 304, 127343-127355. 

Figure 1. Comparative calibrations of the HEC@MIPQDs and HEC@NIPQDs in PBS 10mM pH 6.0 and in 1000-fold 
diluted human serum in PBS. 
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Circulating tumor cells (CTCs), produced by the primary tumor, disseminate 
throughout the body creating micrometastases and eventually new tumours which 
promote cancer progression [3,4]. Currently, the barrier for the analysis of cancer 
cell heterogeneity is the difficulty of formation of reproducible and high-throughput 
3D cultures. Compartmentalisation of single-cells is essential to get individualised 
information, prevent loss clonal information and avoid cross-contaminations. 
Thus, in this project we aim at developing a high throughput and stable single cell 
encapsulation in droplets using microfluidic devices. First, to generate and store 
droplets with single-cells, a flow-focusing device (100×80 μm; w×h) and pillar reservoirs 
(100 µm spacing between pillars) were used.  
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Cancer single-cell encapsulation and proliferation 
monitoring in microdroplets 

 Then, for the optimisation of monitoring conditions, a new microfluidic device 
was developed combining a generator and a reservoir (80 µm traps), and several 
parameters such as different flow rates, size of the droplets and encapsulation 
efficiency have been tested. Once the optimal conditions are found we expect 
to validate this new microfluidic device for single-cell encapsulation and spheroid 
promotion, to study the evolution and proliferation of CTCs.  

[1] Welch DR, Hurst DR, Cancer Res. 2019;79(12):3011–27. 
[2] Syrigos K, Fiste O, Charpidou A, Grapsa D, Crit Rev Oncol Hematol 2018;125(March):60–8.  
[3] Schikora D, Photodiagnosis Photodyn Ther 2020;30(March):101755.  
[4] Lagus TP, Edd JF, RSC Adv. 2013;3(43):20512–22.  
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Woodpile structures of various dimensions were fabricated by femtosecond direct 
laser writing via the two photon polymerization process.[1,2] The distance between 
the woodpiles were varied from 25, 50 and 100 µm and the ability to host cells for 
tissue engineering was evaluated. Besides the microfabrication optimization, that took 
voxel shape compensation, laser exposure and development process for the PEGDA 
700 hydrogel and the polymers IP-S and SZ2080 into account, additionally a protocol 
for autofluorescence background reduction using UV illumination was developed for 
the polymer. Optimized cellular interactions were achieved for different cells lines, 
where FBS was leading to high cell adhesion and viability for HeLa cells, while BM-MSC 
cells were reaching improved viability when 3D microstructures were treated with 
fibronectin. 

Beatriz N. L. Costaa,b,c, Ricardo M.R. Adãoa, Christian Maibohma, Angelo Accardoc, Vanessa Cardosob and Jana B. Niedera 
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Cellular interaction studies with 3D hydrogel and 
polymer scaffolds 

Cell interaction was studied by Live/Dead cell assays via multi-colour 3D confocal 
imaging (see Figure 1). In summary, 3D microstructures with 100 µm gaps were 
identified as promising scaffolds for 3D cellular (disease) models, that may find 
applications in medical research and pharmacological studies. 

[1] D. Fan, U. Staufer, A. Accardo, Bioengineering 2019, 6(4), 113 
[2] C. Maibohm, O.F. Silvestre, J. Borme, M. Sinou, K. Heggarty, J.B. Nieder, Scientific Reports 2020, (10) 8740.  

Figure 1: Tilt view 3D multi-colour confocal images of Live (Calcein AM, green) and Dead (EthD-1, magenta) stained BM-MSC cells interacting with fibronectin-treated 3D 
SZ2080 polymer scaffolds with 100 µm gaps, in dependence of the duration of cellular interaction. 
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Chronic wounds have been described as capable of impact patient’s quality life as 
profoundly as heart and renal disease [1]. According to estimates, in Europe, these 
wound costs 2.8-3.5 million euros per 100,000 habitants. Mesenchymal stem cells 
(MSCs) are available in many tissues (e.g., bone marrow and skin), affecting the 
migration, proliferation, and survival of surrounding cells by releasing biologically active 
molecules. Therefore, MSCs can be an ideal candidate for chronic wound healing. 
Growth factors are crucial over the wound healing process, and are also known to 
promote MSCs proliferation. The main objective of this work was to develop a 
polymer-based delivery system co-encapsulating MSCs and growth factors loaded 
into an hydrogel by droplet microfluidics for wound healing [2].  
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Co-Encapsulation of Mesenchymal Stem Cells and Growth 
Factors by Microfluidics for Wound Healing Applications 

Using this methodology, it was obtained spherical alginate microparticles at about 
1 µm using an oil flow of 10 µl/min and alginate solution flow of 0.10 µl/min. More 
importantly, the delivery system was able to co-encapsulate MSCs and growth factors, 
maintaining the cells viability and the structural stability of the growth factors. 

[1] Las Heras, K., et al., Journal of Controlled Release, 2020. 328: p. 532-550. 
[2] Yao, J., et al., Micromachines, 2019. 10(12): p. 808. 
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FEDER-032610 - PTDC/MEC-DER/32610/2017. It was also supported by FCT under the projects UIDB/50006/2020, UIDB/04326/2020, and UIDB/04565/2020.
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Gold nanoparticles (AuNPs) have been receiving great attention due to its excellent 
optical, electromagnetic, and catalytic properties as well as therapeutic activity.[1] In 
this work, citrate-capped AuNPs were synthesized via Turkevich-Frens method and 
were characterized using UV-Vis spectroscopy and transmission electron microscopy 
(TEM), investigating stability of the AuNPs within a certain period. TEM micrographs 
showed monodispersed, spherical AuNPs, with the average size of 15.80 ± 4.49 nm. 
Colorimetric detection with standard solutions of Zn2+ (1.0 to 6.5mM) and captopril (10 
to 100mM) exhibited high linearity, good repeatability and reproducibility, as well as 
a rapid method, indicating that citrate-capped AuNPs can be used as chemical probes 
for ions and molecules.   

Anticancer activity of citrate-capped AuNPs has also been explored. MTT assay showed 
that AuNPs did not exhibit toxicity effect against normal human dermal fibroblast 
(HDFn) even at the highest AuNPs concentration (IC50 > 4.8 nM). In contrast, toxicity Maria Salvacion Esmalla,a Gwendolyn Ashley Cua,a,b Tezza Rose Divina,a Eunice 
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Colorimetric Detection of Zinc (II) ions & Captopril  
and Cytotoxicity & Apoptotic Assessment of 
Citrate-capped Gold Nanoparticles against HDFn 
and A549 In vitro 

effect of AuNPs against human lung cancer cells (A549) was evident, with IC50< 0.3 
nM and 83.9% inhibition at 4.8 nM AuNPs. Moreover, caspase 3/7 assay and flow 
cytometry results demonstrated selectivity of AuNPs towards A549. This approach 
warrants further investigation in targeted drug delivery research.

[1] M. H. Jazayeri, T. Aghaie, A. Avan, A. Vatankhah, M. R. S. Ghaffari, Sens Biosensing Res 2018, 20, 1-8.  
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Remote patient monitoring (RPM) with cancer can be potentially used to detect the 
disease in early or relapse stages to provide greater probabilities to survival. The 
research of novel tools to monitor the cancer in patients should be used to detect it 
since onset or during progression.[1] Herein, we propose the development of a remote 
nanobiosensor for high-risk profile cancer patients, to be injected in the dermis layer 
of the skin. To develop this nanobiosensor, gold nanostars (GNSs) were selected as the 
plasmonic material to be embedded in hydrogels that will serve as the biocompatible 
matrix to support the GNSs.[2] This hybrid nanobiosensor (hydrogels + GNSs) will be 
injected subcutaneously, and the biomolecules in the interstitial fluid (ISF) will diffuse 
through the sensor and subsequently detected by means of surface-enhanced Raman 
scattering (SERS) spectroscopy.[3] The main function of SERS will be to obtain the 
fingerprint of the cancer biomarkers in close vicinity to the GNSs. 
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Continuous monitorisation of cancer patients through  
an injectable nanobiosensor 

In previous results, it was shown that hydrogels with more concentration of GNSs have 
a higher signal (associated to a Raman reporter) than those with a lower concentration 
of gold, as expected. Moreover, we performed the SERS analysis of individual 
components of ISF and of whole artificial ISF to first have a library of the expected 
Raman signals. The next steps are to train a machine learning algorithm for the 
classification of patients based on their ISF/serum SERS fingerprinting to later apply 
to the analysis of real samples from prostate cancer patients in a prospective 
preclinical study.  

[1] G. De Rubis, S. Rajeev Krishnan, Trends in Pharmacological Sciences 2019, 40, 172–186. 
[2] A. Teixeira, J. Paris, Materials 2020, 13. 
[3] S. Abalde-Cela, R. Rebelo, Materials Advances 2020, 1, 1613–1621. 
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Silver nanoparticles (AgNPs) are the most widely produced and commercialized type 
of nanoparticles. AgNPs can enter the human body through many pathways, and 
potentially affect the innate inflammatory response, either through stimulation or 
by mediating noxious effects. The main objectives of this study were to disclose the 
toxicity induced by polyvinylpyrrolidone (PVP) and citrate-coated AgNPs (5, 10 and 
50 nm), in human monocytes isolated from human blood and human macrophages 
derived from THP-1 human cell line. For that purpose, these cellular models were 
exposed to different concentrations (≤25 µg/mL) of PVP or citrate-coated AgNPs 
(5, 10 and 50 nm) and the putative apoptosis/necrosis effects were analyzed by a flow 
cytometric annexin V/propidium iodide assay. The results showed significant toxicity 
of AgNPs in both cellular models. These effects were more pronounced in human 
macrophages, resulting in a peak of early apoptosis followed by late apoptosis induced 
by PVP and citrate-coated AgNPs, 5 and 10 nm. 
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Comparison of AgNPs toxicity in human 
monocytes and macrophages

In turn, a necrotic effect was only observed in macrophages treated with the two 
types of 50 nm AgNPs. Therefore, it can be hypothesized that smaller AgNPs are easily 
transported into both cell types, monocytes and macrophages, activating 
pro-apoptotic cascades. On the other hand, the larger ones only enter into 
macrophages, which are able to phagocytize particles with higher dimensions, leading 
to their necrotic death. This hypothesis requires further testing. 

Health and Wellbeing07
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Nanomaterials enter the human body through the skin, respiratory tract, and 
gastrointestinal tract.[1] The biosynthesis of gold nanoparticles (AuNPs) from lactic acid 
as pro-biotic metabolites is a cost-efficient and eco-friendly approach.  

This study aims to synthesize and characterize AuNPs by reducing chloroauric acid 
with lactic acid produced by lactic acid bacteria (LAB), particularly Lactobacillus 
acidophilus, and to determine its cytotoxicity against human breast adenocarcinoma 
cells (MCF7) and human lung cancer cells (A549). 

Size distribution of the biosynthesized AuNPs were found to be 6-12 nm, with 9 nm 
as the most abundant. Cytotoxicity and apoptosis assays showed that AuNPs (0.05 
to 0.20 mM) are toxic against MCF7 and A549 but did not induced apoptosis in the cell 
lines; even though nuclear damage was evident.[2] 
 

Mark Kevin Devanadera,a,b,c Elmer Casley Repotente Jr.,a Angelo Jose Carreon,a Maria Salvacion Esmalla,a and Myla Santiago-Bautistaa,b,c 
 
aDepartment of Biochemistry, Faculty of Pharmacy, University of Santo Tomas, Manila, Philippines bThe Graduate School, University of Santo 
Tomas, Manila, Philippines cResearch Center for Natural and Applied Sciences, University of Santo Tomas, Manila, Philippines 
 
mpdevanadera@gmail.com 

Health and Wellbeing07
Cytotoxic effect and cellular uptake of biosynthesized 
gold nanoparticles using Lactobacillus acidophilus 
against MCF7 and A549 In vitro 

On the other hand, AuNPs exhibited non-toxicity against myoblasts (normal cell line). 
Moreover, the biosynthesized AuNPs were found to be present in the cytosol 
and its selectivity towards cancer cells can be optimized for its potential use 
in biomedical research on cell biology, cancer therapeutics and targeted drug delivery.[3]   

[1] O. Adewale, H. Davids, L. Cairncross, S. Roux, Int. J. Toxicol. 2019, 38, 357−384. [2]  H. A. Alhadlaq, M. J. Akhtar, M. Ahamed, Cell Biosci 2015, 5, 55−67. 
[3]  G. Taju, S. Abdul Majeed, K. S. N. Nambi, A. S. Sahul Hammed, Comp. Biochem. 
Physiol., C 2014, 161, 41-52. 
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The incorporation of polyphenols into food systems can provide a simple way to 
develop new functional foods. Polyphenols (e.g. Epigallocatechin gallate, Rutin, Gallic 
acid) have gained interest as functional compounds in food as potent agents against 
oxidative stress; therefore, their consumption may contribute to the prevention of 
several degenerative diseases such as cardiovascular and neurodegenerative diseases, 
cancer, inflammatory disease and diabetes. However, the vulnerability of these active 
compounds during the food processing and storage implies loss of efficiency. 
By microencapsulation it is possible to protect them.  

In this work they were microencapsulated by a spray drying process, with the 
advantage of getting a powder in the end, that can be easily incorporated in food 
products and commercialized.  

Berta N. Estevinhoa and Fernando Rochaa 
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Development of controlled delivery functional systems  
by microencapsulation of different polyphenols  

Microparticles using different biopolymers as encapsulating agents were prepared. 
These microparticles were then evaluated for their drug entrapment efficiency and 
“in vitro” release studies. The biopolymer used influenced the type of particles obtained 
and their characteristics. Weibull and Korsmeyer-Peppas models were applied and 
discussed, being the Weibull model the one that best fits to the experimental results.  

SEM images of bioactive microparticles prepared with modified chitosan, containing: A -Epigallocatechin gallate, B –Rutin, C -Gallic acid. Magnification of 10 000., 
beam intensity (HV) of 15.00 kV, distance between the sample and the lens (WD) around 10 mm.
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Nowadays, the conventional drug administration faces several limitations that 
can be overcome by the development of multifunctional nanocarriers, such as 
the magnetoliposomes. These nanocarriers are composed of an aqueous core of 
magnetic nanoparticles (aqueous magnetoliposomes) or a magnetic core covered by 
a lipid layer (solid magnetoliposomes) [1]. These systems were chosen as carriers for 
lactoferrin, a protein that has been associated with anticancer activity [2]. In this work, 
both lactoferrin-loaded aqueous and solid magnetoliposomes were developed and 
characterized. Their biological activity, as well as the cellular uptake, were assessed 
in non-tumorigenic and in breast cancer cell lines. It was demonstrated that these 
nanosystems are cytocompatible for the non-tumorigenic cell line and cellular 
internalization occurs in both cell lines. The results show that magnetoliposomes are 
promising nanocarriers for proteins like lactoferrin, allowing its selective targeting 
and opening the possibility of a synergistic effect between this protein and antitumor 
drugs, together with enhanced cancer cell death by magnetic hyperthermia.

Development of magnetic nanocarriers for enhanced 
anticancer potential of lactoferrin
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Coutinho and E. M. S. Castanheira, Pharmaceutics 2019, 11, 477. 
C. Pereira, J. Guedes, M. Gonçalves, L. Loureiro, L. Castro, H. Gerós, L. Rodrigues, and M. Côrte-Real, Oncotarget 2016, 38, 1-15. 

Figure 1. Schematic representation of lactoferrin-loaded aqueous (A) and solid magnetoliposomes (B). 
Magnetoliposomes contain manganese ferrite nanoparticles entrapped or covered by a lipid bilayer of egg phosphatidylcholine and cholesterol.
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Solid magnetoliposomes (SMLs) are multifunctional lipid nanocarriers urging 
as a promising therapeutic approach for cancer therapy. These nanocarriers allow 
the encapsulation of therapeutic drugs, improving their pharmacokinetics and 
associated pharmacodynamics while enabling their magnetic-controlled release. 
In this work, a new method for magnetoliposomes synthesis with improved and 
adequate structural, physicochemical and magnetic properties was developed. 
Shape-anisotropic cubic calcium-substituted magnesium ferrite nanoparticles 
(Ca0.25Mg0.75Fe2O4) were synthesized and characterized, revealing high saturation 
magnetization (50.07 emu/g at 300 K) and heating abilities. The synthesized 
nanoparticles were covered with lipid bilayers of different compositions (DPPC, DPPC/
Ch and DPPC/DSPE-PEG), originating SMLs with optimal sizes for in vivo applications 
(around or below 150 nm) and low polydispersity index. SMLs revealed high 
efficiencies of Doxorubicin encapsulation and to reduce its interaction with human 
serum albumin, highly contributing for a prolonged bioavailability of the drug upon 
systemic administration. 
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Development of novel solid magnetoliposomes  
for combined 

The overall results confirmed the development of a promising new method 
for the synthesis of cubic-shaped magnetic ferrite nanoparticles and a novel route 
for drug-loaded SMLs with improved features. The properties of these multifunctional 
nanosystems point to their future effective application in cancer therapy. 
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An effective treatment to improve life quality for patients suffering from wounds, 
and the astonishing budget spend for wound care, are what significantly drives 
the research for better wound healing (WH) alternatives [1]. In this work, we suggest 
the use of insulin as a growth factor encapsulated in a multifunctional nanoparticle 
hydrogel delivery system to accelerate wound healing. PLGA nanoparticles 
were produced using a solvent emulsification-evaporation method based 
on a water-in-oil-in-water (w/o/w) double emulsion technique [2]. The delivery system 
was optimized by quality-by-design approach. Nanoparticles were characterized 
by dynamic light scattering and scanning electron microscopy, and hydrogels by FTIR. 
Insulin structure was evaluated by circular dichroism (CD).  
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Development of protein-loaded PLGA nanoparticles 
based hydrogels for wound healing 

The results revealed that insulin structure was preserved upon encapsulation 
and production of the hydrogel. The association efficiency was above 90% for both 
formulations. The CD spectra of the samples showed the that the insulin extracted 
from the hydrogel-nanoparticle formulations maintained its secondary structure [2]. 
Overall, the results revealed that insulin structure was preserved upon encapsulation 
and production of the hydrogel and further characterization of the in vitro and in vivo 
bioactivity will be performed. 

[1] A., Naskar and S., Kim, Pharmaceutics, 2020, 12 (6), 2-20  
[2] P. Fonte et al., Methods Mol. Biol., 2018, 255-274 
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Current treatments for Helicobacter pylori (Hp) infection are becoming obsolete, 
mainly due to antibiotic resistance. Previously, our team has developed drug-free 
nanostructured lipid carriers (NLC) with specific bactericidal effect towards Hp [1]. 
The aim of this work was to fine-tune NLC physicochemical characteristics in order 
to maximize their efficiency and achieve full Hp clearance. For that, the effect of 
surface charge and size were studied. Surface charge was altered by using 3 different 
surfactants (Tween®60, Tween®80 and Cetyltrimethylammonium bromide (CTAB)). 
NLC were produced by hot homogenization followed by ultrasonication, and size 
optimization was done by changing the sonication parameters. NLC with Tween®60 
and Tween®80 were anionic while NLC with CTAB were cationic. Regarding size 
optimization, NLC with Tween®80 and CTAB didn’t show a substantial alteration of size, 
having a variation of 40nm and 90nm, respectively.  
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Drug-free nanostructured lipid carriers (NLC): one step 
closer to Helicobacter pylori eradication  

However, in NLC with Tween®60 a significant variation of size was obtained with sizes 
ranging from 140 to 486nm. The anionic NLC were tested against Hp J99 and both 
had a bactericidal effect against Hp, reaching complete Hp clearance. However, bigger 
sized NLC with Tween®60 had a better bactericidal performance when compared 
with the NLC previously developed by us. These results indicate that NLC optimization 
can improve its efficacy and support the potential of these nanoparticles against Hp.

 [1] Seabra C.L. et al., Eur J Pharm Biopharm 2018, 127, 378386.   
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The increasing waste and cost of most medical therapies make it imperative 
the adoption of novel and sustainable approaches. Nanotechnology has provided 
us functional materials that can target and locally dispense its cargos, while working 
as diagnostic tools [1]. The control over morphology, composition and the use 
of reduced amounts of materials make them optimal for the development 
of sustainable products. Considering this, theragnostic fluorescent magnetic 
nanocarriers (NCs) were synthesized to address the low success rates of colorectal 
cancer (CRC) therapies, by oral administration. Using cheap and biodegradable 
materials as Fe3O4 and Si, the resulting NCs will be rendered with magnetic 
and fluorescent properties, as well as a mesoporous matrix with cargo delivery 
capacity. Allied to surface functionalization, this will allow the NCs to protect loaded 
drugs, ensuring their release at the local of interest under the right stimuli [2].  
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Dual targeting fluorescent magnetic nanocarriers  
as a novel CRC therapy

Their modification with cetuximab and acetazolamide depict the NCs with targetability, 
whose magnification implies higher successful rates for less therapeutic material. 
Furthermore, the use of biodegradable, low toxicity organism-assimilated materials 
grant the NCs a non-toxic and user-friendly end-of-life [3]. The use of an anticancer 
drug/antibiotic synergic cocktail seeks to address the associated opportunistic 
bacterial infections, part responsible for the low success rates of common therapies. 
The integration of small, but effective, amounts of drugs avoids the use of high doses, 
guaranteeing fewer secondary adverse effects for patients and delaying the surgency 
of antibacterial resistance [4].

[1] Marcelo GA, Lodeiro C, Capelo JL, Lorenzo J, Oliveira E. Materials Science and Engineering: C 2020, 106, 110104. [2] Marcelo GA, Montpeyo D, Novio F, Ruiz-
Molina D, Lorenzo J, Oliveira E. Dyes and Pigments 2020, 18, 108393. [3] Marcelo G, Ariana-Machado J, Enea M, Carmo H, Rodríguez-González B, Capelo JL, Lodeiro 
C, Oliveira E. Materials 2018, 11, 1310. [4] Marcelo GA, Duarte MP, Oliveira E. SN Appl. Sci. 2020, 2, 1354.
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Metal nanoparticles are characterized by remarkable optical properties that merit 
their integration into optical biosensors. In particular, fluorescence-based sensors 
are advantageous, but their sensitivity is limited. So, fluorescence enhancement 
strategies that use metal nanoparticles are an outstanding way to increase it [1]. 
In this view, gold nanorods have been extensively used for fluorescence enhancement 
of dyes [2,3]. The largest are obtained from the regions of large curvature, the tips, 
known as plasmon hot-spots. Yet, this plasmonic antenna effect is not being fully 
explored for enhancing biosensing functionalities. To circumvent this, a contribution 
is given on the functionalization of colloidal gold nanorods with dye-labeled DNAs, 
in order to optimize the antenna effects for fluorescence signal enhancement. 
A tip-selective functionalization was employed to specifically attach the fluorescent 
DNAs at the plasmon hot-spots of gold nanorods.  

David Botequim,1,2 Inês I. R. Silva,1 Sofia G. Serra,1 Eduardo P. Melo,3 Duarte M. F. Prazeres,2 Sílvia M. B. Costa1 and Pedro M. R. Paulo1 
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Dye-labeled DNAs conjugated onto gold nanorods  
for improved biosensors 

This approach resulted in an emission increase of 17-fold relatively to the same dye 
in the absence of the nanorod antenna [4]. Besides, a non-selective functionalization 
resulted in fluorescence quenching. These results highlight the importance 
of site-selective approaches for hot-spot functionalization, in order to maximize 
plasmonic effects for biosensing or even bioimaging. Biosensors that detect disease 
markers with high sensitivity are a key technology for medical diagnostics. Within 
this context, the nanorod antennas have potential application in the detection 
of nucleic acids, using DNA-based receptors, since an improved response would allow 
to achieve lower detection limits. 

[1] Fothergill, S. M.; Joyce, C.; Xie, F. Nanoscale 2018, 10 (45), 20914–20929.  
[2] Khatua, S.; Paulo, P. M. R.; Yuan, H.; Gupta, A.; Zijlstra, P.; Orrit, M. ACS Nano 2014, 8 (5), 4440–4449.  
[3] Zhang, W.; Caldarola, M.; Lu, X.; Pradhan, B.; Orrit, M. Physical Chemistry Chemical Physics 2018, 20 (31), 20468–20475.  
[4] Botequim, D.; Silva, I. I. R.; Serra, S. G.; Melo, E. P.; Prazeres, D. M. F.; Costa, S. M. B.; Paulo, P. M. R. Nanoscale 2020, 12 (11), 6334–6345.  
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Melanoma, one of the most aggressive forms of skin cancer, has an increasingly 
higher incidence. The failure of tumour complete eradication is quite often, adding 
to the poor prognosis in advanced stages with conventional treatments. Upconversion 
nanoparticles (UCNPs) have unique properties that allow their use in several 
biomedical applications, including targeted drug delivery. This work aimed to evaluate 
the cytotoxic effects of doxorubicin (DOX) and DOX-loaded UCNPs in different cell lines 
of melanoma. For this propose, mesoporous silica NaYF4:Yb,Er were functionalized 
with folic acid (FA) and loaded with DOX. The effects of free DOX and UCNP-DOX 
on different cytotoxicity endpoints of four melanoma cell lines  
(A375, SK-MEL-28, MNT-1 and B16-F10) were assessed.  
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Effect of Doxorubicin and Doxorubicin-loaded 
Upconversion Nanoparticles in Melanoma Cells 

Results showed that free DOX and UCNP-FA-DOX induced similar cytotoxic responses, 
with dose and time-dependent reduction in cell viability and cell cycle arrest at G2/M 
phase. Our results showed that UCNP-FA systems can be used as drug delivery 
systems to melanoma therapy. 

[1] Fothergill, S. M.; Joyce, C.; Xie, F. Nanoscale 2018, 10 (45), 20914–20929.  
[2] Khatua, S.; Paulo, P. M. R.; Yuan, H.; Gupta, A.; Zijlstra, P.; Orrit, M. ACS Nano 2014, 8 (5), 4440–4449.  
[3] Zhang, W.; Caldarola, M.; Lu, X.; Pradhan, B.; Orrit, M. Physical Chemistry Chemical Physics 2018, 20 (31), 20468–20475.  
[4] Botequim, D.; Silva, I. I. R.; Serra, S. G.; Melo, E. P.; Prazeres, D. M. F.; Costa, S. M. B.; Paulo, P. M. R. Nanoscale 2020, 12 (11), 6334–6345.  
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 Neurological disorders are one of the world’s leading medical and societal challenges, 
affecting approximately 2.6 billion people worldwide. The failure of pharmacological 
therapies has prompted the investigation of alternative treatments such as electrical 
stimulation to improve brain function in a range of disorders including stroke, 
epilepsy, migraines, dementia, Alzheimer’s and Parkinson’s diseases [1]. However, 
significant adverse effects related to device operation and long-term biocompatibility 
have encouraged the investigation of novel materials and stimulation modalities [2]. 
Graphene-based materials (GBMs) reunite promising attributes for brain interfaces, 
including their biocompatibility, flexibility, and high capacitive charge conduction [3]. 
GBM electrodes were recently shown to generate an electrical response upon light 
exposure [4], which could capitalize the enhanced spatiotemporal precision 
of light for deep brain stimulation. In order to circumvent the use of visible light, 
which poorly penetrates biological tissue, we propose the incorporation 
of upconversion nanoparticles (UCNP) for wireless transcranial activation using 
near-infrared (NIR) radiation [5]. Artur Filipe Rodriguesa and Lino Ferreiraa,b 
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Engineering Graphene-based Nanocomposites for Optical 
Cell Stimulation 

We hypothesize that UCNPs will enhance optical activation of graphene-based 
electrodes with NIR radiation for stimulation of cells, minimizing photothermal effects 
which could cause cytotoxicity. 

Here, we have demonstrated by cyclic voltammetry and electrochemical impedance 
spectroscopy that screen-printed graphene nanoplatelets responded to different 
wavelengths of light (UV-Vis-NIR) according to their energy. These results supported 
the rational design of UCNPs in order to improve optical activation by NIR radiation. 

[1] D. M. Thompson, et al., Annu Rev Biomed Eng 2014, 16, 397−430. 
[2] S. M. Won, et al., Cell 2020, 181, 115−135. 
[3] K. Kostarelos, et al., Adv Mater 2017, 29, 1700909. 
[4] A. Savchenko, et al., Sci Adv 2018, 4, eaat0351. 
[5] S. Chen, et al., Science 2018, 359, 679−684. 
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 Neuronal ceroid lipofuscinoses (CLNs) are a group of neurodegenerative diseases 
in childhood, characterized by psychomotor deterioration, epilepsy, retinopathy, 
and early death due to activity loss of specific lysosomal enzymes. Specific diagnostics 
of CLNs are of high importance, particularly as enzyme replacement therapy 
has recently become available. The objective of this study was to develop 
specific assays for enzymatic diagnosis of CLN1, CLN2 and CLN10. Enzyme activity 
determinations on dried blood spots were developed by highly sensitive tandem 
mass spectrometry using multiple-reaction-monitoring (MS-MRM), concomitant with 
fluorimetry [1]. Substrates suitable for MS as well as fluorometry were synthesized 
by chemical coupling of coumarine with corresponding enzymatic peptidyl-substrates.  

Petre Brindusa Alinaa,b, Maeser Sefan b, Ion Lauraa,b, Przybylski Michaelb 
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Enzymatic Diagnosis of Lysosomal Storage Disorders  

For each substrate a 4-alkyl-umbelliforone derivative is formed as the product 
of the enzymatic reaction. Enzymatic determinations performed by fluorimetry 
and MS showed good correlation in single assays. Suitable duplex and triplex assays 
for patients with CLN1, CLN2 and CLN10 were performed by MS-MRM.   

[1] S. Maeser, B.‑A. Petre, L. Ion, S. Rawer, A. Kohlschütter, F. Santorelli, A. Schulz   M. Przybylski, J. Mass Spectrom, 2020, 56:e4675. 
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The extracellular vesicles (EV) are biological nanoparticles released by most cells 
with a fundamental role in cell-to-cell communication. EVs act as signaling “vehicles” 
in both physiological and pathological mechanisms. These characteristics make 
them fundamental in the development of innovative methods in diagnostics, therapy, 
and industrial biomedical applications. However, the fulfilment of the EV promise is 
hampered by severe limitations in their isolation, characterization and manufacturing. 
A particularly arduous task is to move the isolation of specific EV subpopulations 
beyond the analytical scale and towards scalable processes.  

The EU-funded MARVEL project – by full name “Evolving reversible immunocapture 
by membrane sensing peptides: towards scalable extracellular vesicles isolation” wants 
to overcome bottlenecks in EV isolation to scale up the process beyond the analytical. 
For this purpose, MARVEL project scientists will employ a new technology for reversible 
isolation originally developed during the ongoing H2020 INDEX project that will be 
implemented with membrane-sensing peptides. This will represent a paradigm shift 
from antibodies to peptides as an alternative class of affinity ligands characterized 
by high efficiency of EV capturing. Yevhen Horokhovatskyi,a Marina Cretichb 
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Evolving reversible iMmunocapture by membrane 
sensing peptides: towARds scalable extracellular VEsicLes 
isolation 

This is crucial for the manufacturing scale production of extracellular vesicles 
and further deployment in biomedical fields. The modularity in scaling-up of the novel 
protocols and kits will be demonstrated on medium/large sample volumes in relevant 
environments for therapeutic and diagnostics use of EVs and specifically: 
1) In the manufacturing of GMP-grade EVs as a medicinal product for cardiac repair; 
2) In urine-based liquid biopsy for bladder cancer diagnostics. 

The MARVEL project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement № 951768. 
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Since the outbreak of COVID-19 crisis, the handling of biological samples from known 
or suspected SARS-CoV-2 positive individuals demanded the use of inactivation 
protocols. While not standardized, these practices can be roughly divided in two 
categories, namely heat inactivation and solvent-detergent treatments. As such, 
these routine procedures should also apply to samples intended for Extracellular 
Vesicles (EVs) analysis. Assessing the impact of virus inactivating pre-treatments 
is therefore of pivotal importance, given the well-known variability introduced 
by different pre-analytical steps on downstream EVs isolation and analysis. 

We here provide preliminary insights on SARS-CoV-2 inactivation practices to be 
adopted prior serum EVs analysis by comparing solvent/detergent treatment vs. heat 
inactivation. Our analysis entailed the evaluation of EVs recovery and purity along 
with biochemical and biophysical profiling by means of Nanoparticle Tracking Analysis, 
Western Blotting, Atomic Force Microscopy, Transmission Electron Microscopy, miRNA 
content (digital droplet PCR) and tetraspanin assessment by antibody  
microarrays. 
 

Roberto Frigerio a  
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EVs analysis in the COVID-19 era 

Our data suggest an increase in UC recovery following heat-treatment, however 
accompanied by a marked enrichment in EVs-associated contaminants. 
On the contrary, solvent/detergent treatment is promising for small EVs 
(< 150nm range), yet a depletion of larger vesicular entities was detected. 
This work represents a first step towards the identification of optimal bio-samples 
inactivation protocols targeted to EVs analysis. [1] 

[1] Frigerio, R et al, Cells 2021, 10, 544. https://www.mdpi.com/2073-4409/10/3/544 
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About 2.1 million new diagnosed breast cancer cases among women were estimated for 2018 
[1]. Triple negative breast cancer (TNBC) characterized by the absence of hormone receptors, 
lack of expression of epidermal growth factor receptor-2 and poor prognosis [2,3], represents 
between 10-20% of all breast cancers [4]. Despite of numerous attempts, including cohort 
studies, clinical trials and in-depth analyses to discover viable molecular targets for TNBC, 
systemic therapy or untargeted chemotherapy are still the primary therapeutic strategies; 
no other FDA-approved targeted therapies are yet available for TNBC. Hence, an efficient 
and safe targeted delivery system is urgently needed for TNBC therapy. 

Exosomes are natural and nanosized intraluminal vesicles, with a size range of ~30 to 150 nm 
(average ~100 nm), released by most cell types [5]. They are present in almost all biological 
fluids and function as natural transporters of bioactive molecules between neighboring and 
distant cells [6]. Thus, exosomes may serve as endogenous vehicles for dugs delivery such 
as chemotherapeutic agents, short-interfering RNAs (siRNAs) or even microRNAs (miRNAs) [7].  

Herein, we develop a strategy for the delivery of MEK1-targeting siRNA aided by exosomes 
to TNBC cells. Exosomes derived from BJ cells were isolated by differential centrifugation 
and further characterized by nanoparticle tracking analysis, transmission electron microscopy 
(TEM), flow cytometry and western blot. 

Cell-derived exosomes were efficiently uptake by different TNBC cell lines (MDA-MB-231, 
MDA-MB-453, MDA-MB-157 and Hs 578T). Moreover, in vivo circulation times and 
biodistribuition experiments were accomplished to assess performance. In addition, such 

Débora Ferreira,a João Nuno Moreira,b Raghu Kalluri c and Lígia R. Rodriguesa 
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Exosome-mediated delivery of MEK1-targeting siRNA 
towards triple negative breast cancer therapy 

delivery system was loaded with MEK1-targeting siRNA by electroporation (exo+siMEK1), 
the silencing effect evaluated and compared with standard transfection reagents. 
Implantation of TNBC cells treated with exo+siMEK1 in chicken embryo chorioallantoic 
membrane (CAM) led to a reduction of the tumor size and the number of blood vessels 
when compared with cells without any treatment. 

The ultimate goal is to develop multifunctional exosomes decorated with the previously 
selected peptides to achieve a drug delivery system with increased affinity/selectivity 
for triple negative breast cancer cells. Targeted exosomes have led to a completely new 
paradigm for the therapeutic delivery of drug molecules to specific targets, opening the door 
for new treatments of diseases caused by aberrant gene expression as cancer. 

[1] Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA & Jemal A (2018) Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin 68, 394–424. 
[2] Mendes TFS, Kluskens LD & Rodrigues LR (2015) Triple Negative Breast Cancer: Nanosolutions for a Big Challenge. Adv Sci 2, 1500053. 
[3] Jitariu A-A, Cîmpean AM, Ribatti D & Raica M (2017) Triple negative breast cancer: the kiss of death. Oncotarget 8, 46652–46662. 
[4] Kumar P & Aggarwal R (2016) An overview of triple-negative breast cancer. Arch Gynecol Obstet 293, 247–269. 
[5] van den Boorn JG, Schlee M, Coch C & Hartmann G (2011) SiRNA delivery with exosome nanoparticles. Nat Biotechnol 29, 325–326. 
[6] El-Andaloussi S, Lee Y, Lakhal-Littleton S, Li J, Seow Y, Gardiner C, Alvarez-Erviti L, Sargent IL & Wood MJA (2012) Exosome-mediated delivery of siRNA in vitro and in 
vivo. Nat Protoc 7, 2112–26. 
[7] Kamerkar S, LeBleu VS, Sugimoto H, Yang S, Ruivo CF, Melo SA, Lee JJ & Kalluri R (2017) Exosomes facilitate therapeutic targeting of oncogenic KRAS in pancreatic 
cancer. Nature 546, 498–503. 
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Silver nanoparticles (AgNPs) have been increasingly incorporated in food-related 
products, which thereby could lead to oral exposure and to harmful effects on 
gastrointestinal tract (GIT). In fact, depending on the physicochemical properties, as 
size or coating, AgNPs have already been reported to induce adverse effects, for which 
preventive measures are of utmost importance. Flavonoids demonstrate several 
pharmacological potential activities, that could be explored for intestinal protection. 
Here we intend to confirm the potential deleterious effect of two sizes (4 and 19 nm) 
of polyethylenimine (PEI)-coated AgNPs on an in vitro cellular model of GIT, Caco-2 
cell line, as well as to disclose the potential protective effect of a panel of structurally 
related flavonoids against the expected cytotoxic effects of PEI-coated AgNPs. 

Flavonoids Modulate the Cytotoxic Effect of Silver 
Nanoparticles  

Ana T. Rufinoa, Mariana Lucasa, José MF Oliveiraa, Paulo Freitasb, Eduarda Fernandesa, Marisa Freitasa 
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For that purpose, MTT reduction and annexin V/propidium iodide assays were used 
in order to evaluate Caco-2 cell viability, after treatment with AgNPs in a range of 20-
50μg/mL and incubated with or without the chosen flavonoids (6.3-50μM). Results 
show that AgNPs (30 and 50μg/mL), irrespective of their size, induced intestinal cell 
death above 50%, which partially occurs by apoptosis. Moreover, commonly consumed 
flavonoids show ability to protect the gut from the observed AgNPs’ deleterious 
effects. From the tested compounds, quercetin and quercetagetin (25μM) showed a 
particularly relevant ability to prevent cell death, by almost completely preventing the 
effect induced by AgNPs. Further studies are needed to understand the mechanisms 
behind this potential protective effect of flavonoids. 
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The development of new strategies to treat Parkinson’s disease suffers from many 
deficiencies. Common therapy that includes external administration of L-dopa 
to Parkinson’s disease patients is limited due to the lack of targeting ability.[1,2] 
As an alternative for conventional therapeutic drugs, selenium nanoparticles (SeNPs) 
constitute an attractive carrier platform for targeted drug delivery into the brain.[3,4] 
In this study, two different SeNPs were designed using polyvinylpyrrolidone (PVP) 
and polysorbate 20 (Tween) as surface modifiers. Their binding ability for dopamine 
and L-dopa was evaluated by steady-state fluorescence spectroscopy.  
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Fluorescence spectroscopic study on the interaction 
of dopamine and L-dopa with different selenium 
nanoparticles  

The strongest interaction was observed between L-dopa and PVP-SeNPs. 
Thermodynamic analysis revealed that binding between Tween-SeNPs and L-dopa 
or dopamine predominantly occurs through van der Waals interactions and hydrogen 
bonds, while electrostatic interactions govern the binding of L-dopa or dopamine 
to the PVP-SeNPs. In all cases, interactions were exothermic and spontaneous. 

[1] D. P. Yeggoni and R. Subramanyam, Mol. Biosyst. 2014, 10, 3101–3110.  
[2] A. C. Kaushik, S. Bharadwaj, and S. Kumar, D. Q. Wei, Sci. Rep. 2018, 8, 1–8. 
[3] A. Khurana, S. Tekula, M. A. Saifi, P. Venkatesh, and C. Godugu, Biomed. Pharmacother. 2018, 111, 802–812. 
[4] M. Nazıroğlu, S. Muhamad, and L. Pecze, Expert Rev. Clin. Pharmacol. 2017, 10, 773–782. 
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Due to the huge variety of nanomaterials (NMs), hazard characterization and safety 
assessment demand robust and validated test methods, as well as  
read-across approaches for grouping of NMs. Hydrodynamic size and size distribution 
in dispersion media were measured by nanoparticle tracking analysis (NTA). 
The potential genotoxicity of several JRC repository NMs, derived from titanium oxide, 
zinc oxide, silver, silica and carbon nanotubes, was tested in A549 human lung alveolar 
epithelial cells using the enzyme-linked higher-throughput version of the comet assay 
for detection of strand breaks and oxidised DNA bases. Categorisation and ranking 
of genotoxic potential of the tested NMs were performed according to a scoring 
system developed in the H2020 project NanoReg2. Descriptors for prediction 
of toxicity of NMs were identified by quantitative structure-activity relationship (QSAR) 
analysis based on the physico-chemical and toxicity data obtained. 
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Genotoxicity of nanomaterials - a grouping approach  
for hazard characterization 

Descriptors identified to be of importance for genotoxic potential were "size increase" 
(aggregation) and pristine size of the NM, and surface coating for induction of oxidised 
base lesions. Identification of the descriptors, the grouping approach and 
read-across for prediction of the hazardous potential of NMs will support regulatory 
risk assessment for safe NMs to avoid unintentional human health effects. 

Acknowledgement. Supported by the EC FP7 NANoREG (Grant Agreement NMP4-LA-2013-310584), by the Research Council of Norway, project NorNANoREG 
(239199/O70), by the EC Horizon 2020 projects   Nanoreg2 (grant agreement no. 646221), RiskGONE (grant agreement no. 
814425 and NanosolveIT ( grant agreement no. 814572). 
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The Farm to Fork Strategy represents a pillar of the European Green Deal and all 
actors of the farm-to-fork food chain are called to play their part in ensuring the safety 
and quality of food while reducing food loss and waste. To boost the uptake of this 
food chain and to keep the European small and medium-sized farming competitive 
on the market, innovative and cost-effective solutions for monitoring food quality 
and safety are urgently needed. 

The EU-funded project h-ALO aims to develop and demonstrate a new affordable 
and portable photonic-based analytic tools that will allow local food producers and 
retailers to control the quality and safety of their products in real-time. Thanks to 
the collaboration of 11 partners from 5 EU countries, the h-ALO project will develop 
a cutting-edge food sensor with unprecedented sensitivity to contaminants while 
being fast and easy to use on-site by non-expert operators. The multiplex-analyte 
recognition will allow the detection of both microbiological and chemical contaminants 
in different food matrices.  
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h-ALO – photonic system for Adaptable multiple-analyte 
monitoring of fOod-quality 

The goal is to increase the competitiveness and product value of local, artisanal, 
and niche food chains that will be able to reduce food losses and waste, maximize 
yields, and ultimately lower costs related to food monitoring that currently represent 
a significant economic burden. 

The h-ALO prototype will be validated in the lab by quantitative comparison with 
benchmark commercially available methods and demonstrated on-site in small 
selected agri-food chains such as aquaponics, craft beer, raw milk, and organic honey 
and introduced into a HACCP manual. 

This project has received funding from the European Union’s Horizon 2020 research 
and innovation programme under grant agreement No 101016706. 
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Disinfection using UV radiation has been a fast-growing chemical-free technology in 
recent years last, especially in the latest COVID-19 pandemic. UV radiation can prevent 
microbial growth in water, air, as well as on any type of porous and non-porous 
surface. The disinfection mechanism of UV-C rays is basically based on damage 
to the DNA and RNA structures of microorganisms. DNA and RNA are responsible 
for microbial replication and protein synthesis in the cell, and damage to these nucleic 
acids causes inactivation or reproductive failure in the microorganism. [1] In addition, 
UV-C rays are absorbed by nitrogenous organic bases in the DNA of microorganisms, 
thus the DNA structure is degraded. Microorganisms are inactivated under these 
effects. [2] The wavelength of the UV light that microorganisms are exposed 
to is important, as well as the irradiance and exposure time of the UV to which 
they are exposed.  

H. Mert Çalıcıoğlu a, Kübra Çalışır a, Dr. Abdullah Sert a and Gökhan Sır a  
 
a Arçelik A.Ş. Çayırova Kampüsü Merkez Arge Temel Bilimler İstanbul, 34950 
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Hygienic Refreshment in New Type of Tumble Dryer  

In this study, a new type tumble dryer was designed to remove harmful microorganism 
from textiles such as shirts, T-shirts, jacket etc. An UV lamp system and a special 
algorithm have been designed for this new dryer to reach maximum disinfection 
efficiency. Also in this study, the effect of UV technology on yellowing, fading, shrinkage 
and abrasion textile damage was examined. It has been determined that this new type 
tumble dryer is safe for textile applications.  

[1] J. Bolton, K. Linden, Standardization of Methods for Fluence (UV Dose) Determination in Bench-Scale UV Experiments, Ultraviolet Disinfection Handbook 
American Water Works Association 2003, 129(3), 209-215. 
[2] A. Rauth, The physical state of viral nucleic acid and the sensitivity of viruses to ultraviolet light, Biophys 1965, J 5, 257-273
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The solvent pockets of supramolecular hydrogels provide a means to encapsulate 
composites, besides enabling the efficient loading and transport of drugs. For instance, 
the combination with magnetic nanoparticles towards magnetic gels enables the 
real-time remote control of gels’ properties. However, little is described about the 
effect of different nanoparticles functionalization in the assembly of supramolecular 
gels and how can that be used for co-assembly of both components [1]. In this 
work, dehydropeptide gels were loaded with citrate- or lipid-stabilized nanoparticles 
to evaluate the effect over doxorubicin release. Particularly, the lipid-stabilized 
nanoparticles co-assembled with the hydrogel fibres forming lipid-fibre interface 
domains (figure 1). Further, the magnetic hyperthermia led to an enhanced release 
of doxorubicin in both systems, making these strategies promising for the control 
of drug release. 

Sérgio R.S. Veloso,a Miguel A. Correa-Duarte,b Paula M.T. Ferreira,c Elisabete M.S. Castanheiraa 
 
aCentre of Physics (CFUM), University of Minho, Campus de Gualtar, 4710-057 Braga, Portugal  bCentre for Biomedical Research (CINBIO), University 
of Vigo, Vigo, Spain cCentre of Chemistry, University of Minho, Campus de Gualtar, 4710-057 Braga, Portugal 
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Implications of nanoparticles functionalization  
in supramolecular magnetogels for drug delivery 

[1] S. Veloso, J. Silva, L. Hilliou, C. Moura, P. Coutinho, J. Martins, M. Testa-Anta, V. Salgueiriño, M. Correa-Duarte, P. Ferreira, E. Castanheira, Nanomaterials 2021, 11, 16.  

Figure 1: STEM image of the lipid-stabilized nanoparticles adsorbed onto 
hydrogel fibres[1].
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Carbon monoxide (CO), beyond its well-known toxic potential, is a signaling molecule 
playing an important role in several biological. CO Releasing Molecules (CORMs), 
promising prodrugs for the therapeutic use of CO, have been widely studied 
for their anti-inflammatory, antiapoptotic and antiproliferative effects and their 
interactions with protein have structurally characterized by X-ray crystallography.[1],[2]   

CORM-3 is a water-soluble Ru-based metal carbonyl complex, which metallates serum 
proteins and readily releases CO in biological media. Herein, the anti-inflammatory 
and wound-healing effects of gold nanoparticles−CORM-3 conjugates, AuNPs@PEG@
BSA·Ru(CO)x, were evaluated exploring its use as an efficient CO carrier (Figure 1).[3] 

The obtained results suggest that the gold nanoparticles−CORM-3 conjugates were 
capable of inducing a more pronounced cell effect, at the anti-inflammatory level and 
a faster tissue repair, probably derived from a rapid cell uptake of the nanoformulation 
that results in the increase of CO inside the cell.

Marino F. A. Santos,a Inês Mendonça-Martins,a,b Luís R. Raposo,b Rita Mendes,b Joana Marques,c Carlos C. Romão,c Maria João Romão,a Alexandra 
R. Fernandes,b Pedro V. Baptistab and Teresa Santos-Silvaa 
 
a UCIBIO, Departamento de Química, Faculdade de Ciências e Tecnologia, 
Universidade Nova de Lisboa, 2829-516 Caparica, Portugal 
bUCIBIO, Departamento de Ciências da Vida, Faculdade de Ciências e Tecnologia, 
Universidade Nova de Lisboa, 2829-516 Caparica, Portugal 
c Instituto de Tecnologia Quı́mica e Biológica António Xavier, Universidade Nova de Lisboa,2780-157 Oeiras, Portugal; 
 
mf.santos@campus.fct.unl.pt 
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Improving the Anti-inflammatory Response via Gold 
Nanoparticle Vectorization of CO-Releasing Molecules 

[1] Teresa Santos Silva et al., J. Am. Chem. Soc. 2011, 133, 1192−1195.  
[2] João D. Seixas et al., Dalton Trans. 2015, 44, 5058-5075.  
[3] Alexandra R. Fernandes et al., ACS Biomater. Sci. Eng. 2020, 6, 1090−1101.  

Figure 1 – Schematic representation of the gold nanoparticles−CORM-3 
conjugates, AuNPs@PEG@BSA·Ru(CO)x, used in this work.  
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The potential application of nanoparticles (NPs) in medicine is under a number 
of challenges especially in terms of their biocompatibility, efficacy and safety. 
Exposure of nanoparticles to a biological medium results in their direct interaction 
with biomolecules causing the formation of a dynamic biomolecular layer known 
as the biomolecular corona [1]. Research on the formation of the biomolecular corona 
plays an important role in the safe use of nanoparticles. Silver (AgNPs) and gold 
(AuNPs) nanoparticles have become important in modern medicine with a variety 
of applications in diagnostics, drug delivery systems and antimicrobial coatings [2,3]. 
In this study, we aimed to investigate the influence of physiochemical properties 
of NPs on formation of protein corona with proteins of different glycosylation status 
(glycosylated and nonglycosylated transferrin). 

Rinea Barbira, Rafael Ramírez Jiménezb, Rafael Martín-Rapúnb, Vida Strasserc, Darija Domazet Jurašinc, Jesus Martinez de la Fuenteb, Ivana Vinković 
Vrčeka 
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Interaction of silver and gold nanoparticles with proteins 
of different glycosylation status  

Binding constants and changes in proteins structures upon nano-bio interactions 
have been investigated using fluorescence quenching and circular dichroism (CD) 
methods. Obtained results pointed out that nano-bio interactions are highly depended 
on physiochemical properties of NPs and should be considered in designing novel 
nanoparticles in medicine. 

[1] Tenzer, S. et al., Nat. Nanotechnol. 2013, 8, 772–781. 
[2] Majeed, S., Abdullah, M. S. bin, Dash, G. K., Ansari, M. T. & Nanda, A., Chin. J. Nat. Med. 2016, 14, 615–620. 
[3] Sztandera, K., Gorzkiewicz, M. & Klajnert-Maculewicz, B., Mol. Pharm. 2019, 16, 1–23.
 
ACKNOWLEDGEMENTS: This study was financially supported by the “Research Cooperability“ Program of the Croatian Science Foundation funded by the European 
Union from the European Social Fund under the Operational Programme Efficient Human Resources 2014–2020 (grant HRZZ-PZS-2019-02-4323).
Operational Programme Efficient Human Resources 2014–2020 (grant HRZZ-PZS-2019-02-4323).
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Cell therapy offers promising opportunities to approach several diseases for which 
no effective therapies are currently available. However, the prognosis of the treatment 
efficacy commonly only relies on the progression of the disease symptoms. 
There is a need of tools to evaluate and predict the safety and success of cell-based 
treatments in earlier stages. The current lack of methods providing real-time tracking 
of transplanted cells and knowledge on their early biodistribution and viability, is one 
of the major weakness of the available cell-based treatments.  

The main goal of the nTRACK project is to develop a safe, scalable, and highly sensitive 
nano-imaging agent. The nTRACK nanoparticles (NPs) allow non-invasive visualization 
and tracking of the administered labelled stem cells to be used during 
the development of new cell therapies.  
 
As part of the preclinical safety assessment of nTRACK cell labelling technologies, 
a series of relevant in vitro toxicity and cellular fate studies were conducted. The effect 
of nTRACK NPs on the viability of human mesenchymal-like stromal cells (PLX-PAD),
the genotoxic response by the micronucleus (MN) assay in CHO-K1 cells, and the 
impact on the phagocytic activity on PMA-differentiated human macrophages  
(THP-1) were evaluated. 
 

Joan Cabellos a, Volker Mailänder b, Jenifer Oberlaender b, Rafael Ayerbe a 
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In Vitro Toxicity and Cellular Fate of  NTRACK 
Nanoparticles as Non-Invasive Imaging Model for Stem 
Cell Tracking 

In addition, the intracellular fate and exocytosis of nTRACK NPs in PLX-PAD cells 
were evaluated by TEM and confocal laser scanning microscopy. Their re-uptake  
into mouse splenocytes was also studied by flow cytometry techniques. 
 
Supported by the EU H2020 Project nTRACK, ID: 761031 and the project Gen. Cat. 
2017SGR1759. Key words: nanoparticles, cellular fate, in vitro toxicity, cell tracking. 
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Metal nanoparticles (M-NP) are among the most widely used nanomaterials in 
consumer products available in the market. Thus, human exposure to these nanosized 
materials is increasing, which raises serious concerns regarding their environmental 
and human safety. Biological barriers are important lines of defence to xenobiotics, 
thus expected targets for M-NP. The present study aimed at evaluating the in vitro 
toxicity of different M-NPs in two cell models of biological barriers: human intestinal 
(Caco-2) and trophoblastic (BeWo clone b30) epithelial cells. Cells were exposed for 24 
h to varied concentrations (0.8-48 µg/cm2) of M-NP of different chemical composition 
(Au, Ag, TiO2), primary size (10, 30 and 60 nm), capping (citrate, PEG) 
and crystal structure (rutile, anatase) and toxicity assessed by determining changes 
in cell morphology, metabolic activity, plasma membrane integrity, generation of 
intracellular reactive oxygen species (ROS) and intracellular ATP levels. Our data 
show that the toxicity potential of the tested M-NP is similar in both cell lines with 
AgNPs > AuNPs > TiO2 NPs, being the effects more visible at higher concentrations. 
The influence of the size in the cytotoxic-induced effects was more evident for AgNP 
than for AuNP, with the smaller NP causing more toxicity, being the BeWo cells more 
sensitive to these M-NP. In addition, PEG-capping effectively attenuated AuNP-induced Joana Piresa,b,c, Luciana Moreiraa,b, João Paulo Teixeiraa,b and Sónia Fragaa,b 
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Health and Wellbeing07
 

In Vitro Toxicity of Metal Nanoparticles in Two Human 
Barrier Models: Role of the Physicochemical Features 

toxicity in both barrier models. In addition, only cells exposed to AgNP exhibited 
significant increased levels of ROS. Thus, our data support that the physicochemical 
properties of M-NP are an important determinant of their cytotoxicity and that 
intestinal and trophoblastic cells exhibit different sensitivity to the tested M-NP. Future 
studies would be useful to further explore the effects of M-NP in the human barriers. 

This  work was  supported by the NanoBioBarriers project  
(PTDC/MED‑TOX/31162/2017) funded by POCI through FEDER/FNR, and FCT. 
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The purpose of this study was to validate the theranostic performance 
of graphenebased magnetic nanoparticles (GbMNPs) against tumoral hepatic cell lines. 
In the GbMNPs, the core nanoparticle made of magnetic material is located 
in the hollow cavity enclosed by an outer carbonaceous shell. The unique properties 
of GbMNPs combine physicochemical properties from both graphene and iron oxide 
(Fe3O4) counterparts, such as biocompatibility and non-toxicity, superparamagnetic 
behaviour with high saturation magnetization, and high drug encapsulation efficiency 
and loading capacity provided by the hydrophobic interactions between the certain 
drug molecules and the particular bidimensional structure of graphene.   

Victor Gonçalves,a Vânia Costa,b Teresa Lage,a Raquel Rodrigues,b Nuria Genicio,a Graça Minas,b Juan Gallo,a and Manuel Bañobre-Lopez a 
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In Vitro Validation of the Performance  
of Gbmnps for Hepatic Cancer Theranostic 

The GbMNPs exhibited (i) a r2 relaxivity value of ~364 mM-1s-1, (ii) a high heating 
efficiency under an alternating (AC) magnetic field – magnetic hyperthermia – 
(independent loss power of 1.83 nHm² kg-1) and (iii) a drug (doxorubicin, DOX) loading 
efficiency of 96% with a pH- and temperature-dependent release. Cytotoxicity studies 
with HepG2 cell line showed that the cell viability was reduced to 36% when tested 
with DOX-loaded GbMNPs (GbMNP@DOX) under an AC magnetic field. Additionally, 
a 3D liver cancer organoid was bioengineered as a more representative human 
model of disease to in vitro validate the therapeutic performance of GbMNP@DOX. 
Results showed a large decrease in cell viability, with 65% of viable cells, which was 
further reduced to only 2% of viable cells with application of magnetic hyperthermia, 
highlighting the remarkable therapeutic ability of GbMNP@DOX. 
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Triple-negative breast cancer (TNBC) is the most lethal subtype of breast cancer. 
It benefits only from conventional chemotherapy (e.g., doxorubicin/DOX), and thus, 
there is an urgent need for more specific and targeted approaches for its diagnosis, 
control, and treatment. Here, we present a biocompatible theranostic probe activated 
in the tumour site through a specific external stimulus, a magnetic field. The system is 
based on magnetic solid lipid nanoparticles (mSLNPs) loaded with a chemotherapeutic 
drug (DOX) and superparamagnetic iron oxide nanoparticles. In vitro validation studies 
revealed an increased cytotoxic activity and selectivity triggered by an externally 
applied magnetic field in both 2D and 3D cellular models of TNBC. Results showed 
a reduction of the tumor spheroid volume and cancer cell migration compared 
to the free DOX, as well as a T2-MRI contrast enhancement.  

Mónica Cerqueira,a,b,c Efres Belmonte-Reche,a Fátima Baltazarb,c , Juan Gallo,a 
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In vitro validation of a new magnetic formulation against 
Triple-Negative Breast Cancer  

Figure  1. (Upper) Effect of an externally applied 
oscillating magnetic field on the cell morphology 
of HS-578T tumor cells treated with the mSLNs 
(Lower) Confocal images of 3D tumor spheroids after 
incubation with the mSLNs.



Eu
ro

N
an

oF
or

um
 | 

5-
6 

M
ay

, 2
02

1

122

With the goal of contributing to the development of a novel microfluidic system 
with high sensitivity for analysis of blood cancer clinical samples, an innovative inertial 
and size-based device for prostate cancer screening was designed. It is expected 
that by using microfluidic devices based in passive methods (inertial and size based), 
to isolate the cancer-related cells, circulating tumour cells (CTCs) and 
cancer-associated macrophage-like cells (CAMLs)[1], they can be separated from the 
rest of the blood. Thus, a label-free isolation[2] device with spiral-shaped and 4 outlets 
was designed. Prior to experimental approaches, 3D models of the spiral device were 
created in the COMSOL software and optimal working conditions - such as device 
geometry, flow rates and fluid viscosities - were computed, in order to achieved high 

Luís Diasa, Rui Limab, and Diana Pinhoa 
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Inertial and size-based focusing of cancer-related 
blood cells in a 4-outlet spiral microchannel: numerical 
approach 

isolation efficiency of particles (or cells). With the numerical approach, it is possible 
to determine the velocity fields in the device, as well as to trace the particle movement, 
including in which outlet it ends up. The best working flow rates obtained were 100 
µL/min and 1000 µL/min for sample and sheath buffer inflow, respectively. Numerical 
data shows that the mean isolation efficiency of particles over 20 µm is above 90%. 
Experimental assays with spiked cancer cells in blood samples are currently ongoing 
in order to corroborate the numerical data.

[1] Adams, D.L., et al. Proceedings of the National Academy of Sciences 2014, 111, 3514-3519.  
[2] Rzhevskiy, A. S., et al. Cancers 2020, 12(1): 81. 
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Self-assembly peptides have emerged as a novel class of biomaterials with 
diverse therapeutic applications. In this work four symmetrical bolaamphiphiles 
based on dehydrodipeptides (phenylalanyldehydrophenylalanine and 
tyrosyldehydrophenylalanine) linked through phenyl or naphthyl linkers (terephthalic 
acid and 2,6-naphthalenedicarboxylic acid) were prepared and their self-assembly 
properties studied. The results showed that all compounds with the exception 
of the bolaamphiphile of tyrosyldehydrophenylalanine and 2,6-naphthalene 
dicarboxylic acid gave self-standing hydrogels with critical gelation concentrations of 
0.3 and 0.4 wt% using a pH trigger. Scanning transmission electron microscopy images 
showed a network of entangled fibres for all three hydrogelators and vesicule-type 
structures for the bolaamphiphile that failed to give hydrogels in the conditions tested. 
According to rheology the hydrogels prepared are viscoelastic materials with an elastic 
modulus G’ that falls in the range of native tissue (0.37 kPa brain 4.5 kPa cartilage). 

Carolina Amorim,a Peter J. Jervis,a José A, Martins,a Paula M.T. Ferreiraa 
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Investigating bolaamphiphilic bis-dehydrodipeptides 
hydrogels as drug delivery systems 

The cytotoxicity of the new compounds was tested using human keratinocytes (HaCaT 
cell line). The molecules under study have no identifiable impact in cell proliferation, 
despite having a small impact in cell viability. In sustained release assays, the effect 
of the charge present on model compounds on the rate of cargo release from 
the hydrogel networks was evaluated. The hydrogels provide a sustained release 
of the methyl orange (anionic) and of ciprofloxacin (neutral), while the methylene 
blue (cationic) is retained by the hydrogels network. The bolaamphiphiles prepared 
constitute promising materials to be used as drug delivery platforms. 

Acknowledgments: This work was funded by National Funds through FCT-Portuguese Foundation for Science and Technology under the Project PTDC/QUI- 
QOR/29015/2017 and CQ/UM UID/QUI/00686/2013 and UID/QUI/0686/2016. The NMR spectrometers are part of the National NMR Network (PTNMR) and are partially 
supported by Infrastructure Project No 022161 (co-financed by FEDER through COMPETE 2020, POCI and PORL and FCT through PIDDAC).  
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Acute myeloid leukemia (AML) is the most common form of leukemia in adults and 
is frequently associated with poor outcomes and response to conventional therapies, 
particularly in older individuals. Unfortunately, patients that achieve clinical complete 
remission after the treatment can still relapse due to the persistence of minimal 
residual disease (MRD), with severe consequences [1]. An earlier and accurate 
diagnosis of MRD would allow for a better prognosis and also better follow-up 
of the patients. Microfluidics has demonstrated to be a powerful tool for the isolation 
of rare cells from biological fluids towards earlier cancer diagnosis [2,3]. Thus, this work 
aims to develop a microfluidic system for the isolation of leukemic blasts based on 
positive immune-selection. First, a set of microfluidic devices with different geometries 
were designed and fabricated containing thousands of micropillars to maximise cell 
attachment. Then, for the optimization of the conditions, different parameters 
were tested in the device, including the functionalisation strategy and flow rate.  
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Isolation of Acute Myeloid Leukemia Blasts using  
a Microfluidic System for accurate assessment of Minimal 
Residual Disease 

Spiking experiments were performed mixing known concentrations of AML cell lines 
with peripheral blood mononuclear cells obtained from healthy donors. Once the 
optimal conditions are found for the best isolation efficiency, we expect to validate 
this microfluidic system in a cohort of AML patients at different disease stages.

Acknowledgments: The authors wish to acknowledge the “Innovative Microfluidic Platform for Analysis of myeloid Leukemia blasts” project (030782) co-funded by FCT 
and the ERDF through COMPETE2020. 
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A biocompatible xanthan gum (XG)-based drug-loaded magnetic nanocomposite 
hydrogel with optimized rheological properties was designed, synthesized and in vitro 
validated as a long-acting delivery system able to minimize off-target side effects and 
locally provide non-invasive magnetic resonance imaging. Both a hydrophilic antifungal 
drug and magnetic iron oxide nanoparticles were simultaneously encapsulated in a 
chemically-modified XG-polysaccharide matrix. In addition to an enhanced drug activity 
compared to the free drug, the magnetic component of the final hydrogel enabled an 
extra thermal-induced control over the drug delivery profile by magnetic hyperthermia, 
as well as a concentration-dependent shortening of the water protons’ relaxation time 
at a clinical field of 3T, confirming its potential use as a T2-MRI-based theranostic agent.  
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Magnetic xanthan-based nanocomposite hydrogels  
for topical and theranostic implantable applications:  
non-invasive MR imaging and magnetically-assisted 
drug delivery 

Altogether, these properties open a new dimension for the application of these 
versatile magnetohydrogels, from traditional topical uses to more internal surgery 
interventions in dentistry, oncology or wound healing of critical skin damages 
and infections.  
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Antibiotic resistance is one of the most concerning imminent public health crises in 
today’s world. Several approaches have been studied to overcome this problem such 
as the use of nanoparticles as drug-delivery platforms, with very promising results [1]. 
The efficacy of this approach may be further increased with the co-administration 
of anticancer drugs and antibiotics since this combination may present a synergic 
effect in their activity [2]. Herein, mesoporous silica nanoparticles (MNs) were 
synthesized and loaded with a mixture of ofloxacin (OFLO) and an anticancer drug: 
epirubicin (EPI) or doxorubicin (DOX). The antibacterial activity of these complexes 
was evaluated in Escherichia coli, Staphylococcus aureus, methicillin-resistant S. aureus 
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Mesoporous Si nanocarriers with synergic properties  
for drug delivery 

(MRSA), Enterococcus faecalis and Pseudomonas aeruginosa. A significative decrease 
in bacterial viability with the administration of the double-loaded nanomaterials 
was verified, even in resistant bacteria such as MRSA, demonstrating the potential 
of these nanomaterials in response to antibiotic resistance.  

[1] Marcelo G.A., Duarte, M.P, Oliveira E., SN Appl Sci. 2020, 2,1354.  
[2] Din M.O., Danino T, Prindle A, Skalak M, Selimkhanov J, Allen K, et al., Nature, 2016, 563, 81-85 

This work was supported by the Associate Laboratory for Green Chemistry - LAQV which is financed by national funds from FCT/MCTES (UIDB/50006/2020 and 
UIDP/50006/2020) as well as FCT/MCTES within the R&D Units Project Scope MEtRICs (UIDB/04077/2020) and the Scientific Society PROTEOMASS (Portugal) for funding 
support (General Funding Grant). G.M thanks to FCT/MEC (Portugal) for his doctoral grant PD/BD/142865/2018. E.O thanks FCT/MEC (Portugal) for the individual 
contract, CEECIND/00648/2017. 
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Metastasis is responsible for over 90% of cancer related fatalities, however it is still one 
of the most poorly understood cancer hallmarks [1], [2]. With such impact in morbidity 
and mortality of cancer-patients, it is crucial to better understand this process, to be 
able to develop better diagnostic tools and therapies. Circulating Tumor Cells (CTCs) 
are malignant cells that escape the tumor and disseminate through the blood stream, 
potentially invading other organs and causing metastasis. As such, understanding 
the process of CTC intra- and extra-vasation can be a crucial step to comprehend 
cancer metastasis. To this end, it is necessary to build biomimetic models of 
metastasis that replicate truthfully the in vivo tumour microenvironment. Microfluidic 
technology was selected as the platform to accomplish this task, since it overcomes 
the limitations of traditional 2D static models and possesses interesting features such 
as low cost, high throughput screening and miniaturization. 

A. Martins a, b, M. Oliveira a, b, M. Xavier a, A. Ainla a, S. Abalde a, C. Gonçalves a, L. Diéguez a
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Metastasis-on-a-chip System to Study the Invasive 
Capacity of Circulating Tumour Cells 

Our preliminary results present a multichannel microfluidic organ-on-a-chip system 
to mimic cancer vasculature, fabricated by standard photolithography and 
replica-molding techniques. The suitable functionalization of the system provided 
the channel surface with the appropriate conditions to favor cell attachment and 
growth. The growth of an endothelial monolayer onto the channel wall, and 3D culture 
of tumor cells embedded in a hydrogel in an adjacent channel, provided a system 
that correctly mimicked the tumor environment and provided a platform to study 
the influence of cell phenotype in cancer cell migration and invasion. 

Acknowledgments: This work was developed under the METASTARG project that received funding from the “European innovative research & technological 
development projects in nanomedicine”. 
 
J. Fares, M. Y. Fares, H. H. Khachfe, H. A. Salhab, and Y. Fares, Signal Transduct Target Ther 2020, 5 (28), 1-17. 
R. Riahi, Y. L. Yang, H. Kim, L. Jiang, P. K. Wong, and Y. Zohar, Biomicrofluidics 2014, 8 (2), 1–15. 
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Digestive cancers are the most frequently diagnosed and constitute a group of highest 
morbidity worldwide, being colorectal cancer (CRC) and gastric cancer among the most 
frequently diagnosed [1]. The majority of digestive cancer patients already present 
metastasis at the time of diagnosis, which is widely associated with cancer death [1].  

Circulating tumour cells (CTC), shed from the tumour into the bloodstream, have 
emerged as a fundamental tool for cancer diagnosis and monitoring, as they reflect 
tumour heterogeneity and clonal evolution of cancer in real time. Adopting CTCs into 
the clinical practice is imperative for early detection of potential recurrences and 
disease monitoring during treatment, however, current tools in the clinic have shown 
limited sensitivity and clinical utility [2].  

A new microfluidic technology for unbiased CTC isolation and characterization was 
developed at INL (RUBYchip™, PCT/EP2016/078406) showing superior performance 
against the gold standard [3]. 

Adriana Carneiro,a,b Paulina Piairo,a  Alexandra Teixeira,a Alexandre Chícharo, a Sara Abalde-Cela, a Luis Lima,b and 
Lorena Diégueza 
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Microfluidic-based Isolation of Digestive Circulating 
Tumour Cells 

The aim of this project was to optimise and validate the RUBYchip™ for the analysis 
of samples from digestive cancer patients at IPO. To optimize the performance of the 
device, four CRC cell lines (SW480, Caco 2, SW620 and HT-29) were spiked into 7.5 mL 
of whole blood from healthy donors and processed at different flow rates to assess 
capture efficiency. The optimal flow rate was then applied to other digestive cancer 
models namely gastric, oesophageal and liver cell lines. Further identification 
and phenotypical analysis of CTCs in the RUBYchip™ was achieved by immunostaining 
with antibodies against cytokeratin, vimentin and CD45. 

Finally, patient samples were analysed using the optimised technology to ultimately 
validate its application in the clinical setting.

[1] J. Iwasaki and S. I. Nihira, Jpn. J. Clin. Oncol. 2009, vol. 39, no. 9, pp. 543–551. 
[2] I. A. Issa and M. NouredDine, World J. Gastroenterol. 2017, vol. 23, no. 28, pp. 5086–5096 
[3] S. Ribeiro-Samy et al., Sci. Rep. 2019, vol. 9, no. 1, pp. 1–12, 2019 
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Worldwide, cancer is one of the highest leading causes of mortality. Within the scope 
of personalised medicine, liquid biopsy emerges as an alternative to current diagnostic 
methods.[1] The identification and analysis of tumor biomarkers, such as circulating 
tumor cells (CTCs) is one of the main focuses in this field.[2] Microfluidics platforms offer 
high sensitivity and specificity for the isolation and analysis of CTCs enabling through 
their study a better comprehension of cancer mechanisms, disease status, and 
therapeutic strategies.[1] Our overall project consists of the development of a modular 
microfluidic platform that is able to: (1) isolate and recover CTCs, (2) encapsulate the 
CTCs in droplets, and (3) sort the cell-containing droplets for downstream analysis or 
functional studies. Currently, our work is still focused on the integration between the 

Carolina Rodrigues, a,b Alexandra Teixeira,a Adriana Carneiro,a Paulina Piairo,a Sara Abalde-Cela,a and Lorena Diégueza 
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Microfluidics-based Isolation and Recovery of Circulating 
Tumor Cells  

standard optimised isolation protocol developed at our group [3] with the recovery 
process. The CTC recovery step is performed on pumping mode and in reverse flow, 
at different flow rates, achieving a maximum recovery efficiency of 51,4%. 

[1] Huang et al, J Cancer Metastasis Treat 2019; 5:34 
[2] Abalde-Cela et al, Acta Cytologica, 2019 
[3] Ribeiro-Samy et al, Scientific Reports, 2019 
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 It is known that ɣ-oryzanol and β-sitosterol are able to form tubular systems which 
are effective to induce the structuring of edible oils, however, the gelation mechanism 
is not yet fully understood. Factors like gelators’ concentration and ratio, oil medium, 
cooling rates and storage time are determinant. This work aimed at assessing the 
effects of the above-mentioned factors on sterol-based oleogels formation using 
Confocal Raman spectroscopy (CRS) supported with other methodologies. 

Raman spectra showed the association between the stabilization time and the 
interfibrillar aggregation, which occurred differently for samples produced under 
distinct circumstances (i.e. gelator’s ratio, cooling ramps, and sterol content). Distinct 
molecular stabilization periods were identified; the first occurring until 24 h, followed 
by 1 to 8 days, and the later between 8 and 28 days. The Raman mode (≈ 1590 
cm-1) related to the aromatic ring stretching vibrations C=C, detected at 0 h for samples 
with greater sterols concentration, was only seen at 24 h for samples produced with 
lower sterol content. This impacted the rate at which the sterol molecules form the 
fibrillar conformations, thus influencing the critical point of gelation of the oleogels, 
which ranged between 28 h and 8 days for gels produced with 10 wt% sterols (under 
both tested cooling ramps) and for gels produced with 8 wt% sterols under slower 

Artur J. Martinsa, Fátima Cerqueiraa,b, António A. Vicentec, Rosiane L. Cunhad, Lorenzo M. Pastranaa, and Miguel A. Cerqueiraa 
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Monitoring the gelation behaviour and stability  
of multicomponent sterol-based oleogels using confocal 
Raman spectroscopy 

cooling (1 ºC min-1). The most significant changes in molecular organization occur 
until the 8-day time point, where gelators’ ratio and concentration are major factors 
in such organization. Selected Raman modes (whose intensity most varied during the 
storage period) showed intensity inversion occurring mainly between 24 h and 8 days 
(192 h), supporting the observed faster gelation arising for oleogels with higher sterol 
content and with 60:40 (oryzanol:sitosterol) ratio, likewise for samples produced using 
faster cooling rates. This is significant when considering the replacement of common 
triacylglycerols with oleogels for heathier food formulations. 
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The EU H2020 BIORIMA project is one of the first and largest European initiatives 
that is totally dedicated to the development of innovative and robust methodologies 
to assess and manage the risks of nano-biomaterials (NBM) that are used in medical 
devices and advanced medicinal therapy products, along their whole life cycle 
and at the same time identify and implement suitable safety-by-design alternatives. 
The BIORIMA consortium is implementing a comprehensive method testing and 
validation program to adapt and further develop existing tools for human and 
environmental exposure and hazard assessment of NBM, beyond clinical studies. 
All approaches that are tested and developed are integrated into a risk management 
framework (RMF) to help practitioners and end-users in finding best practical solutions 

Lang Trana, Janeck Scott-Fordsmandb, Anna Luisa Costac, Bernd Nowackd, Bengt Fadeele, Danail Hristozovf, Carlos Fito-Lópezg, Lisa Bregolih,  and 
Rudolf Reutheri 
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Sweden f University of Venice, Venice, Italy g ITENE, Valencia, Spain Warrant Hub, Casalecchio di Reno, Italy Environmental Assessments, Lauf, 
Germany 

lang.tran@iom-world.org 
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Nano-Biomaterial Risk Management 

for testing and handling of NBM. The RMF will be implemented by means of a 
web-based and specially designed Decision Support System (DSS), to comply with 
existing relevant regulations, such as MDR 2017/745 or REACH. The poster describes 
the latest findings of the project after 3 years of intensive research on the hazard 
of NBM and of the underlying mechanisms that are crucial for the effects and 
exposure we observe in humans and the environment. 
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“Ensure healthy lives and promote well-being for all at all ages” is Goal #3 of the UN 
Sustainable Development 2030 Agenda. Fast, inexpensive and easy to use diagnostic 
tests are essential in identifying patients, prognosis, monitoring treatment and 
assessing prevention.[1] Nanotechnology has a prominent role, with emphasis on metal 
nanoparticles, due to their unique chemical, optical, and electrical properties.[2] 

The NANOMODE Project,[3] aims to develop a gold nanoparticle-based test-kit for 
detection of a single nucleotide polymorphism (SNP) related to lactose intolerance 
in DNA extracts, validate the assay in patient saliva samples, and create a prototype 
of a test to detect SNPs related to metabolic diseases.  
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NANOMODE - Gold Nanoparticle-based Molecular 
Detection of Metabolic Diseases 

Gold nanospheres are synthesized and functionalized with oligonucleotides 
to produce nanoprobes. Upon induced aggregation, the color of nanoprobes visibly 
changes in the presence of DNA containing the SNP. 

[1] I. V. Jani, T. F. Peter, N Engl J Med 2013, 368(24), 2319−2324.  
[2] P. Baptista, et al. Anal Bioanal Chem 2008, 391(3), 943-50 [3] Grant PTDC/NAN-MAT/30589/2017 from FCT/MCTES
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The human and aquatic eco- toxicity assessment of nanomaterials (NMs) is hampered 
by NMs’ interferences with traditional colorimetric and fluorescence- based in vitro 
assays. Non-invasive impedance-based methods are label-free and thus, less prone 
to such interferences [1]. We hereby present impedance-based methods for real-time 
monitoring of adherent cells under static and dynamic exposure conditions, as well 
as impedance flow cytometry for single-cell investigations. To expose the cells to 
well-controlled NM dispersions under physiologically relevant flow conditions, we 
employed a multi-channel microfluidic device with integrated microelectrode arrays.  
Rainbow-trout gut cells, human umbilical vein endothelial cells, human epithelial lung 
cancer (A549) cells, human monoblastoid (U937) cells, primary gingival fibroblasts, 
and a 3D microvasculature model were exposed for up to five days to TiO2, ZnO, Ag, 
CeO2, and CuO NMs to assess their impacts on cell viability and proliferation. 

Ivan Rios-Mondragona, Arnaud Lemellea, Anne-Marthe Drønena, Melanie Ostermanna, Alexander Sauterb, Julia Schoelermanna, Emil Cimpanc, Liv 
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Non-invasive impedance-based methods for nanotoxicity 
assessment  

The impedance-based methods used in this study were found to be reliable, robust, 
and highly suitable for high-throughput first line nanotoxicity screening. The cellular 
responses were influenced by the type of exposure to NMs, i.e., static vs. dynamic.  
 
This work was supported by the Research Council of Norway project NanoBioReal 
(288768), the H2020 project RiskGone (grant agreement 814425), UH-Nett vest, 
and the EuroNanoMed II “INNOCENT” project (271075). 

[1] M Ostermann et al., Scientific Reports 2020, 10, article no. 142.  
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Transdermal delivery has a limited clinical use due to the reduced permeation of drugs 
through the skin. To overcome this problem, several approaches have been explored, 
such as the use of nanodelivery systems.[1] Transdermal routes are particularly 
interesting for drugs with safety issues upon oral delivery, as the case of ibuprofen. 
Thus, this work aimed to develop and optimize a transfersomal formulation for the 
transdermal delivery of ibuprofen, using a Box-Behnken design (BBD) strategy.[2] BBD 
was implemented by investigating the impact of lipid concentration, edge activators 
ratio, and sonication time in reducing transfersomal size, polydispersity index (PDI), 
and zeta potential (ZP). For that, 15 formulations were produced using 
the thin film hydration technique followed by sonication and characterized by dynamic 
and electrophoretic light scattering. Data analysis was performed using STATISTICA 
(Statsoft, Inc.) software, providing the optimum values of the independent variables 
based on the predefined desirable criteria for the responses. 
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for Transdermal Delivery 

In line with BBD predictions, the optimized transfersomal formulation showed 
promising properties: 115 ± 2 nm (size), 0.19 ± 0.02 (PDI), and 0.1 ± 0.4 mV (ZP), 
validating the experimental design used. The loading capacity of this formulation 
was also determined by centrifuge ultrafiltration and found to be favorable 
(51 ± 15%). The obtained results showed that BBD is a valuable strategy to further 
optimize nanodelivery systems for transdermal applications. 

[1] S.A.T. Opatha, V. Titapiwatanakun, et al, Pharmaceutics 2020, 12(9), 855.  
[2] C. Pereira-Leite, C. Ventura, Biomed Biopharm Res 2020, 17(2), 209−221. 
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The detection of circulating tumour cells (CTCs) in the blood of cancer patients has 
been correlated with bad prognosis and therapy resistance [1]. However, finding CTCs 
in peripheral blood is challenging due to their very low number (1-10 CTCs per billion 
of blood cells). As consequence there is a need to develop advanced tools to detect 
and isolate these rare cells. We have developed the RUBYchipTM, a microfluidic device 
that isolates CTCs from whole blood of patients with outstanding capture efficiency 
> 70%. The technology showed robust results in patient samples including breast [2], 
colon-rectal [3], and bladder [4] cancer. To bring CTCs and liquid biopsies to the clinical 
routine, it is necessary to define pre-analytical parameters to comply with the new IVD 
regulation and assure reproducible results across laboratories [5]. Here we investigate 
the effects of blood sample preservation and storage on CTC isolation efficiency using 
the RUBYchipTM. 200 Hoechst labelled cancer cells (SW480, colon cancer cell line) 
were added to 7.5 ml of blood from healthy donors. Four blood collection tubes 
were studied: K2EDTA (BD), Cell-Free DNA BCT (Streck), CellSave (Menarini), and 
Transfix (Cytomark). 
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isolation of Circulating Tumour Cells  

Spiked blood samples were maintained at room temperature for 0, 24 or 48 hrs 
before being processed in the RUBYchipTM at 100 µl/min and labelled cells trapped 
in the device were counted to calculate capture efficiency. Preliminary results show 
overall that capture efficiency decreases when spiking is performed 24 hrs prior 
to sample processing, compared to cells spiked just before sample processing. When 
comparing capture efficiency at 24 hrs and 48 hrs after spiking, samples from K2EDTA 
tubes show a decrease in capture efficiency whereas in samples collected in tubes 
containing preservatives it remains unchanged or even increases. Overall, the results 
obtained suggest that CTCs capture efficiency in the RUBYchipTM is dependent 
on sample preservation and stabilization conditions. 

1] S Abalde-Cela, et al. Acta Cytol 2019, 63, 466-478. [2] C Lopes, et al. under review 2021. [3] S Ribeiro-Samy, et al. Sci Rep 2019, 9, doi:10.1038/s41598-019-44401-1. [4] 
M Neves, et al. N Biotechnol 2019, 49, 77-87. [5] M Fleischhacker, B Schmidt J Lab Med 2020, 44, 117-142. 
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Nanostructured lipid carriers (NLCs) have been hypothesized as a promising strategy 
to tackle glioblastoma (GB), the most common and lethal primary brain tumor. Aiming 
at addressing both tumor cells and microenvironment, a multitarget peptide-lipid 
nanoconstruct is herein presented. NLCs for curcumin and atorvastatin co-delivery, 
tailored with hyaluronic acid conjugates bearing the cRGDfK and H7k(R2)2 peptides, 
and folic acid, are characterized considering their in vitro performance, in terms of 
cytotoxicity, uptake, internalization mechanism and hemolytic behavior was evaluated. 
As proof-of-principle, the biodistribution, tolerability, and efficacy of the nanocarriers 
were assessed, the latter in GB-bearing mice through magnetic resonance imaging
and spectroscopy.

João Bassoa,b,c, Maria Mendesa,c, Jessica Silvaa,c, José Serenoc,d, Tânia Covab, Rui Oliveirae,f,g, Ana Fortunaa,d, Miguel Castelo-Brancoc,d, Amílcar Falcãoa,d, João 
Sousaa,b, Alberto Paisb Carla Vitorinoa,b,c 

 

aFaculty of Pharmacy, University of Coimbra, Portugal  
bCoimbra Chemistry Centre, University of Coimbra, Portugal  
cCentre for Neurosciences and Cell Biology (CNC), University of Coimbra, Portugal 
dCIBIT/ICNAS – Coimbra Institute for Biomedical Imaging and Translational Research, University of Coimbra, Portugal 
ePathology Department, Centro Hospitalar e Universitário de Coimbra, Portugal fBiophysics Institute, Faculty of Medicine, University of Coimbra, Portugal 
gCoimbra Institute for Clinical and Biomedical Research (iCBR) area of Environment Genetics and Oncobiology (CIMAGO), University of Coimbra, Portugal 
 
Presenting author: joaobasso@ff.uc.pt 

Health and Wellbeing07
Peptide-Lipid Nanocontructs Act Site-Specifically 
Towards Glioblastoma Growth Impairment 

The hierarchical modification of the NLCs promotes a preferential targeting behavior 
to the brain, while simultaneously sparing the elimination by clearance organs. 
Moreover, NLCs were found to be well tolerated by mice and able to impair tumor 
growth in an orthotopic xenograft model, whereas for mice administered with the 
non-encapsulated therapeutic compounds, tumor growth exceeded 181% in the same 
period. Relevant biomarkers extracted from metabolic spectroscopy were ultimately 
identified as a potential tumor signature. 

Basso, J., et al., Eur J Pharm Biopharm 2020, 155, 177-189. 
Basso, J., et al., Neuromethods 2020, Vol. 163, Ch. 12, 281-296. 
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Helicobacter pylori (Hp) chronic infection accounts for 90% of all diagnosed gastric 
cancers. Also, Hp is 1 of the 16 antibiotic-resistant bacteria that pose greatest risk 
to human health. Antimicrobial peptides (AMP) are an alternative to antibiotics due 
to their broad-spectrum of activity and low propensity to induce bacterial resistance. 
AMP immobilization onto biomaterials is an advocated strategy to overcome AMP 
drawbacks in vivo, namely proteolytic degradation and protein aggregation. 
Pexiganan A (MSI-78A) is one of the few AMP with bactericidal activity against Hp. 

Here, MSI-78A grafted chitosan microspheres (AMP-ChMic) to eradicate Hp infection 
in situ were developed.  Chitosan microspheres (ChMic), 2 to 7 μm in diameter, were 
produced by spray-drying technique. Next, a NHS-PEG-MAL linker was grafted onto 
ChMic for MSI-78A immobilization with controlled orientation (MSI-78A-SH; modified 
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on C-terminal with a terminal cysteine). AMP-ChMic were stable in acidic 
and neutral pH and bactericidal against a highly pathogenic human strain (Hp J99) 
in a concentration dependent manner. These results validate that MSI-78A activity 
was not affected by grafting onto ChMic surface.  

Overall, AMP-ChMic demonstrated high potential for Hp infection management, 
being a pioneering strategy for the development of non-antibiotic therapeutics. 
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Several drug-delivery nanoparticles (NPs) have been developed as promising tools 
for tackling conditions such as cancer, inflammation, and neurological diseases.[1] Still, 
despite the extensive efforts in deploying smarter and more targeted drug-delivery 
NPs over the last 2 decades, less than 60 of these were approved for clinical use so far.
[2,3] Advances in NPs characterization methods and procedures are required towards 
filling the gap between NPs production and their regulatory approval.[4] 
One of the major challenges is to warrant pre-treatment and analysis conditions 
that are compatible with the maintenance of NPs properties, especially for organic NPs 
such as nanostructured lipid carriers (NLCs) and polymeric NPs. 

In this poster communication, an overview of the work performed in our research 
group on setting alternative analytical strategies to evaluate NPs encapsulation 
efficiency and NPs concentration in NLCs and polymeric NPs will be presented. 
The importance of ultrafiltration conditions during the purification of NPs from free 
drug prior to quantification will be addressed. An alternative strategy to this based 
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on hydrodynamic mode separation and nephelometric/fluorometric detection 
to evaluate NP-bound, free molecules, and NPs concentration in a single run will also 
be presented. The potentialities of automated and miniaturized methods, resorting 
to lab-on-valve flow system, for the analysis of NPs and the importance of orthogonal 
procedures for results validation will also be covered. 

[1] V. Gadekar, at al, J. Control. Release, 2021, 330, 372-397. 
[2] A.C. Anselmo, S. Mitragotri, Bioeng. Transl. Med., 2019, 4, e10143. 
[3] F. Farjadian, et al, Nanomedicine, 2019, 14, 93-126.
[4] B. Halamoda-Kenzaoui, et al, Wiley Interdiscip. Rev.-Nanomed. Nanobiotechnol., 2019, 11, e1531.
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Wounds are health problems that affect people quality of life and have a significant 
economic impact in healthcare systems worldwide [1]. In this work, we propose 
the development of polyvinyl alcohol (PVA)/alginate hydrogels loaded with poly 
(lactic-co-glycolic acid) (PLGA) nanoparticles (Nps) as carriers by Quality by Design 
for the delivery of growth factors to for wound healing. Nps were produced 
by a water-in-oil-in-water double emulsion technique [2]. Hydrogels were produced 
by freeze thawing.  The concentrations of sodium alginate, glycerine, cycle duration 
time, and number of cycles were studied. Particle size and polydispersity index were 
assessed by Dynamic Light Scattering (DLS), and intermolecular interactions between 
nanoparticles and the hydrogel was evaluated by ATR-FTIR prior and after  
freeze-thawing.
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PLGA-nanoparticle loaded hydrogels for the delivery  
of growth factors for wound healing 

The freeze-thawing cycles of 12h and 24h did not affect the particle size achieving 
266±39 nm and 269±34 nm with a PdI of 0.25. The ATR-FTIR analysis showed 
interactions between the materials in the hydrogel. The formulations will be further 
used to deliver growth factors and their in vitro and in vivo performance will be 
evaluatedThese instructions are an example of what the abstract should look like. 
Please do not modify the column and margin measurements. 
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project POCI-01-0145-FEDER-032610 - PTDC/MEC-DER/32610/2017. It was also supported by FCT under the projects UIDB/50006/2020, UIDB/04326/2020, and 
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Worldwide nanotechnology has been revolutionized science and life, namely on the 
field of nanomedicine. In line with this, the aim of this study was to covalently linked 
Pluronic® L121 and polyethyleneimine (PEI) as a potential nano-candidate for drug/
gene co-delivery in cancer therapy (Scheme 1). Therefore, to conjugate Pluronic® with 
PEI a two-step synthesis approach was used. For structural characterization FTIR and 
1H-NMR spectroscopy were applied. Physicochemical characterization was evaluated 
by Dynamic/Electrophoretic Light Scattering. Critical Micellar Concentration (CMC) 
was assessed by pyrene fluorescent probe method. Acid-base titration method was 
used to achieve buffering capacity. Metabolic activity was measured by the MTT assay 
using MRC-5 cells and the in vitro biocompatibility was evaluated by the hemolysis 
test. Pluronic was successfully activated and linked to PEI proven by the appearance 
of characteristic bands in FTIR and NMR spectra. The registered mean hydrodynamic 
diameter was 125 nm with a PDI below 0.250 and a charge nearby +30 mV, being 
the CMC ca. 50 μg/mL. Buffering capacity was observed. Increasing concentrations of 
nanoparticles reduced cell metabolic activity.[1] Hemolysis rate was less than 5%. The 
synthetized cationic nanomicelles are suitable for tumor-targeting, valuable for gene 
delivery and tailored to facilitate endosomal disruption during transfection. 
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In the early 90’s, as the first human genome project was initiated, an extensive effort 
has been placed on mapping the role of genes in the onset of disease. Genetic 
contribution to different diseases however, were found to be varies and often very 
little, with non-genetic factors having much greater attributable risks, and thereby 
producing ‘stochastically’ large phenotypic pool. The key goal to understanding human 
health and disease is to access the ‘genotype-phenotype’ correlogram, and the success 
of translating technological innovations into clinical research. Our research group 
focuses on developing and translating technological innovations (e.g., NMR-based 
POCT, machine learning) for the next generation of Precision Medicine. 

Weng Kung, PENGa  
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Post-Genomic Era: Towards rapid Phenotyping  
with human-(machine learning) interaction in Precision 
Medicine 

In this proposal, we will introduce a novel class of multi-dimensional time-domain 
NMR-based ´molecular signature´ of biological fluids (e.g., blood) with respect to 
its´ various pathophysiological states. We demonstrated that highly unique and 
specific `molecular signature´ using a single drop of blood can be rapidly typed 
(in minutes) using home-built NMR spectrometer.  

[1] W.K. Peng*, D. Lim, T.T. Ng & T.P. Loh, Comm Bios (2020) 3, 535 
[2] W.K. Peng*, L. Chen, B. Boehm & T.P. Loh, npj Aging and Mechanisms of Disease (2020) 6, 11 
[3]W.K. Peng*, et. al., Nat Med (2014) 20, 1069

Figure: Machine-learning assistive multidimensional NMR in medical 
decision. 
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Theranostic oncology is a new medical field that promises better cancer diagnosis 
and treatment by combining therapy and diagnosis in a single agent.[1] Theranostic 
agents deliver drugs and imaging probes simultaneously, thus providing a clearer 
understanding of how a drug is delivered to tumours and how these tissues respond 
to treatment. Nanotechnology has become increasingly involved in cancer and 
theranostics, since the use of nanoparticles enables targeted delivery of large payloads 
of drugs and/or imaging agents. Several theranostics have been developed featuring 
superparamagnetic iron oxide (SPIONs) and manganese nanoparticles 
as T2 and T1 contrast agents (CAs) for magnetic resonance imaging (MRI), respectively.
[2, 3] Recently, MRI theranostics for cancer therapy have been devised to exhibit 
responsiveness to endogenous (change in pH, redox environment, or enzymes 
in certain tumours) or exogenous (temperature or light) stimuli.[4, 5] These smart 
dynamic platforms could improve the diagnostic efficiency and therapeutic outcomes, 
through the increase of the local concentration of therapeutic effectors and MRI signal 
intensity in pathological tissues.  
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We are currently working on the synthesis, characterisation and evaluation of redox 
responsive MR nanotheranostics for platinum-based cancer therapy. The Pt(IV) 
prodrug bound to MR CAs through reducible linkers was released in response to 
reducing agents often found in tumour microenvironments (such as ascorbic acid, 
glutathione or hydrogen peroxide), which induced a change in the observed MRI 
signals. Thus, these benchtop-level functional studies indicate that these smart 
nanotheranostics could be used to follow drug release in real time through MRI. 

[1] S. S. Kelkar, T. M. Reineke, Bioconjug Chem 2011, 22, 1879-1903. 
[2] N. A. Keasberry, M. Bañobre-López, C. Wood, G. J. Stasiuk, J. Gallo, Chem Eur J 2018, 7, 16119-161128. 
[3] M. Bañobre-López, L. García-Hevia, M. F. Cerqueira, F. Rivadulla, J. Gallo, Chem Eur J 2018, 24, 1295-1303. 
[4] A. Z. Juthi, M. Aquib, M. A. Farooq, S. Ghayas, F. Khalid, G. F. Boafo, Environ Chem Lett 2020, 18, 1509-1527. 
[5] A. Parodi, M. Rudzinska, S. Leporatti, Y. Anissimov, A. A. Zamyatnin, viron Front Bioeng Biotechnol 2020, 8, 503. 
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General consequences of oxidative stress in human body are well-known, concerning 
internal organs, blood vessels, eye, immune system, joints and brain, but extensive 
studies confirm a harmful impact upon skin as well1.  

Expert studies presenting etiopathogenic and therapeutic news contributing in better 
management of skin diseases, testify and talk widely about the link between oxidative 
stress and inflammation, delayed and low-effective tissue regeneration, collagen fibers 
fragmentation and disorganizing and damages upon skin microbiome. All the above 
processes are frequently expressed in photoallergic reactions, autoimmune diseases, 
skin rashes, acne, rosacea, atopic dermatitis, skin cancer, photoaging   Oxidative 
damage is counteract by antioxidants, which protect biomolecules like proteins, 
nucleic acids, polyunsaturated lipids, carbohydrates.  As mechanisms of antioxidative 
action, studies describe processes like inactivation of free radicals, chelating metal 
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Role of antioxidant natural compounds in combating skin 
oxidative stress    

ions, modulating transducer signals, specific enzymes inhibition. Although there 
have already been 20 years since antioxidants are in top of the most studied adjuvant 
therapeutic ingredients, new significant research continue to give evidence and new 
technical methods for using natural compounds with antioxidant activity. Multiple 
biological effects of natural antioxidants testify the importance of their constant 
research in supporting therapeutic formulas for skin diseases treatments2.  

[1] Dasgupta A.,  Klein K. , Combating Oxidative Stress with a Healthy Lifestyle, in Antioxidants in Food, Vitamins and Supplements, Dasgupta A. and  Klein K. (Eds), Elsevier.
Inc., 317-333, (2014). 
[2] Ramana V., Singhal S.S., Reddy B.A.,  Therapeutic Potential of Natural Pharmacological Agents in the Treatment of Human Diseases, BioMed Research International, 
Volume 2014, Article ID 573452 (2014). 
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A workflow for rapid SARS-CoV-2 epitope discovery on peptide microarrays is herein 
reported. The process started with a proteome-wide screening of immunoreactivity 
based on the use of a high-density microarray followed by a refinement and validation 
phase on a restricted panel of probes using microarrays with tailored peptide 
immobilization through a click-based strategy. Progressively larger, independent 
cohorts of Covid-19 positive sera were tested in the refinement processes, leading 
to the identification of immunodominant regions on SARS-CoV-2 spike (S), 
nucleocapsid (N) protein and Orf1ab polyprotein. A summary study testing 50 serum 
samples highlighted an epitope of the N protein (region 155–71) providing good 
diagnostic performance in discriminating Covid-19 positive vs. healthy individuals. 
Using this epitope, 92% sensitivity and 100% specificity were reached for IgG detection 
in Covid-19 samples, and no cross-reactivity with common cold coronaviruses was 
detected. Likewise, IgM immunoreactivity in samples collected within the first month 
after symptoms onset showed discrimination ability. 
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Overall, epitope 155–171 from N protein represents a promising candidate 
for further development and rapid implementation in serological tests. 

[1] A. Musicò, et al. Vaccines (Basel). 2021 Jan; 9(1): 35.
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The tumor microenvironment (TME) is composed of infiltrating immune cells that 
can dictate the progression of the primary tumor. Usually, the immune response is 
suppressed in the TME but with the aid of immunostimulating (IS) drugs, the immune 
system can be reprogrammed to fight cancer. Current cancer therapies are often 
non-specific, inefficient and result in severe side effects. Taking advantage of the 
characteristics of the TME and nanotechnology, we have designed magnetic pNIPAM 
nanocarriers that respond to temperature (T) (induced by magnetic hyperthermia) 
in order to release a cocktail of IS drugs in the TME, resulting in a targeted, more 
specific cancer therapy. Temperature-responsive magnetic pNIPAM nanoparticles 
of 250nm in size were synthesized through wet chemistry approach. An IS drug was 
efficiently encapsulated into the polymeric shell and the final pNIPAM formulations 
were characterized using spectroscopic techniques, TEM, and magnetometry. 
The responsiveness of the pNIPAM nanoparticles to changes in temperature was 
confirmed via UV-Vis. Cell-mediated cytotoxicity assays were established to test 
the capacity of the nanocarriers to promote tumor cell death.  
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We co-cultured HT-29 cells (colorectal cancer cell line) with NK92CI cells (NK cell line) 
at different ratios and in the presence of IS drug. The viability of the tumor cells was 
measured using a fluorescence redox indicator for cell viability. Initial results show that 
free IS drug and unloaded pNIPAM have no direct effect on the cell viability of immune 
cells or tumor cells, but in the cell-mediated cytotoxicity assay, the tumor cell killing 
is enhanced when NK cells are stimulated with IS drugs. The final formulation 
(pNIPAM-IS drug) induced NK cell activation and tumor cell killing, which was enhanced 
after magnetic hyperthermia. Future work includes the synthesis and characterization 
of a self-reporting probe activated by immune cells. The final goal is to develop 
a new and efficient nanoparticle-based system to be applied in colorectal cancer 
theranostics.  
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Fluorescence labeling is widely used for imaging or sensing applications and, for this 
purpose, strongly fluorescent dyes are available. Nevertheless, the performance of 
dye molecules can be limited by low excitation rates. This limitation can be overcome 
by using metal nanoparticles as optical antennas, which has been explored to enable 
the detection of single-molecule fluorescence from weakly emitting molecules.[1] In 
this contribution, we will present our results on fluorescence enhancement by gold 
nanodimer antennas. These nanogap assemblies are powerful antennas because 
of the large plasmon fields that can be reached in the interparticle hot-spots. 
In a previous study, it was indeed possible to measure top emission enhancements 
of 1000-fold of magnitude for ATTO-655 dye.[2]  
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by Gold Nanodimers 

The gold nanodimers were now employed for emission enhancement of porphyrin 
molecules, which are typically weak emitters, thus, making it difficult to detect their 
emission at single-molecule level. The antenna effect of gold nanodimers induced 
events of emission enhancement by an extreme factor of 105-fold, which resulted 
from an acceleration of excitation rates of ca. 
 
104-fold combined with an increase of 2 to 10 times in the emission quantum-yield, 
as estimated from model simulations.[3] 

[1] S. Khatua, P. M. R. Paulo, H. Yuan, A. Gupta, P. Zijlstra, M. Orrit, ACS Nano 2014, 8, 4440–4449.  
[2] P. M. R. Paulo, D. Botequim, A. Jóskowiak, S. Martins, D. M. F. Prazeres, P. Zijlstra, S. M. B. Costa, J. Phys. Chem. C 2018, 122, 10971–10980. 
[3] A. P. Francisco, D. Botequim, D. M. F. Prazeres, V. V. Serra, S. M. B. Costa, C. A. T. Laia, P. M. R. Paulo, J. Phys. Chem. Lett. 2019, 10, 1542–1549. 
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RNA interference ability to inhibit gene expression has highlighted RNA as a potential 
therapeutic tool[1]. Synthetic nucleic acids, as PNAs, have a N-(2-aminoethyl)glycine 
polymer backbone[1], capable of mimicking RNA function. The ability to efficiently 
bind to genes in a sequence-specific manner, regulating their expression, makes PNA 
a promising therapeutic approach[2]. Thus, we are working at developing enzymes 
to obtain conjugates of PNA with cell delivery peptides, by applying Molecular 
Dynamics (MD) simulations to optimize their structure and later Quantum Mechanics/
Molecular Mechanics (QM/MM) MD to obtain the ligation profiles required for enzyme 
design[3], while maintaining their biological function. 
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[1] S.A. Banack et al., PLOS ONE 2012, 7(11), e49043. 
[2] E. Quijano et al., Yale J. Biol. Med. 2017, 90(4), 583.  
[3] A.T. Carvalho et al., Epigenetics 2014, 9(12), 1604-1612.

Figure 1. PNA model structure, with the selected siRNA sequence, left) before 
molecular dynamics (MD) simulations, and right) after MD simulations. Conformational 
changes can be observed, with loss of helical structure.
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Listeria monocytogenes is one of the deadliest foodborne pathogens which can 
survive in hostile conditions. Its adaptation strategy involves the use of an array 
of two-components systems (TCS) which sense external cues and responds to 
environmental stimuli by gene regulation. The TCS LisRK activates a response 
which initiates the remodelling of the cell envelope; this in turn increases the cells’ 
adhesiveness, leading to more surface attachment, biofilm formation and high 
antibiotic tolerance. A ΔlisR mutant was used to study the antibiotic tolerance
in the presence and absence of LisRK. Upon LisRK activation the wildtype strain 
showed antibiotic tolerance at 1,000 x inhibitory levels for 24 h. The fraction of 
surviving cells was 20,000-fold higher in the wildtype strain compared to the ΔlisR 
mutant. Quantitative assessments showed increase in overall bacterial attachment 
which was further investigated with nanomechanical mapping and force spectroscopy 
at single-cell level, showing a drastic increase in cellular adhesion. 

Hüsnü Aslana 
 
aDFM – Danish National Metrology Institute, Kogle Alle 5, 2970, Hørsholm, Denmark 
 
asl@dfm.dk

Health and Wellbeing07
Stress empowered foodborne diseases 
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In summary, the TCS LisRK is found to be promoting multiple protection mechanisms 
simultaneously upon activation by environmental stressors[1]. 

[1] H. Aslan, M.E. Petersen, A.D. Berardinis, M.Z. Brunhede, N. Khan, A. Vergara, B. Kallipolitis, and R.L. Meyer, Front. Microbiol., 2021, 12, 51 
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Our research group has developed the synthesis of amphiphilic polymers with pending 
sugar moieties as high value-added products. Self-assembly of amphiphilic polymers 
into colloidal nanoparticles is a method of obtaining of advanced functional materials. 
Each structural unit of the glycopolymer is an amphiphile consisting of hydrophilic 
carbohydrate and hydrophobic vinyl moieties. To produce glycopolymers with sugars 
attached, polymerizable sugar monomers need to be developed. Thus, several types 
of vinyl sugars have been investigated and a number of new compounds synthesized.[1-4] 
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[1] K.T. Petrova, P. Correia-da-Silva, C.I.C. Crucho, M.T. Barros, Curr. Org. Chem. 2014, 18, 1788-1802. [2] C.D. Raposo, K.T. Petrova, M.T. Barros, Des. Monomers Polym. 
2015, 18, 753-760. [3] K.T. Petrova, S.S. Dey, M.T. Barros, Carbohydr. Polym. 2015, 125, 281-287. [4] K.T. Petrova, T.M. Potewar, O.S. Ascenso, M.T. Barros, Carbohydr. 
Polym. 2014, 110, 38-46.  
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The use of platinum nanoparticles (PtNPs) has increased in many fields (i.e. 
biomedicine, and pharmaceuticals) due to their unique physicochemical properties. 
Nonetheless, the employment of these nano-sized particles is generating questions 
about their potential risk on human health [1]. Thus, the development of new 
analytical strategies is mandatory for the assessment of these risks associated to NPs 
in toxicological assays, and this is a challenging task in current Analytical Chemistry. 
In this context, high performance liquid chromatography coupled to inductively 
coupled plasma mass spectrometry (HPLC-ICP-QQQ) stands out as a promising 
alternative thanks to its simplicity, rapidness, and sensitivity to study the possible  
fate/transformations of PtNPs upon dispersion in complex media. 

The objective of this work is to develop a new analytical methodology based on the 
use of HPLC-ICP-QQQ for the identification and characterization of PtNPs and ionic 
forms in biological samples. Different parameters influencing the chromatographic 
separation of the analytes, such as the mobile phase composition and the 
instrumental conditions, have been carefully studied.  
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Also, the analytical performance of the method related to sensitivity, linearity,
and reproducibility has been evaluated. The applicability of the proposed method 
was demonstrated in different cell culture media commonly used in in vitro 
toxicological assays, such as Dulbecco’s Modified Eagle Medium (DMEM), and Roswell 
Park Memorial Institute (RPMI-1640) suspensions supplemented with 10% fetal bovine 
serum (FBS) and antibiotics. The findings of this study will be valuable for an adequate 
comprehension of PtNPs interactions with cellular media in future in vitro and in vivo 
toxicological protocols. 

Acknowledgments: Spanish Ministerio de Ciencia e Innovación project, PID2019-104381GB-I00, and JCCM predoctoral contract, SBPLY/16/180501/000356. 
[1] E. Czubacka, S. Czerczak, Med Pr 2019, 70(4), 487-495. 
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Cyanine dyes have remarkable photophysical and photochemical properties. Since 
the works on the exciton theory of J- and H-aggregates, it has been known that certain 
arrangements of dyes may allow efficient fluorescence in the solid state.[1] Cyanine dyes 
are well known to form various aggregates by the interaction of noncovalent forces 
as van der Waals and ɣ-ɣ stacking interaction.[1] The aggregates are highly sensitive 
to temperature leading to distinct changes in the absorption band and colour. 
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Moreover, thiazolium-based derivatives are particularly attractive because of their 
biological activity, such as antimicrobial, anti-inflammatory, analgesic, anti-tubercular, 
or anti-cancer activities.[1] Based on such properties, PMMA polymers doped with 
NIR cyanine derivatives were synthetized and submitted to a range of temperatures. 
Antimicrobial studies were also performed.[2],[3]  

A. Reisch, A. S. Klymchenko, Small 2016, 12, 1968-1992.  
A. Kurutos, Y. Shindo, Y. Hiruta, et al., Dyes and Pigments 2020, 181, 108611.  
N. M. M Moura, S. Valentini, et al. Dyes and Pigments 2021, 185, 108897.  
 
This work was supported by the Associate Laboratory for Green Chemistry - LAQV which is financed by national funds from FCT/MCTES (UIDB/50006/2020 and 
UIDP/50006/2020) as well as the Scientific Society PROTEOMASS (Portugal) for funding support (General Funding Grant). G.M thanks to FCT/MEC (Portugal) for his 
doctoral grant PD/BD/142865/2018. E.O thanks FCT/MEC (Portugal) for the individual contract, CEECIND/00648/2017.  
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Cancer is the second leading cause of death worldwide, with approximately 18.1 
million new cases and 9.6 million deaths in 2018 [1]. Current treatment protocols 
have proved their utility in the clinic; nevertheless, they are unspecific resulting in 
low efficiency and severe side effects. We have synthetized a hybrid nanocomposite 
including iron oxide (Fe3O4) and manganese oxide (MnO) magnetic nanoparticles (NPs) 
dispersed in a lipid matrix [2]. The chemotherapeutic drug, Doxorubicin was also 
encapsulated in the lipid matrix (fig.1). This matrix allows the direct delivery of the drug 
to cells, while the magnetic core allows the generation of heat under an alternating 
magnetic field (magnetic hyperthermia, MH), which enhances drug release from the 
nanocomposite. Furthermore, magnetic nanoparticles are ideal contrast agents (CAs) 
for MRI, allowing the early and non-invasive imaging of tumors.The nanocomposite 
was characterized with a focus in its performance as an MRI contrast enhancer, MH 
effector and controlled drug delivery system. In vitro experiments were performed 
in a breast tumour cell line and showed that cells presented a reduced viability when 
were treated with the nanocomposite combined with MH induction, indicating a higher 
drug release [2]. 

Cátia Vieira Rocha,a Milene Costa da Silva,a Manuel Bañobre-López,a  and Juan Galloa 
 
a Advanced Magnetic Theranostic Nanostructures Lab, International Iberian 
Nanotechnology Laboratory, Av. Mestre José Veiga s/n 4715-330 Braga, Portugal  

catia.rocha@inl.int

(Para)magnetic Hybrid Nanocomposites for Dual MRI 
Detection and Treatment of Solid Tumours

[1] International Agency for Research on Cancer – WHO, Estimated age-standardized incidence rates (World) in 2018, all cancers, both sexes, all ages. 
[2] Vieira Rocha, C., Costa da Silva M., ChemComm 2020, 56, 8695-8698. 
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Unraveling the functioning of the brain has been one of the greatest challenges 
of the scientific community. In order to obtain a full understanding of how neurons 
coordinate their activity, tools capable of monitoring neural dynamics are necessary. 
By placing electrocorticography (ECoG) transparent electrodes over the brain surface, 
and measuring the electric potential variation while observing neurons activity with 
functional calcium imaging, it is possible to acquire neural data with high temporal 
and spatial resolution.  

In this project, transparent and flexible microelectrode arrays (MEAs) made of gold 
patterned metal grids (PMGs) were produced using microfabrication techniques. 
Afterwards, ECoG MEAs were characterized in vitro and tested in vivo. It was 
demonstrated that the ECoG device is easily reproducible, and it is efficient 
for recording brain activity. 

Ivânia Trêpoa, Ana Santaa, Maria Pereiraa, Joana Vaz Pintoa, Rodrigo Martinsa,  Elvira Fortunatoa, Megan Careyb, Pedro Barquinhaa, Hugo G. 
Marquesb and  Joana P. Netoa 
 
CENIMAT/I3N and CEMOP/Uninova, NOVA School of Science and Technology – Nova University of Lisbon, Caparica, Portugal Champalimaud Centre 
for the Unknown, Champalimaud Foundation, Lisbon, Portugal 
 
i.bate@campus.fct.unl.pt 
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Transparent and flexible ECoG micro-electrode arrays  
of patterned metal grids for neural recordings 

PMGs were produced and showed high electro-optical properties. As for the device 
itself, an excellent impedance and an improved mechanical stability were attained. 
Hence, it was possible to combine the superior temporal resolution of extracellular 
electrophysiology, offered by the low-impedance ECoG electrodes, with the spatial 
resolution provided by functional calcium imaging in association with the transparent 
electrodes.  

Keywords: Electrocorticography; Microelectrode Arrays; Patterned Metal Grids; Direct 
Laser Writing; Transparent and Flexible Electronics; Functional Calcium Imaging.
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At the beginning of the 2019, the European Chemical Society launched the EuChemS 
Periodic Table, a new version of the Mendeleev Table of Elements, which depicts the 
element scarcity. Element scarcity is intrinsically linked with several issues including 
Circular Economy, more efficient recycling practices, consumer behavior and 
innovative alternatives. For instance, we know now that our phones are made up of 
more than 30 elements – over half of which may give cause for concern in the years 
to come because of increasing scarcity. It is estimated that every month around 10M 
smartphones are discarded or replaced, only in the EU[1], and unless solutions are 
provided in the next years, we risk seeing many of the natural elements run out or 
become unusable, due to facts such as limited supplies, location in conflict areas, 
or our incapacity to fully recycle them[1].  

Cláudia B. Lopes,a and Tito Trindadea 
 
aDepartment of Chemistry and CICECO-Aveiro Institute of Materials, University of Aveiro, Portugal 
 
claudia.b.lopes@ua.pt 

Health and Wellbeing07
Tubular materials created by silica garden route to recover 
elements 

In our research group we particularly interested in the development of efficient 
processes for the recovery and recycling of elements, including Technological Critical 
Elements (TCE) from electronic waste. Recently, we are looking to new possibilities 
such as tubular structures produced through ‘silica garden’ route, which span at least 
8 orders of magnitude in size from nanometers to meters, can be form from different 
chemical systems and materials[2], including less explored cations such as terbium 
(Tb3+) and europium (Eu3+), which create beautiful luminescent structures. Although 
known from the alchemists age, chemical gardens, can hide new possibilities for 
technological applications, including selective adsorption/desorption processes 
of interest. It is known that these micro- or nanotubes can have internal reactive 
surfaces with chemical and adsorptive properties to be used as interesting 
nanoadsorbents. It is our goal to explore these possibilities for application
in the concentration of TCE from aqueous solutions.  

[1] EuChemS: https://www.euchems.eu/periodic-table-and-us 
[2] L. M. Barge, S.S. Cardoso, Chemical Reviews 2015, 115,8652-8703. 
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In this study, we developed a biosensor system on graphene-PAMAM composite based 
electrodes for breast cancer detection. The biosensor was constructed the basis 
of the CRISPR-dCas9 proteins on the graphene-PAMAM electrode. Standard graph 
developed with the impedance values given by the ctDNA biosensor against ctDNA 
concentrations between 10-640 pM. The regression coefficient (R2), which shows the 
linearity of the graph, was calculated as 0.981. The equation of the standard graph is 
determined as y = 110,850 x + 20477. In graph equation y; the impedance values in 
ohms, and x the ctDNA amount in pM. In the standard graphs repeated 6 times, it was 
determined as R2 = 0.981 ± 0.012. Repeatability tests were performed on 2 different 
real samples. Blood samples, known as 120.00 pM and 300 pM, were each tested 
in triplicate with 3 different biosensors.  

Zihni Onur UYGUNa, Ferhan GİRGİN SAĞINb 
 
aKafkas University, Faculty of Medicine, Medical Biochemistry Dept. Kars, Turkey bEge University, Faculty of Medicine, Medical Biochemistry Dept. 
İzmir, Turkey 

onur_uygun@hotmail.com 

Health and Wellbeing07
Ultrafast and sensitive graphene-PAMAM assisted 
CRISPR-dCas9 Based Biosensor System for Breast Cancer 
DNA Detection  

The results of the first sample as 120.00 ± 1.97 pM and the second sample as 300.00 ± 
9.830 pM are reliable reproducibility data. The biosensor is able to detect ctDNA 
in 25 seconds. In conclusion, we successfully developed a graphene-PAMAM assisted 
biosensor for cancer DNA detection. 

Figure 1. EIS representation of ctDNA 
biosensor modification steps. (Red: AuE, 
Yellow: AuE-Graphene, Blue: AuE-Graphene-
PAMAM, Green: AuE-Cys-PAMAM-dCas9, 
Orange: AuE-Graphene-PAMAM-dCas9 
electrode blocking the exposed PAMAM 
ends with glycine, Light blue: AuE-
Graphene-PAMAM-dCas9-sgRNA, Black: 
AuE-Graphene-PAMAM-sgRNA-ctDNA). 
(EIS denoted a is a detailed representation 
of all modification steps, EIS denoted b 
is a detailed representation of glycine, 
modification with sgRNA and ctDNA binding 
of the biosensor).
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The main goal of PlasticsFatE (Plastics Fate and Effects in the Human Body) is to 
improve our present understanding of the impact of micro- and nano-plastics (MP/
NP) and associated additives/adsorbed contaminants (A/C) in the human body. Human 
exposure to MP/NP may result from the widespread use of plastic products and their 
release to the environment, where they degrade to MP/NP particles. But plastics 
particles reach human and natural systems also as secondary by-products, e.g., from 
tyre wear or abrasion of textiles. These particles are found in food, drinking water, air 
and environmental media (food chain, soils). Despite recent efforts to assess human 
risks associated with MP/NP, our current knowledge is still insufficient. One reason 
is the lack of reliable and validated methods able to generate the science-based data 
we need.  
 

a Rudolf Reuther, and Mark Morrison b 
 
a Environmental Assessments, Oberes Lautenbächle 3 – 77886 Lauf – Germany b Optimat, Scottish Enterprise Technology Park, East Kilbride, 
Glasgow, G75 0QF, UK 
 
rudolf.reuther@enas-online.com 
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What are the Fate and Effects of Micro-/Nano-Plastics  
on Human Health? 

PlasticsFatE will address this challenge and associated uncertainties by implementing 
a comprehensive measurement and testing program ("test the test"), including  
inter-laboratory studies, to improve and validate the performance and applicability 
of available methods and tools to MP/NP. The tested and validated approaches will be 
used to (1) identify and detect MP/NP and A/C in a variety of complex matrices, such 
as food and beverages, human tissues, and consumer products as well as relevant 
environmental media (air, drinking water, soils), and to (2) assess their (also long-term) 
fate and toxicity in the human body by using advanced cell culture and organ models 
that simulate real exposure to MP/NP in the respiratory and gastro-intestinal tracts. 
PlasticsFatE is part of the newly built “European MNP cluster on human health” that 
will support various relevant European strategies for plastics, such as the European 
Strategy for Plastics in a Circular Economy.  



Eu
ro

N
an

oF
or

um
 | 

5-
6 

M
ay

, 2
02

1

157

Catalysis and Nanotechnology
08

Council of the
European Union



Eu
ro

N
an

oF
or

um
 | 

5-
6 

M
ay

, 2
02

1

158

Incorporating active substances in packaging materials has pointed out as an attractive 
method to produce active food packaging [1]. In this work, α-tocopherol (α-TOC) was 
incorporated into low density polyethylene (LDPE) using two strategies: in its free state 
and encapsulated in nanoparticles of poly(lactic acid) (PLA). PLA nanoparticles with 
an average size of 193.9 ± 9.7 nm loaded with α-TOC and encapsulation efficiency 
of 49.79 ± 10.63 % were produced by nanoprecipitation using acetone as solvent 
and water as antisolvent. α-TOC was added to LDPE to achieve a final concentration 
of 0.5 and 1% (w/w). Two methods were tested for drying the PLA nanoparticles: 
freeze drying and oven drying. The prepared materials were dried and films of LDPE 
containing α-TOC were produced by blown film extrusion process. The antioxidant 
activity of α-TOC was confirmed in both situations but was decreased 
by the encapsulation process. 
 

G. Azevedoa, C. Barrosb, S. Mirandac, A.V. Machadob, O.S. Carneirob, B. Silvac, M. A. Andraded, F. Vilarinhod, M. Saraivad, A.S. Silvae,f, L.M. 
Pastranaa and M.A. Cerqueiraa 
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Composites, University of Minho, Campus de Azurém, 4800 - 058 Guimarães, Portugal PIEP – Centre for Innovation in Polymer Engineering, 
University of Minho, Campus de Azurém, Edifício 15 4800 - 058 Guimarães, Portugal INSA – National Health Institute Doutor Ricardo Jorge, 
Avenida Padre Cruz, 1649 - 016 Lisboa, Portugal INIAV - National Institute for Agricultural and Veterinary Research I.P., Vairão, Vila do Conde, 
Portugal f CECA - Center for Study in Animal Science, ICETA, University of Oporto, Oporto, Portugal 
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Catalysis and Nanotechnology08
Active packaging incorporating α-tocopherol 
in the free state and loaded in PLA nanoparticles: 
a comparative study 

The opacity was not affected by the addition of nanoparticles and an average value 
of 11% was obtained. Water vapour permeability values of the films decrease with 
the addition of free and encapsulated α-TOC (from 7.0 x 10-13 g/m.s.Pa to 6.0 x 10-13 

g/m.s.Pa) when compared to the LDPE film (control). Oxygen permeability values 
were similar to those of the control film (3.19 x 10-13 ml.cm/Pa.s.cm2), with the 
exception of films with freeze dried nanoparticles where the permeability values 
increased (3.29 x 10-13 ml.cm/Pa.s.cm2). 

[1] Wrona, M., Nerín, C., Alfonso, M. J., & Caballero, M. Á. Innovative Food Science and Emerging Technologies 2017, 41, 307–313. 
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With the increasing environmental concerns such as sustainability and 
end-of-life disposal challenges, there was a raising warried about replacing 
petroleum-based products. Nowadays, materials derived from renewable
 resources have been strongly advocated as potential replacements for several 
applications such as packaging, functional textiles, among others. Therefore,
 functional materials should provide sufficient barrier against oxygen, water vapor, 
grease, microorganisms, among others.  Nanocellulose is a promising candidate 
in barrier applications from renewable sources, that offers excellent properties 
especially against grease and oxygen.[1] Nanoscale dimensions, crystallinity and ability 
to form hydrogen bonds resulting in strong network make nanocellulose a promise 
candidate. One example is the nanocellulose coating, which functionalize different 
composition and structure surfaces, including plastics, polymer coatings, and textiles 
with broader applications, from food packaging to smart textiles.[2] The current work 
presents a roll-to-roll coating process of cellulose nanofiber suspensions (NFC) on 
different substrates for renewable barrier applications. Once the coating was applied 
to the substrate, drying steps were implemented. 

María del Mar Castroa, Elena Domíngueza, Vanesa Regueiraa, Rosalía Noguerola 
 
aCETIM, Parque empresarial de Alvedro, Rúa H, 20, 15180 Culleredo, Spain mcastro@cetim.es 

08
Adhesion and stability of roll-to-roll cellulose 
nanofiber coatings on textiles and paperboard 

Textile and paperboard sheet coating were studied using three types of NFC based 
on different particle size, functionality and solubility. They were evaluated according 
to their adherence to the substrate and according to the degree of homogeneity 
setting: the type of rod, the speed, the agitation and the number of times it is 
applied on the substrate. The best results of NFCS for both textile and paperboard 
corresponded to hydrophobic NFCS. 

[1] V. Kumar et al. Ind. Eng. Chem. Res. 2016, 55 (12), 3603 – 3613. 
[2] R. Saremi et al. Molecules 2020, 25, 3238. 
[3] Image 1* reproduced from: B. Alonso-Lerma et al. Comm. Mater. 2020 (57).   
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Nanofluids are a new kind of thermofluids that have the potential to improve 
the performance and efficiency of several thermal devices that need to transfer large 
amounts of heat. In this work, two different NFs were assessed using distilled water 
(DI-Water) as the base fluid. The first is a novel NF formed by poly (acrylic acid)-coated 
iron oxide nanoparticles (NPs) (Fe3O4@PAA) with ~10 nm of diameter, obtained 
through a hydrothermal synthesis process. The second NF is a well-known NF formed 
by commercial Al2O3 NPs with 50 nm of diameter. In this study it was assessed 
the colloidal stability of these NFs over time using different volume fractions. 

Vera Faustino a,b, R.R. Souza a, Inês M. Gonçalves a,c, João Mário Miranda d, Ana S. Moitac,e, A. L.N. Moreirac, Manuel Bañobre-Lópezb, and Rui 
Limaa,d 
 
aMechanical Engineering Department, University of Minho, Campus de Azurém, 4800-058 Guimarães, Portugal. bInternational Iberian 
Nanotechnology Laboratory, Braga 4715-330, Portugal. cIN+, Center for Innovation, Technology and Policy Research, Instituto Superior Técnico, 
Universidade de Lisboa. Av. Rovisco Pais, 1049-001 Lisboa, Portugal. dCEFT, Faculdade de Engenharia da Universidade do Porto (FEUP), R. Dr. 
Roberto Frias, 4200-465 Porto, Portugal. eCINAMIL, Military Academy Research Center, Portuguese Military Academy, R. Gomes Freire, 203, 
1169-203 Lisbon, Portugal. 
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08
Assessment of the thermal conductivity, 
sedimentation and stability of Fe3O4@PAA 
and Al2O3 nanofluids 

Results involving sedimentation studies and zeta potential measurements have shown 
that the proposed Fe3O4@PAA NF presents a higher colloidal stability when compared 
to the Al2O3 NF. Thermal conductivity measurements were also performed for both 
Fe3O4@PAA and Al2O3 NFs by means of the transient plane source method. 
Results have shown higher thermal conductivity values for the Fe3O4@PAA NFs. 
 

Catalysis and Nanotechnology
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This work aims to biosynthesized ZnO nanomaterials using ficus septica leaf extract 
and test its wastewater disinfecting ability. Scanning Electron Microscopy (SEM) 
and Energy Dispersive X-Ray (EDX) spectroscopy were performed to investigate the 
morphological and elemental compositions of the synthesized particles. The standard 
pour-plate was conducted to determine the microbiological profiles of wastewate 
samples. Agglomerations of particles with 76.2nm- 98.1nm aggregates were depicted 
in SEM images. EDX spectral analysis confirmed the strong peaks of 
zinc (Zn) and oxygen (O) with minute amount of impurities. Data suggests that 
a 0.165g of biosynthesized ZnO nanoparticle could remove 56.41% heterotropic 
bacteria  in 150mL wastewater sample within 90 minutes contact time. Results 
revealed the potential of the green synthesized nanoparticles in reducing bacterial 
colonies in wastewater.  

Benito A. Baje,a,b Nimfa A. Rodriguez,b Gregorio P. Pajaron,b Dindo M. Chin,b and Bienvenida U. Catalan b 
 
aPhilippine Science High School- Central Visayas Campus, Argao, Cebu, Philippines bGraduate School of Engineering, University of the 
Visayas, Cebu City, Philippines 
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08
Biosynthesis of nano-ZnO using f. septica 
Leaf Extract and Its Microbiological 
Wastewater Application 

[1] J. Suresh, G. Pradheesh, V. Alexramani, M. Sundrarajan, S.I. Hong, Advances in Natural Sciences: Nanoscience and Nanotechnology 2018, vol. 9, pp. 1-8, 2018. 
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Quantum cascade lasers (QCLs) are considered now as standard light sources 
for many chemical sensing applications in the mid-infrared above 4 µm. Performances 
of diode lasers rapidly degrade below 3 µm due to fundamental limitations such 
as increasing influence of nonradiative Auger recombination. But this obstacle can 
be resolved by using bismides materials such as InAsBi/Al(As)Sb and InGaAsBi/AlAsSb
 in QCL superlattices structure. 

To achieve functional bismide-based lasers, first of all the development of molecular 
beam epitaxy (MBE) procedure for the growth of InAsBi/Al(As)Sb and InGaAsBi/
AlAsSb superlattices, which will be suitable for integration as active quantum wells 
into InAs/Al(As)Sb and InGaAs/AlAsSb injectors in Quantum Cascade Laser structures 
must be developed. As a first step, in order to find appropriate growth conditions for 
In0.7Ga0.3As1-xBix layers a set of samples have been grown on InP substrates at different 
growth temperatures varying As/Ga and As/Bi flux ratios. All grown samples had 
smooth surface and exhibited decent incorporation of bismuth. X-Ray measurement 
results are shown in Figure 1. 

Karolis Stašys1, Ričardas Norkus1, Sandra Stanionytė1 and Jan Devenson1 
 
1Center for Physical Sciences and Technology, Sauletekio av. 3, LT-10257, Vilnius 
 
Email: karolis.stasys@ftmc.lt

08
Bismide-based Intersubband Mid-Infrared Lasers 

Bismuth containing superlattices exhibited excellent interface contrast and crystalline 
quality. Obtained growth conditions can be considered as suitable for the growth 
of Bismide-based intersubband devices. 

Fig. 1. Measured high resolution X-Ray diffraction curves of InGaAsBi samples grown at different. temperatures.

Catalysis and Nanotechnology
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Bromate is widely reported as a water pollutant, wherein harmful effects on human 
health have been identified [1]. Catalytic processes are a promising solution due to 
their economic and ecological character, passable to develop technologies that are 
compact, easy to manage and scaled-up [2]. The most promising catalysts for BrO3

- 

reduction are supported Pd particles, and it has been reported that the textural and 
chemical surface properties of the support have influence on their performance [3].  
In this study, we systematically prepared and tested catalysts with Pd supported 
on nanocarbon fibers (CF) using an electrospinning method with different feed rates 
(0.5 and 2 mL min-1) and different methods for Pd incorporation such as: i) 
Pd dissolved in the electrospinning precursor solution with and ii) without 
N,N-dimethylformamide (DMF); iii) wet impregnation, and iv) incipient wetness 
impregnation. The catalysts prepared showed distinct activity during BrO3

- reduction 
due to variable CFs properties, for instance, the fiber diameter and surface textural 
properties, and differences in Pd dispersions which are correlated with the Pd 
available for hydrogenation of BrO3

-.  

José R.M. Barbosaa, J. P. S. Sousa b, João Restivoa, M. Fernando R. Pereiraa and O. Salomé G. P. Soaresa 
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08
Bromate catalytic reduction over palladium 
catalysts supported on carbon nanofibers 
 

The performance of the different Pd-CF catalysts demonstrated that lower feeds  
in electrospinning process and incipient wetness impregnation of Pd resulted 
in the most promising catalyst for BrO3

- reduction. 

[1] Butler, R., Godley, A., Lytton, L. and Cartmell, E., Crit Rev Env Sci Tec 2005, 35, 193-217. 
[2] Centi, G. and Perathoner, S., Appl Catal B-Environ 2003, 41, 15-29. 
[3] Soares, O. S. G. P., Ramalho, P. S. F., Fernandes, A., Órfão, J. J. M. and Pereira, M. F. R., J Environ Chem Eng 2019, 7, 103015. 
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This research studies the feasibility of a multifunctional composite (an epoxy 
resin with the hybrid addition of 1% carbon nanotubes and 5% graphite powder) 
as a self-heating material for ice formation prevention and de-icing applications,
considering the combination of the Joule effect provided by the carbon nanotubes  
and the synergetic effect and thermal conductivity of the graphite. This hybrid addition 
has been used in other studies with good results[1]. Tests were carried out in a freezer 
at -15 ºC and a fixed voltage of 50 V DC. Results have shown that the sample was able 
to increase its temperature above 0 °C. The average temperature during the de-icing 
tests was 5.4 °C and during ice-preventing tests was 6.2 °C. The periodic tendency 
observed in the environment temperature is due to freezer regulation hysteresis.  

C. Farcasa, O. Galaoa, M.D. Romero Sánchezb, I. Rodríguez Pastor b, A. López Pérezb, B. Calderón Rocab, R. Navarroa, E. Zornozaa, F.J. Baezaa, 
B. del Morala, R. Plaa and P. Garcésa 
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08
Carbon-based materials for ice formation 
prevention and de-icing properties  
in thermosetting composites 

Figure 1. (a) De-icing test; (b) Ice-preventing test. Ambience (freezer) temperature (T_env), in °C, specimen’s average temperature (T_epoxy resin) in °C, and 
monitored current (A), versus time (h), for a sample at 50 V DC.

[1] C. FARCAS et al Smart Mater. Struct. 2021 volume 30 045010
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The efficiency of CO2 photocatalytic reduction is typically as low as 1%[1]: a result  
of a myriad of complex phenomena – from the nano-engineering of band energies, 
grain boundaries and surface-states of the photocatalyst to the control of humidity 
and mixing degree of the flow. Our research group has dedicated much work to
clarify the contributions of metallic and non-metallic dopants on the performance  
of conventional metal-oxide semi-conductor photocatalysts[2], but we are also looking 
into the issues beyond the catalyst design. In this work, we will present the first round 
of CFD-aided optimization of a single-channel photo-microreactor with a photocatalyst 
thin-film. We investigated 24 different combinations of four channel structures  
and six cross-sectional areas in terms of the final conversion (CO2 → CH4) achieved  
at the outlet of the reactor. Our results show that conversion can vary up to a factor  
of four (431%) depending on a simple change in reactor design. 

Bruno Ramos,a Vítor Hiroshi Zancanella,a and Douglas Gouvêaa 
 
aDept. of Metallurgical and Materials Engineering, University of Sao Paulo, Brazil 
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CFD-Aided Design of a Microreactor 
for CO2 Photocatalytic Reduction 

[1] Y.F. Ji, Y. Luo, J. Am. Chem. Soc. 2016, 138, 15896−15902. 
[2] H. Gandelman, A.L. Silva, B. Ramos, D. Gouvea, Ceram. Int. 2020, 47, 619-625.    
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In order to remove pollutants from wastewater, many technologies have been 
developed and researched, and nanotechnology has been studied more and 
more and gained enormous interest. Thus, nanomaterials developed and intensively 
researched have been used to remove heavy metal ions from wastewater [1]. 
Halloysite nanotubes are natural clay minerals having an outer diameter between 30 
and 70 nm and an inner diameter between 20 and 30 nm with nanotubular structures 
and possess excellent physical and chemical properties due to the large specific 
surface area, abundant hydroxyl groups, porous structure or high biocompatibility 
[2, 3]. In these experiments, attention was given to nanocomposites containing 
halloysite nanotubes for wastewater treatment. These nanocomposites are highly 
efficient in removing copper ions from wastewater. 
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Seven composite nanomaterials were used to perform the experiments consisting 
of halloysite nanotubes (HNTs), mainly and, in addition, polyaniline (PANI), partially 
reduced graphene oxide (PRGO), polypyrrole (Pry), cobalt chloride (CoCl2), prussian 
blue dye, cobalt ferrite (CoFe2O4), sodium and calcium alginate (CaNaAlg). The highest 
treatment efficiency was observed when was used the HNTs-CoFe2O4 nanocomposite 
for the adsorption of copper ions from wastewater, which was 98%. This yield resulted 
from the use of an initial pollutant concentration of 1.00 mg/L and an amount  
of adsorbent nanocomposite of 2.00 g/L. 

[1] J. Yang, B. Hou, J. Wang, B. Tian, J. Bi, N. Wang, X. Li, X. Huang, Nanomat. 2019, 9, 424. 
[2] G. Cavallaro, A. A. Danilushkina, G. V. Evtugyn, G. Lazzara, S. Milioto, F. Parisi, V. E. Rozhina, F. R. Fakhrullin, Nanomat. 2017, 7, 199. 
[3] C. Covaliu, G. Paraschiv, O. Stoian, B. Buzatu, C. Mircea, C. Cristea, E3S Web Conf. 2019, 112, 04010. 
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The wide range of optical and electronic properties displayed within the class of 
atomically thin 2D materials have heralded them as materials of the future. One of 
the most representative examples among this field is molybdenum disulfide (MoS2). 
This peculiar material displays different optoelectronic properties depending on its 
phase: the fluorescent and semiconducting 2/1H phase, and a metallic 1T/T’ phase 
which is non-fluorescent. There is a growing interest in the community on further 
modulating the properties of such materials. One means of doing this is via covalent 
functionalization. But covalent functionalization approaches on MoS2 have more 
focused on the electron-rich 1T phase and defect sites in 2H phase rather than on the 
relatively inert 2H basal plane.[1,2] Given its semiconducting nature that opens various 
potential nanoelectronic applications, a controlled modification of properties of the 2H 
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Covalent modification of semiconducting MoS2 

phase will prove extremely important going forward. Diazonium chemistry has recently 
been proven to be efficient for the covalent modification of 2H-MoS2 which allowed 
covalent bond formation between aryl groups and the basal plane of MoS2.

[3] 

 

We will be discussing the molecular functionalization of semiconducting MoS2 using 
diazonium salts with a focus on the effect of electronic nature of these functionalizing 
molecules on functionalization and the resulting modification in properties of the 
material. We combine scanning probe microscopy techniques along with Raman 
spectroscopy and photoluminescence studies to provide a broader understanding  
of these surface processes and their effect on material properties.  

[1] Anastasios Stergiou, Nikos Tagmatarchis, Chem. Eur. J. 2018, 24, 18246-18257 
[2] Simone Bertolazzi et al. Chem. Soc. Rev., 2018, 47, 6845-6888 
[3] Lakshya Daukiya et al. Nanoscale, 2021,13, 2972-2981 
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Recently, the presence of pharmaceutical and personal hygiene products in the 
environment has emerged as a new environmental concern. Acetaminophen 
(paracetamol) is one of the most commonly used analgesics and antipyretics 
worldwide. The presence of traces of this compound in drinking water is also  
of public interest since little is known about the potential chronic health effects 
associated with prolonged drinking water intake. In this work, TiO2 nanoparticles  
(Fig.1) were synthesized by ultrasonic spray pyrolysis.[1] A simple set up allowed  
the production of TiO2 nanoparticles in a continuous process at 700 °C. During  
the process, the particles stay at the desired temperature for a short period of time, 
allowing phase stability and limited coarsening. The photoactivity was evaluated 
through the degradation of the model contaminant acetaminophen.  
In the experiments, 2.0 mg of each material was inserted into a glass capillary 
micro-reactor irradiated by a UV LED lamp (100 W). 

A solution of acetaminophen (50 mg L-1) was fed to the micro-reactor at a fixed 
rate of 10 µL min-1. Samples were collected every 30 min for three hours and the 
acetaminophen concentrations were measured by liquid chromatography (HPLC). Presenting Author (Andre L. da Silva),a Fabiane J. Trindade,b Jean-Lou Dalmasso,a Bruno Ramos,a Antonio Carlos S. C. Teixeira,b and Douglas 
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Using TiO2 Microspheres Synthesized 
by Ultrasonic Spraying Pyrolysis 
 

The results confirm the greater performance of the synthesized TiO2 microspheres, 
exceeding the commercial standard TiO2 P25. The samples were also analyzed  
by Xray diffraction, specific surface area, SEM, TEM, XPS, and UV/Vis/NIR diffuse 
reflectance spectra.   

Figure 1. SEM micrographs of as-prepared TiO powders.

[1] M.T.T. Camargo, Q. Jacques, L.B. Caliman, J. Miagava, D. Hotza, R.H.R. Castro, D. Gouvêa, Mater. Lett. 2016, 171, 232–235. 
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Increasing evidence has verified that different types of nanoparticles (AuNP) influence 
some properties of cells, like cellular internalization, tissue interactions, biodistribution, 
miRNA loading capacity, and optical properties.[1] However, there are few studies 
analyzing the effect of the shape of these AuNPs. Our study evaluated the effect  
of three different shapes of PEGylated AuNPs – spherical (A), star (B), and rods (C) 
on cellular proliferation on three different metastatic prostate cancer cell lines (PC3, 
DU145 and LNCaP). The cells were treated in a concentration range up to 1.0 mM,  
for 24h. The results showed that PEGylated AuNP tend to reduce cellular proliferation 
with increasing concentrations of AuNP for most conditions. 
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[1] Artiga Á, Serrano-Sevilla I, Matteis LD, Mitchell SG, Fuente JMdl. J. Mater. Chem. B 2019, 7, 876-896 
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Graphene nanoplatelets (GNPs) are small stacks of multiplied graphene sheets, 
typically derived from bulk graphite compounds. The purpose of this work is to 
prepare High-Density Polyethylene (HDPE)/GNPs nanocomposites filled with 
different amounts of GNPs (0.5-5 wt.%) by using the melt mixing method and ball 
milling preparation. Various techniques have been applied to analyze the effect  
of time in the procedure of ball milling of these materials. Α detailed structural  
and morphological study of GNPs into the HDPE matrix (ex. crystallinity, interaction, 
dispersion) was performed by using X-ray Diffraction (XRD) and Fourier transform 
infrared spectroscopy (FTIR). The effect of GNPs on the melting-crystallization  
and thermal stability of the HDPE matrix was studied by Differential Scanning 
Calorimetry and Thermogravimetric Analysis (TGA), respectively.  
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Passive small direct methanol fuel cells (PS-DMFCs) are compact, stand-alone 
electrochemical devices that convert chemical energy in the fuel (methanol) into 
electricity, in a sustainable and simple manner [1]. Their inherent advantages such 
as low-temperature operation, high power density, instantaneous refueling
 time and safe fuel storage has prompted them as the most viable alternative  
to lithium-ion batteries in portable applications and recently attracted much attention 
[2]. This is particularly useful in developing countries and isolated areas where the grid 
to recharge the batteries is unreliable or unavailable. However, PS-DMFCs still have 
some drawbacks that hinder their commercialization, such as higher costs and lower 
performances, stability and durability [2]. Thus, most effort has been directed towards 
increasing the efficiency of the membrane electrode assemblies (MEAs) used  
in the PS-DMFC device.  
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Effect of the MEA fabrication on a PS-DMFC 
performance 

Herein, we present the first studies perform at CEFT with an “in-house” 2.25 cm2 
active area PS-DMFC, paving the way for developing advanced materials, such as new 
anode and cathode electrocatalysts, replacing the Pt-based catalysts state-of-the-art 
commercial materials in the MEAs along with the Nafion™ membrane. 
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Brazil is one of major world producers of ethanol and it corresponds to one of the 
main economic activities in the country. In the production of alcohol, approximately 
10 to 15 liters of vinasse are generated for each liter of ethanol. This effluent is rich 
in organic matter, in addition to potassium, sodium and nitrogen. For this reason, 
it is used in the fertigation of cane fields. However, due to its high chemical oxygen 
demand (COD) [1], it is considered an industrial waste with high polluting potential. 
Thus, the reduction of the COD of vinasse is a topic of great relevance. This work 
consists of the use of zinc oxide nanoparticles (ZnONP) for the treatment of this 
effluent, as it has antimicrobial and photocatalytic activity. Vinasse were collected  
at two different plants of ethanol distilleries, represented by acronyms OC and BBNT.  
The ZnONPs were synthesized by simple co-precipitation, using zinc sulfate 
heptahydrate (ZnSO4.7H2O) and sodium hydroxide (NaOH) in the proportion 1:4 M  
at 80ºC. Subsequently, they were characterized by X-ray diffraction and high-resolution 
scanning electron microscopy (SEM-FEG). COD was determined using potassium 
dichromate (K2Cr2O7) as an oxidizer. The original COD values of vinasse were measured 
and after treatment with 1.3 mg/mL ZnONP for 7 days.  
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Demand for Oxygen in Sugarcane Vinasse 

The synthesized nanoparticles have a diameter of 36.2 ± 5.7 nm. The diffractogram 
shows peaks coinciding with ZnO, showing that there are no other products in the 
sample. The COD results before treatment were: 28.577 ± 1.331 and 32.975 ± 224 
mg.L-1.O2 for OC and BBNT, respectively. After treatment, the values are: 6,607.5 ± 
0.021 and 5,932.5 ± 0.010 mg. L-1.O2. The original COD values are compatible with data 
from the literature. There are no reports of vinasse treatment with ZnONP. In this way, 
ZnONP are promising in the reduction of organic matter and, consequently, of the 
COD of vinasse. Further studies are needed to elucidate the mechanisms involved  
in this effect. 

[1] APHA, AWWA, WEF, 5220 Chemical Oxygen Demand (COD), in: Stand. 
Methods Exam. Water Wastewater, 1998. 
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Metal-organic frameworks (MOFs) are a class of porous crystalline materials containing 
a metal atom or metal cluster bonded to organic linkers. Co3(ndc)3(dabco) MOF was 
reported as having a high hydrogen uptake, large surface area and narrow channels.
[1] We studied its potential for adsorptive methane (CH4) storage by performing 
experiments covering the pressure and temperature ranges of 0–30 bar and 273–323 
K, and molecular simulations up to 65 bar and within 203–323 K.[2] For example,  
for a charge pressure of 65 bar it can deliver 120 v/v at 5 bar and room temperature 
(Fig. 1). This value increases to 155 v/v and 195 v/v by decreasing the discharge 
pressure to 2 bar and 0 bar, respectively. These results place this MOF among  
the promising materials for CH4 storage. 
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References 
[1] H. Chun, H. Jung, G. Koo, H. Jeong, D. K. Kim, Inorg. Chem. 2008, 47, 5355−5359. 
[2] R.P.P.L. Ribeiro, J.P.B. Mota, J. Phys. Chem. C 2021, 125, 2411-2423. 

Figure 1. Contour plots of the net deliverable capacity (v/v) as a function of system temperature, T, and charge pressure, P, for a discharge pressure of 5 bar.  
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FIT4NANO[1] is a European COST[2] network of researchers with the aim to further 
develop focused ion beam (FIB) technology for the fabrication and characterization 
of functional nanomaterials. This will help to further strengthen Europe’s leading role 
in the evolution of this enabling technology. FIBs are enabling research in numerous 
fields including semiconductor technology, quantum sensing and communication, 
development of devices based on 2D materials, photonic and phononic crystals, health 
and biology as well as raw materials, structural materials and space applications.

The Action comprises three groups of academic and industrial researchers. First,  
there is the group of developers of new focused ion beam sources, optics, detectors 
and spectrometers as well as add-ons for in-situ and in-operando experiments.  

Gregor Hlawacek,a Maja Popovic,b Tom Wirtz,c Gerhard Hobler,d Katja Höflich,e Gemma Rius,f and Amy Gandyg

aHelmholtz-Zentrum Dresden-Rossendorf, 01328 Dresden, Germany b“Vinča” Institute of Nuclear Sciences, Belgrade, SerbiacLuxembourg 
Institute for Science and Technology, 4362 Esch-sur-Alzette, LuxemburgdTechnical University Vienna, 1040 Wien, AustriaeFerdinand Braun 
Institute für Höchstfrequenz, 12489 Berlin , Germany fIMB-CNM-CSIC Campus UAB, 08193 Bellaterra, Spain gUniversity of Sheffield, Sheffield, 
United Kingdomg.hlawacek@hzdr.de

08
FIT4NANO---Focused Ion Technology for functional 
nanomaterials

The second and biggest group is applying FIBs to materials science, health and other 
research challenges, utilizing bleeding edge developments provided by group one. 
Both groups are supported by the third group that provides the software tools  
to understand and predict ion solid interaction effects at the nanoscale.
The instruments and methods developed by the Action are shared with stakeholders 
around the globe and a new FIB road-map will showcase current and future 
developments of this enabling technology for materials characterization  
and fabrication.

[1] https://www.fit4nano.eu.
[2] https:/www.cost.eu/actions/CA19140
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To achieve the energy transition, future energy supply systems will require an even 
greater expansion of renewable energies, such as photovoltaics (PV) or wind power. 
Still, these technologies have to further increase their performance, reliability and 
flexibility. In addition, clean, field-proven solutions for sector coupling are needed. 
Here, hydrogen can act as a central bridge between the intermittent power from PV 
or wind and the still dominant hydrocarbon-based energy system: Hydrogen-based 
technologies, such as large-scale storage, electrolysers, fuel cells, or gas engines, are 
already important elements in the energy technology spectrum and enable, amongst 
others, the transport and seasonal storage of energy in the required capacity range. 
 
Significant research and development efforts are needed to further improve  
the efficiency, cost, durability, and manufacturability of both clean hydrogen and 
renewable energy technologies and systems. In the hydrogen conversion value chain, 
cost-effective water electrolysis is the missing link. For example, the costs of proton/
anion exchange membrane electrolysis (PEM/AEM) systems need to be reduced by 
scaling up and switching to sustainable materials with a low content of noble metals. 
On the other hand, high-temperature solid oxide electrolysis cells (SOECs) or direct 
photo-electrochemical conversion routes need to be developed towards commercial 
demonstration. 
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With regards to renewable electricity from PV systems, performance and reliability 
are key for building and sustaining a reliable and affordable power sector. Therefore, 
novel degradation mechanisms of PV components in interaction with new applications, 
uses, and weather conditions need to be understood and addressed, while the design, 
operation, and maintenance (O&M) of PV power plants need to be fully digitized  
to further reduce the related levelized cost of electricity (LCOE). 
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Spinel metal ferrites are excellent materials having remarkable magnetic and catalytic 
properties. Pure MnFe2O4 nanoparticles have many demerits (less efficiency, high 
aggregation of nanoparticles, and high rate of electron-hole recombination because  
of the too small band gap) in context to photocatalytic degradation of organic 
pollutants. To overcome these shortcomings, in present work MnFe2O4 nanoparticles 
are incorporated onto waste coal fly ash by facile hydrothermal method for the 
first time. The composite was characterized by SEM, XRD, EDX, FTIR, and UV-VIS 
spectroscopy to confirm morphological, structural, catalytic, and optical properties 
for its application in photocatalytic degradation of dyes. The assumption about the 
interaction between CFA and MnFe2O4 leading to the formation of a novel composite  
is supported by shift in peak positions of FTIR spectrum. The XRD spectrum exhibited 
the characteristic peaks of MnFe2O4 and fewer peaks of CFA. Effect of various 
parameters such as pH, catalyst dose, initial dye concentration, oxidant concentration 
and time affecting degradation was studied. Bare MnFe2O4 was visible inactive but 
MnFe2O4/CFA shows noteworthy performance in sunlight. Due to adsorption enhanced 
degradation, the efficiency was reached ~100% under sunlight within 30 min by the 
nanocomposite. The experimental data for photodegradation was well fitted to  
Behnajaday-Modirshahla-Ghanbery kinetic model showing that degradation obeys 
BMG reaction kinetics. The removal efficiency of 10 ppm MB by photodegradation  
in sunlight was found in the order MnFe2O4/CFA (99.9%) > CFA (61%) > MnFe2O4 
(56%) under optimum conditions at pH=3, composite dose 60mg/L, and oxidant dose 
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Hydrothermally synthesized MnFe2O4/coal fly ash hybrid 
magnetic photocatalyst for effective remediation of dyes 
from water 

0.8mM. In comparison to MnFe2O4and CFA alone, the composite exhibited higher 
photocatalytic activity and can be reused for MB degradation in sunlight at least five 
times without significant loss in photodegradation signifying the development  
of environmental friendly, cost effective, efficient, stable and reusable photocatalyst 
with easy magnetic recovery. 
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Silver nanoparticles are one of the most commercialized types of nanoparticles, 
with a wide range of applications owing to their antimicrobial activity.[1]  
However, there is a lack of data on cumulative toxicity of silver nanoparticles used  
with polymeric materials, especially polymer nanoparticles. In this study, toxicity  
of PVP-coated silver nanoparticles (AgNP) combined with polystyrene nanoparticles 
(PSNP) wastested on Jurkat cells. Silver and polystyrene nanoparticles reduced cell 
viability through generation of reactive oxygen species (ROS), depletion of cellular 
GSH, and damage to cellular structures and mitochondria. Cellular treatment with 
combinations of non-toxic AgNP and PSNP concentrations resulted in significant 
induction of oxidative stress and reduction of cell viability. 

Results for combined AgNP/PSNP treatments can be understood as compounded 
effect of overloading cellular mechanisms for managing oxidative stress. These results 
have important implications for use of tested nanomaterials in medical contexts. 
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of silver and plastic nanoparticles 

 [1] V. Marassi, L. Di Cristo, S. Smith, S. Ortelli, M. Blosi, A. Costa, P. Reschiglian, Y. 
Volkov, A. Prina-Mello, R Soc open sci 2018, 5, 171113. 
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 Introducing heterostructure to graphitic carbon nitrides (g-C3N4) can improve 
the activity of visible-light-driven catalysts for efficient treatment of multiple toxic 
pollutants in water.[1] Here we report for the first time that a complex material can 
be constructed from oxygen-doped g-C3N4 and MIL-53(Fe) metal-organic framework 
using a facile hydrothermal synthesis and recycled polyethylene terephthalate from 
plastic waste. The novel multi-walled nanotube structure with unique interfacial charge 
transfer at the heterojunction in O-g-C3N4/MIL-53(Fe) composite showed an obvious 
enhancement in separation efficiency of the photochemical electron-hole pairs, 
resulting in narrow bandgap energy (2.30 eV compared to 2.55 eV in O-g-C3N4), high 
photocurrent intensity (0.17 mA cm-2 compared to 0.12 mA cm-2 and 0.09 mA cm-2 
in MIL-53(Fe) and O-g-C3N4, respectively), and excellent catalytic performance 
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a Complex Graphitic Carbon Nitride and Iron-based 
Metal-Organic Framework Material 

in the photodegradation of anionic azo dyes (95.1% RR-195 and 99.8% RY-145 
degraded after 4 h, and only a minor change in the efficiency observed after four 
consecutive tests). These results demonstrate the development of new catalysts made 
from waste feedstocks, high stability and ease of fabrication, which can operate 
in natural light for environmental remediation. 

[1] X. N. Pham, T. H. Nguyen, T. N. Pham, T.-Thanh-Bao Nguyen, B. M. Nguyen, Van Thi-T. Tran, H. V. Doan, Journal of the Taiwan Institute of Chemical Engineers, 2020, 114, 
91-102. 
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With the industrial development and miniaturization of the devices, there is an 
ever-growing requirement for more efficient cooling systems. Therefore, the 
thermophysical properties of the working fluids are crucial for the desired 
performance of the heat exchange systems. The combination of nanoparticles 
(NPs) and ionic liquids (as we termed -ionanocolloids, INCs) is reported as
 promising alternative as advanced heat transfer fluids [1]. Ionic liquids having 
numerous fascinating features like very low vapor pressure and high thermal 
stability are considered more sustainable and safer. Moreover, the addition of NPs 
of even very low concentration into ionic liquids has shown significantly enhanced 
thermal conductivity (see Fig.1) and thus the thermal transport performance as heat 
transfer fluids [1].  

Given the countless types of cations and anions, there are infinite options of ionic 
liquids, and the choice of the most appropriate heat transfer fluid is not a simple task. 
In this work, an extensive review of the available literature is presented regarding 
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Ionanocolloids as alternative media for sustainable 
and high efficiency energy-systems 

the main thermophysical properties such as viscosity, thermal conductivity and heat 
capacity of INCs. A systematic and critical overview of the behavior of the properties 
under different conditions (e.g., temperature and NPs concentration) give valuable 
insights of their application in thermal energy systems. 

[1] A.A. Minea, S.M.S Murshed, Renew Sustain Energy Rev 2018, 91, 584-99. 

Fig.1. Schematic representation of ionanocolloids as alternative fluids for thermal energy-system. 
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Layered double hydroxides (LDH) are a classical group of clays of 2D materials, with 
a range of applications such as in catalysis, photocatalysis, environmental pollution 
control, and biomaterials1. Modifications have been applied to LDH aiming at 
improving their performance or developing new properties 2. The aim of this work was 
the evaluation of removal capacity of three ZnAl LDH modified with oxometallates after 
calcination, using methyl orange (MO) as target compound. The LDHs synthesized by 
coprecipitation were characterized by X-ray diffraction, scanned electron microscopy, 
and the removal kinetics of azo dyes were performed and monitored by UV-vis 
spectroscopy. ZnAl LDH with oxometallates exhibited better performance than ZnAl 
LDH, ZnAl-WO4 and ZnAl-MoO4 showing MO removal efficiency higher than 95% 
within 30 min of contact (Table 1). 

The kinetics results indicate that oxometallates have improved the adsorption 
capability, and XRD analysis of saturated LDH/dye suggest that the interactions 
between LDHs and dyes occur essentially on the inorganic matrix surface. 
These results give us insights about how the modifications of LDH might removals 
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08
Modifications on Layered Double Hydroxides  
for removal pollutants 

differents pollutant. The authors acknowledge the sponsorship of Produção
 Científica (PROBIP/UEG), Universidade Estadual de Goiás, University of Sao Paulo, 
CAPES and FAPEG.

1. Laipan, M.; Yu, J.; Zhu, R.; Zhu, J.; Smith, A. T.; He, H.; O’Hare, D.; Sun, L. ;Mater. Horizons 2020, 7, 715. 
2. Liu, J. C.; Qi, B.; Song, Y. F. ;Dalt. Trans. 2020, 49, 3934.   
 

Catalysis and Nanotechnology



Eu
ro

N
an

oF
or

um
 | 

5-
6 

M
ay

, 2
02

1

181

CO2 methanation (CO2(g) + 4H2(g) ↔ CH4(g) + 2H2O(g)) is the reaction in which carbon 
dioxide (CO2) reacts with hydrogen (H2) to form methane (CH4) 

[1]. This reaction is of 
great interest since it is the most energetically advantageous reaction to valorize CO2 
as carbon source, with respect to thermodynamics. 

Supported Ni-based catalysts are widely studied for this reaction and it has been 
proved that the support used can have a major influence on the activity and selectivity 
of the catalysts [2]. Thus, in this work, we synthesized Ni-based catalysts (15 wt% Ni) 
supported on carbon nanotubes (CNT) and nitrogen doped CNT (CNT–N), with the 
aim to develop active and selective catalysts via tuning their surface properties and 
investigated their catalytic properties in methanation reaction. Ni/CNT–N presented 
higher conversion (X) and selectivity to methane (SCH4) at a lower temperature than Ni/
CNT, reaching a maximum of X = 81% and SCH4 = 99% at 400 °C (Fig.1a,b). In the case
of the Ni/CNT–N catalyst, besides Ni nanoparticles (NPs), Ni single sites were also 
found dispersed on the CNT–N surface (Fig.1c), which were not observed in the case
of Ni/CNT. We believe that N-doping provides more sites not only for CO2 uptake 
but also for Ni anchoring, leading to the formation of Ni single sites together 
with the Ni NPs, and thus boosting the performance of the catalyst. 

Liliana P. L. Gonçalves,a,b Maria Meledina, c,d Alexander Meledin,c,d Juliana P. S. Sousa,a O. Salomé G. P, Soares,b Yury V. Kolen’ko,a and M. 
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N-doped CNT as support for Ni catalysts for CO2 
methanation: Understanding the role of N-doping 
and single Ni sites formation 
 

[1] J.B. Sabatier, P. Senderens, Comptes Rendus Hebdomadaires des Séances de l’Académie des Sciences 1902, 134, 514–516.  
[2] W. Li, H. Wang, X. Jiang, J. Zhu, Z. Liu, X Guo, C. Song, RSC Adv. 2018, 8, 7651. 

Figure 1. Light-off curve of CO2 conversion (a) and CH4 selectivity for Ni/CNT and Ni/CNT-N catalysts together with STEM image (c) of Ni/CNT-N 
showing Ni single sites together with Ni nanoparticles supported on CNT-N.
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The need of a more green and sustainable printed electronics has been emerged 
in past years. In this way, paper-based printed electronics offer the possibility of 
a reduced environmental impact and new technical and economic advantages. 
Nevertheless, the use of unmodified paper still presents some limitation regarding 
stability and printability. The use of nanocellulose has been recently demonstrated to 
promote better printability and electrical performance than only paper. This renewable 
and biodegradable biomaterial possess specific properties, such as high surface 
area, good thermal properties, colloid stability, and excellent film-forming properties, 
that are suitable to produce transparent substrates and the good dispersion and 
stabilization of different nanoparticles useful for functional conductive ink production. 
Therefore, the integration of NCbased printed electronics and biosensors is a 
promising source of innovation in the biomedical industry. The aim of GREENSENSE 
project is to develop a sustainable biosensing platform for Drug-of-Abuse analysis 
taking advantage of these amazing properties of nanocellulose-based materials. 
Hence, the components of this platform, which are formed by high added-value 
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08
Nanocellulose-Based Solutions For Printed 
Electronics. Greensense Project: Design  
Of A Sustainable Paper-Based Doa Biosensing 
Platform 

printed electronic components (such as biosensor, NFC system, energy storage system 
and display), the circuitry and the substrate, have integrated the nanocellulose in its 
formulation. The pilot scale production of the materials and large-scale manufacturing 
will be developed via the combination of S2S screen-printing, inkjet printing and 
pick and place of the individual and of the biosensor platform. The final biosensing 
platform will be provided with multi-sensor data processing, autonomy, and wireless 
communication for ease of use and data interpretation. Moreover, it will be recyclable, 
mass producible with ultra-low power consumption and, therefore, cost-effective, 
sustainable, and environmentally friendly.  

Catalysis and Nanotechnology



Eu
ro

N
an

oF
or

um
 | 

5-
6 

M
ay

, 2
02

1

183

The EU intends to restrict the use of critical fuels in space propulsion systems. These 
propellants like hydrazine are chemically aggressive, toxic and carcinogenic. Space 
propulsion of the future should be environmentally friendly, inexpensive, and easy  
to handle. Aschaffenburg University and DLR are currently developing environmentally 
friendly technologies for future satellite engines. Thereby rocket-grade hydrogen 
peroxide, which is foreseen as a substitute, is converted to uncritical water vapor 
and oxygen by an exothermic catalytic reaction on nanostructured iridium layers 
The resulting hot gases provide the required amount of thrust [1]. The iridium catalyst 
layers are coated onto ceramic pellets, using RF magnetron sputtering technology 
[2]. The catalytic functionality was tested afterwards at the chemical laboratories 
of DLR. First experimental results show a significantly higher catalytic activity for 
nanostructured iridium surfaces (left) than for smoother crystalline layers (right).  
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Nanostructured iridium catalysts for  effective 
hydrogen peroxide decomposition 

[1] M. Stollenwerk et al., Journal of Materials Science 2021, 56(16), 9974-9984  
[2] A. Büttner et al., Thin Solid Films 2018, 662: 41–46  

Transmission electron microscopy cross-sections of different iridium layers.
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Usually, synthesis of GO and rGO on mass production by conventional methods 
releases harmful gases such as NO2 and N2O4.

 [1-3] In this work we have adopted  
a novel process to synthesis GO from a natural precursor halfa grass ash on KOH 
treatment. GO is further reduced with lemon extract to synthesis rGO. GO and 
rGO are prepared as a flexible thin film using transparent commercial adhesive tape. 
The Raman spectrum, UV Vis absorption spectrum and FTIR spectroscopy confirm 
the formation of rGO. The G and D Raman peaks around 1600 and 1300 cm-1 with 
decreased ID/IG ratio in rGO compared to GO thin films supports formation of rGO. 

Gokulakrishnan J a, Kevin V. Alexb, Kamakshi Koppolea  

a Department of Science and Humanities, Indian Institute of Information Technology Tiruchirappalli, Tiruchirappalli 620 015, Tamil Nadu, India 
bDepartment of Physics, School of Basic and Applied Science, Central University of Tamil Nadu, Thiruvarur-610 101, India 
 
e-mail address of the presenting yoursgj810@gmail.com 

08
Novel approach to synthesis reduced graphene 
oxide (rGO) from halfa grass (Desmostachya 
bipinnata) ash and its SERS activity 

 
This result is further confirmed by red shit of rGO plasmon peak from 285 nm to 235 
nm peak of GO in UV Vis absorption spectrum. [4-5] The SERS activity of pesticides is 
investigated. This study suggests that flexible GO and rGO thin films can be effectively 
used as an active SERS substrate for the detection of various chemical compounds. [6-7]  

Reference: 
[1] W. S. Hummers and R. E. Offeman, J. Am. Chem. Soc. 1958, 80(60), 1339  
[2] C. K. Chua and M. Pumera, Chem. Soc. Rev. 2014, 43 (1), 291–312 
[3] P. G. Ren, D. X Yan, X. Ji, T. Chen, Z. M. Li, Nanotechnology. 2011, 25(5), 0555705 – 0555713 
[4] F. T. Johra, J. W. Lee, W. G. Jung, J IND ENG CHEM. 2014, 20 (5), 2883 – 2887. 
[5] S. N. Alam, N. Sharma, L. Kumar, Graphene. 2017, 6, 1 – 18 
[6] Z. Lu, Y. Liu, M. Wang, C. Zhang, Z. Li, Y. Huo, Z. Li, S. Xu, B. Man, S. Jiang, Sens. Actuators B Chem. 2018, 261, 1 - 10 
[7] J. Chen, Y. Huang, P Kannan, L. Zhang, Z. Lin, J. Zhang, T. Chen, L. Guo, Anal. Chem. 2016, 88, 2149 - 2155 
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Zirconia and hafnia based thin films have attracted considerable attention in the last 
decade due to the existence of a ferroelectric behavior at the nanoscale, which can 
enable the downscaling of the next-generation of non-volatile memory devices [1]. 
The present work combines experimental structural studies with density-functional 
theory (DFT) calculations to disclose a novel rhombohedral R3m phase in 
epitaxially-strained (111)-oriented ZrO2 thin films grown by ion-beam sputtering 
deposition technique on (111)-Nb:SrTiO3 substrates. Comprehensive local and 
macroscopic ferroelectric characterization reveals that these ZrO2 films display  
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Novel Ferroelectric Phase in ZrO2 Thin Films 

a switchable ferroelectric polarization reaching 20.2 μC/cm2 with a coercive field  
of 1.5 MV/cm. Interestingly, the studied films show a ferroelectric behavior per se, i.e.  
a technological advantage over the previously studied conventional orthorhombic ZrO2 
films where a wake-up cycle process is usually needed to induce ferroelectricity [2]. 

[1] X. Yan, Z. Xiao, C. Lu, Appl. Phys. Lett. 2020, 116, 013506. 
[2] A. Chouprik, M. Spiridonov, S. Zarubin, R. Kirtaev, V. Mikheev, Y. Lebedinskii, S. Zakharchenko, D. Negrov, ACS Appl. Electron. Mater. 2019, 1, 275-287. 

Catalysis and Nanotechnology



Eu
ro

N
an

oF
or

um
 | 

5-
6 

M
ay

, 2
02

1

186

Continuous hydrogen generation from electrocatalytic water splitting, where energy 
is supplied from the photovoltaic cell is a promising technology for uninterrupted fuel 
production and storage. However, the development and optimization of economically 
feasible bifunctional electrocatalyst and solar cells remain challenging. In this work, we 
develop cheap Ni@C core@shell nanoparticles using an electrical explosion of wires 
method and apply it as a bifunctional catalyst for the overall water-splitting reaction. 
The thickness of the carbon shell can be controlled via experimental parameters.  
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Optimization of solar to hydrogen generation 
system based Ni@C bifunctional electrocatalyst 
and CIGS sub-module 

Depending on the thickness, carbon shell can effectively protect the metallic core from 
oxidation, while providing a porous structure supplying high surface area, which in turn 
enhances catalytic activity. The carbon layer protects the exposed metal particles while 
providing more electroconductivity to the material, which demonstrates hydrogen 
evolution reaction (HER) overpotential of 182 mA cm-2 at a current density of 10mA 
cm-2 and oxygen evolution reaction (OER) overpotential of 280 mA cm-2 at a current 
density of 10 mA cm2 Furthermore, we manufactured CIGS cells and constructed 
a suitable CIGS sub-module to construct a solar to hydrogen generation system. 
Combining CIGS sub-module and Ni@C-based electrolyzer we achieved overall 
solar to the hydrogen conversion efficiency of 8.14% efficiency of sub-module  
at the operating point. 
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Organic and inorganic pollutants cause severe damage to human health [1]. 
While advanced treatments like catalytic ozonation have been shown to potentially 
mineralize organic pollutants, their degradation results in the accumulation of 
inorganic contaminants. The application of an integrated treatment combining catalytic 
ozonation and reduction emerges as an innovative procedure for both pollutants 
abatement [2]. Heterogeneous palladium-copper catalysts were studied 
in post-ozonation solutions for nitrate (NO3

-) reduction. Figure 1 presents the 
catalyst performance achieved in the presence of different loadings of organic 
matter resulting from the ozonation of model organic compounds
(4-nitrobenzaldehyde (4NBA) and ampicillin(AMP)). The activity and the selectivity  
to nitrogen of the 1%Pd-1%Cu/CNT catalyst were strongly affected by high loads 
of organic matter and inorganic compounds found in the solution. Investigation  
of the reactions mechanisms suggests that poor catalytic performance may be 
associated with organic/inorganic species adsorption on the bimetallic active centers. 
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Organic matter influence during catalytic 
reduction of inorganic contaminants 

[1] X.W. Yifei Guo, Li Yang, Xiaoliang Cheng, Environ. Anal. Toxicol. 2 (2012) 1–6.  
[2] A. Santos, J. Restivo, C.A. Orge, M.F.R. Pereira, O.S.G.P. Soares, C. 6 (2020) 78. 
 

Figure 1 - NO3 conversion and selectivities (in %) into NO2 , NH4 and N2 after 300 min of reaction
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The escalating demand for alternative clean energy sources requires the 
development of new and effective materials for energy recovery and conversion. 
Thermoelectric (TE) devices allow to convert the temperature differences into electric 
voltages and vice versa.[1] The efficiency of TE is determined by the dimensionless 
figure-of-merit zT. However, when integrated into a real device, the best bulk TE 
materials have zT ≈ 1.2, but an average zT = 2–4 is necessary for TE energy conversion. 
Fortunately, it has been shown that creating nanostructured composite devices  
in new geometries can increase TE efficiency.[2] 
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PbTe and SnSe Synthesis  
for Thermoelectric Application 

In this way we investigated PbTe and SnSe nanoparticles synthesis, since they are 
promising materials with zTmax > 2.4.[2] To synthesize this particles a similar synthetic 
route as we previously published was applied.[3] The PbTe and SnSe materials where 
characterized by scanning electron microscopy (SEM) revealing irregular shape and 
size. Regarding X-ray diffraction (XRD) measurements both PbTe and SnSe materials 
showed a pure crystalline phase conversion. Further TE characterization regarding 
thermal conductivity, electrical resistivity, Seebeck coefficient and zT have also  
been investigated to evaluate TE performance. 

[1] J. He, M. T. Tritt, Science 2017, 357, eaak9997. 
[2] X.-L. Shi, J. Zou, Z.-G. Chen, Chem. Rev. 2020, 120, 7399–7515. 
[3] V. Sousa, B. F. Gonçalves, M. Franco, Y. Ziouani, N. González-Ballesteros, M. F. 
Cerqueira, V. Yannello, K. Kovnir, O. I. Lebedev, Y. V. Kolen’ko, Chem. Mater. 2019, 31, 260–267 
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Synthesis of catalysts is complex process. The requirements for a catalyst to perform 
best can be achieved by exploring and understanding the relationship between the 
route of synthesis, structures and physicochemical properties of the material. A small 
change in preparation may result in dramatic changes in the physical and chemical 
properties of the final catalyst material. Perovskite oxides with general formula ABO3 
are a very important class of functional materials with a variety of applications, recently 
are recognized for their catalytic capabilities paving the way for suitable substitutes 
for noble metals. In this presentation, we aimed at exploring the mechanical synthesis 
for Lanthanum cobaltite LaCoO3. Through this process the formation of the reaction 
powder product takes place through a series of events such as size decreasing, 
compression, shear or friction between the wall of the jars and milling media.  
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Perovskite based oxide materials for catalytic 
applications  - mechanical synthesis 

The milling duration is the most important parameter characterizing the powder 
treatment procedure. The kinetics of the reaction is taking place without raising 
the temperature, in addition it is solvent and waste free route. These have 
remarkable advantages in terms of sustainability, both economic and environmental. 
Characterization of prepared lanthanum cobalt oxide catalyst material was done  
by X-ray diffractometry (XRD), scanning electron microscopy (SEM), thermogravimetry - 
differential scanning calorimetry (TG-DSC) and conduction properties. The interesting 
results on phase identification, sample purity, crystallite size, morphology help  
us to gain insight to the phenomenon taking place during mechanical synthesis  
of Lanthanum cobaltite with enhanced properties for applications in catalysis. 
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Perovskite-type materials are very versatile and show multiples applications due 
to their characteristic properties. Sr-site was doped with La, Pr, Sm, Eu and Er. This 
rare-earth-doping causes the physical and the chemical properties to change in such 
a way that the band-gap was managed to be lowered from almost 6.0 eV to 3.5 eV. 
This band-gap drop could be a good reason to catalog these materials as suitable for 
obtaining hydrogen by means of the water splitting technique[1]. Furthermore, it makes 
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Photocatalytic and SOFC applications  
of rare-earth-doped perovskite-type SrFeCoO3- 

possible their use as cathode materials, and even as anode[2] ones, in solid oxide fuel 
cells (SOFC). At this point, the 3D printing of these materials seems actionable in order 
to form part of solar cells. 

[1] Yunfei Bu, Seona Kim, Ohhun Kwon, Qin Zhong and Guntae Kim, Int J Energy Res., 2020, 44, 9714. 
[2] Massimiliano Lo Faro, Sabrina Campagna Zignani and Antonio Salvatore Aricò, Materials, 2020, 13, 3231. 
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Air pollution has become an important problem in recent years due to its negative 
effects on human health. Since people spend most of their time indoors, public 
awareness is rising about the risks of poor indoor air quality. Volatile organic 
compounds (VOC), particulate matter (PM), carbon monoxide (CO), ozone (O3), 
nitrogen oxides (NOx), sulfur oxides (SOx), polycyclic aromatic hydrocarbons 
(PAH), and chlorinated dioxins are the most common air pollutants in the indoor 
environment. When people are exposed to these pollutants for a long time and in high 
concentrations, they are more likely to get heart and respiratory diseases. Therefore, 
characterization of the pollutants in the indoor air and determination of the most 
effective removal method is of great importance. However, since these pollutants  
have very different chemical and physical properties, it is not possible to remove all 
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08
Photocatalytic Electrospun Nanofiber Filter  
for Indoor Air Purification Applications 

the pollutants using a single technology. In this study, photocatalytic oxidation method, 
which can break down volatile organic compounds up to CO2 and H2O, is selected 
as the most suitable method for indoor VOC removal applications. Photocatalyst 
nanoparticles are incorporated into the polymer membrane structure synthesized  
by the electrospinning method. Characterization and performance tests  
of the photocatalytic composite electrospun nanofiber air filter was performed  
with EDX, TGA, FTIR, XRD, BET analysis. 
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Green synthesis of metallic nanomaterials using vegetable samples (fruits, plants, etc) 
has emerged as an easy and ecofriendly method for obtaining nanoparticles1. The 
objectives of this research were quantitatively (polyphenols, tannins, flavonoids and 
antioxidant activity by DPPH method) and qualitative (saponins, proteins, terpenoids, 
steroids) characterization of Pinus sylvestris and production of gold nanoparticles using 
pine needles extract. The formation AuNPs were confirmed by UV-Vis spectroscopy 
(550 nm) and DLS. An increase in antioxidant activity was observed in the AuNP sample 
(AA%= 78,33), compared to pine needles extract (AA%=65,24). 
In conclusion, the preparation of gold nanoparticles using Pinus sylvestris needles 
extract provides an environmentally friendly option, beneficial to our planet,  
which unfortunately is subject to aggressive pollution. 
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Phytochemical analysis and antioxidant 
activity of Pinus sylvestris needles extract 
used to obtain gold nanoparticles 

[1] M. Shah, D. Fawcett, S. Sharma, S.K. Tripathy, G.E.J. Poinern, Materials, 2015, 8, 7278-7308. 
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Nanocomposite thin films, composed of noble nanoparticles dispersed in a dielectric 
matrix, exhibit peculiar properties due to the Localized Surface Plasmon Resonance 
(LSPR) phenomenon. The LSPR effect is based on the excitation of localized surface 
plasmons in metal nanoparticles’ surface. The main goal of this work was to produce 
a sensitive nanoplasmonic thin film composed by gold nanoparticles (Au) embedded 
in an Al2O3 matrix. [1,2] The Au-Al2O3 thin films were deposited by reactive DC magnetron 
sputtering and submitted to thermal treatments. The Al2O3 matrix remained roughly 
stoichiometric and amorphous with the increased annealing temperature causing the 
dimension limitation of Au nanoparticles up to 20 nm. Moreover, the application of an 
argon plasma treatment enabled the removal of superficial layers and, consequently, 
allowed the increase of the density of Au nanoparticles at the films’ surface.
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Plasmonic Response of Au-Al2O3 Thin Films 

The plasma treatment caused a blue-shift on the T-LSPR band and affected the 
refractive index sensitivity (RIS). [1] The optical properties of this type of films can 
be useful for plasmonic sensing platforms, yet further optimization of the films’ 
nanostructure is paramount to enhance sensitivity. 

[1] D.I. Meira et al, Appl. Surf. Sci. 2020, 500, 144035 
[2] J. Borges et al, Thin Solid Films 2015, 596, 8–17 
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Platinum is an effective electrocatalyst for electrodic reactions involved in  
hydrogen/oxygen proton exchange membrane (PEM) fuel cell systems, particularly 
the oxygen electroreduction reaction.[1] This reaction represents one of the main 
limitations in energy conversión systems, such as hydrogen/oxygen fuel cells, due to 
its slow electrode kinetics.[2] In this work, the preparation and characterization of high 
surface area carbon-supported facetted platinum electrocatalysts with a defined and 
well characterised morphology for using in PEM fuel cells is presented. High surface 
area facetted platinum on carbon substrates are obtained by applying a square wave 
potential pulse of high frequency in aqueous chloroplatinic acid at 25 °C, between 
lower and upper potential limits of -0,2 V and 1,2 V, respectively.  
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Platinum electrocatalyst for electrodic reaction  
in fuel cell systems 

The characterization studies revealed the presence of highly facetted Pt nanoparticles 
having a predominant (111) preferential crystal orientation, which have shown  
a greater catalytic activity for the oxygen electroreduction reaction than  
that corresponding to polycrystalline Pt nanoparticles. 

[1]  A. Dicks, D. Rand, Fuel Cell Systems Explained, John Wiley & Sons 2018. [2]  A. J. Arvía, R. C. Salvarezza, W. E. Triaca, J. New. Mat. Electrochem. Systems 2004, 7, 133-143. 
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 The usage of plastics has reached unthinkable limits and consequently their 
elimination should be of high priority. One alternative may be the photo-degradation 
of the used plastics. However, they are quite stable due to their long carbonaceous 
chains. As a solution, catalyst may be added to leverage the radiation application [1]. 
In this study, the photo-degradation of polyethylene (PE), one of the most used plastics 
has been attempted. For that, PE films have been treated under low consumption LED 
lamps (4.8 W). Considering PE film was not photodegradable (Fig. 1) an active fluoride 
doped TiO2 (F-TiO2), already used for gas degradation[2] has been added to the PE film 
(2 %) and compared with commercial TiO2. The results shown that not only F-TiO2 
works efficiently as photo-catalyst but also the physico-chemical properties of the PE 
film are closer to those for raw PE when compared to the PE-TiO2 film. This opens  
a path for the future usage of PE-F-TiO2 plastics. 

Aida M. Díeza and Yury Kolen’koa 
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Polyethylene photo-degradation catalysed by F-TiO2 

[1] W. R. L. N. Bandara, R. M. de Silva, K. M. N. de Silva, D. Dahanayake, S. Gunasekara, K. Thanabalasingam, RSC Adv. 2017, 7, 46155-46163. 
[2] Z. Shayegan, C. Lee, F. Haghighat, J. Environ. Chem. Eng. 2019, 7, 103390-103401. 
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Zeta potential is an important characteristic to predict the stability of a dispersion
 of particles, i.e. whether particles stay dispersed or whether they aggregate 
and/or agglomerate. Zeta potential is calculated from the electrophoretic mobility 
of a material. Two methods are mainly used for the determination of electrophoretic 
mobility, namely electrophoretic light scattering (ELS) and acoustics. Despite the 
widespread use of these methods, no certified reference materials (CRM) allowing 
traceable calibration of acoustophoretic instruments are available and there is also 
a lack of CRMs consisting of negatively charged particles to assess the measurement 
accuracy of ELS instruments, as only the positively charged NIST SRM 1980 is currently 
available. 

The Joint Research Centre (JRC) of the European Commission (EC), in collaboration with 
the US National Institute of Standards and Technology (NIST), produced two colloidal 
silica CRMs for electrophoretic mobility and zeta potential measurements by ELS. 
The first CRM (ERM-FD305/SRM 19921) was produced at a dilute concentration for 
quality control of optical-based instruments (e.g. ELS). The same material at a higher 

Yannic Ramaye1, Vikram Kestens1, Tae Joon Cho2, Vince Hackley2, Thomas Linsinger1 and Andrea Held1 

European Commission, Joint Research Centre (JRC), Geel, Belgium National Institute of Standards and Technology (NIST), Materials 
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Production of colloidal silica certified reference 
materials for electrophoretic mobility/zeta potential 
measurements ERM-FD305/SRM 1992 and 
ERM-FD306/SRM 1993 

concentration was used for ERM-FD306/SRM 19932, which is intended for calibration 
of acoustic methods. The batch homogeneity and stability were confirmed for the 
electrophoretic mobility and zeta potential measurands and certified values were 
assigned through an interlaboratory comparison of laboratories of demonstrated 
competence and according to ISO 17034 and ISO Guide 35. 

The two CRMs will not only provide important benchmarks for zeta potential 
measurements but they may also support the REACH classification of nanoforms,  
as zeta potential is an essential physicochemical parameter for their characterisation. 

[1] Y. Ramaye et al, Publications Office of the European Union, 2020, EUR 30410 
[2] Y. Ramaye et al, Publications Office of the European Union, 2020, EUR 30411  
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In this work, we consider a simple and rapid synthesis based on the chemical 
reduction of Pt ions suspended in water and at room temperature. The platinum
 ions were reduced under the action of sodium boron hydride (NaBH4) and covered 
with Poly (vinyl alcohol) (PVA) as stabilizing. We investigated the effect of Pt6+: NaBH4 
(molar proportion) between the metal precursor of Pt NPs and reducing agent on 
the size and how these different sizes could influence the absorption band of the 
UV-visible spectra and reflect of the structural characteristics. The hydrodynamic size 
ranged from 2 to 25 nm. The adequate Pt6+: NaBH4 molar ratio is employed is due  
to increase of the mass Pt precursor, around of favored the growth of monodisperse 
Pt NPs with diameter distribution centered in 10 nm and well defined plasmonic peaks 
at 260 nm. X-ray diffraction (XRD) patterns revealed the Pt NPs structure formed. 
TEM images showed that the Pt NPs have spherical morphology. PVA acts as a coating 
agent as confirmed by Fourier transform infrared spectroscopy (FTIR) suggested the 
increase in the transmittance of the band at ν 1375 cm− 1, in comparison with band at 
ν 1420 cm− 1, which indicates the decoupling between O-H and C-H vibrations due to 
bonding interaction between O-H and Pt NPs. Furthermore, the inhibitory effect of Pt 
these particles over bacteria would be used applied as potential antibiotic. Altogether, 
the results attested the feasible synthesis of Pt NPs aqueous dispersions with potential 
application in medicine and medical physics, which could also be expanded as possible 
carriers of drugs, radiotherapy and radiation dosimetry. 

Iara Souza Limaa, Ana Paula Ramosa,b, Éder José Guidellia,b and Oswaldo Baffaa,b 
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Rapid and Simple Synthesis Method for Platinum 
Nanoparticles Preparation in Aqueous Dispersion 
and Inhibitory Effect of Multi-drug Resistant E. Coli 

[1] Nogueira L F B E, Guidelli  der J S M J and and Ramos A P 2020 Green synthesis of metal nanoparticles by plant extracts and biopolymers Handbook of 
FoodNanotechnology pp 257–78.   

Figure 1: UV-vis spectra for Pt NPs by the and rapid synthesis based on the chemical reduction of Pt ions suspended 
in water and at room temperature. The absorption peak is centered at 260 nm and Bacterial growth curves of Pt NPs 
and without Pt NPs, irradiated and non-irradiated. 
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The goal of this study is to develop a procedure for the synthesis of graphene oxide 
selectively functionalized with carboxylic groups, increasing dispersibility into aqueous 
and solvent media and compatibility with other chemical groups (i.e. biomolecules).  
The process is based on the reduction and exfoliation of the graphene oxide (reduced 
graphene oxide), during which functional groups present in the graphene oxide are 
removed, obtaining planes which are subjected to a new oxidation step, selective 
in the monolayers of graphene oxide, with a lower oxygen content, but oxygenated 
groups more useful for the interaction with other compounds, compared to 
conventional graphene oxide, providing superior stability in water and solvent media.   
 
Results have shown that the C/O ratio in carboxylated single-layer graphene oxide 
is 2.66, whilst for the common graphene oxide is 1.88. The single-layer carboxylated 
graphene oxide obtained has very good surface properties, having a higher control 
on the dimensions and the number of layers of graphene oxide.   

P. López Jiménez, N. Arnaiz Arnaiz, I. Rodríguez Pastor, I. Martín Gullón 
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Selectivelly Functionalized Graphene 
Oxide Witch Carboxylic Groups
 

Figure 1. X ray Photoelectron Spectroscopy a) conventional graphene oxide, and b) single layer carboxylated graphene oxide.
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New studies are deepening the use of fluidized bed reactors (FBPR) in gas-phase 
photocatalytic processes. Some investigations have used FBPR in VOC degradation 
studies, using silica-gel as a support to enable the use of TiO2 in nano scale [1]. 
In this work, fluidizable anatase TiO2 particles supported on silica-gel (TiO2/SiO2) 
were synthetized by the sol-gel method using titanium IV isopropoxide acid as the 
precursor, according to Chen et al. [2], varying the calcination temperature from 150 
to 750 °C. The catalysts were used in a bench-scale continuous FBPR, with n-hexane 
used as a model VOC pollutant, fixing the same operating conditions for the different 
samples. The steady-state degradation rate achieved for each catalyst was compared 
to evaluate the effect of calcination temperature on the photocatalytic activity.  
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The effect of calcination temperature on the 
structure of TiO2/SiO2 catalysts and their activity 
for the degradation of volatile organic compounds 

In addition, synthesized TiO2/SiO2 samples were analysed by XRD, BET  
and UV-VIS. Based on the characterization results and degradation rates achieved 
(Table 1), it was concluded that the photocatalyst performance increased with 
increasing calcination temperature until 450 °C due to increasing crystallinity  
and crystal growth, and then decreased due to the reduction in BET surface area  
and increased charge recombination. 

[1] L.A. Diniz, T.L.R. Hewer, D. Matsumoto, A.C.S.C. Teixeira, Env. Sci. Pol. Res. 2019, 26, 4242-4252. 
[2] Y. Chen, K. Wang, L. Lou. J. Photochem. Photobio. A. 2004, 163, 281-287. 
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With the advancement of industries and lack of energy sources, the higher energy 
efficiency of devices becomes one of the most important targets for researchers 
and industry people. Energy production systems based on fossil fuels or renewable 
energy (solar, wind, nuclear etc.) and wide range of systems used energy such as 
electronics, medical devices and transportation are looking for enhancing their energy 
efficiency.[1] Those mentioned systems include what is called ‘‘heat transfer’’ as a 
popular form of energy used in wide-range applications. However, a new advanced 
thermal fluid called ‘‘nanofluids’’ with an optimal design considering heat transfer 
enhancement is considered as a promising solution to increase the energy efficiency 
of the thermal energy systems.[2-3] Therefore, it is important to investigate the energy 
efficiency enhancement of a system including heat exchanger employing nanofluids. 
Experimental and numerical studies are currently under progress to assess 
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Thermal energy efficiency of compact heat 
exchanger using nanofluids 

nanofluids’ heat transfer characteristics and the overall energy efficiency in compact 
heat exchanger. This will establish an important breakthrough concerning saving 
energy through the use of nanofluids in thermal energy research and applications.  

[1] M. U. Sajid and H. M. Ali, Renew. Sustain. Energy Rev. 2019, vol.103, pp.556–592. 
[2] E. Manay and B. Sahin, Heat Transf. Eng., 2017, vol. 38, no. 5, pp. 510–522. 
[3] W. Ajeeb and S.M.S. Murshed, Renew. Sustain. Energy Rev. 2020 (under review). 
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Almost 80% of industrial processes use catalyzed reactions by solids in some of their 
stages. In heterogeneous catalysis, the properties of the surface of solid catalyst 
affects the catalytic phenomenon due to the relation between surface and chemistry 
properties. 

The catalyst effectivity resides in chemisorption processes where reagents must 
be chemisorbed, giving rise to a substrate-catalyst surface complex that will cause 
the decrease in activation energy. The aim of this work is to show the versatility of 
3D printing to design and print 3D ceramic porous structures via Binder Jetting (BJ) 
technology. The 3D printed support will be later activated via in situ synthesis of nano 
particles TiO2 catalyst into the pores of the support. Finally, the developed system will 
be used for the photo-degradation of emerging contaminant (methylene blue) to verify 
its environmental applications. In summary, the use of the 3D printing technology will 
improve the efficiency of the process due to the possibility of manufacturing complex 
structures, achieving higher active surface areas. Meanwhile, the synthesis of nano 
TiO2 ensures the integration of the catalyst into the pores of 3D printed support, 
while the active surface increase achieved through 3D manufacturing technology 
is maintained. 
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support for catalysis 

[1] M. U. Sajid and H. M. Ali, Renew. Sustain. Energy Rev. 2019, vol.103, pp.556–592. 
[2] E. Manay and B. Sahin, Heat Transf. Eng., 2017, vol. 38, no. 5, pp. 510–522. 
[3] W. Ajeeb and S.M.S. Murshed, Renew. Sustain. Energy Rev. 2020 (under review). 
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Heterogeneous photocatalysis is an outstanding and efficient alternative water 
treatment process that promises a solution using sunlight as the energy source [1]. 
Among the semiconductors employed as photocatalysts, tungsten trioxide is a suitable 
and promising material, with band gap energy of 2.5-2.8 eV and active in the 
UV-visible range [2]. In this work, WO3 films were synthesized by simple hydrothermal 
and spray pyrolysis methods, using sodium tungstate and tungsten powder as 
precursors, respectively. Additionally, polyethylene glycol 1500 and silver nitrate were 
added during the synthesis procedure aiming to enhance crystal growth and light 
absorption, especially in the visible region. The films produced via the spray pyrolysis 
method showed higher absorbance for increased wavelength, while the film doped 
with silver had the most uniform layer. Photodegradation assays, performed  
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WO3 films synthesis via simple hydrothermal 
and spray pyrolysis methods 

in a continuous flat plate microreactor using simulated sunlight, revealed no significant 
differences for all the films obtained regarding the removal of acetaminophen 
(5 mg L-1) selected as a model contaminant of emerging concern. 

[1] H. Zheng et al. Adv. Funct. Mater. 2011, 21, 2175-2196. 
[2] S. V. Mohite et al. Mater. Chem. Phys. 2016, 183, 439-446. 
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Nowadays, water pollutants are a major concern, leading to a demand for simple and 
efficient processes for water treatment. Photocatalysis using metal oxides has shown 
high efficiency and very promising results, especially with Zn and Ti-based materials, 
with zinc-tin oxide (ZTO) appearing as a good critical element free alternative. 
This work presents the photocatalytic activity of three different ZTO nanostructures 
(ZnSnO3 nanowires, Zn2SnO4 nanoparticles and Zn2SnO4 polyhedrons), produced by 
hydrothermal synthesis, in the degradation of two organic dyes (methylene blue and 
rhodamine B) under both UV and visible light irradiation. ZnSnO3 nanowires revealed 
a good photocatalytic performance when compared with Zn2SnO4 nanoparticles and 
polyhedrons, especially under UV light, degrading both dyes in ≈ 90 min.[1-4] 
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[1] A. Rovisco et al., ACS Appl. Nano Mater. 2021, 4, 1149–1161. 
[2] A. Rovisco et al., ACS Appl. Nano Mater. 2018, 1, 3986–3997. 
[3] A. Rovisco et al., Nanomaterials 2019, 9, 1002. 
[4] A. Rovisco et al., In Novel Nanomaterials [Working Title]; IntechOpen, 2020. 

Figure 1. a) Schematic of photocatalytic activity of ZTO nanostructures for organic poll ants degradation and (b) ZnSn nanowires performance as photocatalyst for 
degradation of rhodamine B under UV light.
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Thermal management is probably the most important component of providing 
thermal comfort for both indoor and outdoor environment, with direct effects on the 
well-being of humans.[1,2] Currently, thermal management employs either passive or 
active systems. The ideal thermal management technology should have a combination 
of desirable feature from both passive and active systems.  
Inspired by mirror comb-footed spider (Thwaitesia sp.), we present a technology for 
which no analogue currently exists that enables adaptive control of thermal radiation 
exchange, using inexpensive fabrication techniques that result in conformable, flexible 
polymeric film substrates. We used the versatile chemistry of well-known silicone and 
styrene polymers for preparation of films that can manage up to 50 W/m^2.  
The polymer-based films replicate for infrared light the capability of spiders to change 
the amount of light reflected and transmitted, while also removing from the skin  

Building and renovating in energy- and resource-efficient way09
Conformable Polymer Films Provide Thermal Comfort with 
Passive Heating and Cooling in Clothing and Buildings 

the water vapor resulting from sweating. The laboratory method is scalable  
for commercial application. By mimicking the plates on the spiders’ abdomen, the 
nanocomposites can modulate up to 70% of the heat flux emitted by the human body. 
A person wearing such clothing has an expanded thermal comfort envelope of 8.5 °C. 
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[1] ANSI/ASHRAE Addendum g to ANSI/ASHRAE Standard 55-2010, 2013. 
[2] J.-H. Choi, D. Yeom, Build Environ 2019, 150, 206-218. 
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Nowadays, we use cooling systems like a refrigerator, air conditioner, and so on. But 
we are not aware of the energy consumption of these devices and the power input 
that is needed to cool. In the process of reducing climate change, it is necessary to 
reduce our energy consumption. In that way, passive radiative cooling process is an 
interesting alternative to actively powered devices, proposed since the 70's [1]. This 
process can cool a surface below ambient temperature, without power input, by 
emitting radiation through naturally occurring atmospheric windows that enable space 
as a low temperature reservoir (cold around 2.8 K). This process is more affordable 
at night, and studies of its operation at daytime are currently appearing [1]. Different 
materials, such as photonic structures [2], metamaterials [3], and coatings [4] have been 
probed for their applicability to passive radiative cooling. This project aims to study 
the passive radiative process, propose a material based on wood to achieve a scalable, 
affordable, and efficient cooling and finally, describe its chemical structure by FTIR  
and XPS and obtain the experimental cooling power of the material. 

09
Design of Passive Radiative Cooling Based on Wood 
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[1] Pech-May, N. W.; Retsch, M. Tunable daytime passive radiative cooling based on a broadband angle selectivelow-pass filter.Nanoscale Advances2020,2, 249–255  
[2] Rephaeli, E.; Raman, A.; Fan, S. Ultrabroadband photonic structures to achieve high-performance daytimeradiative cooling.Nano letters2013,13, 1457–1461 
[3] Hossain, M. M.; Jia, B.; Gu, M. A metamaterial emitter for highly efficient radiative cooling.Advanced OpticalMaterials2015,3, 1047–1051. 

Figure 1. Here is a scheme of the equipment to measure cooling performance.
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An important step towards energy-efficient buildings is the use of new methodologies 
that decrease the energy required for cooling loads, reducing surface and 
environmental temperatures and thus leading to energy savings [1]. It is proved that 
the implementation of high solar reflectance solutions in building envelope systems 
promotes energy efficiency and improves thermal comfort. If the absorption of near 
infrared (NIR) solar radiation is reduced, these benefits can be achieved even with 
darker colors [2]. Thus, a major goal is to develop new envelope systems with increased 
solar reflectance by formulating new coatings with the inclusion of NIR reflecting 
nanoparticles. Here, we doped a black conventional iron oxide-based colorant with 
TiO2 nanoparticles (figure 1) in different concentrations (1% to 20%) to study their 
influence on the optical properties of the coating (reflectance and color). 

The results of the spectral reflectance study, shows that the adequate size of TiO2  
for enhancing the NIR reflectance is 30 nm (with a 0.23 reflection compared to 0.13 
for the standard colorant) for concentrations between 16-20%. These results can help 
formulating new coatings with increased near-infrared reflectance of buildings façades. 
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Doping conventional black colorants with NIR reflecting 
nanoparticles for energy-efficient buildings coatings 
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[1] M. Santamouris et al., Sol. Energy, 2011, 85 (12), 3085-3102;  [2] A. Synnefa et al., Energy Build., 2007, 39 (11), 1167-1174. 

Figure 1: SEM micrographs of TiO2 rutile with a) 30, b) 50, c) <100, d) 500, e) 5000 nm and f) Aeroxide® P25 with <21 nm. 

Building and renovating in energy- and resource-efficient way



Eu
ro

N
an

oF
or

um
 | 

5-
6 

M
ay

, 2
02

1

208

Global warming and occurrences of climate extremes have already started to take 
human lives, in particular by heat-related illnesses. The construction industry plays  
a major role in greenhouse gas emissions, with the cement industry generating about 
7% of global CO2 emissions, and buildings consuming about 40% of the world’s energy. 
Significant efforts are thus required to use renewable resources more efficiently and  
to develop buildings with sustainable, recycled or advanced materials. To mitigate 
urban overheating, and to provide better thermal comfort and improve energy 
efficiency, building coatings have been developed with highly reflective, and fluorescent 
materials. The next generation in this evolution consists of thermochromic coatings, 
which are smart temperature-responsive materials. These coatings can reflect light  
at high temperature and absorb light at low temperature conditions. 

09
Next Generation, Thermochromic Coatings for Smart 
Buildings To Mitigate Urban Overheating 

The most common thermochromic materials are leuco dyes. However, these materials 
have challenges regarding their toxicity, stability, durability and degradation over time 
due to ageing, resulting in fading and loss of their reversible reflective performance. 
Therefore, alternatives to leuco dyes are being developed, such as quantum dots, 
plasmonics and photonic crystals (PC). Thermochromic PCs have very good resistance 
against photo-bleaching. Vanadium oxide is the most promising PC and shows a 
large change from high infrared transmittance at low temperature to high infrared 
reflectance at high temperature. This behaviour relates to the phase change from 
insulation state at low temperature to metal state above its critical temperature of 
68 °C. Ongoing research concentrates on tuning this critical temperature to lower 
temperatures by doping vanadium oxide with tungsten. Further developments are 
focused on improving its resistance to oxidation, and on measurement systems  
to validate the properties. 

Veerle Vandeginste,a Jiabin Li,b and Hans Hallezc 
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A large amount of energy is consumed for space cooling in buildings, resulting in 
substantial energy consumption and greenhouse gas emission. One important factor 
to consider is that the indoor temperature increases when the exterior surfaces are 
exposed to solar radiation. A solution for this issue, without external energy input, 
is through insulation methods, such as reflective coatings.[1] These coatings may be 
pigmented to the desired color using nanoparticles (e.g. TiO2, SiO2) and are applied  
on the surface of the building, not affecting their original properties.[2] Finite-difference 
time-domain (FDTD)[3] simulations are here used to investigate the influence of 
TiO2 nanoparticles on the reflection of building façades and to explore the working 
principles of additives. Different doping concentrations (up to 70%) and nanoparticle 
radius (20 nm – 2.5 µm) were simulated to study their influence on the reflectance. 

09
Numerical simulation of the radiative properties of building 
façade coatings with TiO2 nanoparticles 
 

The results demonstrate the reflective behavior in the coating material, showing that 
embedded TiO2 nanoparticles can significantly improve the reflective performance of 
coating films (Fig. 1). These results can help formulating optimized pigmented coatings 
with increased reflectance for building cooling. 

Fig. 1 Reflectance as a function of coating thickness (1 μm, 40 μm, 500 μm and 3 mm) 
without nanoparticles and for nanoparticles of 100 nm radius at a fixed concentration 
of 10%. 

Catarina Dias,a Rita C. Veloso,a,b and João Venturaa,b

aIFIMUP, Departamento de Física e Astronomia, Faculdade de Ciências, Universidade do Porto, Portugal bCONSTRUCT-LFC, Faculty of 
Engineering, University of Porto, Portugal 
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[1] A. Zhou, Z. Yua, C. L. Chowa, D. Lau, Energy Build. 2017, 138, 641−647.  
[2] M. Baneshi et al., J. Quant. Spectrosc. Ra. 2009, 110, 192−204.  
[3] J. Song et. al, Sol. Energy Mater. Sol. Cells 2014, 130, 42−50.  
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Structural health monitoring (SHM) is a multi-disciplinary field that involves the 
automatic sensing of structural loads and response by means of a large number  
of sensors and instruments, followed by a diagnosis of the structural health based  
on the collected data[1]. In a previous work, cement based strain sensors were 
developed using different hybrid additions of carbon nanotubes (CNT) and graphite 
products (GP), and their sensing response was tested under different environmental 
conditions (temperature and humidity)[2]. In this work, the aforementioned sensors 
were used to monitor a regular concrete column under compression. Hence, the 
scope was to provide an insight into the SHM application of prefabricated hybrid 
(CNT+GP) cement based sensors attached to a 15x15x60 cm specimen as shown  
in Fig.1 (a). The strains measured with the cement composite were compared with  
the values registered with strain gages. Fig. 1(b) shows the linear relationship between 
the decrease in resistivity of the sensor and the longitudinal stress of the column. 
This research contributes to demonstrate the potential of smart cement-based 
composites doped with hybrid addition of CNT+ GP for structural health monitoring  
of real concrete structural components. 

09
Structural Health Monitoring of columns with sensors 
based on hybrid carbon nanotubes and graphite cement 
composites 

Figure 1: (a) Experimental setup. (b) Resistivity (Ohm·cm) and stress (MPa) versus time for the sensor with 1%CNT and 5%GP.  

Beatriz del Morala, F. Javier Baezaa, Oscar Galaoa, Rosa Navarroa, Emilio Zornozaa, Catalina Farcasa and Pedro Garcésa  

a Civil Engineering Department, University of Alicante, Spain 
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[1] Yuequan Bao et al., Engineering 2019, volume 5, 234-242 
[2] B. Del Moral et al., Constr Build Mater. 2021, volume 284, 122786 
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Strong efforts are being carried out looking for efficient, clean and renewable energy 
sources to meet the decarbonization goals. With respect to solar energy, thin film 
photovoltaic (PV) systems based on CuInxGa1-xSe2 (CIGSe) deserve special attention. 
Despite of the high efficiency devices produced by vacuum deposition processes,  
non-vacuum ones are desirable due to the lower-cost of the process, scalability,  
and compatibility with flexible substrates. To date, solution-processed CIGSe thin film 
solar cells with an efficiency of 17.3% [1] have been achieved, however highly toxic 
solvents are used.  

09
Sustainable methodologies for solution processing 
of CIGSe photovoltaics 
 

To this end, a water-based ink comprising well-dispersed Cu, In and Ga oxides 
was screen-printed into fluorine tin oxide (FTO)-coated soda-lime glass (SLG). 
After deposition, selenization was used to convert the oxides into CIGSe crystal 
and the resulting thin films show homogenous thickness of ≈2.5 µm and nominal 
Cu0.92(In0.77Ga0.31)Se2 composition. To complete the PV device, a buffer layer of CdS 
was deposited by chemical bath and the i-ZnO/ZnO:Al top conductive layers were 
sputtered. The resulting device revealed a record-breaking for screen printed CIGSe 
photoabsorbers with 7.9% of efficiency. Moreover, a sustainable all-solution-processed 
CIGSe PV cell with the same photoabsorber and CdS layers and spray coated  
water-based inks of i-ZnO/indium tin oxide (ITO) top conductive layers demonstrated 
an efficiency of 2.2%. 

Bruna F. Gonçalves,a,b,c Viviana Sousa,a Gabriela Botelho,c Senentxu Lanceros-Méndez,b,d,e and Yury Kolen’koa 
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and Nanostructures, UPV/EHU Science Park, 48940 Leioa, Spain eIkerbasque, Basque Foundation for Science, 48009 Bilbao, Spain 
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[1] T. Zhang, Y. Yang, D. Liu, S. C. Tse, W. Cao, Z. Feng, S. Chen and L. Qian, Energy Environ. 
Sci., 2016, 9, 3674-3681. 
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Rechargeable potassium metal batteries are promising energy storage devices with 
potentially high energy density and markedly low cost. However, eliminating dendrite 
growth and achieving a stable electrode/electrolyte interface are key challenges to 
tackle. While liquid potassium-sodium alloy (KNA) has recently been demonstrated  
to be able to address the dendrite growth issue, it has poor mechanical processability 
due to its high degree of fluidity, which is difficult to be processed for use in practical 
potassium batteries. Herein, we report a novel “quasi-liquid” KNA comprising only  
3.5 wt% Na, which not only exhibits superior electrochemical performance able  
to be repeatedly plated and stripped on the copper substrate at 0.5 mA cm-2 up 
to 220 cycles with large Coulombic efficiencies of above 89%, but also shows good 
processability being easily shaped into sheet electrodes. Moreover, an unusual 
transformation of metastable KNa2 phase is captured during the K-Na plating by in-situ 
X-ray diffractometry, which may assist the nucleation of K and Na continually, leading 
to simultaneous nucleation during plating to suppress the formation of dendrites. 
Our findings will provide guidelines for the development of other new high-
performance alkali metal alloy anodes. 

Energy Storage10
A dendrite-free K-Na alloy anode for rechargeable 
potassiumsodium metal batteries 

Zhixin Tai,a Ziyu Lua,b and Lifeng Liua,*
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Figure 1. Voltage-time profiles of KNA-3.5//Cu and K//Cu in the half-cells during plating. Inset: atomic 
model of the metastable KNa2 phase. 
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Solar redox flow cells (SRFC) are a promising technology that can be used to store 
solar energy as chemical energy but there are challenges to be solved before it 
is mature enough for commercialization. Simulations are a powerful tool used to 
accelerate the development of any technology. Though, there is no dynamic model  
for SRFC reported in the literature. This work reports for the first time a dynamic  
multi-dimensional model and simulator of a vanadium SRFC. The model was 
developed in a CFD platform and includes the Nernst-Planck, Drift-Diffusion, Poisson 
and charge conservation equations. Equations for the photoelectrochemical and 
electrochemical reactions were also implemented. A comprehensive analysis to the 
energy band diagram is carried out. Furthermore, it is demonstrated that the model 
can simulate the experimental photocurrent response[1] on both half-cells of the SRFC 
(Figure 1). 

10
Dynamic modelling of a solar vanadium redox  
flow cell 
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Figure 1 – (a) Simulated and experimental[1] i-V curve for a solar vanadium redox flow cell and (b) comparison between the simulated current density at the 
photoelectrode and at the negative electrode. 

[1] J. Azevedo, et al. Nano Energy 2016, 22, 396−405.  
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Commercially available lithium-based batteries (LBs) contain electrolytes based on 
flammable and volatile organic carbonate mixtures responsible for the narrow range 
of operating temperatures and safety hazards. In this respect, widely investigated 
aprotic ionic liquids (AILs) are promising candidates, due to their flame-retarding 
ability, negligible vapour pressure, high chemical and thermal stability. [1] 
Here we present the first demonstration of protic ionic liquids (PILs) for application 
in LBs with a Li metal anode. PILs are characterized by the presence at least one 
hydrogen atom with acidic properties. In electrolytes for LBs, Li+ ions are less 
coordinated in PILs than in AILs, because protic cations are less shielded than their 
aprotic counterparts, and compete with Li+ ions for the coordination of the anions, 
which can boost the rate capability. On the other hand, labile protons in PILs can  
be reduced to hydrogen gas below 2V vs. Li+/Li. [2] 

10
Enabling stable Li metal batteries with protic ionic 
liquid electrolytes 

To circumvent this issue, the PIL-based electrolytes are combined with vinylene 
carbonate (VC), which promotes the formation of a stable protective layer on the Li 
metal anode. Stable ambient temperature cycling was observed in Li-metal cells with 
LiFePO4 or LiNiMnCoO2 (NMC) as cathodes and a pyrrolidinium-based PILs added 
with VC as electrolytes. Notably, it is demonstrated that the cell with NMC and the 
PIL-based electrolyte outperforms the one with the AIL in terms of rate capability. [3] 
Aknowledgement The Si-DRIVE Project received funding from the EU's Horizon 2020 
research and innovation (R&I) programme under GA 814464. 
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[1] G.B. Appetecchi et al., ACS Symposium Series 2012, 1117, 67-128. 
[3] S. Menne et al., Phys. Chem. Chem. Phys. 2014, 16, 5485–5489. 
[6] G. Lingua et al. J. Power Sources 2021, 481, 228979. 
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To meet up with the real-world applications, a dielectric capacitor with an energy 
storage efficiency greater than 90% is essential. So, we introduced 
0.98[0.6Ba(Zr0.2Ti0.8)O3-0.4(Ba0.7Ca0.3)TiO3]-0.02BiZn1/2Ti1/2O3 (BZCT-BZ) ceramic capacitor 
via microstructure tailoring strategy through solid-state reaction method. XRD studies 
confirmed a pseudocubic phase in the BZCT-BZ ceramic. The pseudocubic nature 
is attributed to the existence of microdomains or PNRs rather than macroscopic 
domains. The ceramic exhibited a very high room temperature dielectric permittivity 
(εr=13699). Further, a nearly flat TT-C is obtained for the BZCT-BZ ceramic, which arises 
from the high pseudocubic nature as evident from the XRD. The high field P-E studies 
revealed that the BZCT-BZ ceramics sintered at 11 hrs exhibited a recoverable energy 
density of 1.30 J/cm3, an efficiency of 92% and a very good fatigue free behavior up  
to 107 cycles at 100 kV/cm. [1] 

10
High energy storage and fatigue-free performance 
of microstructure tailored 0.98[0.6Ba(Zr0.2Ti0.8)O3-
0.4(Ba0.7Ca0.3)TiO3]-0.02BiZn1/2Ti1/2O3 ceramic capacitor. 
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[1] A. R. Jayakrishnan et al., J Sci-Adv Mater Dev 2020, 5, 119−124.  

Figure: Fatique behavior of BZCT-BZ at 100 kV /cm.
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Energy-dependent full field transmission soft X-ray microscopy is able to give a full 
picture at the nanometer scale of the chemical state and spatial distribution of 
oxygen and other elements relevant for battery materials, providing pixel-by-pixel 
absorption spectra. In this work we show two different methods to localize chemical 
inhomogeneities in Li1.2Mn0.56Ni0.16Co0.08O2 particles with and without VOx coating 
extracted from electrodes at different states of charge. Core-shell-like distributions 
and several further aspects, including distribution of conducting carbon and binder 
regions; inhomogeneous state of charge within the electrode; molecular oxygen 
profiles within a particle, are clearly show in these samples [1]. 

10
Imaging lithium-rich layered-oxide cathode materials 
by soft x-ray transmission microscopy 

a) Absorbance peak value at ~530.3 eV versus absorbamce pre-edge value (~522.9 eV) plotted for each pixel of the field of view. The selection of the pixels on the 
small slope line corresponding to lack of O or abundance of carbon (b) can be easily represented as distribution in the field of view, and reported in velloe in (c). The 
scale bar is 1 um Adapted from [1].

[1] A.Sorrentino, L.Simonelli, A Kazzazi, N.Laszczynski, A.Birrozi, A.Mullaliu, E.Pereiro, S.Passerini, M.Giorgetti, and Dino Tonti, Appl. Sci. 2021, submitted.
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The pressing demand for long-lasting, high-power portable electronics and the 
emerging large-scale diffusion of electric vehicles (EVs) and energy storage from 
renewable sources requires batteries with improved energy density at reduced cost, 
along with enhanced cycle life and safety.[1] State of the art Li-ion batteries (LIBs) 
currently on the market contain liquid electrolytes, which makes it difficult to design 
flexible cells, being also hazardous in terms of leakage and flammability. Within 
the context of solid-state battery technology development, a variety of solid-state 
electrolytes have been investigated to date; in principle, they enable extension of the 
operating temperature range of a device, also ensuring higher safety together with 
enhanced energy and power densities. Among solid polymer electrolytes (SPEs), the 
new class of “single ion conducting polyelectrolytes” (SICPs) has deserved considerable 
attention.[2,3] In this work we focus on the development of poly(carbonate) macro-RAFT 
precursor that was further utilized to synthesize a series of single ion conducting 

10
Innovative single ion conducting block copolymers 

block copolymers comprising the methacrylate-based ionic monomer (LiMTFSI) 
and poly(ethylene glycol) methyl ether methacrylate (PEGM) via controlled RAFT 
polymerization. The novel true solid-state polycarbonate-based block copolymers 
showed greatly enhanced performance towards the state of SPEs systems. The 
electrochemical behavior of the new family of SICP was deeply investigated, including 
through the assembly of Li metal lab-scale cells using lithium iron phosphate (LFP)  
and Lithium-Nickel-Manganese-Cobalt-Oxide (NMC) catholytes. 

[1] P.J. Loftus et al. Wiley Interdiscip. Rev. Clim. Chang. 2015, 6, 93–112. 
[2] Jeong, K. et al. J. Mater. Chem. A 2019, 7 (5), 1917–1935. 
[3] H. Zhang et al. Chem. Soc. Rev. 2017, 46, 797–815. 
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Rechargeable lithium (Li) metal batteries have drawn considerable attention from both 
academia and battery industry, given that Li metal has a high specific capacity of 3860 
mAh/g that can markedly boost the energy density of batteries [1,2]. However, Li is 
prone to forming dendrites and is subjected to large volume change during repeated 
plating and stripping [3], which would short-circuit the battery and cause safety 
issues. Therefore, it is of paramount importance to develop a method to suppress 
the dendrite growth and volume change to enable Li metal to be used in practical 
rechargeable Li batteries. Herein, we report a three-dimensional (3D) composite 
electrode comprising lithium-copper (LiCu) alloy melt-cast on a copper (Cu) foam 
current collector, which can help mitigate the dendrite growth of Li and accommodate 
volume change during charge/discharge, when used as anode in Li batteries. We found 
that when the melt LiCu alloy solidifies, phase separation happens and the electrode  
is characterized as Li metal dispersed in a Cu nanowire (CuNW) matrix.  

10
LiCu alloy embedded in 3D porous Cu foam with 
enhanced electrochemical performance toward 
rechargeable lithium metal batteries 

Such a unique architecture, in conjunction with the 3D porous framework of the Cu 
foam, significantly reduces the local current density during Li plating and thereby 
suppresses the dendrite formation and growth. As a result, the LiCu composite anode 
shows stable cycling and a small polarization at a current density of 1 mA cm-2 with  
a capacity of 1 mAh cm-2 in the carbonate electrolyte. Moreover, highcapacity retention 
has also been achieved in a full cell when the LiCu composite anode is paired with  
the LiFePO4 cathode. 

[1] Y. Zhang, T. T. Zuo, J. Popovic, et al, Mater. Today 33 (2020) 56-74. 
[2] X. B. Cheng, R. Zhang, C. Z. Zhao, et al, Chem. Rev. 117 (2017) 10403-73. 
[3] S. Park, H. J. Jin, Y. S. Yun, Adv. Mater. 32 (2020) 2002193. 
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Development and improvement of different energy storage systems are required due 
to the growing energy demand from the past 50 years. Among this variety of systems, 
Lithium-Sulphur (Li-S) started to gain more importance thanks to its multi-electron 
conversion of sulphur on the cathode, leading to a theoretical capacity of 1672 mAh/g 
for the cathode, and 3860 mAh/g for the lithium anode1 (which is over ten times higher 
than that of the graphite one (LiC6, 372 mA h g−1). Unfortunately, Li-S battery presents 
several drawbacks. Among them, dendrite formation has been in the spotlight because 
of the shortening of the lifetime of the battery2.  Amidst all the different solutions 
proposed over the years3, the most promising ones are effectively related to lithium 
protection. Although so many options can be found in literature, such as substituting 
Li metal by LiX alloy (X = Al, B, Si, Sn, C, etc.)4 or applying a polymeric or ceramic coating, 
the most promising one corresponds to the organic coating5.  
 

10
Lithium-sulphur Anode protection through ultra-stable 
organic layer 

It consists in the stable immobilization (covalent character) on the metallic lithium 
anode of organic layers, enabling the minimization of the shuttle effect by preventing 
the diffusion of the polysulfide to the lithium surface, and therefore the parasitic 
reaction with these anions during discharge. By applying this modification, capacity, 
charge rate, safety and cycle life can be improved.  

[1] Sun, Y., Huang, J., Zhao, C. & Zhang, Q. Sci. China Chem. 2017, 60, 1508–1526 
[2] Zhang, S., Ueno, K., Dokko, K. & Watanabe, M. Adv. Energy Mater. 2015, 1–28 
[3] Nagao, M., Hayashi, A. & Tatsumisago, M. Energy Technol. 2013, 8531, 186–192 
[4] Rehnlund, D. et al. Energy Environ. Sci. 2017, 10, 1350-1357 
[5] Original coating method was developed in ALISE project (ALISE is a pan European collaboration focused on the development and commercial scale-up of new 
materials and on the understanding of the electrochemical processes involved in the lithium Sulphur technology) 
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The objective of this study is to develop composites based on the use of Phase Change 
Materials (PCMs, latent heat storage capacity) and carbon materials (CMs, high thermal 
conductivity) with the objective to overcome the current limitations of the low thermal 
conductivity of PCMs. These composites may be used in thermal energy storage 
applications where additionally a high rate of heat dissipation is required. 

Two PCMs with different melting temperature (37, 74 ºC) have been selected and used 
for the preparation of composites with different ratio of the CM. Results show that the 
CM increases the thermal conductivity of the composites. However, for high %CM, the 
thermal energy storage of the composite (J/g) is decreased, observing that the high 
thermal conductivity of the CM affects the thermal energy storage capacity of the PCM.  
The ratio PCM:CM has been optimized to obtain composites with high thermal energy 
storage capacity and high thermal conductivity. Stability of the composites after 
thermal cycles has been also demonstrated.

10
Multifunctional composites: heat storage and heat 
dissipation capacity  
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Figure 1. Thermal energy storage (J/g) and thermal conductivity of the different composites prepared with (a) PCM1 (37ºC) and (b) PCM2 (74 ºC). 
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The reduction of dependence on fossil fuels and the growth forecasts for energy 
demand carry to the search for efficient and environmentally friendly energy 
alternatives, especially in the transport sector. Lithium-ion batteries have appeared 
with great prominence due to their potential to achieve high energy densities and 
long-life times. Efficiency, costs and its impact depend mainly on the materials that 
make up the cathode, anode and electrolyte of the battery. Currently, the anode is 
manufactured using graphite. However, graphite has already reached its physical 
capacity limit and new materials are being evaluated. The combination of nano 
silicon and graphite manages to multiply by 10 the theoretical capacity of graphite. 
Nevertheless, the introduction of silicon generates drastic volume increases 
(300-400%) during charge / discharge processes, leading to battery disintegration.[1]  
One of the solutions studied is the use of nanocellulose (NC). NC has great potential 
for development, thanks to its properties (lack of toxicity, high reactivity, hydrophilicity, 

10
Nanocellulose and micro / nano silicon anodes 
for the new era of lithium-ion batteries 

chirality, lightness, …).[2] In the case of their use in batteries, NC would act as deposits 
housing the active material (nano silicon), protecting the particles from the expansion 
phenomenon, improving the retention capacity and the electrochemical performance. 
In this way, NC will provide a high added value to the new batteries. In the present 
work, nanocellulose has been used as an alternative bio-based material for the 
development of anode composites and separator materials with promising properties.  

Alicia Bañón,a María del Mar Castro,a and Rosalía Noguerola 
 
aCETIM, Parque empresarial de Alvedro, Rúa H, 20, 15180 Culleredo, Spain 
 
mcastro@cetim.es 

[1] B. Zhu, X. Wang, Chem. Sci. 2019, 10, 7132-7148 
[2] C. Ruiz Palomero, M. Laura Soriano, Trends in Anal. Chem. 2017, 87, 1-18 
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Both an automatized controlled deposition of nano-enhanced spray coatings, and 
an atmospheric pressure glow discharge plasma pilot plants have been been recently 
upgraded in the NewSkin project.[1] Within this project, an Open Innovation Test Bed 
(OITB) to provide the Innovation Ecosystem (IE) with the necessary technologies, 
resources, and services to manufacture nano-enabled industrial and consumer 
products will be created.  

The upgraded scale-up system for the surface treatment of polymeric, metallic, 
ceramic, and composite parts is equipped with a robotic arm for controlling deposition 
of nano-enhanced spray coatings, an innovative infrared system for energy-efficient 
drying/curing, and evaluation of nanosafety on-site. All these complementary systems 
can be integrated in both a liquid or powder paint both by using automatized liquid 
or powder spray guns. A successful specification, integration, and verification using 
reference metallic substrates have been recently carried out. 

Scale-up Pilot lines & OITBs11
Automatized controlled deposition of nano-enhanced 
coatings and atmospheric pressure glow discharge 
plasma pilot plants: specifications, integration and 
verification using reference materials 

The upgraded scale-up system for the roll-to-roll (R2R) processing of planar flexible 
materials consist of an atmospheric pressure glow discharge plasma unit for surface 
activation or atmospheric pressure plasma enhanced chemical vapour deposition 
(AP-PECVD) processing and include the possibility to integrate surfaced wet finishing 
for membranes, textiles, paper, and leather, among other substrates. 
A successful specification, integration, and verification using reference membranes 
have been recently carried out. 

Lorenzo Bautista a, Ana Escobar a, Paula Felix a, Nuria Portoles a, Marcel Boerrigter a, 
Zeynep Beyazkilic a, Astrid Ribot b, Elena Torralba b, Marc Pujol b, Francesc Cortes b, 
Aitor Jara b, Jordi Suarez b, Sergio Martinez b, Xavier Rodríguez b, Vicenç Pomar c, 
Joan Cabellos c, Beatriz Guerrero d 
 
aApplied Chemistry & Materials Dept., de la Innovació, 2 – 08225 Terrassa, Spain bEnergy & Engineering Dept., C/ de la Innovació, 2 – 
08225 Terrassa, Spain 
cCircular Economy Dept., C/ Pallars, 179-185 – 08005 Barcelona, Spain 
dScientific & Technical Services Dept., C/ de la Innovació, 2 – 08225 Terrassa, Spain 

[1] https://www.newskin-oitb.eu/
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According to the circular economy package and the new requirements from the 
SET plan adopted by the EU the last years, for increased renewable energy power, 
the interest of offshore energy power is unquestionable. In order to increase the 
power production, more sophisticated materials and processes are required for the 
development of both wind and tidal blades in terms of size, efficiency and end-of-life. 
Carbo4Power is taking a holistic approach to those challenges, tackling them by aiming 
to produce a new generation of lightweight, high strength, multifunctional digitalized 
materials for offshore wind and tidal turbine blades, by not only decreasing the cost, 
but also by introducing novel materials aiming on recycling up to 95% of the blade. 
The innovative concept is based on nano-engineered hybrid (multi)materials and 
their intelligent architectures, targeting improved properties as well as modularity, 

Clean, affordable, and secure energy12
Carbo4Power: New generation of offshore turbine 
blades with intelligent architectures of hybrid, 
nanoenabled multi-materials via advanced 
manufacturing 

repairability, re-processability and recyclability. In addition, developments on lightning, 
de-icing and biofouling strategies, manufacturing optimisations and segmentation 
strategies to create pathways for the future development of modular blades to 
tackle current limitations in logistics and maintenance are being investigated. The 
multidisciplinary consortium is consisted of 18 partners, from 9 countries providing 
technological know-how and industrial leadership, with well-balanced dissemination, 
communication & exploitation impact. This project has received funding from the 
European Union’s Horizon 2020 research and innovation programme under grant 
agreement No 953192. 
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Photovoltaic systems are the ideal method to harvest solar energy, but  
market-leading Silicon solar cells have limited potential for improvement in efficiency. 
The most promising class of materials is Cu(In,Ga)Se2 (CIGS): they are lighter, flexible, 
and significantly cheaper to produce, with a tunable direct bandgap and a high 
absorption coefficient in the visible spectrum. A record cell efficiency of 23.35% 
was demonstrated, but it is still more than 10% lower than the Shockley-Queisser 
theoretical performance limit (33.7%). Additionally, CIGS semiconductors contain 
indium, a relatively rare element. The use of nanowires (NW) as the PV absorber 
material can help in both these areas. In fact, they allow ~10x lower material 
consumption, thanks to high absorption-to-volume ratio through light-trapping, 
as well as an enhanced performance compared to planar layers1. 

12
CuInSe2 nanostructures grown by MBE 

It is well-known that the use of co-evaporation under vacuum is essential to obtain 
high-quality materials for CIGS solar cells001, thus we have focused on Molecular Beam 
Epitaxy deposition. By using an Al2O3 mask, we achieved position controlled growth 
of isolated CuInSe2 nanostructures. We are currently working on elongating the 
structures to obtain true 1D morphology, determining their crystalline structure 
by Transmission Electron Microscopy, and developing solar cell devices based 
on the nanostructures. 

A. Cavallia, S. Sadewassera 
 
aInternational Iberian Nanotechnology Laboratory, Portugal 
 
alessandro.cavalli@inl.int 
 

Fig. 1 SEM top-view (left) and 10° cross-section (right) of CuInSe2 grown by MBE. 1 J.E.M. Haverkort, E.C. Garnett, and E.P.A.M. Bakkers, Applied Physics Reviews 5, 031106 (2018). 

 P. Jackson, R. Wuerz, D. Hariskos, E. Lotter, W. Witte, and M. Powalla, Physica Status Solidi (RRL) 10, 583 (2016).  
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Solar energy is one of the most promising alternative energy sources. The current 
challenges of solar thermal energy are to maximize the energy efficiency of the 
thermal solar collectors and minimize the size. Recently, with the advancement of 
nanotechnology a new type of thermal fluid known as nanofluids which was coined 
in early 1990, showed advanced thermophysical properties. Studies on solar energy 
and heat transfer reported a promising implementation of nanofluids in solar thermal 
energy.[1] Nanofluids showed high ability to transfer and storage the heat, besides the 
possibility of using them for efficiently absorbing the heat from the solar radiations in 
comparison with common liquid such as water.[2] On other hand, there are challenges 
for nanofluids technology, such as the higher viscosity resulting to higher pumping 
power and possibility of having sedimentation and clustering of the nanoparticles 

12
Energy efficiency enhancement of thermal solar 
collectors by nanofluids 

in the system.[3] However, literature doesn’t contain enough investigations for 
operating nanofluids in solar applications. Therefore, it is important to study the 
tailoring of nanofluids based on modelling their thermophysical properties and 
implementing those modelled nanofluids in a solar collector system. Also, several solar 
collector designs can be investigated reaching the optimum design to be suited 
for nanofluids for better energy efficiency.

Wagd Ajeeb and S M Sohel Murshed 
 
Centre for Innovation, Technology and Policy Research (IN+), Instituto Superior Técnico, University of Lisbon, 1049-001 Lisbon, Portugal 

Email: wagdajeeb@tecnico.ulisboa.pt 

Fig. 1 Nanofluids as a working thermal fluid in Solar collector.

[1] K. Y. Leong et al., Renew. Sustain. Energy Rev. 2016, vol. 53, pp. 1092–1105. [2] T. B. Gorji and A. A. Ranjbar, Sol. Energy 2015, vol. 122, pp. 314–325. 
[3] W. Ajeeb, Proc. 3rd Annu. Meet. Port. Assoc. Energy Econ. 5th Meet. Environ. Energy Econ., 2018, pp.17-25.  
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So far, researchers have been looking for alternative clean sources for energy such 
as solar and wind energy. One of the potential nature energies is the human motion 
by bicycles which have shown a sustainable future.[1] Human motion can be used 
for self-powering needs by using bicycles to produce electricity for low consumption 
devices such as lamps, laptop, mobile phone and wireless sensors.[2] The bicycle can 
be fixed in the house or even when it is used out on the street, producing electricity to 
be stored in a battery. Therefore, the generator should be designed and linked witha 
rotor that spins to convert the mechanical energy into electrical energy form.[3] Also, it 
is important to study the tailoring of the mechanical motion of human with bicycles via 
the gearbox and the well-designed generator system, reaching the optimum design 
for better energy efficiency and comfort for the bicycle rider. 

12
Energy Harvesting from Bicycles: human activities 
for energy 

Mechanical Engineering Department, AL-Baath University, Homs, Syria 

Email: fardousajeeb9@gmail.com
 

Fig. 1Bicycle for generating electricity.

[1]G. Mao et al., ‘How can bicycle-sharing have a sustainable future? A research based on life cycle assessment’, J. Clean. Prod. 2021, vol. 282, p. 125081. 
[2]Y. Yang, Y. Pian, and Q. Liu, ‘Design of energy harvester using rotating motion rectifier and its application on bicycle’, Energy 2019, vol. 179, pp. 222–231. 
[3]R. Zaripov and P. Gavrilovs, ‘Study of dynamic characteristics of electric bicycles’, Procedia Comput. Sci. 2019, vol. 149, pp. 307–313. 
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Recent improvements in the power conversion efficiency of Cu(In,Ga)Se2 (CIGSe)  
thin-film solar cells were mainly attributed to alkali-fluoride post deposition treatments 
(PDT) [1]. Although the alkali PDT is now intensively used in many labs, more efforts 
are needed for a better understanding of their role in the CIGSe absorber. In this 
contribution we present a Kelvin probe force microscopy (KPFM) study of the influence 
of different alkali-fluoride on the CIGSe absorber surface properties and the interface 
formation to the buffer layers. Since recent compositional studies indicate the 
accumulation of alkali-metals at the grain boundaries (GBs) [2], we also investigate 
the electronic properties at these defect sites, by spatially resolving the local structure 
and the potential maps.  

12
Impact of alkali-metals on the optoelectronic 
properties of CIGSe  

From a statistical analysis of the overall surface potential at the grain interior and grain 
boundary we obtain an alkali-dependent potential at the CIGSe surface and at the GBs. 
The strong variation in the potential across GBs for KF, RbF and CsF PDT CIGSe allows 
to establish a correlation to the open circuit voltage of reference solar cell devices. We 
attribute a beneficial effect on the efficiency to the lower potential barriers and the 
more homogenous potential variation at the GBs found for the RbF-treated samples 
[3]. Our results suggest that heavier alkali elements might lead to better passivation 
by reducing the density of charged defects at GBs. 

N. Nicoaraa, R. Manaligoda, P. Jacksonb, D. Hariskosb, W. Witteb, G. Sozzic, R. Menozzic, S. Sadewassera 
 
aInternational Iberian Nanotechnology Laboratory (INL), 4715-330 Braga, Portugal bZentrum für Sonnenenergie- und Wasserstoff- 
Forschung Baden-Württemberg (ZSW), 70563 Stuttgart, Germany.  cDepartment of Engineering and Architecture, University of Parma, Italy 
 
nicoleta.nicoara@inl.int 

[1] P. Jackson et al., P. Jackson et al., Phys. Status Solidi RRL (2016) 10, 583. 
[2] A. Vilalta-Clemente et al., Appl. Phys. Lett (2018), 112, 103105.  
[3] N. Nicoara et al., Nat. Commun. (2019) 10, 3980. 
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The addition of heavier alkali metals such as potassium (K), rubidium (Rb) and 
cesium (Cs) into CIGS thin film has successfully promoted CIGS solar cell efficiency.[1,2] 
However, the impact of post-treatment such as light, heat, bias and its combine effects 
on K-, Rb- and Cs-treated CIGS solar cells have not been investigated in detail. With this 
motivation, here, we investigated the effects of heat-light soaking (HLS) and heat-bias 
soaking (HBS) on K- and Cs-treated CIGS solar cells.  

We observed improvement in open-circuit voltage (VOC) and fill factor (FF) by HLS/HBS 
treatments. However,  short-circuit current density (Jsc) losses after HLS/HBS, which 
was a severe factor limiting the efficiency (ƞ) enhancement. Due to the extremely 
high net carrier concentration (Ncv) increased after HLS/HBS, Jsc reduced because of 
narrower depletion width. Therefore, a subsequent HS process was found beneficial 
method after HLS/HBS to tune the Ncv, thus the depletion width, for lesser Jsc losses. 
Figure 1 showed a typical current-voltage curve of CsF-treated CIGS solar cell obtained 
after HLS/HS treatment. It was understood that a positive bias generated due to the 
illumination was a driving force for the increased Ncv. Additionally, we investigated 
the stability issues of these solar cells after the treatments. The detail results will 
be presented in the meeting.   

12
Improving Alkali Metal Treated CIGS Solar Cells 
by Post Treatments 

Ishwor Khatri,a and Mutsumi Sugiyama,b  
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[1] M. Nakamura, K. Yamaguchi et al, IEEE J. Photovoltaics 2019, 9, 18631867 [2] P. Jackson, R. Wuerz et al, Phys. Status Solidi RRL 2016, 8, 583-586.  

Fig. 1. I-V curves CsF-treated CIGS solar cell after HLS/HS treatments.
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The objective of this work is to present the developments of high-quality  
nano-structured materials and nano-manufacturing technologies, to meet the 
challenges on both quality and cost issues related to energy harvesting. Novel but also 
economically viable approaches of harvesting, storing and using energy, concerning 
both thermal energy harvesting, as well as others (kinetic energy, solar energy, etc.) 
are presented. In this scope, Fast-Smart project, addresses several challenges related 
to the exploitation of smart materials into robust energy harvesting structures and 
systems, with competitive cost and high operational reliability, which are currently 
difficult to achieve. The use of carbon-based nanomaterials, enables the enhancement 
of the thermoelectrical properties of the studied energy harvesters. Hybrid structures 
have been developed, based on thermoelectric materials (e.g., MgSi2 and Half-Heusler 
alloys), on which carbon coatings have been deposited via chemical vapour deposition. 
Also, flexible energy harvesters have been considered, based on one dimensional 
carbon nanostructures. [1]

12
Nano-Enabled Smart Materials, Structures 
and Systems for Energy Harvesting 
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[1] K. Kikuchi, K. Yamamoto, N. Nomura, A. Kawasaki, Nanoscale Research Letters 2017, 12, 343. 

Deposition of carbon nanotubes on Half-Heusler alloy 
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For Cu(In,Ga)Se2 (CIGSe) solar cells an alkali-fluoride (AlkF) post-deposition treatment 
(PDT) has recently led to a significant increase in the efficiencies. It has been observed 
by Kelvin probe force microscopy that the AlkF-PDT passivates the grain boundaries 
(GBs) in CIGSe by modifying their electronic properties in a beneficial way [1]. However, 
these results rely on surface potential information collected at the surface of the  
AlkF-PDT CIGSe.  

In the present work, we explore the nano-scale electrical properties of a  
rubidium-fluoride (RbF)-PDT CIGSe into the bulk of the layer,  by using conductive 
atomic force microscopy (CAFM) tomography. We use highly-doped diamond-coated 
AFM tips for the experiments and apply tip forces of several µN. This combination of 
high force and continuous C-AFM scanning results in a tip-induced material removal 
(digging) [2], [3]. In order to get C-AFM images, the sample is biased at a small voltage 
during the repeated scanning until a desired depth is reached. This procedure reveals 
C-AFM images layer-by-layer into the bulk. In order to assess the depth-dependent 
electrical properties (e.g. current signals at grains and grain boundaries, variation 

12
Nanoscale electronic properties in the bulk 
Cu(In,Ga)Se2 with RbF post-deposition treatment  

of doping concentration, bandgap, electron affinity etc.) a tip-sample contact model is 
proposed and simulated in SCAPS (a Solar Cell Capacitance Simulator). This simulation 
provides a deeper insight into the dependence of electronic properties on the 
variation of current signal inside the bulk. 

Deepanjan Sharma a*, N. Nicoara a, P. Jackson b, S. Sadewasser a  
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[1] N. Nicoara, R. Manaligod, P. Jackson, D. Hariskos, W. Witte, G. Sozzi, R. Menozzi, and S. Sadewasser, Direct evidence for grain boundary 
passivation in Cu(In,Ga)Se2 solar cells through alkali-fluoride post deposition treatments, Nature Commun. 10, 3980 (2019). 
[2] Celano, U., Hsia, F., Vanhaeren, D. et al. Mesoscopic physical removal of material using sliding nano-diamond contacts. Sci Rep 8, 2994 (2018) 
doi: 10.1038/s41598-018-21171w 
[3] J. Luria, Y. Kutes, A. Moore, L. Zhang, E. A. Stach, and B. D. Huey, ‘Charge transport in CdTe solar cells revealed by conductive tomographic 
atomic force microscopy’, Nat. Energy, vol. 1, no. 11, p. 16150, Nov. 2016. 
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Dielectric elastomer transducers (DETs) are a class of smart materials able to convert 
electrical energy into mechanical energy or vice-versa mechanical energy into 
electricity [1]. In generator mode, when mechanical energy is converted directly into 
electricity, the dielectric elastomer generator is stretched (step 1-3, Figure 1) by a 
mechanical force (e.g. sea waves), and at the maximum stretch, a voltage is applied 
(step 3, Figure 1). Due to the elastic nature of the dielectric elastomers, the generator 
recovers the original shape, and an increased voltage is obtained (step 5-1, Figure 
1). The maximum voltage that can be obtained from a cycle of operation can be 
determined from properties of the dielectric elastomer, e.g. the elongation at break, 
the dielectric strength, and the dielectric permittivity. Silicone elastomers possess most 
of the required properties for use in DETs. Commercially available silicone elastomers 
generally meet the requirements in terms of mechanical characteristics but exhibit 
low dielectric permittivity. The chemistry behind the silicone elastomers is a versatile 
one, thus such elastomers can be tailored to obtain improved dielectric permittivity 
(composites, blends, or chemical modification of starting polymers) for such 
applications [2]. Interpenetrating polymer networks (IPNs) represent an interesting 

12
Silicone-based materials for green wave energy 
harvesting 

approach for tuning the properties of silicone elastomers due to the possible 
synergism that may occur between the networks. A new approach is presented, 
which consists of mixing two silicone networks with different crosslinking pathways, 
in different ratios. The resulting dielectric elastomers have good mechanical 
properties, improved dielectric permittivity, and increased toughness. 

Adrian Belea and Anne L. Skovb 
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[1] B. T. White, T. E. Long, Macromol Rapid Comm, 2018, 1800521. 
[2] P. Mazurek, S. Vudayagiri, A. L. Skov, Chem Soc Rev, 2019, 48, 1448-1464.

Figure 1. Operating steps of DETs in generator mode 
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Nowadays, nano research is an exciting, fast-growing field worldwide, with some 
countries emerging at very high rates. Networking reveals essential for an enhanced 
development, connecting multidisciplinary researchers in the transverse nanoscience 
and nanotechnology areas. The International Iberian Nanotechnology Laboratory (INL) 
presents a quite cooperative profile, with numerous institutional agreements and 
research partners worldwide. 
Here, collaboration between INL and other institutions, through the co-authorships of 
their papers, has been analyzed in order to find patterns and trends to determine the 
benefits and drawbacks of this teamwork. 95% of all INL publications are collaborative, 
62% with international groups. Research papers published in collaboration are shown 
in the Figure as Category Normalized Citation Impact value (CNCI) in collaboration vs. 
CNCI of the partner institution in the Nanoscience & Nanotechnology field. It has been 
observed that this indicator in collaboration depends on the CNCI of the partner. 
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