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Who are we?
ECS student chapters are student-led groups which provide student
members vital opportunities to enhance their professional development and
academic experience through promoting electrochemical and solid-state science
and technology. Every student chapter is a collaborative community which rewards
its members with serviceable benefits.
The Madrid UCM Student Chapter has been established by chemistry
graduate students at Complutense University of Madrid, as the first ECS Student
Chapter in Spain. PhD students Daniel Arenas Esteban, Sara Guerrero Irigoyen,
Arturo Torres Gutiérrez and Irene Herrero Ansorregui have been selected as
President, Vice President, Secretary and Treasurer, respectively; counting with Dr.
Jesús Prado-Gonjal´s collaboration as post-doctoral advisor. We are also honoured
by the presence of Professor Nazario Martín as faculty advisor.
This Student Chapter provides a valuable link between PhD students and
young researchers, creating a framework for collaboration in different areas of
chemistry.
Would you like to join us? We are waiting for you!

madrid.studentchapter.ecs@gmail.com
@ucm_ecs_chapter
@MadridECSStudentChapter
madrid.studentchapter.ecs
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Brain Wars:
The future is in your hands
The main objective of this contest is to promote research, debate, critical
evaluation and the dissemination of knowledge by young researchers, encouraging
interest in science and technology. Participant must present their research work as
oral communication (12 min) or posters, detailing how their work would contribute
to the improvement and development of the society “in a not far far future…”. The
best oral communications and posters will be awarded with the following prizes:

Oral communication:
Winner: 150 €
2nd place: 75 €
Poster:
Winner: 75 €
2nd place: 50 €
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Organizing Committee
Jesús Prado Gonjal
Daniel Arenas Esteban
Sara Guerrero Irigoyen
Irene Herrero Ansorregui
Arturo Torres Gutiérrez

Scientific Committee
Nuria García García - Instituto de Ciencia y Tecnología de Polímeros (ICTP-CSIC)
Rainer Schmidt – Dpto. Física de Materiales, Facultad de CC. Físicas, UCM
Elena Mª Mesa Bribián - Laboratorio de Química en Superficies, UNED
Irene Herrero Ansorregui – Dpto. Química Inorgánica, Facultad de CC. Químicas, UCM
Daniel Arenas Esteban – Dpto. Química Inorgánica, Facultad de CC. Químicas, UCM
Sara Guerrero Irigoyen – Dpto. Química Analítica, Facultad de CC. Químicas, UCM
Arturo Torres Gutiérrez – Dpto. Química Inorgánica, Facultad de CC. Químicas, UCM
Jesús Prado Gonjal – Dpto. Química Inorgánica, Facultad de CC. Químicas, UCM
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SPONSORS
The first edition of the research contest “Brain Wars: The future is in your hands” is
organized by:

and supported by:

-

Facultad de CC. Químicas, Universidad Complutense de Madrid.

-

The Electrochemical Society.
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-

Real Sociedad Española de Química (RSEQ): Sección Territorial de
Madrid.

-

RSEQ specialized groups: Jóvenes Investigadores Químicos, Química del
Estado Sólido y Materiales.

-

Gomensoro.
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LIST OF PARTICIPANTS
Ana Arenas-Vivo
Alejandro Valverde De la fuente
Alessandra Marie Carmichael Martins
Ana Isabel Casado Gómez
Ana M. Pérez-Calabuig
Andrea Canal Martín

IMDEA-Energía
UCM
University College Dublin
UCM
UCM
UCM-CIB

Ángela Martín Serrano
Beatriz Mayol-Hornero
Cristina Muñoz San Martín
Eloy Povedano Muñumel
Esther Gómez Mejía
Fco. Javier González López
Federico Serrano Sánchez
Iñigo Fernández
Isabel Aguayo Whelan
Isabel Sánchez Jiménez
Javier Araujo Morera
Javier Gainza
Javier Narbona Corral
Jose Luis Sanchez Salvador
Laura Martín-Pedraza
Mónica Peñas Caballero
Pablo Llombart
Pedro Adolfo Pérez Guizado
Raluca Loredana Vasile
Rodrigo Lazaro-Gorines
Rubén del Olmo Martínez
Sandra Jiménez Falcao
Víctor Ruiz-Valdepeñas Montiel
Xabier Martinez de Irujo
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UCM
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UCM
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Programme Schedule
9:15
9:30
9:45

Registration
Opening Ceremony
O1 Iñigo Fernández

10:00 O2

Ana Arenas-Vivo

10:15 O3

Víctor RuizValdepeñas
Andrea Canal
Martín
Eloy Povedano

10:30 O4
10:45 O5
11:00 O6
11:15
11:30
12:00
12:15
12:30
12:45

Mónica Peñas
Caballero
O7 Sandra Jiménez
Falcao
Coffee break
O8 Pablo Llombart
O9 Raluca Loredana
Vasile
O10 Ángela Martín
Serrano
O11 José Luis Sánchez

13:00 O12 Javier Araujo
Morera
13:15 O13 Cristina Muñoz
San Martín
13:30 Poster session and lunch

Electrochemical graphene biosensor for the human HPV
detection
Antifouling Photo-bactericidal Combined Effect of a
Ag@nanoMOF
Micromagnetic biocaptors and disposable electrodes: an
easy food safety solution
“Your dynamic system focus determines your reality”
Detecting and fighting cancer in its infancy
Self-Healing Materials: A tantalising future for the
aerospace industry
Nano means colossal

The role of computation in chemistry labs
Warning: battery is running low
Design of Fluorescent Dendrons Suitable for Antibodies
Labeling and Application in Allergy Diagnosis
Cellulose Microfibers in sunflower oil-in-water
emulsions as an alternative to replace saturated and trans
fats
The future of the tire industry: looking for a new
generation of sustainable tires
Unveilling metastatic cancer through electrochemical
immunosensing
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15:00 O14 Fco. Javier
González
15:15 O15 Rodrigo LazaroGorines
15:30 O16 Federico Serrano

3D Bioprinting: HAp scaffolds for bones regeneration
Allergen-based immunotoxins as potential tools for the
treatment of respiratory allergies
Rattling Inside the Cage: Skutterudites for
Thermoelectric Applications
Dual therapy against colon cancer based on the fusión of
a gold nanoparticle-immunotoxin complex
Myopia and the Stiles-Crawford effect of the first kind

15:45 O17 Javier Narbona
Corral
16:00 O18 Alessandra M.
Carmichael
The World of Superconducting Cuprates
16:15 O19 Xabier Martinez
de Irujo
Low Temperature in Natural Gypsum: Relevance in the
16:30 O20 Ana Isabel
Casado
Mars studies
[60]Fullerene sugar balls for Ebola virus infection
16:45 KEYNOTE
LECTURE
Prof. Nazario Martín
17:30 Awards ceremony and closing remarks
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KEYNOTE LECTURE
Prof. Nazario Martín
[60]Fullerene sugar balls for Ebola virus infection
Nazario Martín is full professor of Organic Chemistry at the University
Complutense of Madrid and vicedirector of IMDEA-Nanoscience. He has served as a
member of the Editorial Board of Chemical Communications. He has been a member of
the International Editorial Advisory Board of The Journal of Materials Chemistry (20002006) and a member of the Board of The Journal of Organic Chemistry and Accounts of
Chemical Research, ChemPlusChem, ChemSusChem and Chemistry-an Asian Journal, and
a member of the International Advisory Board of Chemical Society Reviews and Chemical
Communications.
Recently he became the Editor-in-Chief of The Journal of Materials Chemistry (A,
B and C). He has been the recipient of the “Dupont Prize of Science” in 2007 and of the
“Gold Medal and Research Award” in 2012, the highest distinction given by the Spanish
Royal Society of Chemistry. He has been appointed with the Spanish national “Jaime I
Award for basic research” 2012, and the recipient of the “Alexander von Humboldt
Award” and “Richard E. Smalley Research Award” (USA) in 2013. He has received the
Catalán-Sabatier award from the French Chemical Society in 2014 and the prestigious
“Miguel Catalán” award from the Madrid Community in 2015.
The research interest at the Prof. Martín’s group span a range of targets mainly
focused to the study of Carbon Nanostructures (fullerenes, endohedral fullerenes, carbon
Nanotubes and graphenes) as materials for the preparation of Photo- and Electroactive
Organic Molecular Systems. In particular, the group is currently engaged in the covalent
and supramolecular chemistry of carbon nanoforms in the context of new chemical
reactivity and asymmetric catalysis of fullerenes, design of new supramolecular wrapping
receptors for fullerenes, electron transfer processes, photovoltaic applications and
nanoscience.
From:
http://nanociencia.imdea.org/home-en/people/item/nazario-martin-leon
http://www.nazariomartingroup.com/
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Electrochemical graphene biosensor for the human HPV detection

I. Fernandez1, R. Villalonga1
1Nanosensors

y
nanomachines
group,
analytical
Complutense University of Madrid, Spain. ifbats@ucm.es

chemistry

department,

More than 1 million sexually transmitted disease (STDs) are acquired every day worldwide
and more than 290 million women have a human papillomavirus (HPV) disease [1]. There
are more than 30 different bacteria, viruses and parasites are known to be transmitted
through sexual contact and four are viral infections incurable: hepatitis B, herpes simplex
virus (HSV or herpes), HIV, and HPV.
Accurate diagnostic tests for STDs are widely used in developed countries. However, in
low- and middle-developed countries, diagnostic tests are largely unavailable. In fact,
where testing is available, it is often expensive and geographically inaccessible. As a
result, follow up can be impeded and care or treatment can be incomplete. Several rapid
tests for STDs have the potential to improve diagnosis and treatment, especially in
resource-limited settings.

Figure 1: Hybridation of VPH sequences.

Figure 2: DPV results

DNA biosensors are analytical devices which are designed to detect a specific sequence of
DNA (target),that is first immobilized on the electrode, by hybridization with complementary
probes immobilized on a solid substrate [1]. Then, the electrochemical signal of an
electroactive species, which was either covalently attached to the probe or added later as
an indicator, is recorded and compared before and after the hybridization with the
complementary DNA target (Figure 1&2).
Keywords: Human papillomavirus, Electrochemistry, Biosensor
References
[1] Tosar, J., Brañas, G. and Laíz, J. Electrochemical DNA hybridization sensors applied to real and complex
biological samples. Biosensors and Bioelectronics, (2010), 26(4), 1205-1217
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Antifouling Photo-bactericidal Combined Effect of a Ag@nanoMOF
Ana Arenas-Vivo 1, Georgiana Amariei 2, Sonia Aguado 2, Roberto Rosal 2,
Patricia Horcajada 1

1

APMU, IMDEA Energy Institute, Avda. Ramón de la Sagra 3, E-28935 Móstoles, Madrid, Spain
Department of Chemical Engineering, University of Alcalá E-28871 Alcalá de Henares Madrid, Spain

2

Even today, the attainment of bacteria free surfaces is still a great challenge. Besides
causing infections associated with surgical implants, bacterial biofilms increase steel
corrosion, contaminate food preparation and block filtration membranes, among others 1.
The current challenge is both interfering in the bacteria adhesion mechanisms, attaining
the so called anti-adherent or antifouling surfaces, and providing efficient antibacterial
properties by bioactive surface coatings. Considering that Metal-Organic Frameworks
(MOFs), a new type of porous crystalline solids 2, has recently emerged as promising
antibacterial agents3, we studied for the first time the antifouling photo-bactericidal multiactive combined effect against challenging S. aureus biofilm of a silver containing MOF
composite, AgNP@nanoMIL-125(Ti)NH 2 . Silver nanoparticles (AgNPs) were successfully
entrapped within the benchmarked nanoscaled porous photoactive titanium(IV)
aminotherephtalate MIL-125(Ti)NH 2 4 by using a simple and efficient impregnationreduction method. After the complete characterisation of the AgNP@nanoMIL-125(Ti)NH 2
composite by a combination of solid-state techniques, its antibacterial (both against the
planktonic and biofilm bacteria) and antifouling properties were evaluated using plate
counting, confocal fluorescence microscopy and scanning electron microcopy. After
simulated solar irradiation (UVA irradiation), drop-casted AgNP@nanoMIL-125(Ti)NH 2 thin
film exhibited relevant antifouling and biocide effect associated to the improved ligand-tocluster charge transfer in the MOF due to
AgNPs antenna effect and to the slow and
controlled Ag+ delivery. These promising
results
stablish
the
potential
of
AgNP@nanoMIL-125(Ti)NH 2 as antifouling
photo-bactericidal material for several
strategic applications (e.g. biomedicine,
food, biocorrosion, maritime shipping, water
remediation).
References
[1] Liu, K. ; Jiang, L. ; Annu. Rev. Matter. Res, 2012, 42, 231-263
[2] Férey, G. ;Themed issue : Chem. Soc. Rev., 2008, 37,.191-214
[3] a) Wyszogrodzka, G. et al. Drug Discov. Today, 2016, 21(6), 1009–18; b) Zhang, S.-S. et al., Inorg. Chem.,
2017, 56(19), 11891–11899
[4] Moreira, M. A. , et al., Microporous Mesoporous Mater., 2012, 158, 229-234
[5] Arenas-Vivo, A; et al. ACS Appl. Mat. Inter, 2018 (sent)
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Micromagnetic biocaptors and disposable electrodes: an easy food
safety solution
Víctor Ruiz-Valdepeñas Montiel,1* Eloy Povedano,1 Alejandro Valverde,1 A. Julio
Reviejo,1 Susana Campuzano,1 José M. Pingarrón1
1

Departamento Química Analítica. Facultad de Ciencias Químicas, Universidad Complutense de Madrid. Av.
Complutense s/n, 28040-Madrid, vrvmontiel@estumail.ucm.es.

Ensuring food safety is nowadays a top priority of authorities and professional players in
the food supply chain, due to the importance of nutrition in body development and disease
prevention, as well as the continuous increase of food scandals, intoxication and new food
sensitization or intolerance diseases; being child population the most vulnerable. Aware of
this problem, our research focuses on the implementation of simple, reliable, fast and lowcost methodologies and its real application beyond the university, as customized devices
for screening of allergens or adulteration
markers, adapted to the clinical and food
industry
needs.
The
proposed
approaches are based the use of
modified magnetic micro-beads as
efficient biocaptors for isolation of target
multilevel biomolecules in scarcely
treated complex samples, and their easy
coupling with disposable screen-printed
electrodes for the implementation of very
attractive amperometric immuno/DNA
platforms. In this presentation, very
simple and rapid strategies developed for
the determination at traces levels and
different molecular levels of relevant
allergens and food frauds in fresh and
processed foods will be discussed [1-3].

Keywords: food safety, biosensor, allergens, magnetic biocaptors, disposable electrodes.
References
[1] Ruiz-Valdepeñas Montiel, V.; Campuzano, S.; Pellicanò, A.; Torrente-Rodríguez, R.M.; Reviejo, A.J.; Cosio,
M.S.; Pingarrón, J.M.; Anal. Chim Acta, 2015, 880, 52−59.
[2] Ruiz-Valdepeñas Montiel, V.; Gutiérrez, M.L.; Torrente-Rodriguez, R.M.; Povedano, E.; Vargas, E.; Reviejo,
A.J.; Linacero, R.; Gallego, F.J.; Campuzano, S y Pingarrón, J.M; Anal. Chem., 2017, 89, 9474−9482.
[3] Benedé, S.; Ruiz-Valdepeñas Montiel, V.; Povedano, E.; Villalba, M.; Mata, L.; Galán-Malo, P.; TorrenteRodríguez, R.M.; Vargas, E.; Reviejo, A.J.; Campuzano, S.; Pingarrón, J.M.; Sensor Actuator B-Chem. 2018,
265, 421−428.
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“Your dynamic system focus determines your reality”
Andrea Canal-Martín1, 2, Rafael Gómez2, Ruth Pérez-Fernández1*.
1

2

Chemical and Physical Biology department, Centro de Investigaciones Biológicas, CIB-CSIC, Madrid 28040,
Spain, andrecan@ucm.es
Organic chemistry department, Universidad Complutense de Madrid, Madrid 28040, Spain.

Evolution has been connected to the best-adapted organism concept. Complex disorder
systems such as living organisms tend to self-organize by a dynamic combinatorial
process.1 Dynamic Combinatorial Chemistry (DCC), fusion between supramolecular and
combinatorial chemistry, allows the design of effective systems to select protein ligands in
situ.2 DCC, in contrast to “classical” Combinatorial Chemistry, promotes dynamic libraries
through reversible exchange whose building blocks react with each other by
recombination. The addition of the target creates an impulse to favour the best-binding
formation.

Dynamic systems were designed for two proteins related to difficult-to-treat diseases:
Neuronal Calcium Sensor 1 (NCS-1), involved in neurodegenerative diseases such as
Alzheimer and Fragile X Syndrome,3 and Glutathione Reductase, an essential protein in
aerobic life and metabolic pathologies as Diabetes.4 Dynamic systems with monomers
such as acylhydrazides, aldehydes and thiols were designed to carry out the
acylhydrazone and thiol-disulfide reversible exchange.
This adaptive chemistry accelerates the identification of lead compounds due to the selforganization by selection,5 an improvemment for drug development in the near future.
Keywords: Biosupramolecular Chemistry, Protein-directed DCC, neurodegenerative
diseases.
References
[1]. Cougnon, F. B. L; Sanders, J. K. M. Acc. Chem. Res.2012, 45 (12), 2211-2221.
[2] Lehn, J. M. Chem. Soc. Rev, 2007, 36, 151-160.
[3] Mansilla, A.; Chaves-Sanjuan, A.; Campillo, N. E.; Semelidoud, O.; Martínez-González, L.; Infantes, L.;
González-Rubio, J. M:; Gil, C.; Conde, S.; Skoulakisd, E. M. C.; Ferrús, A.; Martínez, A.; Sánchez-Barrena, M. J.
Proc. Natl. Acad. Sci. USA 2017, 114, E999.
[4] Waggiallah, H.; Alzohairy, M. North Am. J. Med. Sci. 2011, 3, 344-347.
[5] Nitschke, J. R.; Lehn, J. M. Proc. Natl. Acad. Sci. USA 2003, 100, 11970-11974.
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DETECTING AND FIGHTING CANCER IN ITS INFANCY
E. Povedano1*, V. Ruiz-Valdepeñas Montiel1, A. Valverde1, M. Pedrero1,
P. Yáñez-Sedeño1, S. Campuzano1, J. M. Pingarrón1
1Dpto.

de Química Analítica, Facultad de CC. Químicas, Universidad Complutense de Madrid, E-28040 Madrid (Spain).

*e-mail: elpove01@estumail.ucm.es

Over the last few decades, significant efforts have been focused on the development of
minimally invasive methods to detect carcinogenic processes at early stages, undetectable
by the methodologies currently in use, to improve the reliability in the diagnosis, therapy
efficiency and cancer outcomes. Within this context, gene-specific DNA methylation
events, both in solid and liquid biopsies, have received increasing attention as reliable
biomarkers for early diagnosis, prognosis and therapeutic stratification of cancer1.
To overcome limitations of the available
methodologies, very recently we have
developed different electrochemical
biosensing platforms able to evaluate
the presence of 5-methylcytosines or 5hydroximethylcitosines, directly and
independently of PCR, by selecting as
models the methylated sequences of
the promoter region of two relevant
tumor
suppressor
genes.
These
strategies are based on the appropriate
use and coupling of functionalized
magnetic beads (MBs), antibodies against the target methylated cytosines, specific DNA
probes and amperometric detection at screen-printed carbon electrodes (SPCEs)2,3. All
these methodologies demonstrated sensitive and selective determination of the target
methylated DNAs at the picomolar level in about 1 h, great reproducibility throughout the
entire protocol, feasibility for simultaneous detection of the same or different types of
cytosine methylations in different regions/loci of the same gene or in different genes, and
successful applicability in raw human serum samples and in genomic DNA extracted from
cells and brain tumor tissues without complex pretreatments and/or amplification
strategies. Moreover, their easier handling, lower cost and remarkably shorter analysis
time compared with conventional methodologies made them very suitable alternatives in
the implementation of user-friendly and affordable devices, particularly feasible to perform
routine determinations in both clinical and basic research settings for early diagnosis and
predict patient response to therapy in cancer or other relevant diseases.
Keywords: methylated DNA; electrochemical sensor; cancer; brain tisues.
References
[1] Campuzano and Pingarrón. Electroanalysis 30 (2018) 1201−1216.
[2] Povedano et al. Sci. Rep., 2018, 8, 6418, DOI:10.1038/s41598-018-24902-1.
[3] Povedano et al. Angew. Chem. Int. Ed. 57 (2018) 8194 −8198.
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Self-Healing Materials: A tantalising future for the aerospace industry
Mónica Peñas Caballero*; Marianella Hernández; Raquel Verdejo; Miguel Ángel
López Manchado
Institute of Polymer Science and Technology (ICTP-CSIC), Juan de la Cierva 3, Madrid, 28006, Spain
*
mpcaballero@ictp.csic.es

Nowadays, Composite Materials are designed to withstand high stresses, be light, stiff,
and durable under different load and temperature conditions. Recent research is being
focused on expanding their application to more severe or extreme conditions, by
incorporating reinforcing fillers; however, these fillers do not prevent degradation, damage
and/or failure. Nature has already implemented long term solutions to minimize damages
and failures. Indeed, most species accept this issue as something likely to occur, as the
“zebra fish” that is able to regrow different tissues. Inspired on this biological fact, a new
generation of materials is being developed, known as Self-Healing Materials. It is
possible to define self-healing as the ability to repair damage and restore lost or degraded
properties or performance using resources inherently available to the system [1].
The main objective of this work is focused on the use of self-healing materials for the
aerospace industry. Fiber reinforced polymer composites has become a common material
used in that sector since they provide the right strength to weight ratio [2]. In this work, we
implement a stimulus-triggered healing mechanism (extrinsic self-healing) using a
thermoplastic ionomer as healing agent (HA) immersed in the matrix. The HA diffuses to
the crack thanks to a pressure
delivery mechanism that occurs
when heated [3]. After the healing,
the efficiency of the recovery should
be evaluated under two instances,
minor and catastrophic failures.
Samples with HA achieved the
complete disappearance of surface
scratches after few minutes at
elevated temperature and 50% of
healing after catastrophic failure.
This development opens the path to the future of materials, through Self-Healing Materials.
This aspect will be especially relevant in aerospace industry, where repairing the
composite materials is a costly and lengthy process.
Keywords: Self-Healing, Epoxy networks, Ionomers, Composite Materials.
References
[1] Blaiszik B.J.; Kramers S.L.B; Olugebefola S.C.; Moore J.S.; Sottos N.R.; White S.R.; Annual Review of
Materials Research, 2010, 40, 179-211.
[2] S.Chand; Review Carbon fibers for composites, Journal of Materials Science, 2000, 35, 1303 – 1313.
[3] Meure S; Wu D.; Furman S.; Acta Mater. 2009, 57, 4312–4320.
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Nano means colossal
1

Sandra Jimenez Falcao,2 Paloma Martinez Ruiz, 1Reynaldo Villalonga Santana
sandraji@ucm.es

1
2

Analytical Chemistry Department, Universidad Complutense de Madrid
Organic Chemistry Department, Universidad Complutense de Madrid

Although nature provides materials ranged between 1-100 nm in one or more external
dimension (the so called nanomaterials), scientists have been able to develop structures
with such feature [1]. Moreover, they have been shown to have extraordinary properties,
which make them very useful in a wide range of fields like environment, energy conversion,
storage and conservation, nanoelectronics, nanomagnetics, health and medicine,
nanophotonics, nanoplasmonics, catalysis... [2]. Such versatily arises from the combination
of different organic, inorganic and bio-elements with nanomaterials.
The objective of this contribution is to present different assembly strategies based on
mesoporous silica nanoparticles, generating complex nanosystems which have to be
characterized in terms of physico-chemical and performance properties. These
nanosystems are able to perform advanced tasks with promising applications in sensing
and biomedicine.

Nanotechnology, nanoparticles, enzyme, molecular gate
References
[1] Official Journal of the European Union. Commission recommendation of 18 October 2011 on the definition of
nanomaterial 20.10.2011
[2] C. Roco M., A. Mirkin C., C. Hersam M., Nanotechnology Research Directions for Societal Needs in 2020.
Retrospective and Outlook. Springer 2010
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The role of computation in chemistry labs
P.Llombart 1,2, Eva G. Noya 1 and L. G. MacDowell 2
1

2

Instituto de Química Física Rocasolano, Consejo Superior de Investigaciones Cientificas , CSIC, Calle Serrano
119 , 28026 Madrid, Spain f; E-mail: pablollombart@hotmail.es
Departameto de Química Física, Facultad de Ciencias Químicas, Universidad Complutense de Madrid, 28040
Madrid, Spain

In the fifties, two main computational techniques were developed that allow to study
accurately the behaviour of assemblies of atoms using the basics of statistical mechanics.
The first of these techniques was developed by the Rosenbluth and Teller marriages, this
method is called Metropolis Monte Carlo (1953). These simulations are based on random
numbers and probability and illustrate the very simple idea that most stable systems are
the most likely.[1] The other main simulation method was developed by Alder and
Waingwright and it is known as Molecular Dynamics (1957). Here, Newton’s equations of
motions for all atoms are solved [2]. Nowdays, the scientific community has access to
extraordinary supercomputers with massive compute capabilities. For example, today the
most powerful supercomputer has a capability equivalent to that obtained if each Ibiza
inhabitant were given a computer and all of these computers were connected [3]. We can
perform simulations of systems and reproduce the properties determined in experiments
carried out in laboratories or predict them when the experimentalists are limited by the
technology bottleneck. In our group we developed simulations which allowed us to study
crystal growth in snowflakes or the self-assembly of colloidal systems with complex
symmetries. Also we have studied how the crystalline growth of gold nanorods evolved in
the synthesis of nanoparticles [4-7]. It is vitally important that experimentalist and
simulators/theoreticians work together: Simulations and theories help to understand
experiments, and experiments are necessary to check the validity of models and theories.

Fig 1. A mobile Molecular Dynamics simulator. MolDyn2D
References
[1] N. Metropolis, A. W. Rosenbluth, M. N. Rosenbluth, A. H. Teller and E. Teller, J. Chem. Phys. 21,1087 (1953)
[2] B. J. Alder and T. E. Wainwright, J. Chem. Phys. 27, 1208 (1957)
[3] https://www.top500.org/lists/2018/06/
[4] J.Benet, P. Llombart, E.Sanz and L. G. MacDowell, PRL, 117, 096101 (2016)
[5] L. G. MacDowell, P. Llombart, J. Benet, J. G. Palanco and A. G. Martinez, ACS Omega, 3 (2017)
[6] G. G. Rubio, P. D. Núñez, A. Rivera, A. Prada, G. Tardajos, J. G. Izquierdo, L. Bañares, P. Llombart, L. G.
MacDowell, M. A. Palafox, L. M. L. Marzán , O. P. Rodríguez and A. G. Martínez, Science, 358 (2017)
[7] I. Zubieta, M. V. del Saz, P. Llombart, C. Vega and E. G. Noya, PCCP (in press)
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Warning: battery is running low
Raluca Loredana Vasile1, Daniel Arenas Esteban2, David Ávila Brande3, Javier
Carretero González4
1
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Complutense s/n, 28040, Madrid. Raluvasi@ucm.es
2
Departmento de Química Inorgánica, Facultad de CC. Químicas, Universidad Complutense de Madrid, Av.
Complutense s/n, 28040, Madrid
3
Departmento de Química Inorgánica, Facultad de CC. Químicas, Universidad Complutense de Madrid, Av.
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The global energy crisis that has gradually started to affect the environment and the wellbeing of humankind, and the rising technological demand are high-priority issues that have
become the key points behind the search for an optimal energy storage system.
Renewable energy sources are a short-term solution to the overconsumption of the finite
natural resources, however the excess of harnessed energy needs to be collected and
stored. In the constantly changing technology world, portable electronics arise as
quintessential devices. The breadth of products and industries which energy storage
affects shows how meaningful advances in this field will be in the future.
Lithium-ion (Li-ion) is a fairly newcomer in the battery technology field, yet it has
established itself as the undisputed market leader. A shortage of lithium is rather unlikely in
the near future, so Li-ion batteries have become a rising research topic. In the quest for
cost-effective and sustainable electrodes with optimal properties, researchers have
gravitated towards porous solids such as metal-organic frameworks[1] (MOFs).
One of the most widely studied frameworks is MOF-74[2], and it was selected as a
candidate to carry out early-stage studies of lithium ion insertion. A series of metal-based
MOFs were put to the test as cathodes for Li-ion batteries, and the materials successfully
withstanded the insertion of lithium ions and they provided promising results.

Keywords: Energy Storage, Lithium-ion batteries, Cathodes, Metal-organic frameworks
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Design of Fluorescent Dendrons Suitable for Antibodies Labeling and
Application in Allergy Diagnosis
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Background: Allergic reactions to drugs are currently a major public health problem. In
vivo diagnosis is that made on patients and it is not exempt of risk. Thus, alternative safer
methods are preferred: immunoassays quantify specific IgE (sIgE), the compound of
interest for allergy diagnosis, by the use of labeled antibodies. Fluorescent labeling is quite
desirable but sometimes is not bright enough for detecting the low amounts of sIgE present
in cases of allergy to drugs. Dendrons are branched structures that can bear multiple
fluorescent units, which may led to fluorescence signal amplification [1]. As consequence,
an accurate design of fluorescent dendrons as labels would lead to immunoassays
improvement.
Objectives: Generation of a series of structures bearing both different units of fluorescent
units (1, 2 or 8) and the capacity for antibody labeling, and evaluation of their fluorescence
amplification capacity for potential usefulness in the improvement of allergy diagnosis.
Methodology: The fluorescent dendrons were synthesized following a novel procedure.
Precursor dendrons were constructed to exhibit the capacity of antibody labeling and
branches were further decorated with fluorescence. Then, a model antibody was labeled
and its fluorescence evaluated [2].
Outcomes: A favorable signal amplification was obtained for the antibody labeled with the
dendron bearing 2 fluorescent units, enhancing fluorescence by one order of magnitude
when compared to that bearing an only fluorescent unit [2].
In a not too far future… Our fluorescent dendrons could contribute to allow an accurate
and safe diagnosis of allergy to drugs.
Detection signal
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for imaging
or diagnosis

Dendrons

O

O

O

Antibody

Chemical
conjugation

O

Fluorescent labeled antibody
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Cellulose Microfibers in sunflower oil-in-water emulsions
as an alternative to replace saturated and trans fats
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Sedentary living habits and a high consume of processed food have caused an increase in
overweight and obesity in population. An excess in fat consumption could be harmful to health
according to the types and amounts of fats consumed 1. While unsaturated fats (UFA) are beneficial
in diet when consumed in moderation, saturated (SFA) and trans fats (TFA) increase the risk of heart
diseases. However, UFA are liquid at room temperature with low hardness texture. For this reason,
food manufacturers use the partial hydrogenation of UFA to create TFA in order to increase the
hardness, the stability, the resistance to oxidation, and the shelf life of vegetable oils. TFA are worse
than SFA and UFA due to the increase of heart disease risk and sudden cardiac death, the LDL
cholesterol increase and the HDL cholesterol decrease 2,3. In addition, governments are developing
laws to limit the amount of TFA in foods4. One strategy for reducing SFA and UFA is the use of
Pickering emulsions, oil-in-water (O/W) emulsions stabilized by solid particles that generally provides
a more stable system than traditional surfactants5,6. Among various solid stabilizers, bio-based
particles from renewable resources such as nano/microcellulose may open up new opportunities due
to their unique characteristics as micro/nanosize, biodegradability, biocompatibility and
renewability4,6. The aim of this research is to obtain sunflower O/W emulsions, using cellulose
microfibers (CMF) as Pickering stabilizer. CMF were produced from cotton cellulose using a high
pressure laboratory homogenizer. The emulsions were prepared by mixing the sunflower oil and the
aqueous phase, consisted of CMF suspensions at different concentrations. The emulsion index was
measured for 48 hours and viscosity of emulsion phase was analysed in a Brookfield RV Viscometer.
Then, emulsion stability was studied after centrifugation. Results showed that a low concentration of
CMF (0.5 wt. %) was able to stabilize O/W systems increasing the viscosity of the emulsion phase.
Due to the sustainability and the high bio-compatibility of CMF, the developed Pickering emulsions
stabilized by CMF were employed to replace other fats in bakery products.

Keywords: cellulose microfibers; Pickering emulsions; food applications; fats replacement.
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The future of the tire industry: looking for a new generation of
sustainable tires
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A large number of tires is unfortunately discarded and stored in landfills, where they can
pose a serious environmental and health hazard. Hence, the recovery and reuse of waste
tires have become one of the main technological, economic and ecological challenges of
Society [1]. The current strategy to address this issue is the hierarchical management,
whereby these wastes are reused for the same function for which they were manufactured.
However, an innovative strategy would be the development of self-healing materials that
are characterized by their ability to recover their properties after suffering damage (impact,
wear or fatigue), reducing the demand of non-renewable resources and the environmental
impact, while increasing their durability, safety and lifespan [2,3].
This project focuses on the development of elastomeric systems that can combine selfhealing properties with the use of ground tire rubber (GTR). The first step of the project is
to elucidate the physical properties of the developed compounds and the possible repair
mechanism, analyzing the interrelation between dynamics and molecular structure. The
addition of GTR to a commonly used tire matrix showed an excellent balance between
performance and healing, obtaining an 80%
increase in mechanical strength with a
reduction of only 10% in self-healing
properties. Additionally, the GTR did not
deteriorate properties of great interest for
tires (wet skid resistance and rolling
resistance). The study of the healing
mechanism revealed changes in the
molecular structure, but not in the molecular
dynamics suggesting chain interdiffusion and reversibility of the sulfur bonds [4].
The combination of self-healing ability and waste tires is an innovative approach to
produce new advanced materials that will lead to the improvement and development of a
sustainable Society. This project, with no doubt, will contribute to the future of the tire
industry and the mobility of tomorrow.
Keywords: Self-healing, Ground tire rubber, Sustainable, Elastomers.
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UNVEILLING METASTATIC CANCER THROUGH ELECTROCHEMICAL
IMMUNOSENSING
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E-cadherin (E-cad) is a protein expressed in all epithelial tissues that forms a molecular
barrier able to inhibit proliferation and metastasis of cancer cells. It is strongly expressed in
well-differentiated less invasive cancer, leading to a good prognosis. However, its
expression is lost in poorly differentiated tumors with invasive behavior resulting in poor
clinical prognosis in patients with carcinoma. The main objective of this work was the
development of the up to date first electrochemical immunosensor able to simply, rapidly,
accurately and selectively determine E-cad expression level in human clinical samples.
Thus, this work will describe the implementation of an amperometric immunosensor for the
detection of E-cad based on the use of two specific antibodies against this protein (one of
them labeled with peroxidase, HRP) in a sandwich configuration onto carboxylic acidmodified magnetic beads (HOOC-MBs). Then, the
magnetic bioconjugates are captured onto screenprinted carbon electrodes (SPCEs) to perform the
amperometric
transduction
using
the
H 2 O 2 /hydroquinone (HQ) system.
Under optimal conditions, this bioplatform has
demonstrated a wide linear concentration range
(0.50 – 25 ng mL-1), a detection limit as low as 0.16
ng mL-1, a good reproducibility (RSD, 5.4 %), stability for more than 15 days and good
specificity towards other proteins commonly found in biological samples.
The first quantitative data reported so far regarding E-cad expression in cancer cells and
human colorectal cancer tissues of different metastatic grade demonstrate the applicability
of this simple handling bioplatform for the direct determination of this protein in clinical
samples in only 1 h and 15 min and using very low amounts of raw protein extracts.
Keywords: E-cadherin, immunosensor, cancer cell lysates, paraffined-embedded tumor
colorectal tissues
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3D Bioprinting: HAp scaffolds for bones regeneration
F.J.Gonzalez-Lopez1,2* ; A.Ferrandez-Montero2; Lopez, Antonio Julio2; B. Ferrari2
1
2

Rey Juan Carlos University, C/ Tulipan (Móstoles) Spain, fj.gonzalezl@gmx.es
Institute of Ceramic and Glass, C/ Kelsen 5 (Madrid) Spain

The aim of this work is to develop processing techniques and prototype 3D printing
machines to manufacture polymer matrix composites. A biodegradable polymer, PLA,
charged with hydroxyapatite (HAp) microparticles, was selected as a starting material to
develop the idea of building scaffolds to achieve the bones regeneration, obtaining high
concentration of inorganic charges (65% wt.) through colloidal techniques by using
polyethylenimine (PEI) as dispersant. It increases the homogenization of the HAp particles
in the matrix and avoids its lixiviation during the process. Thanks to this high concentration,
we achieved to obtain 100% HAp scaffolds by eliminating the matrix through thermal
treatment. PLA is a biorreabsorbable polymer and is used as a structurer, while HAp is an
osteoinductor biomaterial widely studied in tissue engineering. It compounds 70% of bones
structure and, despite its regenerative potential, its tailor-made processing to combine
different porosities was very complex by using traditional techniques. The main reason why
this application was selected is the problem suffered by pediatric osteosarcoma patients
due to the fact that, when amputations are necessary to remove the affected bones, a
permanent titanium implant is not a viable solution because of the high growth rate of
these patients. All this can be avoidable if we achieve a method to process tailor-made
HAp
implants
with
a
higher
regenerative potential. To achieve this
objective, it was necessary to
prototype a filament extruder for
composite materials and to modify a
fused deposition modeling printer [1].
Thank to external collaborations of
the research group, the scaffolds
100% HAp and the HAp-PLA
composites have been tested in vitro,
showing highly promising results.
Fig.1 Scheme of processing

Bioprinting, Tissue regeneration, 3D Printing, HAp
References
[1] A. Ferrandez-Montero, B. Ferrari, A.J. Sanchez-Herencia, Z. Gonzalez, F.J. Gonzalez-Lopez, J. Yus, J.L.
Gonzalez-Carrasco, M. Lieblich; “Procedimiento de obtención de una pieza por modelado por deposición de
hilo fundido”, Patente número P201830503, 24/05/2018

Brain Wars: The future is in your hands

ORAL 15

Allergen-based immunotoxins as potential tools for the treatment of
respiratory allergies
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Asthma-targeted immunotherapy approaches are currently focused on the development of
pharmacological immune modulators, allergen-based direct application and the design of
IgE inhibitors. However, none of these approaches can effectively act at the basis of the
effector phase, being its boarding still relevant in order to counteract its secondary effects.
In this sense, immunotoxins, due to their ability to target a toxic molecule according to the
presence of a specific antigen over cell surface, reveal themselves as a potential tool for the
treatment of allergic inflammation. In this work, we have design an allergen-based
immunotoxin formed by pro-Der p 1, the main allergen of house dust mite, and the ribotoxin
α-sarcin. The quimeric proDerp1αSarcin was purified from the extracellular media. It retained
cysteine-protease activity equivalent to nDer p 1 and also α-sarcin specific activity
inactivating ribosomes. This construction was also recognized by Der p 1 allergic patient’s
sera. This result was showed by comparable ELISA recognition and closely degranulation
on sensitized RBL-2H3 cells. Moreover, the designed molecule showed a high specific
cytotoxicity after 24 hours of co-incubation with Der p 1 allergic sera-sensitized RBL-2H3
cells, but not on those treated with non allergic sera. Concluding, the recombinant protein
designed, proDerp1αSarcin, combines Der p 1 catalytic activity and comparable
immunological properties with the α-Sarcin ability for promoting cell death. Thereby, our
fusion protein performs itself as nDer p 1 in terms of promoting basophils degranulation and
sera recognition, but causes specific cell death only over those cells presenting allergenspecific IgE-FcεRI.
Key words: allergy, immunotoxin, Der p 1, basophils
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Rattling Inside the Cage: Skutterudites for Thermoelectric
Applications
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From economic and environmental points of view, thermoelectric devices present several
advantages, being suitable for interesting applications, as waste heat recovery, thermal
sensors and long-term generators. However, they are not cost-effective yet, due to low
conversion efficiencies. Furthermore, thermoelectric materials must display mechanical
stability and should be prepared by direct and economic methods. Thus, research on more
efficient thermoelectric materials and different synthesis techniques is essential.[1]
CoSb 3 skutterudites are tellurium- and lead-free materials with a complex CoAs 3 -like
structure and promising thermoelectric properties. CoSb 3 presents high electrical mobility
and good Seebeck coefficient. Nevertheless, its high lattice thermal conductivity is the
main obstacle to obtain excellent efficiencies. This problem is approached by the PGEC
(phonon-glass electron-crystal) concept. The skutterudite crystal structure contains large
voids that can be filled with rare-earth atoms that rattle inside them.[2]
This work reports on the preparation and characterization of pristine CoSb 3 and rare earthfilled skutterudites RCo 4 Sb 12 (R = La, Ce, Yb), synthesized and sintered in one step under
high-pressure conditions at 3.5 GPa. Filled compounds clearly show an uneven filling
factor of the skutterudite phases, confirmed by transmission electron microscopy. The nonhomogeneous distribution of R filling atoms produces a significant decrease in lattice
thermal conductivity, mainly due to strain field scattering of high-energy phonons.
Furthermore, the rare-earth filler primarily acts as an Einstein-like vibrational mode having
a strong impact on the phonon scattering. Extra-low thermal conductivity values are
measured for Ce 0.5 Co 4 Sb 12 La 0.25 Co 4 Sb 12 and La 0.5 Co 4 Sb 12 nominal compositions.
Keywords: Thermoelectric, Synchrotron X-ray Diffraction, Skutterudites, High-pressure.
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Dual therapy against colon cancer based on the fusion of a gold
nanoparticle-immunotoxin complex.
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Colon cancer is one of the most prevalent and mortal cancers nowadays. Several
treatments and drugs have been developed against this kind of cancer. Regarding this,
one of the most promising therapeutic tools are immunotoxins, which are chimeric proteins
with a target domain (an antibody or a derived from it) that directs the action of a toxic
domain to specifically kill the tumoral cell. Besides the use of thermotherapy due to the
heat emission of metal nanoparticles after being irradiated with a laser is starting to be
researched.
In this work, it is shown the union of immunotoxins to gold nanostar functionalised with
ANTA-Cobalt. This union was optimised by testing different ratios of
immunotoxin:nanoparticle and time of union. Besides, to prove this was a specific union,
the release of the immunotoxin was assayed by addition of EDTA or different pH. When
the immunotoxin was within the complex, it kept both the ribonucleolytic and the binding to
tumoral cells activity, even if it was bound to the gold nanoparticle. As for the viability test
against antigen positive tumoral cells, it was shown that just the gold nanostars with ANTACobalt were toxic for the cells, but the complex immunotoxin-goldnanoparticle showed an
enhanced cytotoxic activity. In addition, when we applied laser irradiation, thermotoxicity
had a greater effect when the nanoparticles were directed by the target domain than if they
were alone.
So, here it is shown the attempt to carry out a synergistic dual therapy against colon
cancer based on both immunotoxins and photothermal effect from gold nanoparticles.

Graphical abstract. Action
mechanism of the complex
Immmunotoxin-Gold
nanoparticle

Keywords: cancer, immunotoxin, thermotherapy, nanoparticle.
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Myopia and the Stiles-Crawford effect of the first kind
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Myopia, or short-sightedness, is a visual deficiency that is linked to an elongation of our eyeballs
and causes blurry distant vision. Although this condition is commonly corrected by spectacles,
contact lenses or surgeries, it further increases the risk of ocular diseases and there is an alarming
increase in its prevalence. Myopia currently affects 23% of the global population but is predicted to
reach 50% by 2050! Latest studies have related this prevalence to the time spent outdoors during
childhood; however, the physical causes of myopia are yet to be known. The retina is composed of
photoreceptors cells that absorb light and transfer this visual sensation to the visual cortex in the
brain. The photoreceptor cells are pointed towards a common pupil point allowing them to absorb the
largest fraction of the incident light. This light acceptance is gradually reduced for light incident near
the pupil rim. This is known as the Stiles-Crawford Effect, but is not fully understood how it affects
vision. The purpose of this study is to fully understand the light interaction with the photoreceptors
and the Stiles-Crawford Effect to find the cause for the elongated growth of the eye, and therefore,
myopia.
Here, a uniaxial flicker system has been implemented using a Digital Micromirror Device (DMD) to
flicker between a 2.3 visual degrees circular reference and scanning test patterns in a monocular
Maxwellian view at 0.5 Hz, at a 550nm wavelength. Brightness of the test field is adjusted by the duty
cycle of the DMD to an upper limit of 22.7 kHz. A total of four measurement series for 11 pupil
entrance points have been realized at the fovea for the right eye of 10 myopic and 6 emmetropic
subjects whose pupils were dilated with tropicamide. All subjects had their axial eye length
determined with an ultrasound device. The latter group was also tested with different wavelengths
and in the parafoveal region.
The SCE-I data at the fovea was fitted to a Gaussian function with a shape factor of
0.044±0.010mm-2 in green light for subjects with corrected vision, in good agreement to the literature
values. A slight increase was noted for higher wavelengths. This factor was seen to decrease with
retinal eccentricity coinciding with the reduction of cone density, confirming a clear link between the
SCE-I directionality and photoreceptor density. However, for both emmetropic and myopic subjects,
the value decreases with growing axial length. This may play a role in eye growth relative to vision
quality and thus, myopic progression as cone photoreceptors capture light from a wider pupil area in
elongated eyes due to a geometrical scaling.

Keywords: Myopia, Stiles-Crawford effect, Cone photoreceptors
References
[1] Carmichael Martins, Alessandra; Vohnsen, Brian; Ophthalmic and Physiological Optics., 2018, 38(3), 273-280

Brain Wars: The future is in your hands

ORAL 19

The world of the Superconducting Cuprates
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In solid state science, the question of room temperature superconductivity has turned into
one of the major challenges for more than a hundred years. In 1911, it was discovered that
the electrical resistivity of mercury dropped to nil a few degrees above zero kelvin,
becoming the first superconducting material. Shortly after, it was discovered that other
metals showed this singular state but the critical temperature, Tc, the one below which the
resistivity disappeared, remained still very low.
In 1986, the discovery of a system of mixed oxides based in Copper and other metals (the
so-called high temperature superconductors HTSC) marked a turning point, when Tc rose
up to ~ 40 K [1]. After that, attempts to increase the Tc in these cuprates rapidly attracted
the focus of the field. The arrival of YBa 2 Cu 3 O 7-δ in 1987, which boosted Tc above the
nitrogen boiling point (77 K) was, indeed, a milestone in this area [2]. Then, in a relatively
short time, about 5 years, various chemical substitutions in this material, led to a significant
increase of Tc reaching ~ 130 K, at room pressure in the case of HgBa 2 Ca 2 Cu 3 O 8 [3].
Although the searching of new cuprates has slowed down substantially, because of the
lack of progress in better materials, quite recently, this system has attracted again a burst
of attention due to some indications of transient room temperature superconductivity in the
denominated Pump and Probe experiments. This transient state is accompanied by the
modification of some structural features revealing that the arrangement of the atoms within
the structure play a key role in controlling the Tc [5].
In this fascinating field, our work aims, precisely, to stablish correlations between the
structure and the Tc. To that purpose, we do oxidize, by relatively novel techniques, some
non-superconducting cuprates also based in Rare Earth and Copper substituted
YBa 2 Cu 3 O 7-δ ; in this way we are able to obtain different values of Tc. We then try to
associate the variation of the superconducting state with the structural modifications,
which, interestingly, correlate really well with the stimulated structural variations found in
the THZ experiments. On the basis of these results, the following question arises: Can we
convert this transient state above room temperature into a permanent one? In this
communication, we will try to shed some light about this question based in recent results,
including our own.
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Ana Isabel Casado (1,2), Óscar Rodríguez Montoro (1), Mercedes Taravillo (1),
Valentín G. Baonza (1,2) and Álvaro Lobato (1).
1

2

MALTA-Consolider Team and Departamento de Química Física. Facultad de CC. Químicas. Universidad
Complutense de Madrid. (acasadogomez@ucm.es)
Instituto de Geociencias IGEO (CSIC-UCM)

Mineral samples contain information of the Martian geochemistry and water distribution,
that it is considered essential for the existence of life, as we know it [1]. Differences in their
hydration states or crystallographic structure indicate the thermodynamic conditions and
paleoclimate changes at which these substances have been subjected, being sensors of
the geological history of Mars. Evaluate its possible habitability by investigating potential
traces of life, both past and current [2].
Raman spectroscopy has proved to be a suitable technique to discriminate not only the
compositional and structural characteristics of these minerals, but also the pressure and
temperature modifications by analysing vibrational bands shifting and broadening. Due to
its importance, it will be included a Raman Laser Spectrometer (RLS) in robotic explorers
of the next space missions to Mars programmed by ESA (European Space Agency) and
NASA (National Aeronautics and Space Administration) [3].
The actual Mars surface average temperature is around -55ºC with maxima and minima of
35ºC, at the equator and -153ºC at poles. Such variation in the temperature conditions
alter the thermodynamic stability of the minerals which may result in phase transitions
which could have implications of the surface processes, and thus on the understanding of
the Mars geochemical history.
Moreover, the temperature conditions alter the positions and width of the vibrational
Raman bands, making necessary to enlarge the Raman database with the low
temperature measurements.
In this work, we show that Mars temperature oscillations could produce phase transitions in
gypsum mineral (CaSO 4 ·2H 2 O), and their Raman spectra modifications evidencing the
importance of these measurements in the planetary interpretation.
Keywords: Raman spectroscopy, Planetary exploration, Mars, Water
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NANOMACHINES CONTROLLED BY ENZYMES
BASED ON JANUS NANOPARTICLES
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Abstract
During the last years, the development of nanomachines has been one of the most
promising research areas in nanomaterials engineering due to their potential applications.
In this sense, the cornerstone for the successful construction of autonomous
nanomachines is the proper assembly of the different molecular mechanisms on an
adequate nanostructure to ensure logic communication, control and energy transmission.
In this work, the construction of nanomachines based on Janus nanomaterials composed
by gold and mesoporous silica nanoparticles is described. In these devices, the
mesoporous face provided with stimuli-dependent molecular gates was employed as
nanocontainer, and the gold face was use to integrate a control unit through the
immobilization of enzyme effectors.
Our nanomachines were constructed by encapsulation of a ruthenium tris(bipyridine)
complex into the Janus nanoparticles through the assembly of thiol-sensitive molecular
gates. These stimuli-responsive gates were built on the mesoporous face by attaching ßcyclodextrin moieties via disulfide linkages.
The first nanomachine, provided with the enzyme glutathione reductase as effector, was
able to release the encapsulated complex in the presence of oxidized glutathione and the
enzyme co-factor (NADH or NADPH). In addition, a second nanomachine with bienzymatic
control was constructed by immobilization of glutathione reductase and glucose
dehydrogenase on the gold face. This nanomachine was able to release the ruthenium
complex in a controlled fashion upon addition of glucose and NAD+, through a bienzymatic
sequential reaction mechanism.

Glutathione
reductase

Glucose
dehydrogenase

Keywords: Nanomachines, Janus, Drug, Delivery.
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SELECTIVE DELIVERY SYSTEM BASED ON NANOSTRUCTURED
MATERIALS
Ana M. Pérez-Calabuig1*; Paloma Martínez Ruiz,2 Alfredo Sánchez1; Reynaldo
Villalonga1
1
2

Departamento de Química Analítica, Universidad Complutense de Madrid, anampe08@ucm.es
Departamento de Química Orgánica I, Universidad Complutense de Madrid

During the last years, the quick progress on nanoscience and nanotechnology has allowed
the development of a huge number of drug release systems. One of the most employed
nanomaterials is the mesoporous silica (MS). Due to their good properties along with the
possibility of including sensible to stimuli molecular gates, make MS nanoparticles good
candidates as drug delivers in controlled release systems.
By other side, cyclodextrins (CDs) are biocompatible macromolecules which present a
hydrophilic outer surface, while its internal cavity is hydrophobic. Due to the great capacity
of this cavity to complex and host different hydrophobic nature drugs, most of this CDs
have been habitually employed for drug transport and solubilization.
In this work, Janus nanoparticles with a gold face and a MS face were prepared, which
were employed to store a cargo (ruthenium complex) inside the pores. The porous system
was later blocked up with a molecular gatekeeper based on 𝛽𝛽-CD linked through a
disulfide bond. Finally, it was formed an inclusion complex with a second cargo (Azure A)
sensible to pH variations.
To control one or both of cargos release, the acetylcholinesterase enzyme was anchored
through the gold face. This enzyme is able to generate acetic acid which must cause the
release of the Azure A charged in 𝛽𝛽-CD. The enzyme is also able to generate thiol groups
that break the S-S bond and thus provoke the liberation of the ruthenium complex. The
release of both dye has been analyzed through UV-Vis spectroscopy.
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Thermoelectric chalcogenides: transforming waste-heat into electricity
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Currently, the search for sustainable energy sources is increasing due to global
warming linked to fossil fuels consumption and high energy cost. In this context,
thermoelectric energy converters (TE) are an alternative to be considered. These devices
produce the conversion of any source of thermal energy into electrical energy.
In order to optimize the thermoelectric efficiency, it is necessary to investigate
materials with a high figure of merit (zT): ZT = S2σT / κ. Where S is the Seebeck
coefficient, κ is the thermal conductivity, σ the electrical conductivity and T is the absolute
temperature. These properties are interrelated, so getting high zT values is a challenge.
For these reasons, it is important to find a new system that shows a high electrical
conductivity and Seebeck and an extremely low thermal conductivity. [1]
Our work is based on the synthesis and the study of the thermoelectric properties
of chalcogenides [SnS, SnSe, Sn 1-x M x S (M=element of the p-block or transition metal],
since these materials contains high abundance and cheap elements and they have
become very promising thermoelectric materials. In 2014, Zhao et al. [2] found record
values of zT= 2.6 for SnSe (in the Cmcm high temperature phase, along axis b). This fact
implies a thermoelectric conversion efficiency of the order of 25%, which is very stimulating
since the energy conversion efficiency of a TE system with a value of zT > 3 will exceed
that of a traditional thermal engine. This seemingly simple compound exhibits intrinsically
ultra-low thermal conductivity, suggesting high thermoelectric performance. Due to this
finding, research in this field is expanding. The modification of the band structure (e.g. by
doping) or the nanostructuring approach in chalcogenides are strategies that could help to
improve the thermoelectric properties.[3]
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Pedro Adolfo Pérez Guizado1; Paloma Ferreira Aparicio2.
1
2

Universidad Complutense de Madrid, pedroadp@ucm.es
CIEMAT, paloma.ferreira@ciemat.es

DuPontTM Nafion® is a perfluorosulfonate polymer, and the presence of the sulfonic acid in
the end of chains adds three important properties: acid catalyst, ion exchange and very
selective semi-permeable membrane to water vapor (because Nafion manages water by
absorption as water-of-hydration) [1]. For these properties, the Nafion membranes have
been used in Proton Exchange Membrane Fuel Cells (PEMFC) [2]. Water transport
through Nafion membranes (Nafion 117, 211, 212 and Nafion tubing) depends mainly on
temperature and relative humidity (RH) [1]. By the control of these parameters, the water
permeation has been measured under different conditions depending on the state of water
(liquid or vapor) and the convection in the experiment (natural or forced). Therefore, using
flat membranes and natural convection, the possible combinations of water transport that
have been realized is vapor-vapor (V-V) controlling the temperature, V-V controlling the
RH and liquid-vapor (L-V) controlling the temperature. Using Nafion tubing and forced
convection, the combinations are V-V and L-V controlling the flux of dry air. The study of
water permeation in Nafion membranes will improve the water management in hydrogen
fuel cells, whose water production could flood the cathode. Additionally, the study in Nafion
tubing will help us to understand the most recommended way to dry or humidify air
currents because this type of Nafion has not been much studied.

Keywords: Nafion, membranes, water, permeation.
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The Ornamental Rock of the Faculty of Chemical Science
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Ornamental rocks, also known as natural stones, are selected as noble materials building
construction. The materials used in its construction should reflect the architectural style of
its time, as well as the scarce knowledge that existed on the durability of their natural
stones and the effect that climatic conditions would have on their deterioration.
Traditionally, the study of ornamental rocks is carried out by taking samples of the stones
to be studied, which means a destructive sampling (usually small) of the cultural and
historical heritage to which they belong [1]. However, a non-invasive analytical technique
as the Raman spectroscopy provides a tool for studying the mineralogical composition of
natural stones due to it gives molecular information and allows for unambiguous
identification [2,3].
In this work, we show the heritage of the faculty of Chemistry Sciences that is, in addition,
quite unknown; and the possibilities of Raman spectroscopy as a non-invasive technique
for this type of studies. In order to carry out this study we have focused our work on
Building A of the Faculty of Chemical Sciences of the Complutense University (former
Central University). On the 75th anniversary of the inauguration of our faculty, we want to
contribute to knowing a little more about its origin and thus to highlight the historical facet
of our building.

Keywords: Raman Spectroscopy, geochemical, herintage, mineral
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Electrochemical Immunosensors: A New Hope in Metastasis
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The ability to disseminate to distant organs during metastatic processes has become the
leading cause of death in patients diagnosed with cancer[1]. These processes depend on
extensive interactions through several protein families on the tumor microenvironment and,
within this context, recent findings have demonstrated that hiperexpression of extracellular
IL-13 receptor α2 (IL-13Rα2) and cadherin-17 (CDH-17) proteins may be reliable
biomarkers in late-stage and metastatic colorectal tumors[2,3]. The clinical methods
commonly used the determination of these emerging biomarkers require multiple steps,
time-consuming analysis and have limited applicability in decentralized settings. Therefore,
the development of new methodologies for their fast, simple, cost-effective and accurate
determination is highly demanded for early diagnosis, disease follow-up and identification
of metastatic processes.
This work describes the first biosensing platforms reported to date for the determination of
IL-13Rα2 and CDH-17 involving the formation of sandwich immunocomplexes comprising
specific antibodies onto carboxylic-modified magnetic microbeads and amperometric
detection at disposable carbon screen-printed electrodes using the H 2 O 2 /hydroquinone
system. Results achieved confirmed the developed bioscaffolds exhibit analytical
characteristics compatible with the required clinical ranges (LOD of 1.2 and 1.4 ng mL-1 for
IL-13Rα2 and CDH-17, respectively) and are advantageous compared to the commercial
ELISA methodology in terms of simplicity, assay time, cost and feasibility to on-site
determinations in resource-limited settings. Interestingly their successful applicability to
provide the first quantitative data reported so far regarding IL-13Rα2 and CDH-17
expression using very simple protocols and small amounts of raw lysates of colorectal
cancer cells and extracts of paraffin-embedded cancer colon tissues of different metastatic
grade were also demonstrated in a pioneering way using electrochemical biosensors.
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Abstract:
The main aim of aircraft industry is to reduce the use of fossil fuels in the aeronautical
industry. For this reason, different strategies are carried out that focus on reducing the
weight of equipment, machinery and vehicles through the use of light alloys. One of the
most promising light materials is aluminum and its alloys due to its physical and chemical
properties. The main limitation of aluminium is its low corrosion resistance in aggressive
environments. Nowadays, chromic acid anodizing (CAA) has been the central process in
the surface pre-treatment of aluminium for adhesively bonded aircraft structures and
corrosion protection. Unfortunately, this electrolyte contains hexavalent chromium (Cr(VI)),
a compound known for its toxicity and carcinogenic properties (NSST ASTMB117 y EN ISO 2409). To comply with the new strict international regulations, the Cr(VI)era will soon have to come to an end (REACH authorisation list (Annex XIV)) before
2020. In the present work, Cr (VI)-free alternatives like anodizing treatments in acidic
media were evaluated like the most promising and potential canditates to replace the use
of Cr (VI).
Furthermore, post-treatments, and in-situ inhibitor additions in anodizing treatments and
plasma electrolytic oxidation are the most promising research lines.

Keywords: aluminium, Cr(VI)-free, surface pre-treatments, anodizing.
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Tomato allergy: a world to discover
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Type I or immediate hypersensitivity is an abnormal immunological reaction mediated by
IgEs that, nowadays, has a growing incidence, being foods one of the major antigenic
loads with which the human immune system faces. In recent publications, tomato
(Solanum lycopersicum) has been described as one of the most prevalent plant derivedfood sensitizer widely consumed in Spain, where 6.5% of this allergic population is
sensitized to tomato fruit, nevertheless 80% of these patients still tolerated its
consumption. The quality of the commercial food extracts used by clinicians is not often
optimal. Moreover, many cases of food allergy have a negative in vitro diagnosis test with
these standard extracts and finally the allergens responsible for symptoms are not
identified. Sometimes this situation is aggravated with the fact that seeds could be an
important source of dangerous allergens that are hidden into an “innocuous fruit”. Thus we
have initiated new studies leading to clarify the diagnosis of certain food allergic-patients
with severe symptoms as anaphylaxis. In this way, two different nsLTPs have been
specifically identified in tomato seeds as allergens: Sola l 6 and Sola l 7, not present in the
pulp or peel of this fruit, where Sola l 3, is the main allergenic nsLTP.
Are these allergens stable enough to reach our
cells and be able to activate the immune system?
How are affected by food processing? Is there a
risk that through this protein we may be allergic to
other food sources? To answer all these questions
we have performed the molecular and
immunological characterization of each allergenic
tomato nsLTP (natural and recombinant form), the
study of the resistance to degradation of these
proteins and the analysis of the possible cross-reactivity with other nsLTPs. Besides sera
of these patients, for these purposes, we have used many techniques and tools such as
sera and pAb immunodetection assays, purification through chromatography steps,
spectroscopy, circular dichroism, cell culture, DNA techniques and NMR.
The availability of a complete pattern of allergens, either recombinant or natural, from the
same source is an important approach in order to improve patient molecular diagnosis by
in vitro techniques, an accurate diagnosis in clinical practice and a deep knowledge of the
structural and behaviuor characteristics of these proteins. Another key point that emerges
from this study is the implication in these allergies of different nsLTPs belonging to the
same fruit, evidencing once again the complexity of the world nsLTP.
Keywords: IgE (immunoglobulin E), nsLTP (non-specific Lipid Transfer Protein), pAb
(polyclonal Antibody), NMR (Nuclear Magnetic Resonance)
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Thermoelectric properties of nanostructured alloys of SnSe
Javier Gainza1, Federico Serrano-Sánchez2, Manuel Funes2, Mouna Gharsallah2,
Norbert Nemes3, José A. Alonso2
1

Instituto de Ciencia de Materiales de Madrid, C.S.I.C., Sor Juana Inés de la Cruz 3, Cantoblanco. E-28049
Madrid (Spain). E-mail: jgainza@ucm.es ; 2 Instituto de Ciencia de Materiales de Madrid, C.S.I.C., Sor Juana
Inés de la Cruz 3, Cantoblanco. E-28049 Madrid (Spain). 3Departamento de Física de Materiales, Universidad
Complutense de Madrid, E-28040 Madrid, (Spain).

Thermoelectric materials are outstanding to transform temperature differences
directly and reversibly into electrical voltage. Exploiting waste heat recovery as a source of
power generation could help to move towards an energy sustainability future. Thermoelectric
materials are characterized by the thermoelectric figure of merit, 𝑧𝑧𝑧𝑧 =

𝜎𝜎𝑆𝑆 2
𝜅𝜅

𝑇𝑇, combining into

a dimensionless number the Seebeck coefficient, S, the electrical conductivity, σ, the thermal
conductivity, κ, and the absolute temperature, T [1].
Although a zT around 3 would be desirable to develop economically competitive
devices, most of the state-of-the-art materials have zT values around 2, with commercial
materials near a zT value of 1 [2]. One of the key parameters we have to consider to enhance
this zT is the Seebeck coefficient, which gives us a measure of the magnitude of the induced
thermoelectric voltage in response to a temperature difference across the material. We
measure the value of this coefficient using a homemade apparatus similar to that develop
by Iwanaga et. al., from room temperature up to ~900K [3].
Recently, the SnSe semiconductor was identified, in single-crystal form, as a midtemperature thermoelectric material with record high figure of merit, high power factor and
surprisingly low thermal conductivity. A further reduce of this thermal conductivity can be
achieved by nanostructuring and, at the same time, doping can be used to increase σ, so
the zT value could be improved compared to the pure tin selenide. The electrical conductivity
of pure SnSe and alloys with Ge, Sb, In or Pb is very low, but alloying with transition metals
such as Ag, Au, Cu, Ni or Nb provides for a way to optimize the power factor [4].
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Polyphenols are secondary metabolites produced by plants. They are considered
bioactive compounds since various studies have reported multiple beneficial effects
related to their intake. Antioxidant, anti-inflammatory or anti-carcinogenic properties
support their role in the prevention of cancer, cardiovascular and neurodegenerative
diseases. Hence, phenolic compounds generate an increasing interest in food,
pharmaceutical and cosmetic industries as value-added products. However, their
chemical synthesis presents many difficulties, so nowadays the advancements are on the
way to the recovery of polyphenols from underutilized agri-food residues [1].
Thus, the main objective of this thesis is the development and optimization of cost
efficient and sustainable extraction procedures of polyphenols, and their determination
by liquid chromatography (LC) coupled to an UV-Vis detector and/or a mass spectrometer
(MS), from different agri-food by-products, such as post-fermentation brewing yeast or
citrus peels. Additionally, chemometric tools are employed for both maximize the
extracted polyphenolic quantities and perform an exhaustive data analysis.
Polyphenols have been isolated
from residual brewing yeast [2] and
citrus peels [3] by applying two
extraction strategies: magnetic
stirring with water or ethanol/water
solutions
at
different
temperatures, and matrix solid
phase dispersion (MSPD) using
dioxide
titanium
nanoparticles,
resulting in a more selective,
efficient and novel approach. Gallic, p-coumaric and trans-ferulic acids, rutin, hesperidin,
naringin and kaempferol, among others, have been recovered. Relative abundance and
order of magnitude (from .15 ng·g-1 to 650 mg·g-1) highly depend on the samples evaluated
and the extraction procedure.Therefore, evaluated brewing yeast and citrus peels samples
could be reused and valorized, assisting to minimize environmental impact and yield valueadded compounds.
Keywords: polyphenols, agri-food residues, extraction, LC analysis
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