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Bienvenida del Decano 
 

Os damos la bienvenida a esta nueva edición del 14th Young Science Symposium, que 

organiza la Facultad de Ciencias y Tecnologías Químicas de la Universidad de Castilla – La 

Mancha junto con sus jóvenes investigadores. En esta ocasión en formato virtual. 

Es el XIV Simposio, que nació con este formato en la edición del año 2013. Previamente, 

y desde el año 2007, se había desarrollado como jornadas de sesiones cortas a lo largo de los 

meses de abril a junio. En todos los casos, ha sido siempre un compromiso de la Facultad por la 

investigación y hacia sus jóvenes investigadores. Promover y divulgar la investigación en los 

campos científicos y tecnológicos que tiene que ver con la Química, la Ingeniería Química, y la 

Ciencia y Tecnología de los Alimentos, que son las enseñanzas tradicionales de nuestro Centro.  

El objetivo es doble: divulgar y dar a conocer lo que nuestros jóvenes investigadores hacen, e 

introducirlos en la organización de pequeños eventos científicos, que a escala reducida sirvan 

de ejemplo de cómo se organizan los congresos a los que después ellos asisten, a nivel nacional 

e internacional, presentando los resultados de sus trabajos científicos. Constituye también una 

actividad formativa para los estudiantes de nuestros programas de doctorado, después de los 

cambios que éstos han experimentado a partir del año 2011. En esta edición se sigue contando 

con la participación de jóvenes investigadores de otros campus (Toledo y Albacete) de la 

Universidad de Castilla-La Mancha, cuyos temas de investigación están estrechamente 

relacionados con los campos científicos y tecnológicos que se desarrollan en este Centro, hecho 

que fomenta la interdisciplinaridad y el debate entre nuestros jóvenes investigadores. Es buena 

prueba de la magnífica aceptación del Simposio, que va creciendo de forma muy clara durante 

los últimos años. A modo de incentivar a aquellos jóvenes doctorandos y nuevos doctores que 

participan como ponentes en estas Jornadas, en esta convocatoria 2020, se concederá el V 

PREMIO CIENCIA JOVEN. Asimismo, se otorgará el III PREMIO CIENCIA JOVEN al mejor póster, ya 

que este año contamos también con contribuciones en este formato. 

Desde la Facultad, que aporta la infraestructura y los recursos necesarios, hemos de 

felicitar al grupo de jóvenes que han estado detrás de la organización de esta edición, por su 

dedicación y entusiasmo. Agradecer a todos los participantes su respuesta y favorable acogida. 

A los investigadores invitados. A los patrocinadores; incluso bajo las condiciones especiales de 

este año. Al Rector, y a la Vicerrectora de Investigación y Política Científica de la UCLM, por su 

apoyo a estos Simposios. Y, así, con estos respaldos, el convencimiento del éxito de esta nueva 

edición del Simposio Ciencia Joven.   

Ángel Ríos Castro 

Decano de la Facultad 
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Comité Científico: 
Ángel Ríos Castro, Dean of Faculty 

María Antonia Herrero Chamorro, ‘STCLM de la RSEQ’ 

Alberto Ramos Alonso, ‘Inorganic Chemistry’ 

Ana Raquel de la Osa Puebla, ‘Chemical Engineering’ 

Elena Alañón Pardo, ‘Food Sciences and Technology’  

Antonio Manuel Rodríguez García, ‘JIQ-RSEQ - EYCN EuChemS’  

 

Comité Organizador: 
José Pérez Navarro, ‘Food Sciences and Technology’  

Cristina Montes Correal, ‘Analytical Chemistry’ 

Sergio Blázquez González, ‘Physical Chemistry’ 

Alberto José Huertas Alonso, ‘Organic Chemistry’  

María del Prado Caballero Espinosa, ‘Inorganic Chemistry’ 

Luis Fernando León Fernández, ‘Chemical Engineering’ 

 

Estamos encantados de retomar durante los días 8, 9 y 10 de Julio la iniciativa del “Young 
Science Symposium“, siendo este año su decimocuarta edición.  

Con este fin, un grupo de jóvenes doctorandos pertenecientes a la Facultad de Ciencias 
y Tecnologías Químicas de Ciudad Real, Facultad de Ambientales de Toledo y Facultad de 
Medicina de Albacete presentarán una serie de comunicaciones sobre el trabajo que están 

desarrollando en sus respectivas áreas. También contaremos con algunos investigadores 

invitados externos que nos darán una visión más general sobre la investigación en España, tanto 

en instituciones públicas como en la empresa privada.  

Con el fin de incentivar y despertar el espíritu investigador entre los alumnos de la 

facultad, nuestra futura “cantera”, la asistencia a las jornadas podrá ser convalidada por un 
Crédito de Libre Configuración. Creemos que esta iniciativa puede ser muy interesante para 

acercar a los alumnos a la verdadera actividad de los laboratorios de investigación de la facultad.  
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Por otro lado, a modo de incentivar a aquellos jóvenes doctorandos y nuevos doctores 

que participan como ponentes en estas jornadas, en esta convocatoria 2020, se concederá el “V 
PRIZE OF YOUNG SCIENCE FACULTY OF SCIENCES AND TECHNOLOGY”. Asimismo, se otorgará 

el “III PREMIO CIENCIA JOVEN” al mejor póster, ya que este año contamos también con 

contribuciones en este formato. 

Por todo ello, os agradecemos vuestra participación y esperamos que la experiencia os 

sea de provecho, aunque este año tenga que ser en esta versión online debido a la situación de 

alerta sanitaria de este año. 

No olvidéis visitar nuestra página web donde podréis encontrar las últimas novedades 

de estas jornadas, instantáneas de las presentaciones, así como el Libro de abstracts en formato 

electrónico:  

http://www.uclm.es/CR/FQuimicas/  
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Programme: 
Wednesday, 8th July 2020.  
9:00- Opening ceremony chaired by the Rector Magnificus of the UCLM and the Dean 
of the Faculty of Chemical Sciences and Technology. 

9:30- Invited Lecturer: Prof. Rafael Van Grieken (Rey Juan Carlos University). “La 
carrera académica: luces y sombras de un complejo camino”. 

10:30- 1st session 

• “Plasmonic nanosensing based on AuNPs for UV-Vis/ Colorimetric assessment of 
global aminoacids amount in food supplements”. Manuel Bartolomé.  Analytical 
Chemistry.  

• “Nanostructured electrodes prepared by magnetron sputtering for water 
electrolysis”. Ester López. Chemical Engineering. 

• “Ring-Opening Polymerization of Ciclohexene Oxide Catalyzed by Scorpionate 
Aluminium Complexes”. Miguel Ángel Gaona.  Inorganic Chemistry.  

• “Benzoazoles as two-photon absorbing chromophores”. Beatriz Donoso. 
Organic Chemistry. 

11:30- Break. 

12:00- Invited Lecturer: Dr. Teresa Garde-Cerdan (Institute of GrapeVine and Wine 
Science). “Foliar application of biostimulants in the vineyard: A tool to improve grape 
and wine quality and attenuate the effects of climate change”. 

13:00-14:30-Poster session I. 

16:00- 2nd session 

• “Grape seed extract supplementation modulates hepatic lipid metabolism in 
healthy rats and could be effective for preventing the progression of overweight-
related metabolic disorders”. Eduardo Guisantes.  Food Sciences and 
Technology. 

• “Kinetics on Supercritical Epoxidation of Vegetable Oils”. Juan Catalá. Chemical 
Engineering. 

• “Speciation of a polyphenolic pigment in free solution and encapsulated into a 
nanocarrier system. Quantification of this bioactive in micellar medium in 
nutraceuticals”. Esther Pinilla. Analytical Chemistry. 

• “Effects of central leptin on metabolic reprogramming of adipose tissue. Role of 
PPARβ/δ and FGF21”. Lorena Mazuecos. Biochemistry. 

• “Substituted Alkynylbenzenes and Bithiophenes-Based Crystalline Structures: X-
Ray Study and Optical Waveguide Behaviour”. Carlos Tardío. Organic Chemistry. 
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Thursday 9th of July 2020 
9:00- Invited Lecturer: Prof. Juan Ignacio Cirac (Director and Scientific Member Max 
Planck Institut of Quantum Optics). “Ordenadores cuánticos: Cómo, cuándo y para 
qué”. 

10:00- 3rd session 

• “Analytical control of gold and platinum nanoparticles in clinical and toxicological 
matrices”. Sergio Fernández.  Analytical Chemistry.  

• “Flavan-3-ol composition of chocolate panned raisins”. Carolina Olivati. Food 
Sciences and Technology. 

• “Microwave-responsive Graphene-based hydrogels for drug delivery 
applications”. Jorge Leganés. Organic Chemistry. 

• “Characterization and reactivity with NO2 of diesel soots generated under 
different combustion conditions”. María Inmaculada Aranda. Physical Chemistry. 

• “Development of organocatalysts for the synthesis of oxazolidones for potential 
antibiotics”. María del Prado Caballero. Inorganic Chemistry. 

11:15- Break. 

11:45- Presentation of the Territorial Section of the Royal Spanish Society of Chemistry 
(STCLM-RSEQ) 

12:00- 4th session. 

• “Glycolysis process for polyurethane composites recyclin”. Jesús del Amo. 
Chemical Engineering. 

• “Push-pull azaheterocyclic chromophores: Synthesis, photophysical properties 
and use for white light emission”. Rodrigo Plaza. Organic Chemistry. 

• “Why and how do we study the interstellar chemistry?”. Sergio Blázquez. 
Physical Chemistry. 

• “Influence of ultrasounds on wine microbiota”. Raquel Muñoz. Food Sciences 
and Technology. 

13:00-14:30- Poster session II.  

16:00- Invited Lecturer: David Medina Cruz (Ph.D. Northeastern University at Boston, 
USA, The Green Chemistry Lab). “Green Nanobiotechnology and Biofactories: from a 
laboratory curiosity to a market product helping society”. 

17:00- 5th session 

• “Resistance to oxidation of SO2 free red wines elaborated with natural 
antioxidants”. Lourdes Marchante. Food Sciences and Technology. 

• “Acrylamide magnetic hydrogels: different methods for the introduction of 
magnetic nanoparticles”. Jesús Herrera. Organic Chemistry. 
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• “Emerging contaminants treatment in a real waters matrix by AOP processes”. 
Jihane Ben. Analytical Chemistry. 

• “Comparative study about formation of Secondary Organic Aerosol from 
ozonolysis of organic compounds”. Alba Escalona. Physical Chemistry. 

• “Development of a combined electro-scrubbing process for the treatment of 
volatile organic compounds”. Florymar Escalona. Chemical Engineering. 

Friday 10th of July 2020 
9:00- Invited Lecturer: Dr. Jesús Martínez de la Fuente (Aragón Materials Science 
Institute). “Hybrid Nanoparticles for Therapy and Diagnosis: New Biotechnological 
Challenges for Hyperthermia”. 

10:00- 6th session 

• “Effect of oenological by-products as natural antioxidants and flavourings in 
meat products”. Marina Alarcón. Food Sciences and Technology.  

• “A screening method for the assessment of the release of silver nanoparticles 
from food containers”. Ana Isabel Corps.  Analytical Chemistry.  

•  “Effect of COVID-19- lockdown on the air quality of different cities”. María 
Gabriela Viteri. Physical Chemistry. 

• “Electrochemical technologies for the elimination of antibiotics in hospital 
urine”. Ángela Moratalla. Chemical Engineering. 

• “Graphene-based sulfonate hydrogels: Soft scaffolds for cell culture”. Josué 
Muñoz. Organic Chemistry. 

• “Antitumoral effects of resveratrol through adenosinergic system on cervical 
cancer cell line”. Sonia Muñoz. Biochemistry. 

12:00- 7th session 

• “Bimetallic Zinc Catalysts for Ring-Opening Copolymerization Processes”. Felipe 
de la Cruz. Inorganic Chemistry. 

• “Tumor lockdown: how to beat cancer through confinement measures”. 
Miriam Nuncia. Biochemistry. 

• “Accurate quantification of polycyclic aromatic compounds adsorbed on soot 
samples”. Sonia Lara. Physical Chemistry. 

• “Determination of biological markers oxidative stress by capillary liquid 
chromatography mass spectrometry”. Yassine Benmassaoud. Analytical 
Chemistry.  

• “Applying statistics criteria in rational selection of probiotic Lactobacillus 
strains to be used as biocontrol agents”. Sara Rodríguez. Food Sciences and 
Technology. 
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• “CO2 reduction by simulated sunlight and TiO2-based catalysts”. Verónica 
Rodríguez. Chemical Engineering. 

13:30- Colloquium, Prize winners and Closing Ceremony chaired by the Vice-Chancellor 
of Research and Scientific Policy of UCLM, the Dean of the Faculty of Chemical Sciences 
and Technology and Ricardo Jurado (AGROVIN, sponsor of the V Prize of Young 
Science) who presents “Application of ultrasound in the production of quality wines”. 
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CI-1 

La carrera académica: luces y sombras de un complejo camino 

Rafael Van Grieken* 

Rey Juan Carlos University, Madrid, Spain.  

The intention of this talk is to try to summarize the implications of choosing a path, the 

academic path. It is a long-distance race through a path of which the entire route is not 

known, but rather a series of rules that determine it, but which are never well explained. 

The academic career, which includes both the university and the research centres, is 

above all the result of intertwined intellectual challenges and normally satisfies those 

who follow it, even from its beginnings in the doctoral stage. However, in addition to 

satisfaction, it also entails negative aspects that should be avoided, or at least 

cushioned, following certain guidelines that will be developed throughout the talk. It is 

a complex path, not at all simple, that requires balances that are not easy to achieve 

such as competing by collaborating, moving away without losing your academic links or 

publishing scientific results without losing sight of the fact that this is not the only 

learning process in research.  

This is not a standard scientific talk but rather the compendium of multiple reflections 

that come from numerous meetings and debates that constitute the baggage of a 

university professor's experience. A professor who has also had the opportunity to 

manage important areas in his university (vice-rectorate for research), the management 

of the state agency for university quality (ANECA), and the political management of 

education (at all levels) and research in the Community of Madrid. From this privileged 

position, the lights and shadows of the complex academic path will be analysed and, I 

hope, discussed. 
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CI-2 

FOLIAR APPLICATION OF BIOSTIMULANTS IN THE VINEYARD: A TOOL TO 
IMPROVE GRAPE QUALITY AND ATTENUATE THE EFFECTS OF CLIMATE 

CHANGE 

T. Garde-Cerdán, P. Rubio-Bretón, S. Marín-San Román, E. Baroja, E.P. Pérez-Álvarez 

Grupo VIENAP, Instituto de Ciencias de la Vid y del Vino (CSIC, Gobierno de La Rioja, 

Universidad de La Rioja), Ctra. de Burgos Km. 6, 26007 Logroño, La Rioja. 

Agricultura y Ciencia y Tecnología de Alimentos 

1. Introduction 

Traditionally, the vineyard fertilization has been carried out directly on the soil, in order to be 

absorbed by the plant roots. Currently, due to the contamination problems caused by its 

excessive use, new fertilization techniques more precise and effective are sought. One of these 

techniques is the foliar fertilization, which provides a quick and efficient assimilation by the plant 

of the products applied [1, 2], which allows reducing costs and contributing to sustainable 

agriculture. Ammonium and amino acids are the main nitrogen sources for yeasts, and their 

concentration can decisively influence the wine aroma, since the formation of volatile 

fermentative compounds can be affected by the content of grape nitrogen compounds [3, 4]. 

Among the amino acids, proline is metabolized by yeast only when there are no other nitrogen 

sources and in presence of oxygen in the medium [5, 6]. On the other hand, phenylalanine is 

precursor of 2-phenylethanol, a compound with rose notes [7], and of several phenolic 

compounds, including trans-resveratrol, a compound very important in the wine healthy 

properties [8]. Otherwise, fertilizers that include amino acids in their composition have 

appeared on the market, whose effectiveness has not been tested, and may represent an 

economic expense without justification. Therefore, the first objective of this study was to 

investigate the use of foliar application in the vineyard of different nitrogen sources as a tool to 

improve the grape quality. 

Moreover, for some time now, an imbalance has been observed between technological 

maturity, defined fundamentally by sugar content and acidity, and phenolic maturity, 

responsible for the taste properties and color of the berries. This fact is due to several factors, 

among which climate change stands out, whose main effects are the increase in temperature 

and the decrease in rainfall. The conditions favor the imbalance between technological and 

phenolic maturity, so that the color of the grapes and wines is impaired [9]. An alternative to 

mitigate the effects of climate change may be the use of elicitors, substances that trigger plant 

defense mechanisms when are applied exogenously. In viticulture, one of the elicitors most 

widely used is methyl jasmonate (MeJ), whose application in the vineyard has improved the 

composition of grapes and wines [10]. For this reason, the second objective of this study was to 

evaluate the effect of the foliar application of MeJ on the grape composition, thus helping to 

find tools to fight the consequences that the current weather situation has on grape maturation. 
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2. Experimental Section 

In the case of nitrogen sources, foliar applications were made with five nitrogen products at 1 

kg N/ha: proline, phenylalanine, urea and two commercial fertilizers, one without amino acids 

in its formulation and the other with amino acids. The elicitor used was methyl jasmonate (MeJ), 

using a 10 mM aqueous solution. The treatments were carried out, in triplicate, in two 

phenological moments of the plants, at veraison and one week later. For each treatment, 200 

mL/plant were applied, using Tween 80 as surfactant. Control plants were treated only with an 

aqueous Tween 80 solution. 

The grapes of all the treatments were harvested at the optimum moment of technological 

maturity. The musts were obtained after destemming and crushing the grapes, and aliquots of 

each sample were frozen for subsequent determination of amino acids by HPLC [11], stilbenes 

by HPLC [12], and volatile compounds by GC-MS [13]. It should be noted that for the 

determination of phenolic compounds in the MeJ trial, prior to the harvest, 50 berries were 

sampled from each treatment and repetition, which were frozen for their subsequent analysis 

by HPLC [14]. The results were statistically analyzed using analysis of variance (ANOVA) with the 

SPSS statistical program version 21.0 (Chicago, USA). The differences between the measures 

were compared using the Duncan test with a significance level of 0.05. 

3. Results 

Regarding the use of nitrogen sources as biostimulants in the vineyard, the results obtained have 

shown that the foliar application of proline did not affect the must composition. However, 

phenylalanine and urea treatments and commercial fertilizers improved the amino acid 

composition of the samples. Regarding the content of stilbenes, resveratrol and piceid, only the 

foliar application of urea favored significantly their synthesis by the plant. The treatment carried 

out with phenylalanine stimulated the synthesis in the vine of 2-phenylethanol and 2-

phenylethanal, thus improving the must aromatic composition. For all these reasons, it could be 

said that the applications of phenylalanine and urea were the most promising nitrogen 

treatments in order to improve the health properties and quality of the grapes and wines. 

With regard to the use of methyl jasmonate as elicitor in the vineyard, this study shows for the 

first time the effect of its foliar application on the composition of grapes of the Tempranillo 

variety. Foliar application of MeJ led to an increase in the concentration of anthocyanins and 

stilbenes, as well as an increase in the synthesis of some amino acids, including phenylalanine. 

However, it did not affect the content of primary aromas in the grapes. This study has shown 

that plants can react to the foliar application of MeJ by accumulating mainly phenolic 

compounds. Therefore, the application of MeJ can be a simple and interesting viticultural tool 

to increase the concentration of phenolic compounds in grapes, helping to mitigate the effects 

of climate change on grape maturation. 

References 
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CI-3 

Quantum computers: How, when and what for 

Juan Ignacio Cirac Sasturain 

Max Planck Institute of Quantum Optics Hans-Kopfermann-Str. 1 85748 Garching, 
Germany 

Physics 

The discovery of quantum physics led to one of the greatest scientific and technological 

revolutions that humanity has experienced. Lasers, semiconductors, or nuclear power plants are 

a few examples of the applications of this theory. In recent years we have experienced a second 

"quantum revolution", where the phenomena most extraordinary in quantum physics, which 

until recently had not been confirmed, can be exploited to give rise to new technologies. In 

particular, new ways of processing information that promise to make a quantum leap in the 

ability to calculation of the supercomputers. In fact, today there is a great deal of effort to build 

these quantum computers. However, this requires several technological challenges. In this talk 

I'll explain what the power of quantum computers is based on, what will be useful and I will 

review the current situation and prospects for to move from small prototypes to large 

installations. 
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CI-4 

Green Nanobiotechnology and Biofactories: from a laboratory curiosity to a 
market product helping society  

David Medina Cruz  

Northeastern University at Boston, USA, The Green Chemistry Lab  

Chemical Engineering Department 

Antimicrobial resistance to antibiotics (AMR) and chemotherapy-resistant cancer are two of the 

main concerns that the healthcare system should face nowadays. Current chemotherapy drugs 

and antibiotic treatments are becoming ineffective or have plenty of drawbacks related to 

misuse and overuse. Therefore, new alternatives are needed, and nanotechnology is rising as a 

powerful solution over time. Nevertheless, how nanomaterials are created has plenty of 

influence in their features and applications. Traditional synthesis of nanostructures, taking 

knowledge from both physics and chemistry, is subjected to several disadvantages, such as the 

production of toxic-by-products and harsh conditions, as well as biocompatibility issues once 

they are applied in biomedical settings. Therefore, green nanotechnology is presented as a 

suitable answer, allowing the generation of nanostructures in a cost-effective and 

environmentally friendly approach employing living organisms, such as bacteria or fungi, and 

biomolecules produced from natural sources, such as plants.  

The instauration of the Green Chemistry Lab at Northeastern University supposed an effort in 

the aim to develop and implement green-nanotechnological approaches to solve some of the 

problems in the healthcare system. As such, different projects have been proposed. For 

instance, bacteria-mediated synthesis of nanomaterials, in which pathogenic bacteria are 

employed as biofactories for the production of selective antimicrobial agents. Alternatively, the 

human-cells mediated synthesis of nanostructures, which offers a dual effect: the generation of 

valuable noble-metal nanomaterials and the biological cross-linking of extracellular matrixes for 

reinforcement of biomedical devices and agents. Other approaches include the production of 

metal/metalloid-based nanostructures employing natural extracts of Aloe Vera, pepper, or 

exotic fruits.  

Each one of these approaches can confer different biomedical applications to the produced 

nanomaterials, from the fight of antimicrobial resistance to antibiotics to the reduction in the 

size of tumors or the trapping/sensing of different viruses, such as Ebola or COVID-19. As such, 

a few of the methods have been patented and licensed for the registration to date of two 

biotechnology companies: SynCell Biotech and Nanolyx Inc, whose goal is to bring these green 

nanotechnology-based platforms to society. 
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CI-5 

Hybrid Nanoparticles for Therapy and Diagnosis: New Biotechnological 
Challenges for Hyperthermia  

Jesús Martínez de la Fuente  

Aragón Materials Science Institute, ICMA, CSIC-University of Zaragoza & CIBER-BBN 

The use of nanoscale structures has been used by Nature for billions of years. Two properties 

that make them very interesting for use in biomedical applications are (i) they have a typical size 

similar to biological components and (ii) the possibility of manipulating and designing materials 

with almost à la carte properties controlling the size, composition and shape. The research of 

our group is mainly focused on the use of magnetic nanoparticles and their ability to generate 

heat applying an alternating magnetic field. For that, different iron oxides nanoparticles has 

been prepared by different methodologies and with different size and organic or inorganic 

coatings. The potential of using the generated heat by applying alternating magnetic fields in 

the microenvironment of magnetic nanoparticles to activate multienzymatic industrial 

bioprocesses has been explored. This feature will be also used for the treatment of cancer by 

magnetic hyperthermia or targeted enzyme therapy. Our research is divided into two distinct 

but clearly related fields through a common nexus: the type of material used to generate heat 

by applying an alternating magnetic field (magnetic nanoparticles).  

1) Magnetic Hyperthermia for Biocatalysis: We report here how the properties of 

magnetic nanoparticles (NPs) and of thermophilic enzymes can be combined to obtain 

NP-enzyme systems capable to be activated in a wireless fashion. Conjugation of α-

amylase and L-aspartate oxidase to the surface of magnetic nanoparticles and using 

different strategies obtaining different orientations of the enzymes respect to NP 

surface. This allowed us to create effective biocatalysts with different activities (ranging 

from 17 to 87 % of the initial activity). Furthermore, spectroscopic studies showed that 

the conjugation of the enzyme to the NP modifies its 3D structure and that different 

conjugation strategies lead to different stretching of the protein. Results clearly 

demonstrate that the application of an AMF activates the nano-systems, without a 

significant increasing in the reaction media temperature. Furthermore, we successfully 

reused the nano-systems for at least three consecutive cycles of AMF activation with 

the loss of only the 40% of the initial activity.  

2) Magnetic Hyperthermia and 3D cell culture models: Understanding the mechanisms 

involved in the cellular damage generated by magnetic hyperthermia is crucial for its 

successful application. In order to evaluate the treatment efficacy, two different 3D cell 

culture models were prepared using a collagen matrix, which is one of the major 

components of the tumour extracellular matrix. A strong effect of the hyperthermia 

treatment was observed on the location of the particles within the 3D cell culture for 

one of the models. The treatment facilitated the migration of the particles from the 

outer areas of the 3D structure, achieving a faster homogeneous distribution 
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throughout the whole structure and providing access to the particles to the inner cells. 

Moreover, although in both models’ cells were exposed to the same amount of 

nanoparticles, as a consequence of the 3D model generation, the cell death mechanism 

activated by the magnetic hyperthermia treatment was different in both models.  
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EFFECT OF OENOLOGICAL BY-PRODUCTS AS NATURAL ANTIOXIDANTS AND 
FLAVOURINGS IN MEAT PRODUCTS 

M. Alarcón*, M. S. Pérez-Coello, M. C. Díaz-Maroto, M. E. Alañón, A. Soriano  

Dpto. de Química Analítica y Tecnología de los Alimentos, Universidad de Castilla-La Mancha, 

Avda Camilo José Cela 10, 13071 Ciudad Real, e-mail: marina.ahernandez@uclm.es  

Food Technology Area 

In the last years, a growing interest of ready-to-eat meat products has resulted as to their 

easiness to be cooked and consumed. However, oxidative phenomena are one of the major 

causes of their quality deterioration. This fact causes the necessity to use antioxidants in meat 

products. New trends aimed at the employ of natural sources and agri-food by-products 

revalorization as natural preservatives have emerged in order to replace the traditional 

additives. Therefore, this work has been performed to study the antioxidant capacity and 

sensorial contribution of several oenological by-products added to different meat products.  

Different types of meat products were prepared: pork and venison burgers, a cooked pork 

product and pork cured sausages (salchichón). In all experiments, two control samples were 

tested: C (without antioxidants) and AC (with 400 ppm sodium ascorbate). Likewise, oenological 

by-products were used in different concentrations (0.05-5%): oak wood, stems, vine-shoots, 

inactive dry yeasts and wine lees. Total phenolic content (TPC) and antioxidant capacity was 

evaluated, as well as the lipid and protein oxidation development. The effect in sensory 

characteristics of natural antioxidants was also checked.  

The addition of oenological by-products increased considerably TPC and similar trends were 

observed in antioxidant capacity. In consequence, a protector effect of lipid and protein 

oxidation was showed, being C and AC the most oxidized samples. Among all experiments 

carried out, oak, stems and vine-shoots were the most effective. On the other hand, natural 

antioxidants modified color, enhanced the texture, and provided new odor and taste attributes 

to meat products. 

Therefore, the oenological by-products studied could be a relevant option as natural 

preservatives providing interesting new flavors to meat products.  
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O-2 

CHARACTERIZATION AND REACTIVITY WITH NO2 OF DIESEL SOOTS GENERATED 
UNDER DIFFERENT COMBUSTION CONDITIONS  

I. Aranda*, S. Salgado, P. Martín, F. Villanueva, S. Lara, B. Cabañas  

Dpto. de Química Física, Universidad de Castilla-La Mancha, Avda. Camilo José Cela s/n 13071 

Ciudad Real, e-mail: inmaculada.aranda@uclm.es  

Physical Chemistry 

Soot is one of the pollutants generated in the incomplete combustion of fuels. This pollutant 

cause changes in the climate that affect the environment globally and has negative effects on 

the human health. Two samples of diesel soot generated in different operation conditions 

(mode E and mode G), have been characterized using Diffuse Reflectance Infrared Fourier 

Transform Spectroscopy (DRIFTS). In addition, the reactivity of these two different samples with 

NO2 have been studied using a Knudsen flow reactor and mass spectrometer as detection 

system. For the analysis with DRIFTS the samples were diluted with KBr and the IR spectra 

obtained have been compared with the IR spectrum of a standard reference material (SRM) 

Diesel NIST 1650b. Both samples (mode E and G) show similar bands in the IR spectra and they 

are also similar to the IR bands of the reference diesel NIST 1650b, what means that all the 

samples have the same functional groups in their structure. The heterogeneous reactivity of the 

diesel soot with NO2 have been studied determining the initial uptake (ϒ0), which corresponds 

to the initial probability of the collision between a probe gas and the soot sample leads to 

disappearance of the reactant1. The ϒ0 obtained have been compared between them and with 

the ϒ0 available in bibliography.  

 

References 

(1) Tapia, A.; Salgado, S.; Martín, P.; Villanueva, F.; García-Contreras, R.; Cabañas, B. Chemical 

composition and heterogeneous reactivity of soot generated in the combustion of diesel 
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PLASMONIC NANOSENSING BASED ON AuNPs FOR UV-Vis/ COLORIMETRIC 

ASSESMENT OF GLOBAL AMINOACIDS AMOUNT IN FOOD SUPLEMENTS  

M. Bartolomé*, M. J. Villaseñor, A. M. Contento, A. Ríos  

Dpto. Química Analítica y Tecnología de los Alimentos, Universidad de Castilla-La Mancha, 

Calle Altagracia, 50, 13001 Ciudad Real, e-mail: manuel.bartolome@alu.uclm.es  

Química Analítica 

A novel, simple, rapid and highly sensitive colorimetric sensor based on citrate stabilised gold 

nanoparticles (AuNPs) for the assessment of aminoacids global content has been developed in 

this work. Firstly, AuNPs from five different sizes were synthesized by Turkevich-Frens method 

and later characterized by UV-Vis, DLS, SEM, and Z potential techniques to select the most 

suitable AuNPs size for sensor performance. Chemical and physical parameters affecting the 

sensing system such pH, AuNPs concentration, incubation time and maximum ionic strength 

were also evaluated. Aminoacids could induce AuNPs aggregation at low pH (2.6) owing to the 

interaction between amino and carboxylic groups located at aminoacids and citrate AuNPs 

surface and naked AuNPs respectively. This aggregation causes a change in colour solution from 

red to blue as well as a shift in absorption band from 518 nm to 650 nm, whose absorbance ratio 

will be the analytical signal related to the aa amount, just monitoring by UV-Vis spectroscopy. 

The proposed sensor shows excellent analytical performance characteristic in terms of linear 

range (480 nM to 1.8 μM), LOD (160 nM) and precision (repeatability and reproducibility). 

Selectivity of the sensor was evaluated by an extensive interference study (six of them in 

different ratios). Finally, this sensing methodology was successfully applied to different 

commercial nutritional supplements with very good agreement between our results and those 

obtained by the official Kjeldahl method and with the declared values by the manufacturer too.  
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EMERGING CONTAMINANTS TREATMENTS IN REAL WATERS MATRIX BY 
ADVANCED OXIDATIVE PROCESSES (AOP’s) 

J. Ben Attig*, F.L. Souza, M.A. Rodrigo, L. Latrous, M. Zougagh, A. Ríos 

Department of Analytical Chemistry and Food Technology, University of Castilla-La Mancha, 

Avda Camilo José Cela s/n 13001, Ciudad Real,  e-mail: Jihane.Benattig@alu.uclm.es 

Analytical chemistry   

The discharge of pharmaceutical products in the environment has become a major concern. 

Conventional treatments are not efficient to achieve complete removal of these pollutants and 

it becomes necessary the development of new more-efficient treatment technologies. 

Advanced Oxidation Processes (AOPs), characterized by the production and use of strong 

oxidizing agents such as hydroxyl radical (OH•), have been efficiently applied in the recent years. 

In this work, it has been evaluated the simultaneous degradation by photochemical, 

electrochemical and photoelectrochemical processes of five pharmaceutical compounds, 

sulfadiazine (SDZ), naproxen (NAP), diclofenac (DIC), ketoprofen (KET) and ibuprofen (IBUP) 

from three different water matrixes (sewage, pore water and surface water) were studied 

employing photochemical, electrochemical and photoelectrochemical processes. Results show 

different removal rates for each drug, which can be explained in terms of their chemical 

structure. All processes were able to reach 100% of removal in the three water matrixes studied. 

During the photochemical treatment the SDZ, KET and DIC were the most photoactive 

substances and very low degradation percentages were obtained for other compounds. 

Electrochemical technology was able to achieve better removal rates and, in turn, coupling light 

irradiation to electrochemical process improved significantly the efficiencies reached. In 

comparing the degradation of the different drugs, a synergism was confirmed in the coupling of 

technologies for NAP and IBUP and antagonism for the other compounds. Regarding to the 

matrix effect, it was observed that the more complex in the matrix, the worse are the 

degradation results (surface water > pore water > sewage). This has been explained in terms of 

the presence of interferents, which compete with target compounds. 
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Determination of biological markers oxidative stress by capillary liquid 
chromatography mass spectrometry 

Y. Benmassaoud*, R. Salghi, M. Zougagh, A. Ríos  

Dpto. de Química Analitica, Universidad de Castilla-La Mancha, Ciudad Real 

Química Analitica 

Oxidation stress is an important factor in the pathogenesis of several diseases, including 

cardiovascular, neurodegenerative and certain forms of cancers. Various methods have been 

used to measure the extent and the nature of oxidative stress, ranging from oxidation of DNA 

to proteins, lipids, and free amino acids. 

The present work describes an HPLC-MS method involving the separation of Tyrosine from 3-

NItrotyrosine, 3-Chlorotyrosine, 8-hydroxy-2'-deoguanosine and 4-Hydroxynonenal by HPLC 

and MS quantification under positive-ion chemical ionization conditions. Determination of the 

biomarkers oxidative stress amounts was allowed in a concentration range of 5–500 µg·L-1. The 

limit of detection, the limit of quantification and the standard deviations achieved were lower 

than 2 µg.L−1, 6 µg.L−1 and 4.52%, respectively. The described method was applied for the 

determination of Oxidative biomarkers in human serum and plasma samples. 
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O-6 

WHY AND HOW DO WE STUDY THE INTERSTELLAR CHEMISTRY? 

S. Blázqueza*, D. Gonzáleza, E. Neemana, M. Antiñolob, B. Ballesterosab, E. Jiménezab, J. 

Albaladejoab  

aDpto. de Química Física. Universidad de Castilla-La Mancha, Avda. Camilo José Cela 1B, 13071, 

Ciudad Real, Spain. bInstituto de Investigación en Combustión y Contaminación Atmosférica. 

Universidad de Castilla-La Mancha, Camino de Moledores s/n, 13071, Ciudad Real, Spain. e-

mail: sergio.blazquez@uclm.es  

Physical Chemistry 

In 1953, Stanley L. Miller and Harold Urey (1) conducted an experiment where, from simple 

molecules such as water, methane, ammonia and hydrogen, they managed to obtain prebiotic 

molecules as amino acids. This experiment that simulated the first moments of the primitive 

Earth may be a possible explanation for the presence of life on the planet. These simple 

molecules, in addition to many others, have been found in molecular clouds in the interstellar 

medium (ISM) and other bodies such as comets. Knowing the chemistry of these molecules in 

such extremely cold environments (T = 10 - 100 K) is fundamental to understand how more 

complex molecules can be generated, just as it happened in the Miller and Urey’s experiment, 

and give rise to fundamental compounds in life as we know it. In our laboratory, the gas-phase 

kinetics of the reactions of OH radicals (ubiquitous in the ISM) with simple molecules present in 

molecular clouds, such as methanol, ethanol, formaldehyde, methyl formate, acetone or 

acetaldehyde is carried out by the pulsed CRESU system (French acronym for Reaction Kinetics 

in a Uniform Supersonic Flow). To emulate the typical temperatures of ISM the gas mixture is 

expanded through a Laval nozzle from a high to a low-pressure region. Currently, our CRESU 

apparatus reaches temperatures between 11.7 and 177.5 K, avoiding the gas condensation onto 

the reactor walls. This technique, together with the Pulsed Laser Photolysis (PLP) and Laser 

Induced Fluorescence (LIF) techniques, allows us to determine the rate constant of these 

reactions in the gas phase at ultra-low temperature (2-6), thus contributing to the improvement 

of astrophysical models to have a greater and better knowledge of the evolution of the cosmos. 
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Development of organocatalys for the synthesis of oxazolidinones for 
potential antibiotics 

M.P. Caballero*, M. North, A. Lara-Sánchez, J. Tejeda and J. Castro-Osma.  

Dpto. de Química Inorgánica, Orgánica y Bioquímica, Universidad de Castilla-La Mancha- 

Centro de Innovación en Química Avanzada (ORFEO-CINQA), Facultad de Ciencias y Tecnologías 

Químicas, Avda Camilo José Cela, nº 10, 13071, Ciudad Real. e-mail: Prado.caballero@uclm.es  

Química Inorgánica 

Metal-free organocatalysts based on imidazolium salts showed high efficiency catalyzing the 

cycloaddition reactions to prepare oxazolidinones (Scheme 1). These synthetic drugs are active 

against a large spectrum of Gram-positive bacteria, includig Staphylococcus, Streptococcus and 

Enterococcus which have developed resistance to antibiotics. Linezolid was the first 

oxazolidinone for the treatment of infections caused by this germ.1 

Imizazolium salts performed as bifuntional catalysts2 and exhibited improved activity for 

preparation of N-heterocycle compunds. Oxazolidinones were prepared in the optimal reaction 

conditions (3 mol % of organocatalyst at 90 °C in chlorobenzene for 24 hours) aromatic and 

aliphatic epoxides were reacted with isocyanates to prepare the corresponding oxazolidin-2-

ones. The activity of catalysts has an important role in the synthesis since the cyclotrimerization 

of isocyanates is a competing reaction.3 

 

 

Scheme 1. Synthesis of oxazolidinones. 
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KINETICS ON SUPERCRITICAL EPOXIDATION OF VEGETABLE OILS 

J. Catalá*, J. M. García-Vargas, M. J. Ramos, J.F. Rodríguez, M.T. García 

Dpto. de Ingeniería Química, Universidad de Castilla La Mancha, Avda Camilo José Cela, 12. 

13071 Ciudad Real; e-mail: juan.catala@uclm.es  

Chemical Engineering 

The great importance of the use of epoxidized vegetable oils is due to their suitability as an 

alternative bio-based precursor for many industrially relevant products.1 

The most widespread way of carrying out the epoxidation of the double bonds present in 

vegetable oils involves the use of percarboxylic acids, that come from organic acids. Side 

products generation reactions are the main issue in conducting the selectivity of the process to 

the formation of epoxides. 

Environmental concerns related to the use of mineral acids and organic solvents, in addition to 

the need to simplify and improve the purification processes of the products obtained, leads to 

a growing interest in the outlining of an alternative route to the traditional epoxidation process.  

In this context, arises the possibility of obtaining the oxygen transfer agent from an 

unconventional source, such as carbon dioxide. CO2 can be not only one of the reagents for 

epoxidation, but also the reaction media if it is used under supercritical conditions, as an 

effective solvent. In addition, supercritical CO2 (scCO2), can be removed after the process has 

been completed simply by means of controlled depressurization. Previous work by the research 

group itself confirmed the feasibility of this reaction as well as the positive effect on the overall 

process performance of various enhancer compounds. 

The background obtained by the group considered mild operating conditions and optimized the 

amount of the reagents and enhancer compounds.  The study of the epoxidation kinetics in 

supercritical media would allow an in-depth understanding of the mechanism involved, how the 

use of CO2 affects the occurrence of the oxirane ring opening phenomena and the subsequent 

formation of side products, as well as the evolution of the whole system over time, and its overall 

behavior when it is developed at different temperatures. 

References 
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A screening method for the assessment of the release of silver nanoparticles 
from food containers  

A.I. Corps 1*, F.J. Guzmán 1, R.C. Rodríguez 1, A. Ríos 2  

1Department of Analytical Chemistry and Food Technology, University of Castilla-La Mancha. 

Environmental Sciences Institute (ICAM), E-45071, Toledo, Spain. 2 Faculty of Chemical Sciences 

and Technologies, E-13071, Ciudad Real, Spain. E-mail: Anaisabel.corps@uclm.es  

Analytical Chemistry 

Silver nanoparticles (AgNPs) are used in packaged products to enhance the quality and shelf-life due 
its antimicrobial and bactericidal properties. Silver ions detached from the surface of the 
nanoparticles are responsible for these properties. However, AgNPs could migrate into food too and 
generate health risks and/or toxicological effects to the consumers.1 The common approach to tackle 
this issue is to monitor AgNPs in food simulants that have been in contact with the packaging material 
according to the European Food Safety Authority (EFSA).2 For this reason, there is a need for 
analytical methods that evaluate the migration of AgNPs in these simulants. 
The analytical techniques currently available provide structural and quantitative information on 
AgNPs but they are time-consuming, require expensive equipment and generate more information 
than it is required. Qualitative analytical methods are good alternatives because they classify samples 
as positive or negative in a rapid, simple, and cost-effective way, which is also most valuable for 
routine laboratories. Nevertheless, to our knowledge, screening methods for AgNPs have not been 
used so far. Therefore, the aim of this work is to apply an instrumental screening method of AgNPs 
for the assessment of their migration from plastic containers into food simulants. 
The analytical method is based on the chemiluminescence of the luminol/AgNO3 system in the 

presence of AgNPs. Total silver migration and AgNPs released were investigated from plastic vessels 

containing nanosilver, into different food simulants, namely water and 3 % acetic acid at different 

temperatures and contact times. A nanosilver free plastic food container was used as control. 

Probability of detection (POD) curves were constructed at three cut-off values next to the limit of 

detection (1 µg/L) for each food simulant and performance parameters such as false negative and 

positive rates as well as unreliability region (UR), specificity, sensitivity, and reliability rates were 

calculated for validation. Silver migration occurred in both food simulants and conditions but, 

according to the screening method, not as AgNPs (0 % positive). All the samples were spiked with 

AgNPs around the UR and a reliability rate of 0.89 was obtained. The results of screening were 

confirmed by asymmetric flow field flow fractionation coupled to inductively coupled plasma mass 

spectrometry (AF4-ICP-MS).  

References: 
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BIMETALLIC ZINC CATALYSTS FOR RING-OPENING COPOLYMERIZATION 
PROCESSES 

F. De la Cruz-Martínez*, M. Martínez de Sarasa Buchaca, J. Martínez, J. Tejeda, A. M. 

Rodríguez, J. A. Castro-Osma, A. Lara-Sánchez 

Dpto. de Química Inorgánica, Orgánica y Bioquímica, Universidad de Castilla-La Mancha, Avda. 

Camilo José Cela 10, 13071, Ciudad Real, e-mail: felipe.cruz@uclm.es  

Inorganic Chemistry 

The transformation of carbon dioxide into high-value added organic chemicals and polymers has 

received much attention in recent years as carbon dioxide is seen as an alternative carbon feedstock 

for a sustainable chemical industry.1 One of the most relevant processes is the reaction of carbon 

dioxide with epoxides to afford polycarbonates, which have found many applications. In this context, 

the terpolymerization between CO2, an epoxide and cyclic anhydrides has also showed the potential 

to fine-tune the properties of the resulting polymeric material. For instance, these terpolymers have 

shown improved degradability and enhanced thermal and/or mechanical properties.2 In this 

contribution, we report the synthesis of novel bimetallic zinc acetate complexes supported by 

heteroscorpionate ligands for the ring-opening copolymerization of cyclohexene oxide and CO2 and 

the terpolymerization of cyclohexene oxide, phthalic anhydride and CO2, obtaining polymeric 

materials with a broad range of thermal properties (Scheme 1).3 

 

Scheme 1 

References 

1. a) Aresta, M.; Dibenedetto, A.; Angelini, A. Chem. Rev. 2014, 114, 1709−1742; b) Liu, Q.; Wu, L.; 
Jackstell, R.; Beller, M. Nat. Commun. 2015, 6, 5933−5948; c) Yu, B.; He, L.-N. ChemSusChem 2015, 
8, 52−62.  

2. a) Paul, S.; Zhu, Y.; Romain, C.; Brooks, R.; Saini, P. K.; Williams, C. K. Chem. Commun, 2015, 51, 6459-
6479; b) Grignard, B.; Gennen, S.; Jérôme, C.; Kleij, A. W.; Detrembleur, C. Chem. Soc. Rev. 2019, 48, 
4466-4514.  

3. De la Cruz-Martínez, F.; Martínez de Sarasa Buchaca, M.; Martínez, J.; Tejeda, J.; Fernández-Baeza, 
J.; Alonso-Moreno, C.; Rodríguez, A. M.; Castro-Osma, J. A.; Lara-Sánchez, A. Inorg. Chem. 2020, 59, 
8412–8423. 



14th	YOUNG	SCIENCE	SYMPOSIUM,	FACULTY	OF	CHEMICAL	SCIENCES	AND	
TECHNOLOGIES,	UCLM	

 

 

33 

O-11 

GLYCOLYSIS PROCESS FOR POLYURETHANE COMPOSITES RECYCLING 

J. del Amo*, J.F. Rodríguez, A.M. Borreguero  

Dpto. de Ingeniería Química, Universidad de Castilla-La Mancha, Avda. Camilo José Cela 12 

13071; e-mail: Jesus.delAmo@uclm.es  

Chemical Engineering 

Polyurethanes (PUs) are generally thermoset polymers resulting from the addition between a 

polyol and an isocyanate. The characteristic functional group obtained by the nucleophilic 

addition of the oxygen of the polyalcohol to the carbon of the cyano group is the urethane. 

Based on their applications, PUs can be classified into foams (flexible or rigid) and CASEs 

(Coatings, Adhesives, Sealants, Elastomers). The global tendency in the polyurethane market is 

the development of advanced products or composites with one or more improved properties, 

incorporating different additives or fillers for this purpose, therefore, it becomes essential to 

find solutions for the recycling of this waste at the end of its useful life, considering the presence 

and destination of their fillers. 

PUs are the sixth group of polymers most used in the world and generate a large volume of 

waste, being its management an environmental challenge due to its low biodegradability. 

Traditionally, PUs waste has been deposited in landfills but it necessary to find new and more 

environmentally friendly alternatives. 

Physical recycling processes are successfully used in thermoplastic polymers, but they are 

useless for most PUs due to their thermostable nature. Therefore, chemical recycling processes 

are of special interest, making possible to obtain chemical products from the PUs foams waste, 

such as polyether polyol for the synthesis of new PUs foams or even the fillers and additives in 

the case of PUs composites waste.  

Glycolysis is the most widely used chemical recycling process for PUs waste and it consists of a 

transesterification reaction, in which the ester group bonded to the carbonyl carbon of the 

urethane is exchanged for the hydroxyl group of the glycol. This reaction results in the formation 

of a polyol and an unstable carbamate at the reaction temperatures, which promotes the 

formation of secondary amines and carbon dioxide. In addition, with an excess of glycol in the 

reaction, a biphasic product is obtained, where the upper phase is formed mainly by the 

recovered polyol and the bottom phase by the excess of glycolysis agent and by-products of the 

reaction; achieving, this way, a recovered polyol of high purity. Besides, our research has 

demonstrated that the polyurethane foams synthesized from the recovered polyol meet the 

conditions and specifications for which are designed and that some organic and inorganic fillers 

can also be recovered and reused. 
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BENZOAZOLES AS TWO-PHOTON ABSORBING CHROMOPHORES 

B. Donoso*[a], I. Torres [a], C. Benítez [b], C. Tardío [a], J. R. Carrillo [a], A. Díaz-Ortiz [a], F. Nájera [b], 

P. Prieto[a], E. Pérez-Inestrosa [b]. 

[a] Department of Organic, Inorganic Chemistry and Biochemistry, Faculty of Chemical and 

Technologies Sciences, University of Castilla-La Mancha, Adva. Camilo José Cela 10, 13071 

Ciudad Real, Spain. e-mail: Beatriz.Donoso@uclm.es 

[b] Department of Organic Chemistry. University of Málaga-IBIMA, Campus de Teatinos, 29071 

Malaga, Spain. 

Organic Chemistry 

Two-photon absorption (TPA) spectroscopy [1] has emerged as an attractive tool to further 

study the basic properties of materials and matter–light interactions. In recent years, interest in 

materials that exhibit TPA has widely increased due to the development of applications such as 

3D microfabrication [2], optical data storage [3], and two-photon induced fluorescence (TPIF) 

imaging [4]. 

TPA properties are closely related to the molecular architecture, which makes it essential to 

identify structure–property relationships. The best results are obtained with centrosymmetric 

quadrupolar π-conjugated dyes with terminal donor or acceptor substitution, and with 

symmetrical designs displaying donor groups in the periphery of the molecule, that is, D-π-D or 

D- π - A- π -D patterns. In this sense, a series of donor–π–acceptor– π –donor (D- π -A- π - D) 

benzoazole dyes with 2H-benzo[d][1,2,3]triazole (BTZ) or benzo[c][1,2,5]tiadiazol (BTD) cores 

have been prepared. 

The two photon absorption properties of the different compounds synthesized were studied to 

establish the relationship between structure and properties. These results provided cross 

sections of up to 1500 GM, with a predominance of S2←S0 transitions and a high charge-transfer 

character. Time-dependent DFT calculations supported the experimental results. 
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DEVELOPMENT OF A COMBINED ELECTRO-SCRUBBING PROCESS FOR THE 
TREATMENT OF VOLATILE ORGANIC COMPOUNDS 

F. Escalona-Durán*, M.A. Rodrigo 
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Ingeniería Electroquímica y Ambiental 

Volatile organic compounds (VOCs) are characterized by their high activity in atmospheric 

photochemical reactions, so they can cause serious environmental problems such as the 

greenhouse effect, photochemical smog and stratospheric ozone depletion. Human health is 

also affected because VOCs can be easily absorbed through the skin and mucous membrane, 

damaging the body and the metabolic system, and in some cases can even be carcinogenic. 

Therefore, the control of air quality and the elimination of VOCs is a topic of interest today. 

Thus, the objective of this research is to study the elimination of toluene as a representative of 

VOCs, using "electro-scrubbing": an emerging technology for the treatment of gaseous currents, 

which consists of the combination of an absorption column with an electrochemical oxidation 

process mediated, whose purpose is to retain gaseous pollutants and then degrade them using 

acid solutions of metal pairs as a catalyst. 

For this purpose, a defined volume of pure toluene is bubbled with air in order to generate 

currents charged with the contaminant that circulates through an absorption column in 

countercurrent to a washing solution. The activation of the metal catalyst and the efficiency of 

the contact between the phases are carefully analysed parameters. The exhaust gas stream is 

captured in a hexane trap that allows the quantification of undegraded toluene. The removal 

efficiency and possible reaction intermediates are analyzed by mass-coupled gas 

chromatography (GC-MS) and HPLC. 
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COMPARATIVE STUDY ABOUT FORMATION OF SECONDARY ORGANIC 
AEROSOL FROM OZONOLOYSIS OF ORGANIC COMPOUNDS  

A. Escalona*1, A. Aranda1, Y. Díaz de Mera1, D. Rodríguez2, A.M. Rodríguez2 
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Physical Chemistry 

 Assessing the effect of anthropogenic aerosol on climate change is a huge challenge 

since it is considered, at present time, one of the main uncertainty sources for the understanding 

of the Earth’s climate1. The ozonolysis of terpenes has been reported as a potential source of 

new particles under natural conditions2, and likewise, some organics compounds could be a 

source of SOA (Secondary Organic Aerosol) by fast reactions of some alkenes with ozone. 

Comparative SOA formation from ozonolysis of 2,3-dihydrofurane, 2,5-dihydrofurane, styrene, 

indene and 2,5-dimethylfurane has been studied in this work. 

 The reactions have been carried out in a Teflon chamber filled with synthetic air 

mixtures, under atmospheric pressure and room temperature. The particle formation was 

followed by SMPS (Scanning Mobility Particle Sizer) and CPC (Condensation Particle Counter). 

 In order to evaluate SOA formation, it has been checked the conditions that lead to the 

formation and growth of new particles. The main parameters for their characterization are 

nucleation, their temporal profile and influence of different amounts of reagents. Various series 

of experiments were carried out changing initial concentrations of both organic compound and 

O3. It was also checked the influence of the presence or absence of SO2, and the influence of the 

relative humidity. Results were analyzed taking into account the different organic compounds 

structures. 
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NOVEL APPROACH FOR THE ANALYTICAL CONTROL OF GOLD AND PLATINUM 
NANOPARTICLES IN CLINICAL AND TOXICOLOGICAL MATRICES 

S. Fernández-Trujillo*, M. Jiménez-Moreno, Á. Ríos, R.C. Rodríguez Martín-Doimeadios  

Department of Analytical Chemistry and Food Technology, UCLM. e-mail:  
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Analytical Chemistry 

The use of metallic nanoparticles as gold (AuNPs) and platinum (PtNPs) are rapidly 

growing due to their physicochemical and biological properties which makes them useful in 

biomedicine. However, the information about their toxicological profile is scarce and it is 

mandatory to create new methodologies for their characterization and quantification in 

complex clinical and toxicological matrices. One of the most powerful techniques proposed to 

solve this concern is single particle inductively coupled plasma mass spectrometry (SP-ICP-MS). 

It allows to obtain simultaneously information about the particle concentration (number and 

mass-based), size and its distribution at clinically relevant concentrations with minimal or even 

without sample preparation [1]. Nevertheless, its applicability for these types of matrices should 

be demonstrated. The aim of this work has been to develop novel strategies based on SP-ICP-

MS for the analytical control of AuNPs and PtNPs in biofluids and culture media. Working under 

optimum conditions it is possible to obtain a correct NPs characterization in 60 seconds of 

analysis at ng L-1 level of AuNPs (40, 60, and 80 nm) in Dulbecco’s Modified Eagle Medium cell 

culture medium and PtNPs (50, and 70 nm) in human urine and blood serum samples, both 

individually and in mixed solutions. The size values are in accordance with transmission electron 

microscopy measurements. Also, these strategies have allowed to follow NPs transformations 

over time. The results of this study will be very useful to achieve an adequate interpretation and 

management of the interactions between NPs and biological systems in future (pre)clinical trials. 
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RING-OPENING POLYMERIZATION OF CICLOHEXENE OXIDE CATALYZED BY 
SCORPIONATE ALUMINUM COMPLEXES 

M. A. Gaona,* J. A. Castro-Osma, A. Lara-Sánchez 
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Organometallic Chemistry 

Aluminum is the most abundant metal in the Earth’s crust and its complexes can be used as 

Lewis acid catalysts or as co-catalysts for a range of chemical transformations.1 In particular, they 

have found application as homogeneous catalysts in polymerization processes. Recently, 

aluminum catalysts have received significant attention since these can be used as efficient 

catalysts for Ring-Opening Polymerization (ROP) processes of cyclic esters, propylene oxide and 

cyclohexene oxide, amongst others.2  

In this context, our research group has significantly contributed to the development of novel 

aluminum complexes as catalysts for a considerable range of catalytic processes, such as the 

cyclic carbonates formation or ROP of cyclic esters.3 Therefore, we decided to investigate the 

use of scorpionate aluminum complexes as catalysts for the synthesis of poly(cyclohexene oxide) 

in order to prepare new polyether materials which can find important application in industry 

(Scheme 1).  

 

Scheme 1. Ring-opening polymerization of CHO catalyzed by aluminum complexes. 
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Grape seed extract supplementation modulates hepatic lipid metabolism in 
healthy Wistar rats and could be effective for preventing the progression of 

overweigh-related metabolic disorders  

E. Guisantes-Batán*a, B. Rubio-Muñozb, L. Mazuecosb, A. Andrésb, S. Gómez-Alonsoa, and N. 

Gallardob  
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Food Science and Technology 

Several epidemiological studies have related diets characterised by high plant consumption with 

a lower incidence of overweigh-related metabolic disorders. In this context, flavanols constitute 

one of the most common families of non-essential nutrients present in edible plants with wide 

bioactive potential to improve the health status, nevertheless the mechanisms of actions are 

not completely understood 1. Thus, we aimed to evaluate the effects of a long-term dietary dose 

of a grape seed extract (GSE) in the hepatic lipid metabolism of young-mature Wistar rats. 

Firstly, the characterization of the GSE showed a high content on polyphenols, mainly flavanols 

with different degree of polymerization. Secondly, we observed that GSE increase serum lipid 

levels and overexpression of hepatic genes related with fatty acid uptake, glycogen synthesis 

and VLDL secretion. Concomitantly, GSE stimulate oxidative metabolism and mitochondrial 

biogenesis in the liver, deducted from the overexpression of Acox-1 and PGC-1α, as well as, the 

downregulation of Plin-5.  

Our preliminary results indicate that GSE consumption could be beneficial in preventing fat liver 

accumulation by promoting the secretion of lipoprotein particles and stimulating the liver 

oxidative metabolism. However, more studies are needed to check these hypotheses. 
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ACRYLAMIDE HYDROGELS: DIFFERENT WAYS TO INTRODUCE MAGNETIC 
NANOPARTICLES 
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Organic Chemistry 

Hydrogels have been extensively studied by the scientific community due to its excellent 

properties, what make them useful for such a big number of applications. Hydrogels are three-

dimensional networks, physically or chemically crosslinked, that can absorb water though not 

soluble in it.1 The properties of these soft systems can be tuned by changing its composition or 

by introducing nanoparticles. In this study, different kinds of magnetic nanoparticles are 

introduced within acrylamide hydrogels, like CoH2NPs, CoFe2O4NPs and Fe3O4NPs, in order to 

study its magnetic properties. Moreover, Superparamagnetic Iron Oxide Nanoparticles (SPIONs) 

are introduced into acrylamide hydrogels by two sorts of strategies, which are blending method 

and in situ co-precipitation.2 Advantages and disadvantages of both methods will be discussed.  

 

Figure 1. Different magnetic hydrogels synthesized by blending method. 
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Accurate quantification of polycyclic aromatic compounds adsorbed on soot 
samples  

S. Lara*a, F. Villanuevaa, P. Martina  
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Química-Física 

The incomplete combustion processes contribute to a large extent generating atmospheric pollutants in 
gas phase and particles in suspension. The main source of particulate matter is traffic.1 Their emissions 
are constituted by soot that is mainly composed of black carbon and SOF (soluble organic fraction) where 
organic compounds such as Polycyclic Aromatic Compounds (PACs) are adsorbed. They are considered as 
toxic persistent substances.2 Soot has been classified as the second largest contributor to global warming 
after CO2.3 Therefore, knowing the chemical composition of soot is important in order to develop new 
(bio) fuels and engines that generate minimal environmental impact and cause less risk to human health. 

In this study, three real soot samples, two diesel and one biodiesel have been generated by a EURO 3 
engine in different engine conditions (mode E and G).4,5 A previously developed and validate methodology 
consisting of a microwave extraction (MAE) and GC-MS/MS analysis to identify and quantify the PACs 
present on the SOFs has been applied to analyse the collected soot samples. Among the PACs, polycyclic 
aromatic hydrocarbons (PAHs) and their derivatives nitro-PAHs (NPAH) and oxygenated-PAHs (OPAH) 
have been analysed. The results show that using the mixture of extraction solvents pyridine-acetic acid, 
the amount of PACs extracted was higher than the amount found using acetone-toluene. The total 
amount of PACs extracted was 50, 28 and 20 ng mg-1 for diesel-mode E, biodiesel-mode G and diesel-
mode G, respectively. NPAH have not been identified in any sample and the amounts of OPAHs were 
lower than those of the PAHs. A second extraction of the biodiesel soot sample with pyridine-acetic acid 
greatly improved the concentration of PACs in the SOF (46 ng mg-1). In addition, the total amount of PACs 
extracted from the real soot samples was much lower than that extracted from diesel particulate matter 
standard reference material NIST 1650b (692 ng/mg). The results obtained confirm the differences in the 
composition of soot samples that could be attributed to the conditions of temperature at which the soot 
is produced, to the formation of PACs that takes place during combustion (very unknown process) and/or 
to the properties of the fuels. 

References 

1. May, A.; Nguyen, N.; Presto, A.; Gordon, T.; Lipsky, E. Gas-and particle-phase primary emissions from 
in-use, on road gasoline and diesel vehicles. Atmos Environ, 2014, 88, 247-260. 

2. IPCC. Summary for Policymarkers. In: Climate Change. Cambridge University Press, Cambridge, UK 
and NY, USA, 2013. 

3. WHO. Air quality for Europe. World Health Organization, Regional Office in Europe, European Series, 
Copenhagen, Denmark, 2010. 

4. Soriano, J. A.; Agudelo, J. R.; López, A. F.; Armas, O. Oxidation reactivity and nanostructural 
characterization of the soot coming from farnesane - A novel diesel fuel derived from sugar cane. 
Carbon 2017, 125, 516−529. 

5. Soriano, J. A.; García-Contreras, R.; Leiva-Candia,D .; Soto, F. Influence on performance and emissions 
of an automotive diesel engine fuelled with biodiesel and paraffinic fuels: GTL and Biojet fuel 
farnesane. Energy fuels 2018, 32, 5125-5133. 

  



14th	YOUNG	SCIENCE	SYMPOSIUM,	FACULTY	OF	CHEMICAL	SCIENCES	AND	
TECHNOLOGIES,	UCLM	

 42 

O-20 

MAGNETIC-RESPONSIVE HYDROPHOBIC HYDROGELS FOR DRUG DELIVERY 
APPLICATIONS 
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Química Orgánica 

Hydrogels, 3D water-swollen crosslinked polymer networks, have stood out for the past two 

decades as particularly promising biomaterials for controlled drug delivery applications. These 

smart materials may respond to specific stimulations, such as pH, temperature, light, electric or 

magnetic fields.1 Magnetic-responsive hydrogels acquire magnetic sensitivity upon 

incorporation of magnetic nanoparticles (MNPs) into the polymer network, for which favorable 

polymer matrix-NP interactions must occur. Additionally, to fulfil their role as drug reservoirs, 

hydrogels must also be mechanically robust in order to withstand fracture during cargo release 

and must be compatible with commercial marketed drugs, the majority of which are 

hydrophobic in nature. 

Based on these premises, we herein fabricated a multi-functional nanocomposite hydrogel for 

magnetic-stimulated drug delivery. By introduction of diaminotriazines (DATs) in the hydrogel 

backbone, a hydrophobic, physically-crosslinked and magnetic responsive hydrogel was 

fabricated (Fig. ) The key multi-functionality of the hydrogel laid on the DAT skeleton: strong H-

bonding interactions between DAT hydrophobic moieties allowed formation of a stable 

physically-crosslinked network, as well as a suitable hosting and release environment for 

hydrophobic compounds.2  Additionally, DAT centers served as efficient anchoring sites for MNP 

formation, which conferred the hydrogel with magnetic-responsiveness. 

 

Fig. Magnetic-responsive diaminotriazine hydrogels 
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NANOSTRUCTURED ELECTRODES PREPARED BY MAGNETRON SPUTTERING 
FOR WATER ELECTROLYSIS  
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Chemical Engineering 

Water electrolysis to obtain hydrogen in combination with intermittent renewable energy 

resources constitute a sustainable alternative to fossil fuels (see Figure 1). Anion Exchange 

Membrane water electrolysis (AEMWE) solves the problems associated with other traditional 

alkaline and proton exchange membrane water electrolysis techniques. Among the most 

promising non-platinum materials, nickel- and Ni-alloy-based layers have demonstrated high 

electrocatalytic activity and stability when they act either as electrodes in alkaline electrolyzers. 

Commonly, the catalyst load is incorporated onto the support using traditional techniques with 

little capacity to control de catalyst microstructure and composition. To solve these problems, 

we propose the use of Magnetron Sputtering (MS) technique to prepare the active electrode 

catalyst films for AEMWE. In this study, the influence of different fabrication parameters of 

nickel electrodes has been studied in a three-electrode glass cell and in a complete electrolysis 

cell obtaining a great stability and efficiency in relation to the amount of catalyst. In addition, a 

thorough structural and chemical characterization of these porous thin film electrodes by SEM, 

XPS, XAS and XRD, before and after being used, has been carried out.    

 

Figure 1. Coupling system of photovoltaic panels for domestic electrical energy self-sufficiency. 
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RESISTANCE TO OXIDATION OF SO2 FREE RED WINES ELABORATED WITH 
NATURAL ANTIOXIDANTS 
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Food Science and Technology 

As a result of the harmful effects that SO2 can have on health, the oenological sector is looking 

for natural antioxidants that can replace or reduce the dose of SO2 used in winemaking. 

Chitosan, inactive dry yeast and different winery by-products have been studied as alternatives 

to the use of SO2. However, the resistance to oxidation of the red wines fermented with these 

products is unknown. Electron paramagnetic resonance (EPR) is presented as a technique that 

allows the direct detection of free radicals in complex systems and allows determination of the 

level of oxidation in wines [1]. In this sense, the present study aimed to evaluate the influence 

of chitosan, inactive dry yeast and two extracts from winery by-products (stem and shoot) on 

the formation of 1-hydroxyethyl radical in red wines.  

Six types of red wines from grapes Vitis vinifera L. Cv. Cabernet Sauvignon were elaborated in 

triplicate: control wine without SO2, wine with SO2, wine with chitosan, wine with inactive dry 

yeast, wine with stem extract and wine with shoot extract. The resistance to oxidation of the 

wines was evaluated by EPR using POBN as spin trap. The results showed that all wines produced 

1-hydroxyethyl radical induced by air bubbling and exposure to visible light during 6 min. The 

lowest concentration of the 1-hydroxyethyl radical was found in wines elaborated with SO2, 

chitosan and inactive dry yeast. While the wines with stem and shoot extracts showed lower 

resistance to oxidation. Chitosan and inactive dry yeast could be considered as potential natural 

alternatives for reducing SO2 in red winemaking because they allowed the elaboration of red 

wines capable of controlling the formation of 1-hydroxyethyl radical. 
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“EFFECTS OF CENTRAL LEPTIN ON METABOLIC REPROGRAMMING OF ADIPOSE 
TISSUE. ROLE OF PPARβ/δ AND FGF21” 
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Ciencias de la Salud 

The adipose tissue is a dynamic organ that serves as a nutritional sensor of the energy stored. 

The flexibility of the adipocytes signaling an excess or demand of energy has the origin in an 

extremely well-coordinated control of transcription that allow the adipocyte to shifts rapidly in 

response to changes in nutritional status and nutrients intake. These molecular processes are 

commonly known as metabolic/transcriptional reprogramming, indicative of physiological 

adaptations of an organism.  Leptin is one of the most important adipokines identified signaling 

at central level to indicate excess of energy. Thus, metabolic disorders are generally 

accompanied by impairing in leptin signaling due to a phenomenon referred as leptin resistance. 

However, the molecular mechanisms or initial events that lead to the development of these 

pathological states are not well defined and require further investigation. In this research work 

we have studied potential central leptin effects on visceral white adipose tissue metabolic 

reprogramming dependent on PPARβ/δ activity, a transcription factor involved in lipid 

homeostasis. The study was performed in young male Wistar rats of 3-months-old. Central leptin 

treatment (0,2 µg/day, 7 days) was administered by intracerebroventricular surgery and mini-

osmotic pumps were placed in the interscapular subcutaneous space. Inhibition of PPARβ/δ 

activity was performed by “in vivo” intraperitoneal pharmacological administration of the 

selective antagonist GSK0660. The results obtained in this experimental work show that 

PPARβ/δ activity is required for the anorexigenic effects of central leptin and its lipolytic actions 

exerted, through the Central Nervous System (CNS), on white adipose tissue. Moreover, the 

pharmacological inhibition “in vivo” of this nuclear receptor induced lipid accumulation, 

increased adiposity and partially downregulated the browning capacity in epididymal white 

adipose tissue, impairing the oxidative and functional state of the adipocytes. Furthermore, 

central leptin treatment during 7 days decreased the circulating levels of the fibroblast growth 

factor 21 (FGF21), and at the same time that increased its endogenous adipose tissue 

expression, in parallel with the increased expression of key thermogenic markers, which are also 

related to the lipolysis process. Unexpectedly, GSK0660 treatment dramatically inhibited the 

endogenous FGF21 expression in epididymal white adipose tissue, suggesting a potential 

interaction between the transcription factor PPARβ/δ and FGF21 expression not previously 

described.   

  



14th	YOUNG	SCIENCE	SYMPOSIUM,	FACULTY	OF	CHEMICAL	SCIENCES	AND	
TECHNOLOGIES,	UCLM	

 46 

O-24 

ELECTROCHEMICAL TECHNOLOGIES FOR THE ELIMINATION OF ANTIBIOTICS IN 
HOSPITAL URINE  

A. Moratalla*, P. Cañizares, M. A. Rodrigo, C. Sáez  

Department of Chemical Engineering, Faculty of Chemical Sciences and Technologies, 

University of Castilla-La Mancha, 13005, Ciudad Real, e-mail: angela.moratalla@uclm.es  

Electrochemistry 

In last decade, the daily use of drugs has resulted in the continuous discharge of these drugs into 

the aquatic environment. The presence of pharmaceutical compounds in waste effluents has 

become a serious environmental problem on a global scale, which has led to an increased 

interest in detecting their presence in seas and rivers. The origin of the problem is that not all 

drugs are eliminated by conventional treatments carried out in the wastewater treatment 

plants. As a result, the presence of these drugs in aquatic systems poses a potential risk, and 

even partially unknown, for health and for the environment. Furthermore, this situation gives 

rise to an increase in bacterial resistance, which causes the drugs to be every less and less 

effective.  

In this context, electrochemical advanced oxidation processes (EAOPs) are an interesting 

alternative to conventional technologies due to its capacity to degrade complex molecules. The 

objective of the present work was to achieve the elimination of different pharmaceuticals such 

as antibiotics using a microfluidic flow-through cell. 
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GRAPHENE-BASED SULFONATE HYDROGELS: SOFT SCAFFOLDS FOR CELL 
CULTURE 
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Química Orgánica 

Heparin is an interesting molecule which plays an important role in a lot of biological processes. 

Their sulfonate and carboxylate functional groups allow the interaction with growth factors and 

proteins.1 However, its high anticoagulant effect may often lead to hemorrhagic complications.  

Hydrogels have attracted much attention in the field of tissue engineering in recent times, 

having numerous applications, especially as scaffolds for cell cultures.2 We have also shown that 

the introduction of graphene in the hydrogel structure improves their biocompatibility 

supporting the growth of cultured brain cells and, allowing neuronal adhesion.3 

In this work, we have carried out the preparation of novel graphene hybrid hydrogels based on 

sodium 4-vinylbenzenesulfonate (VBS), as a monomer mimicking heparin structure. Different 

hydrogels were characterized and compared in order to study their capacity to support living 

neurons. 

 

Figure 1. VBS based hydrogels in the presence and absence of graphene. 

References 

1. Capila, I.; Linhardt, R. J., Heparin–protein interactions. Angewandte Chemie International 

Edition 2002, 41 (3), 390-412. 

2. Merino, S.;  Martin, C.;  Kostarelos, K.;  Prato, M.; Vazquez, E., Nanocomposite Hydrogels: 

3D Polymer-Nanoparticle Synergies for On-Demand Drug Delivery. Acs Nano 2015, 9 (5), 

4686-4697. 

3. Martín, C.;  Merino, S.;  González-Domínguez, J. M.;  Rauti, R.;  Ballerini, L.;  Prato, M.; 

Vázquez, E., Graphene Improves the Biocompatibility of Polyacrylamide Hydrogels: 3D 

Polymeric Scaffolds for Neuronal Growth. Scientific Reports 2017, 7 (1), 10942.  

H2O

Graphene water
dispersion



14th	YOUNG	SCIENCE	SYMPOSIUM,	FACULTY	OF	CHEMICAL	SCIENCES	AND	
TECHNOLOGIES,	UCLM	

 48 

O-26 

INFLUENCE OF ULTRASOUNDS ON WINE MICROBIOTA 

Raquel Muñoz*, María Consuelo Díaz-Maroto, María Arévalo Villena 
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Tecnología de Alimentos 

The characteristic microbiota of a winemaking process involves numerous genera and species 

of yeast and bacteria. Yeasts, specifically S.cerevisiae, are responsible for carrying out the 

alcoholic fermentation. It has a great capacity to grow in the must due to its tolerance of high 

sugar content and low nitrogen concentration. On the other hand, other non-Saccharomyces 

yeasts may or may not be present. Dekkera anomala is one of the most problematic yeasts in 

winemaking.   

Moreover, lactic acid bacteria transform glucose into lactic acid as they have an aerotolerant 

anaerobic metabolism. The number of lactic acid bacteria during alcoholic fermentation is 

normally very low, however, their population increases very significantly in wines where 

malolactic fermentation takes place to decrease again in the finished product. The aim of this 

work was to study how different ultrasound treatments affect the vitality and viability of some 

of the characteristic microorganisms of wine: Lactobacillus plantarum and two different species 

of yeast, Saccharomyces cerevisiae and Dekkera anomala.  

Six different treatments were applied to fresh crops with a population of 106 cfu/mL, varying the 

conditions of exposure time, power and the use or not of electric pulses.  To study the effect on 

viability, plate counts were carried out, while the variation in vitality was quantified by obtaining 

the kinetic parameters of the microorganisms after each treatment. The mediums used were 

MRS and YPD for bacteria and yeasts respectively. In each case, in parallel, a positive control 

without application of ultrasound was used.   

The results showed that on some occasions the treatments had an effect on vitality or even 

increased it slightly; in others, the microbial metabolism was attenuated, which is mainly 

reflected in an increase in the latency phase and loss of viability. Finally, only one of the 

applications characterized by using the highest power and not using pulses, was able to destroy 

all the microorganisms. 
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Antitumoral effects of resveratrol through adenosinergic system on cervical 
cancer cell line 
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Biochemistry 

Cancer is a multifactorial disease that affects millions of people worldwide. Despite the efforts 

made, an effective treatment against this disease has not been found yet. Natural compounds, 

such as polyphenols, have emerged as preventive agents against cancer. Currently, we are 

focused on resveratrol, a phytoalexin mainly present in peanuts, grapes and red wine, which has 

shown a promising effect in inhibiting proliferation and cancer progression in 

several tumoral models. However, its molecular mechanisms remain unclear. Adenosine 

receptors (A1, A2A, A2B and A3) have emerged as a promising target in cancer due to its 

involvement in various stages of tumorigenesis, such as proliferation, angiogenesis and 

metastasis. Therefore, the main aim of this study was to determine antitumoral effects of 

resveratrol through adenosinergic system on human HeLa cells, a cancer cell line derived from 

epithelioma cervix. Cell viability by XTT method, adenosine receptors quantification by Western-

blotting and gene expression by real time PCR were assayed. Results herein showed a significant 

decrease on HeLa cell viability in a time- and concentration-dependent manner after treatment 

with resveratrol. Accordingly, there was a reduction in the number of treated cells. In addition, 

the treatment with this polyphenol caused an increase in A1 and A2A gene expression and a 

decrease in A2B protein level. Furthermore, 5’-Nucleotidase activity was determined and it was 

observed that resveratrol significantly reduced this activity in plasma membrane. As resveratrol 

has been shown to be a non-selective adenosine receptors agonist, these results suggest that a 

possible mechanism underlying antitumoral effect of resveratrol could be through adenosine 

receptor binding.  

 

  



14th	YOUNG	SCIENCE	SYMPOSIUM,	FACULTY	OF	CHEMICAL	SCIENCES	AND	
TECHNOLOGIES,	UCLM	

 50 

O-28 

Tumor lockdown: how to beat cancer through confinement measures 
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Despite progress in the treatment of breast cancer, a high percentage remains incurable and the 

disease is considered the leading associated cause of death in women worldwide. In this regard, 

several factors are involved in the initiation and progression of breast tumors. Tumor cells depend 

on external signals to grow. These signals come from the surrounding microenvironment, in which 

adipose tissue is the majority component. In addition, this tumor microenvironment (TM) provides 

a niche for tumor cells that may be responsible for the often poor response to treatment that certain 

breast tumors have. Triple negative breast tumors (TNBC) are characterized by the absence of 

hormone receptors on their membrane, so they lack specific targets that can be used for their 

treatment. Chemotherapy is the most widely used option, but the development of resistance is a 

frequent problem. These therapeutic limitations make TNBC the molecular subtype with the worst 

prognosis. 

In the present study, we evaluated the role of the adipose niche, in particular of adipose stem cells 

(ASC), which is the population with the greatest plasticity of adipose tissue, and then, the may have 

a more important influence on the initiation and progression of the tumor, as well as on the response 

to chemotherapeutic drugs in the most aggressive and worst prognosis breast cancer subtype 

(TNBC). 

To this end, we have generated an ex vivo niche tumor model from ASCs obtained from TNBC patients 

to recreate the patient's pathophysiological conditions in the laboratory as close as to reality as 

possible. Exposure to a conditioned medium prepared from these cells (ASCTNBC-CM) promotes 

tumorigenicity and invasiveness in breast cancer. Moreover, after exposure to ASCTNBC-CM, the 

inhibitory effect of three chemotherapeutic agents, cisplatin, doxorubicin and docetaxel, is reduced, 

increasing cell viability, the occurrence of metastasis during treatment and recurrence after it.  

The ex vivo tumor niche model used in this work provides relevant information for the understanding 

of TNBC tumors. In view of the role played by the adipose niche in the chemoresistance of TNBC, it 

is necessary to develop new therapies based not only on attacking the tumor population, but also 

the cells surrounding it. Thus, therapies that target both cancer cells and their TM can be more 

effective than those that target only tumor cells, since the lockdown of communication between the 

two may reverse the resistance to chemotherapy. 
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FLAVAN-3-OL COMPOSITION OF CHOCOLATE PANNED RAISINS 
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Food Sciences and Technology 

Raisins and chocolate are foods rich in phenolic compounds with great acceptance by 

consumers. However, since they are foods with different compositions, the combination of 

these two foods in a single product produces a complex matrix. Regarding the phenolic 

compounds, flavan-3-ols are the principal phenolic compounds in the chocolate and are an 

important class in grape phenolic composition too. Thus, the aim of this study was to evaluate 

the influence of this combination (chocolate + raisin) on the flavan-3-ols profile in the chocolate 

panned raisins (dragée) produced. For that, high performance liquid chromatography (HPLC) 

coupled to different types of detectors was applied. In general, it was noticed that the 

concentration of flavan-3-ols in the dragées produced was significantly high due to the 

contribution of chocolate. For the flavan-3-ol monomers group, five monomers ((+) – catechin 

(C), (-) – epicatechin (EC), (-) – epigallocatechin (EGC), (-) – gallocatechin (GC) and (-) - epicatechin 

3-gallate (ECG)) were detected in the dragées produced and in the raisins used as it’s center. EC 

was the major monomer with approximated value of 117 mg/kg of dried weight product (DW) 

in the dragées, an amount significantly (α = 0.05) higher than those found for the raisins (3,46 

mg/kg of product – DW). The results showed that the chocolate used to cover the raisins 

provided a significant increase in all monomers when compared to the raisin used as the dragée 

center, except for ECG, which was present in higher concentration in the raisins (0,87 mg/kg of 

product – DW) than in the dragées (0,17 mg/kg of product – DW). In the dragées evaluated, the 

EC alone accounted for about 23% of the total flavan-3-ols found, demonstrating to be the main 

phenolic compound in these products. For the dimers group, was detected the presence of 

procyanidins PB1, PB2 and PB4 in all samples evaluated, being the PB4 the one with the highest 

concentration in the dragée samples (approximately 247 mg/kg of product – DW) , followed by 

PB2, while PB1 remained in concentrations statistically equal (α = 0.05) to the raisin used as 

dragée center.  
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SPECIATION OF A POLYPHENOLIC PIGMENT IN FREE SOLUTION AND 
ENCAPSULATED INTO A NANOSCARRIER SYSTEM. QUANTIFICATION OF THIS 

BIOACTIVE IN A MICELLAR MEDIUM IN NUTRACEUTICALS 

E. Pinilla-Peñalver*, M. L. Soriano, A. M. Contento, A. Ríos  

Dpto. de Química Analítica y Tecnología de los Alimentos, Universidad de Castilla-La Mancha, 

Avda. Camilo José Cela s/n 13001 Ciudad Real, e-mail: Esther.Pinilla@uclm.es  

Química Analítica 

Nowadays, the use of bioactive lipophilic molecules in food industry offers unresolved issues such as 

their poor aqueous solubility, reduced bioavailability and pH sensitivity.  Curcumin is one of these 

compounds that belongs to the family of polyphenols which offers beneficial properties for human 

health. Those mentioned problems have been tried to be solved using nanotechnology for 

developing nanostructured organic compounds.1 Several techniques for nanoencapsulation of 

bioactive compounds have been developed, which has raised serious concerns due to the lack of 

toxicological information about these nanostructured systems. Due to this fact, it is necessary to 

develop analytical procedures to monitor and discriminate between these two different 

environments of analytes.  

Here, nanocurcumin was prepared by encapsulating this bioactive into water soluble nanomicelles 

to solve a problem of food industry and a smart application based on carbon material was 

developed, being able to distinguish between nanoparticulated and free forms of curcumin. Using 

well-designed and characterized graphene quantum dots (GQDs), it was demonstrated a novel 

application for the speciation of curcumin in both environments without the need of an analytical 

separation technique or complex instrumentation. In particular, the determination of free curcumin 

was based on a gradual quenching on GQDs photoluminescent emission as well as a red shifting on 

its maximum wavelength by increasing its concentration. In contrast, nanocurcumin only produced 

a quenching effect on the GQDs intensity remaining constant its maximum wavelength. These 

findings form the basis of a new method for the recognition of nano-sized curcumin and free 

curcumin species in complex matrix. Its applicability was tested in enriched beverage and 

nutraceutical samples containing either free curcumin or nanocurcumin. Results reveal an excellent 

selectivity of the ensuing GQDs as fluorescence probe for discriminating between micellar 

formulations of curcumin and free curcumin in food. 
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PUSH-PULL AZAHETEROCYCLIC CHROMOPHORES: SYNTHESIS, PHOTOPHYSICAL 

PROPERTIES, AND USE FOR WHITE LIGHT EMISSION.  
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Química Orgánica 

Conjugated push–pull chromophores based on azaheterocyclic fragments have been 

investigated in recent years.1 Indeed, the photophysical properties of these materials can be 

easily tuned by environmental stimuli such as polarity, pH, and the presence of metal cations. 2 

Six-membered nitrogen heterocycles such as pyridine, quinoline, and (benzo)diazines act as 

moderate-to-strong electron-withdrawing groups. When protons or metal cations are added, 

the photophysical properties are modified due to the interaction with the electron lone pair of 

the nitrogen atoms of the heterocycle, which leads to an increase in the electron-withdrawing 

character and enhances the intramolecular charge transfer to the chromophore.3 This kind of 

phenomenon has been used to obtain sensors and a variety of optical switches.4 

In this communication, we will describe a new series of conjugated push-pull pyrimidines and 

(iso)quinolines. They exhibited emission solvatochromism in a variety of non-polar solvents, and 

tunable halochromism. Some of the compounds remained moderately luminescent after 

protonation and these had a orange-red emissive form, which was used to obtain white light 

emission, both in solution and in thin film, by the controlled protonation of the initially violet-

blue-green emitting materials. This methodology has potential applications in white OLED 

fabrication with two forms of a single emitter in equilibrium. 
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CO2 PHOTOCATALYTIC REDUCTION WITH CNT/TiO2/Cu BASED 
NANOCOMPOSITES PREPARED BY SUPERCRITICAL CO2 
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Chemical Engineering 

From all the possible solutions to reduce atmospheric CO2 concentration, our group has gained 

some experience in the CO2 photoreduction with simulated sunlight and TiO2-based catalysts. 

In previous works we reported that the TiO2-based catalysts (nanoparticles, nanofibers) 

synthesized in supercritical conditions improved the catalysts properties and CO2 reduction 

yields regarding those catalysts prepared by traditional synthesis.1,2 However, there was still 

room for improvement. In this context, the present work reports novelties found when 

synthesizing TiO2 composites modified by the addition of carbon nanotubes (CNT). Particularly, 

the CNT/TiO2 proportion and Cu load for different CNT/TiO2 and CNT/TiO2/Cu nanocomposites 

have been assessed.3 In addition, two types of supercritical synthesis were implemented and it 

could be observed that the catalysts synthesized in one step exhibit better photocatalytic 

activity than those obtained with the two steps synthesis. 

The best results were obtained when the TiO2 nanoparticles were supported on to carbon 

nanotubes with a proportion of CNT/TiO2 (50%-50%). The excellent optoelectronic qualities of 

carbon nanotubes combined with TiO2 increased the generation of products in the CO2 

photoreduction. Specifically, they were 15 (methane) and 4 (carbon monoxide) times higher 

than with commercial TiO2, P25. However, the effect of copper doping was overshadowed by 

the effect of CNT support. 
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Applying statistics criteria in rational selection of probiotic Lactobacillus strains 
to be used as biocontrol agents 
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Food Science and Technology 

In recent years, there has been an increasing interest in alternatives to the use of additives to 

ensure food safety. The use of probiotics has been concentrated on human health, but their use 

as biocontrol agents is gaining importance nowadays. Ninety-eight Lactobacillus (Lb.) strains 

belonging to thirteen species isolated from different fermented food and drinks were screened 

to select those with the best probiotic and antimicrobial properties. Firstly, a screening based 

on growth kinetics under gastrointestinal tract (GIT) conditions was carried out. Twenty-eight 

strains were able to grow under simulated GIT conditions and these strains were assayed for 

autoaggregation, coaggregation and hydrophobicity. 7.1% were strongly autoaggregating 

strains after 4 hours of incubation. Differences between strains were observed in both 

aggregation activities. Strains belonging to Lb. plantarum and Lb. paraplantarum species showed 

the highest coaggregation percentages with the two pathogens tested: Salmonella choleraesuis 

and Staphylococcus aureus. Regarding hydrophobicity, there was correlation between the 

results obtained for the two solvents (xylene and toluene) although better results were obtained 

with toluene. Twenty strains, selected by principal component analysis (PCA), were identified as 

potential probiotics and were selected for further study forming biofilms and adhering to Caco-

2/TC7 cells. The percentage of cells that form biofilms was around 53-75%. Adhesion to Caco-

2/TC7 cells was around 51-97%, and Lb29 strain belonging to Lb. paracasei had the greatest 

percentage of adhesion (97%). Furthermore, antimicrobial activity of all ninety-eight strains was 

also carried out. 51% of strains showed antimicrobial activity against the four species indicators 

used: Salmonella choleraesuis, Staphylococcus aureus, Bacillus cereus and Listeria 

monocytogenes. The results showed that three strains, Lb. paracasei Lb38, Lb. plantarum Lb93 

and Lb. brevis Lb99, showed both the best probiotic profile and antimicrobial properties. 

Therefore, these strains have displayed great potential to be considered both as potential 

probiotics and biocontrol agents in the food industry. 
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SUBSTITUTED ALKYNYLBENZENES AND BITHIOPHENES-BASED CRYSTALLINE 
STRUCTURES: X-RAY STUDY AND OPTICAL WAVEGUIDE BEHAVIOUR 

C. Tardío*, I. Torres-Moya, P. Prieto, A. de la Hoz 

Dpto. de Química Inorgánica, Orgánica y Bioquímica, Universidad de Castilla-La Mancha, Avda. 

Camilo José Cela 10, 13007 Ciudad Real; e-mail: Carlos.Tardio@uclm.es  

Área de Química Orgánica 

In last years, organic micro-nano/crystalline structures have received great attention as optical 

waveguides due to their ability to confine and propagate the light. For this reason, they are 

potential components of photonic circuits.[1]  

Photonic properties are highly dependent on the structure of the crystal, which is formed 

thought non-covalent intermolecular interactions between the molecules. In this way, these 

interactions play an important role in the photonic behaviour.[2] 

With the aim to establishing a structure-property relationship, fibrillar crystalline structures 

have been obtained by slow diffusion, through self-assembly of substituted alkynylbenzenes and 

bithiophenes. All compounds were synthesized by C-C coupling reactions under microwave 

radiation. 

X-Ray studies of crystals have shown the crucial role of non-covalent interactions in the 

supramolecular structure. By fluorescence microscopy, it has been demonstrated that these 

crystalline structures show optical waveguide behaviour, being potential structures to be 

integrated as components in photonic circuits. 
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EFFECT OF COVID-19 LOCKDOWN ON THE AIR QUALITY OF DIFFERENT CITIES 

G. Viteri*, Y. Díaz de Mera, A. Rodríguez, D. Rodríguez, M.Tajuelo, A. Escalona, A.Aranda 
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Área de Química – Física 

COVID-19 health crisis has forced an unprecedented confinement of population and drastic drop 

of industrial activities and transport in many countries. The benefits in air quality are evident for 

citizens and from remote sensing. Nevertheless, the atmospheric surface concentrations of 

pollutants are strongly dependent on meteorology and show high variability. Thus, the simple 

comparison of given days before and during the crisis may result misleading. Thus, in this work 

we statistically assess the changes of pollutants considering a wide database (2013-2020) from 

surface air quality monitoring stations. 

This work reports the short-term effects on air quality of such unprecedented paralysis of 

industry and transport in different size cities in Spain, one of the countries most affected by the 

virus and with the hardest confinement measures. Data series from ground-air quality 

monitoring networks have been analysed to assess changes in atmospheric pollutants during 

March-April 2020 due to this sudden paralysis of activity. The results show significant 

concentration drops of primary pollutants, including NOx, CO, SO2, BTX, NMHC and NH3. On the 

other hand, particulate matter changes were small due to the existence of other natural sources 

and no clear effect was observed for ozone concentrations. The results and conclusions for these 

cities may serve as behaviour model for other continental sites and help understand future crisis. 
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SUPERCRITICAL FLUID EXTRACTION OF BIOACTIVE COMPOUNDS 

E. Cruz*, J. M. García-Vargas, I. Gracia, J.F. Rodríguez, M. T. García 

Department of Chemical Engineering. University of Castilla-La Mancha. Faculty of Chemical 

Sciences. Avda. Camilo José Cela 12, 13071 Ciudad Real, Spain. Encarnacion.Cruz@uclm.es  

Ingeniería química 

In recent years, the increase in the demand of nutraceutical and pharmaceutical 

products of natural origin has led to the search of sources of bioactive products. In this sense, 

the agro-food sector of Castilla-La Mancha offers the possibility to obtain these products from 

low-value materials or residues, allowing both to satisfy the market need and encourage 

economic promotion. Special interest has been paid to compounds with antioxidant and anti-

inflammatory potential for the treatment of skin-related diseases such as atopic dermatitis. 

Several studies have shown the feasibility of extracting these compounds from essential oils of 

plants, residues of the wine industry or even purple garlic. 

Bioactive compounds are usually extracted with organic solvents. However, these 

methods have certain limitations such as high energy costs, high temperatures and low 

selectivity. For this reason, alternative methods are being studied, like supercritical fluid 

extraction (SFE). This technology is environmentally friendly and offers the versatility needed to 

treat different raw materials. Carbon dioxide (CO2) is the most widely used supercritical fluid, as 

it is inert, non-toxic and allows extraction at lower temperatures and pressures.  

Lavender essential oil has been extensively studied for its antioxidant and anti-

inflammatory potential, which is attributed to one of its predominant compounds, linalool. In 

this sense, the present work focuses on the supercritical extraction of this compound for its 

application in drugs and nutraceuticals. In order to obtain linalool, the equilibrium system of 

lavender essential oil with CO2 has to be studied, through the analysis of the influence of 

pressure and temperature, as well as the optimal conditions for supercritical extraction and 

isolation of this substance, which will be quantified by liquid and gas chromatography. 
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REMOVAL OF EMERGING POLLUTANT DIBUTYLHYDROXYTOLUENE FROM 
WATER WITH CNT/TIO2 CATALYSTS IN A VISIBLE LED PHOTOREACTOR 

M.P. de la Flor*, R. Camarillo, F. Martínez, C. Jiménez, J. Rincón 
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Chemical Engineering 

Heterogeneous photocatalysis based on TiO2 has been used in several studies as an effective 

Advanced Oxidation Process (AOP) for the removal of refractory pollutants in water streams. 

Further, since this technology allows using solar energy, it would be an economically and 

environmentally sustainable solution. However, the main drawback of using TiO2 as solar 

photocatalyst is that its high band-gap energy (~ 3.2 eV) allows working efficiently only with 

ultraviolet (UV) light. In this work, in order to reduce the TiO2 band gap so that it could absorb 

visible radiation, carbon nanotubes (CNT) are used to synthesize CNT/TiO2 composites in 

supercritical CO2 medium (Hemalatha et al., 2015). CNTs have been chosen to modify TiO2 

because they can also improve the photooxidation efficiency by other vias such as increasing 

pollutant adsorption to the catalyst surface, and accepting the photogenerated electrons in TiO2 

particles, thus hindering their recombination with holes. 

The objective of this study has been to explore the visible light assisted photodegradation of 

BHT (2,6-Di-tert-butyl-hydroxytoluene), a synthetic phenolic antioxidant (E-321) widely used as 

antioxidant and/or UV-filter, employing different CNT/TiO2 composites synthesized in 

supercritical CO2. First, the synthesis process of the catalytic material is analyzed and the effect 

of CNT percentage on the physico-chemical properties of CNT/TiO2 composites established. 

Next, we investigate the photocatalytic removal of BHT and the effect of process parameters, 

such as pH or composite CNT load, on pollutant degradation is determined. The roles played in 

the photocatalytic reaction by different reactive oxidative species such as h+, OH•, 1O2, and !!∙	$, 

have also been evaluated using appropriate scavengers. 
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CHEMICAL CHARACTERIZATION OF LA MANCHA CHELVA WINES: INFLUENCE OF 
WINEMAKING TECHNIQUE  

J.A. Delgado*, M. Osorio Alises, E. Sánchez-Palomo, M.A. Ferrer Valverde, M.A. 

González-Viñas  

Dpto. de Química Analítica y Tecnología de Alimentos, Universidad de Castilla-La Mancha, Avda 

Camilo José Cela, 10, 13071 Ciudad-Real; e-mail: JuanAntonio.Delgado@alu.uclm.es  

Tecnología de Alimentos 

The present research work had a two principal aims one is a study of the volatile composition of 

Chelva wines from Castilla-La Mancha and on the other research the effect that different 

winemaking techniques, wine treatment with glycosidic enzymes and pre-fermentative 

maceration of the must, have on the volatile compounds of the aroma of La Mancha Chelva 

wines. Volatile compounds were isolated by solid phase extraction and them analyzed by gas 

chromatography coupled to mass spectrometry. The aroma of control wines was characterized 

by higher concentrations of C6 and benzenic compounds. The pre-fermentative maceration of 

the must with the solid parts of the grape and the treatment of the wine with glycosidic enzymes 

increased the concentration of the main varietal compounds of Chelva wines. The compounds 

responsible for aromatic differentiation of wines based on the processing technique used were 

mainly isoeugenol, β-damascenone, (Z)-3-hexene-1-ol, linalool and ethyl hexanoate. According 

to the results it may be concluded that all studied winemaking techniques provides a viable 

alternative to traditional winemaking methods for improve and enhancing the aroma profile of 

La Mancha Chelva wines, increasing the offer to the consumer, which favors the differentiation 

of our wines on the national and international market. 
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Gas-phase reactivity of acetaldehyde with OH at ultra-low temperatures (11.7-
177.5 K)  

D. Gonzáleza*, S. Blázqueza, E.M. Neemana, M. Antiñolob, B. Ballesterosab, J. 

Albaladejoab and E. Jiménezab  

aDpto. de Química Física. Universidad de Castilla-La Mancha, Avda. Camilo José Cela 1B, 13071, 

Ciudad Real, Spain e-mail: Daniel.gperezmadrid@uclm.es bInstituto de Investigación en 

Combustión y Contaminación Atmosférica. Universidad de Castilla-La Mancha, Camino de 

Moledores s/n, 13071, Ciudad Real, Spain 

Physical Chemistry 

Acetaldehyde (CH3CHO) has been observed in the cold sources of the interstellar medium (ISM). 

As hydroxyl (OH) radical is ubiquitous in many interstellar environments, it is a key intermediate 

in many reactive processes in the ISM. Hence, the gas-phase kinetics of the OH + CH3CHO 

reaction is important to be known at the ultra-low temperatures of the ISM (T~10-100 K). This 

reaction has been studied due to its importance in atmospheric (down to 200K) and combustion 

chemistry (up to 1400 K). To date, the only determination of the rate coefficient, k(T), below 200 

K for the title reaction was carried out by Vöhringer-Martínez et al.[2] at 60, 77, 106 and 118 K. 

These authors observed an increase of k(T) with respect to that at room temperature of ~5 times 

at 60 K and ~2 at T>100 K. In this work, the temperature dependence of k(T) for the OH+CH3CHO 

reaction has been determined in a extended range between 11.7 K and 177.5 K. It is essential to 

include the kinetic data at ultralow temperature (close to 10 K) to include in a pure gas-phase 

model that predicts the abundances of existing and/or undetected species (e.g. CH3CO radicals, 

main product at IS temperatures) in the ISM, as will be presented. To study this reaction the 

CRESU (French acronym for Reaction Kinetics in an Uniform Supersonic Flow) system allows us 

to achieve ultra-low temperatures, by cooling down the gases below the freezing point without 

their condensation, based on a supersonic expansion [3]. This technique was coupled to PLP-LIF 

(Pulsed Laser Photolysis/Laser Induced Fluorescence) to perform the kinetic study. The potential 

pressure dependence of k(T) has been measured at several temperatures, as well.  
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MECHANOCHEMICAL PREPARATION OF PIEZOELECTRIC NANOMATERIALS: BN, 
MoS2 AND WS2 2D MATERIALS AND THEIR GLYCINE-COCRYSTALS. 

V. J. Gonzáleza*, A. M. Rodrígueza, I. Payob, E. Vázqueza,c 

aInstituto Regional de Investigación Científica Aplicada (IRICA), UCLM, 13071 Ciudad Real, 

Spain. bEscuela de Ingeniería Industrial y Aeroespacial de Toledo, UCLM, Avenida Carlos III s/n, 

Real Fábrica de Armas, Toledo, Spain. cFacultad de Ciencias y Tecnologías Químicas, UCLM, 

Avda. Camilo José Cela S/N, Ciudad Real, Spain; e-mail: VivianaJ.Gonzalez@uclm.es 

Química Orgánica 

Piezoelectric materials have a unique property that converts mechanical energy into electrical 

energy or vice versa.1 Barium titanate is the first piezoelectric ceramic ever discovered, but the 

ceramic lead zirconate titanate, also known as PZT, is the most used material for piezoelectric 

harvesting.2 Different nanomaterials in the dichalcogenides family have been theorised to have 

piezoelectric behaviour. Some of them have been tested, such as boron nitride and molybdenum 

disulphide, and confirmed experimentally. Still, the procedures to obtain these nanomaterials, 

with the right quality to observe the piezoelectric behaviour, are enormously expensive, halting 

its possible applications.  

Here, we show different 2D-layered nanomaterials through their mechanochemical exfoliation 

with glycine such as boron nitride (BN), molybdenum disulphide (MoS2), Tungsten disulphide 

(WS2) and graphen (FLG) of 2D nanomaterials (FLG, BN, MoS2 and WS2). We have also 

successfully synthesised the cocrystals for these nanomaterials,2 which makes it possible to 

enhance their piezoelectric responses.3 
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SUSTAINABLE ORGANIC CHEMISTRY: SYNTHESIS AND EXTRACTION OF HIGH VALUE-
ADDED CHEMICALS FROM TABLE OLIVE WASTEWATERS 

A.J. Huertas-Alonso,*1, 2 A. García,1 M. Salgado,1 A. Lorente,1 M.P. Sánchez-Verdú,1  
B. Cabañas,2 A. Moreno1 

1Department of Inorganic, Organic and Biochemistry. Faculty of Chemical Sciences and 

Technologies. University of Castilla-La Mancha. 2Department of Physical Chemistry. Faculty of 

Chemical Sciences and Technologies. University of Castilla-La Mancha 

Alberto.HAlonso@uclm.es  

Química Orgánica 

Spain is the world-leader table olive producer, and the Spanish-style green olives 

comprise almost 50% of total table olive production. During table olive processing, high amounts 

of lye are employed to remove olive bitterness, mainly due to a secoiridoid glucoside called 

oleuropein,1 to make them edible. Also, high amounts of water are necessary to remove lye 

completely. 

The physicochemical composition of these wastewaters is characterised by an enormous 

amount of organic matter (mainly phenolic compounds), high Chemical Oxygen Demand (COD) 

and pH,2 which give them a considerable phytotoxicity and, together with the huge amount of 

wastewater produced by table olive industry, pose a threat to the environment. For this reason, 

a wide range of studies have merged nowadays aimed to valorise this residue.3 

In this study, we present for one hand the extraction of tyrosol (TY) and hydroxytyrosol 

(HT) from table olive processing wastewaters and their quantification by Nuclear Magnetic 

Resonance (NMR). For the other hand, the synthesis of high added-value chemicals, namely 5-

Hydroxymethylfurfural (5-HMF) and levulinic acid (LA) from the sugar-rich aqueous phase after 

extraction, using environmentally friendly conditions, such as microwave radiation, 

homogeneous catalysis or water as solvent. 
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TRACEABILITY AND QUALITY ASSESEMENT OF WINE CORK STOPPERS USING 
VOLATILE FRACTION ANALYSED BY SPME-GC-MS 

M. Alarcón*, L. Loarce, M. López-Viñas, M.E. Alañón, M.C. Díaz-Maroto y M.S. Pérez-

Coello 

Faculty of Chemical Sciences and Technologies, University of Castilla-La Mancha, Avda. Camilo 
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Area of Food Technology 

Nowadays, natural cork stoppers are still the chosen closures for bottling quality wines, 

representing a high cost for wineries and one of the most important factors that influence wine 

quality. The certification of its quality and its traceability is a great challenge for the cork 

industry, being the physical-chemical characterization a very useful tool when establishing these 

parameters. The volatile fraction of cork is made up of a high number of compounds that, even 

when in a small concentration, can influence the final aroma of the wine. On the other hand, 

these compounds come from the cork sheets used to make the stoppers and, therefore, can be 

good indicators of their origin. In this work, a total of 140 volatile compounds (terpenes, esters, 

acids, aldehydes and hydrocarbons) from natural cork stoppers of different qualities and origins 

have been analyzed, using a fast and sensitive technique such as SPME-GC-MS. Based on these 

compounds, it has been possible to establish differences between stoppers of different origins 

and qualities, showing that the volatile composition of corks can be very useful for the 

differentiation and classification of cork stoppers, as well as to establish their traceability. 
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“Teamwork to beat breast cancer” 
 

S. Martinez-Canales1,2, C. Nieto-Jiménez1,2*, A. Alcaraz-Sanabria1*, V. Corrales-Sánchez1, 
J. C. Montero3, M. Burgos1, A. Pandiella3, A. Ocaña1,2,4 and E. M. Galán-Moya2 
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2Translational Oncology Laboratory, Centro Regional de Investigaciones Biomédicas (CRIB), 
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Bioquímica 

In 2019, the number of new cancer cases diagnosed in Spain reached 277,234, with breast 

cancer being the second most prevalent. Some types of breast cancer are incurable diseases 

with limited therapeutic options. Among the approved therapies, are chemotherapies that 

modify the genetic material. One of the main problems of these treatments is the development 

of resistances. Targeting DNA repair mechanisms, like the inhibition of the Chk1 kinase, has 

become one interesting therapeutic option because then cells cannot repair the DNA 

modification. In this study, we explored synergistic interactions of Chk1 inhibitors (rabusertib 

and SAR020106) with those clinical treatments for breast cancer. In addition, we evaluated the 

role of these agents to overcome platinum resistance. Using a panel of breast cancer cell lines, 

we identified a synergistic interaction between Chk1 inhibitors and platinum compounds. This 

association increased apoptosis through a caspase dependent mechanism. Rabusertib 

demonstrated activity in combination with cisplatin in one breast cancer platinum-resistant cell 

line, inducing an increase in cell death and, therefore, overcoming the resistance to this 

compound. Combination of Chk1 inhibitor with cisplatin and gemcitabine resulted in more 

activity than single or double combinations. In conclusion, in this study we identify novel 

therapeutic options for the clinical development of Chk1 inhibitors and confirm that the 

inhibition of this kinase can overcome acquired resistance to cisplatin. 
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CARBON-BASED NANODOTS AS EFFECTIVE ELECTROCHEMICAL SENSING TOOLS 
TOWARDS THE SIMULTANEOUS DETECTION OF BIOACTIVE COMPOUNDS IN 

COMPLEX MATRICES  

C. Montes*, M. L. Soriano, M. J. Villaseñor, A. Rios  

Dpto. de Química Analítica y Tecnología de los Alimentos, Universidad de Castilla-La Mancha, 
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Química Analítica 

A comparative study about the electroanalytical performance of three types of carbon-based 

nanodots (CND, CQD and GQD) has been accomplished. After the structural (TEM, FTIR, Raman 

and fluorescence) and electrochemical characterization (using specific redox probes, outer and 

inner sphere systems), the electroanalytical capabilities of these carbogenic nanodots as 

suitable sensing tools towards the simultaneous detection of several bioactives like vitamins 

(ascorbic acid or Vit C, pyridoxine or Vit B2, riboflavin or Vit B6) and amino acids (cysteine and 

tyrosine) were also evaluated and discussed attending to the main interactions responsible for 

improvement in peak currents and potentials. Finally, GQD-based electrodes, selected as the 

best choice, were submitted to an exhaustive electroanalytical performance characteristics 

evaluation. The results in terms of reproducibility and repeatability evidenced the good 

precision of the electrodes considering a potential manufacturing process (batch-to-batch 

evaluation). Detection limits (LOD) for riboflavin, ascorbic acid and tyrosine were found to be of 

0.83 µM, 0.1 mM and 0.12 mM respectively, whereas their corresponding quantification limits 

(LOQ) were 2.50 µM, 0.30 mM and 0.35 mM, respectively. GQD-Nf was satisfactory applied for 

the simultaneous determination of three diverse analytes in commercial sports supplements 

whose their discrimination is usually difficult for their closer oxidation potentials. The DPV 

signals of Mincartil, Vitax and L-Tyrosine BioTech samples showed RSD values (n=5) for riboflavin 

(Mincartil) of 4.2 (current) and 3.1% (peak potential),  for ascorbic acid (Vitax) of 1.6 (current)  

and 1.1% (peak potential), and for tyrosine (L-Tyrosine Biotech) of 4.6 (current) and 0.7 % (peak 

potential), respectively.  The success of this simple drop-casting procedure was also proved by 

affording the simultaneous detection of three diverse bioanalytes in complex commercial 

matrices and with lower detection limits in comparison to other reported proposals from similar 

nature.  
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GAS-PHASE KINETICS OF OH(H2O) AND H2O2(H2O) COMPLEXES AT ULTRALOW 
TEMPERATURE: FORMATION AND OH REACTIVITY. 
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Physical Chemistry 

Water vapor, H2O, is one of the most abundant species in the Earth’s atmosphere 

(T~220-298 K, in the troposphere), but it can also be found in the atmosphere of many 

objects in the solar system at low temperature conditions (T≤150 K), such as Jupiter’s 

and Saturn’s moons. One of the most relevant processes involving H2O in our 

atmosphere is the formation of the main diurnal oxidant, the hydroxyl (OH) radicals, 

which act as a major sink for many species. In addition, H2O can form hydrogen-bonded 

complexes with many atmospheric species and consequently influences the radiation 

balance on Earth and affects the atmospheric chemistry. Water complexes have 

received much attention in past decades in atmospheric chemistry, because of their 

impact on the radiative balance and their reactivity towards atmospheric radicals. As 

complexation is favored at low temperatures, the CRESU (French acronym of Cinétique 
de Réaction en Ecoulement Supersonique Uniforme)1 technique is an excellent tool to 

investigate the formation of water complexes and their reactivity in the gas-phase. We 

studied and reported for the first time, the formation and OH-reactivity rate coefficients 

of OH(H2O) and H2O2(H2O) complexes at ultra-low temperature. Photolysis of gaseous 

H2O2 was used as a source of OH radicals in a pulsed CRESU apparatus and the OH loss 

was monitored by laser induced fluorescence as a function of [H2O]0 in excess with 

respect to [OH]0. A kinetic model that interprets the experimental observations provides 

the rate coefficients for the formation of OH(H2O) and H2O2(H2O) complexes and for the 

OH-reaction of H2O2(H2O) and (H2O)2 at 21.7 K.  
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PROTACS: BREAKING THE BARRIERS OF BREAST CANCER 
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Bioquímica 

Breast cancer (BC) it is the most common tumor in women worldwide. In Spain in 2018, more 

than 32,000 patients were diagnosed with this disease, representing 28.7% of all cancer cases in 

women. It is not just one disease, people affected do not always have the same prognosis or the 

same treatments. This is because BC is classified according to the presence of molecules located 

on the surface of the tumor cell that serve as a pharmacological target. Triple negative breast 

cancer (TNBC) is the most aggressive subtype. It lacks these targets; therefore, novel therapies 

are needed. At present, TNBC is only treated with chemotherapy, which has two drawbacks: 

inespecificity and drug resistance.  

PROTACs (proteolysis targeting chimera) are a new generation of targeted therapies drugs.  A 

PROTAC is composed of three parts; an E3 ligand that binds to an E3 ligase, a ligand that binds 

to the protein of interest, and a linker connecting the two ligands. E3 ligase can marker the 

protein by ubiquitination, targeting it for destruction by the proteasome. In our study, we 

explore the antitumoral activity of two PROTACs, MZ1 and ARV-825, against BRD4 protein. Both 

PROTACs efficiently and maintained deleted the levels of BRD4. We evaluated the 

antiproliferation effect using MTT assay, colony-forming assay, and three-dimensional cultures. 

They showed a profound antiproliferative effect in using 2D and 3D cultures. To explore the 

molecular mechanism of drugs we used flow cytometry. The analysis of protein expression was 

determined by western blot. A profound effect on apoptosis was observed in these experiments. 

In vivo studies included mice that were injected with MDAMB-231 JQ1 (BRD4 inhibitor, no 

PROTAC) resistant cells. Administration of MZ1 was able to recue tumor growth in nude mice of 

MDA-MB-231 JQ1 resistant cells, by reducing the expression of BRD4. We describe the profound 

activity of MZ1 and ARV-825 in TNBC cell lines and in an in vivo resistant model. This data 

provides options for further clinical development of these agents in TNBC. 
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Autonomous self-healing hydrogels and their mechanism 

F.J. Patiño*, A. Naranjo, C. Martín, A. Martín-Pacheco, A. M. Rodríguez,  

M. A. Herrero, E. Vázquez  

Facultad de Ciencias y Tecnologías Químicas, UCLM, Avda. Camilo José Cela S/N, 13071, Ciudad 

Real, Spain.; e-mail: FcoJavier.Patino@alu.uclm.es  

Organic Chemistry 

 The idea of making a device able to repair itself when it gets damage is very attractive. 

This self-healing ability is desired for engineers and chemists who have been working thoroughly  

to obtain these auto-reparable products. This kind of materials is no longer unattainable but is 

currently  a real fact, as already some commercial coating agents and mobile protectors with 

self-healing ability exist and other devices are focused of intensive research.   

Here, we present a hydrogel, which is a 3D polymeric material able to absorb large 

amounts of water without being dissolved by the aqueous medium.  Our hydrogel shows the 

ability to self-heal at a particular amount of water and keeps the water inside the hydrogel at 

ambient conditions. In order to improve the self-healing behaviour of our hydrogel, the first step 

is to understand the mechanism. Therefore, different experiments were performed: a) 

computational studies and thermal analysis were performed to understand the role of a specific 

amount of water inside the polymeric network and b) when the water was replaced by DMSO, 

the hydrogel lost the self-healing ability.  The analysis of these studies allowed us to conclude 

that self-healing is due to the formation of hydrogen bonds between water molecules inside the 

network. One water molecule acts as a bridge between the solvation cells of the two ammonium 

groups (Fig. 1).  The amount of water needs to be precise as otherwise a high water content also 

leads to the loss of the self-healing feature. 

 

  

Figure 1: Proposed hydrogel self-healing mechanism 
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COX-FREE HYDROGEN PRODUCTION FROM AMMONIA DECOMPOSITION REACTION 

M. Pinzón-García*, A. Romero, P. Sanchez  
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Chemical Engineering 

Alternative energies are urgently needed due to the decrease in the reservoirs in fossil-fuels and 

environmental damage caused by fossil-fuels combustion. Hydrogen (H2) is widely recognized as 

an important “energy vector” because it can be used as an environmentally clean energy carrier 

for portable applications using fuel cells and internal combustion engines, releasing only non-

toxic by-product such as water. The security of the storage and distribution techniques for 

hydrogen is a problem that is currently slowing the utilization of the existing hydrogen fuel cell 

technologies. Thereby, alternative hydrogen storage technologies are required.  

One of these alternatives can be storage hydrogen chemically in hydrogen-rich molecules (called 

“hydrogen carriers”) such as methanol, methane, metal amine salts, ammonia and related 

compounds or hydrides. Among them, ammonia (NH3) with high H2 content (17.6 wt%), suitable 

physical properties and well established technologies of production and distribution, has been 

considered as an excellent hydrogen carrier1. In addition, the ammonia decomposition reaction 

occurs at high temperatures and only produces nitrogen (N2) and hydrogen, therefore, NH3 is a 

carbon-free hydrogen carrier due to its decomposition only yields N2 and H2. 

The aim of this project is to explore different novel catalysts to find an effective and economical 

process to produce hydrogen from ammonia decomposition. In this sense, high activity (close to 

100% conversion), high stability of catalyst and both low load of noble metal and low reaction 

temperature (<500°C) are required.  

 

References 
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Safety assessment of strains of Lactobacillus isolated in different fermented 
foods: biogenic amines production. 
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Food Sciences and Technology  

Biogenic amines (BA) are low molecular weight substances, formed mainly by 
decarboxylation of amino acids present in food by some microorganisms. They are toxic 
compounds that can cause adverse effects on consumers. Since the accumulation of BA 
presents a toxicological risk to the health of the consumer, is very important to control their 
occurrence and production in food. Therefore, is essential to evaluate the safety of the 
strains to be used for food production. The aim of this work was to analyse the BA 
production by strains of Lactobacillus spp. isolated from several food ecosystems. This 
bacterial group has been used for many years such a safe microorganism to produce 
fermented foods, but in previous studies it has been demonstrated that certain strains of 
lactobacilli could produce BA. The results of the analyses showed that 58% of the strains 
were BA non-producers. In addition, it was possible to verify how the decarboxylation of 
amino acids capacity is strain dependent.  
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DEGRADATION OF PESTICIDES BY A COUPLED OXIDATION ADVANCED PROCESS 
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Chemical engineering 

The need to increase the quality and quantity of agricultural products requires the control of 

living organisms that produce damage to crops; the most common way to deal with this problem 

is the use of pesticides. However; the lack of adequate human training on the correct application 

has led to an excessive use of them and thus the pollution of soil, groundwater and surface 

water. The degradation of pesticides listed as persistent organic pollutants (POPs) has been 

studied through various treatment technologies. For example, biological treatments reported 

that the biodegradation is significantly affected by specific concentrations of pesticide, pH, 

temperature and long treatment time. Furthermore, in many cases, the last degradation product 

is more toxic that the objective pesticide. Attractive alternative technologies as Advanced 

Oxidation Processes (AOP‘s) for the  degradation of (POPs) have emerged as promising methods 

for wastewater treatment. Because they have been reported to be relatively simple, easy to 

control, and result in a high oxidation degree and compatibility with the environment. 

This work evaluates the electro-oxidation-ozone coupled treatment as a viable process for the 

degradation of pesticides such as Endosulfan and Clopyralid. These technologies increase the 

formation of radical oxidizing agents as ·OH, O3, and H2O2. These radicals achieved high efficiency 

in the treatment by improving removal rates, reducing treatment time, energy consumption and 

operating costs. 

The results of the electrofenton-electrooxidation-ozonation (EF/EO/O3) for the endosulfan 

degradation show: Electrooxidation with Boron doped diamond (BDD) electrodes process 

achieved 49% of endosulfan degradation efficiency in 2 h, Ozonation process removed 62% in 

2h and electrofenton allows a 72% of endosulfan degradation efficiency. The integrated process 

EO/O3 improved the removal with 89% of removal efficiency in 2 h, but the EF/EO/O3 increases 

the removal to 92% and decreases the treatment time to only 1h, optimizing the process with a 

lower energy consumption. 
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HAS CENTRAL LEPTIN THE ABILITY OF CONTROLLING THERMOREGULATION?  
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Bioquímica 

Leptin at central level seems to play an important role in the protection of peripheral tissues. In 

heart, it protects against damage produced as a result of diseases like obesity, which 

degenerates into diabetes, hypertension or heart failure. Our group has recently demonstrated 

that some actions of central leptin in the heart are produced through the nuclear receptor 

PPARβ/δ. Herein we study the role of the heart in the thermogenic effect of central leptin. 

To this end, we analysed the effects of intracerebroventricular leptin infusion 7 days (0.2μg/day) 

on cardiac metabolism in 3-month-old Wistar rats with normal leptin sensitivity; and examine 

the effects of pharmacological inhibition of PPARβ/δ with the specific antagonist GSK0660 in 

rats infused with leptin. We focus on the study of the mRNA levels of FGF21 and its receptors in 

the heart, and those of several genes involved in cardiac lipid metabolism, thermogenesis and 

immune response such as LPL, ATGL, UCP-1, FAS, TBX15, HIF-1α, HIF-2α, CCL5, CD64, CD32 and 

CD3g. 

Our results indicate that central leptin decreased serum levels of FGF21. Nevertheless, the 

mRNA levels of FGF21 increased in the heart of leptin treated rats. Moreover, the gene 

expression of the specific receptors FGFr1 and FGFr2 were markedly increased by central leptin. 

Central leptin treatment induced the expression of LPL, ATGL, UCP-1, FAS, TBX15, HIF-1α and 

HIF-2α in the heart in a PPARβ/δ-dependent manner, indicating that central leptin treatment is 

involved in the regulation of hypoxia, immune response and thermogenesis in the heart 

independently of their effects on food intake. These results support a model in which 

overexpression of PPARβ/δ by central leptin protects the heart against cell damage. 
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PM2.5 AND MICROORGANISMS ANNUAL VARIABILITY MEASUREMENTS 
ON A SUBURBAN ATMOSPHERE IN THE CENTRAL IBERIAN PENINSULA. 
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Microbiología 

The aim of this study was to assess outdoor air quality in the Technological Campus of Toledo 

during the summer of 2018. For this reason, during this period the concentration of PM2.5 

particles was determined, as well as the diversity and the total microbial load, and associated to 

those particles. Due to the fact that summer sampling completed one year of study, the final 

analysis of the results obtained was carried out.  

Sampling was taken for 5 consecutive weeks with two different types of samplers: 1) a PM2.5 

particle collector by filtration and 2) an air collector by impact on solid surfaces. The 

determination of the particles was carried out by gravimetry. For the growth of microorganisms, 

three culture media were used: Tryptone Soya Agar (TSA) and R2A, selective for bacteria, and 

Rose Bengal agar (RB), selective for fungi. After counting the grown colonies, a representative 

number of colonies were isolated and purified. Then, the genotyping of the isolates was 

developed using RAPD-PCR technique and the main genotypes were identified by sequencing of 

16S rRNA fragment.  

After analyzing the annual data, it was revealed that the concentrations of PM2.5 obtained were 

within the limits established by Spanish and European legislation. In the samples taken by the 

MAS-100 Eco, the fungal concentration exceeded the bacterial concentration in all seasonal 

periods. In addition, in these counts, there were significant differences between the two specific 

media used for bacteria. Regarding the meteorological parameters, only temperature correlated 

positively with PM2.5 concentration and total fungal and bacterial counts in the air.  

The identification of the main genotypes revealed a high genetic diversity in winter and summer 

period. However, Gram (+) bacterial genera such as Staphylococcus and Bacillus predominated 

in all seasons. 
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ROLE OF IONIC STRENGTH AND ORGANIC MATTER AS CRITICAL FACTORS FOR 
THE ENVIRONMENTAL BEHAVIOUR OF METALLIC NANOPARTICLES  
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Doimeadios1  
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Analytical Chemistry 

Metallic nanoparticles (NPs) are being extensively used in many technological fields and daily 

products. Among them, platinum nanoparticles (PtNPs) are used in automotive catalytic 

converters due to their unique properties. However, chemical reactions and mechanical 

abrasion at the catalyst surface can lead to their emission [1]. Once these NPs are released into 

aquatic environments, their persistence and bioavailability are dependent both on their own 

physiochemical properties and water characteristics, such as the organic matter content or the 

ionic strength, which are expected to have a strong influence on their fate [2]. Little is known 

about the stability and transformations that these NPs can suffer, and adequate analytical 

methods are key to bring some knowledge on these questions. The development of novel and 

powerful analytical techniques able to provide reliable information about these topics is needed, 

which is indeed a challenging task for analytical chemistry nowadays.  

For this purpose, a methodology based on asymmetric flow field flow fractionation hyphenated 

to inductively coupled plasma mass spectrometry (AF4-ICP-MS), previously optimized, was 

applied to study the influence of water characteristics onto PtNPs’ behaviour, since it can 

provide reliable data about particle size range, concentration and composition. The effect of 

ionic strength (using different synthetic waters as test media with a broad range of ionic strength 

values) was studied over time (0 h and 48 h of exposure). Relevant changes in fractionation 

profiles were observed when increasing the ionic strength, which could be a sign of aggregation. 

Also, the presence of organic matter (using humic acid as a model in different concentrations, 2 

and 5 mg L-1) over that system was tested. It was found that its presence may improve PtNPs 

stability over time.  
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STRATEGIES IN THE DESIGN OF ELASTIC ELECTRODES FOR CONTINUOUS 
SYSTEMS IN SOFT ROBOTICS 
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Organic Chemistry 

Hydrogels are biocompatible soft materials that resemble biological tissues more than any other 

material. However, the use of these systems in soft robotics has been limited to aqueous 

environments. In recent literature, hydrogels have relied on external water to swell or shrink in 

response to stimuli and, therefore, to actuate macroscopically. In recent years, advances in 

materials science inspired by biological structures are enabling the manufacture of different 

types of functional, light, and safe robotic devices.1,2 Recently in our group, we found a way to 

make electroactive hydrogels capable of actuating when a low electric field is applied, even 

outside water. The problem with the actuation is that the electrodes we use tend to break and 

separate from the hydrogels. (Figure 1) 

 

     

Figure 1.  Silver enamel coated Hydrogel  

In this work, we have identified different strategies to solve the degradation of the electrodes, 

such as applying stretchable and resistant gels filled with conductive fillers (conductive polymers 

and metallic nanoparticles). These materials have been synthesized to act as flexible electrodes 

and/or as an interface between different electrodes and the hydrogel actuator.  

     

Figure 2. Conductive gels ensembled on the hydrogel actuator  
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CO2 FIXATIONTECHNOLOGIES: FROM BIOLOGY TO ELECTROCHEMISTRY 
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Ingeniería Química 

When the terrestrial plants first appeared in the ancient geologic time, the atmospheric CO2 

concentration was several-fold higher than today. This might be due to that the relative 

abundance of land plants was mainly responsible for the substantial reduction in CO2 

concentration by photosynthetic assimilation. In biology, there are different CO2 fixation 

pathways that can efficiently work, and each of these has evolved a mechanism to fixate CO2 [1]. 

Recycling of CO2 into fuels and chemicals is a potential approach to reduce CO2 emission and 

fossil-fuel consumption, and there is a feasible way for biological production of fuels and 

chemicals from CO2 under normal conditions through biosynthetic pathways and 

bioengineering. From this point of view, there are mechanisms for the electrochemical reduction 

of CO2, that can reduce this compound into more reduced chemical species using electrical 

energy most frequently to produce urea, salicylic acid, methanol and even carboxylic acids [2]. 

In this work, we aim to use NaOH produced from an electrochemical cell (cathodic area, stainless 

steel electrode) designed to generate Cl- from a NaCl solution (anodic area, boron doped 

diamond electrode), and fixing a flow of CO2 into a adsorption glass column to produce 

carbonates and bicarbonates as secondary products, that can be commercialized and used for 

the desorption of CO2 from the environment.  
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HYDROGEN-CHLORINE PEM REVERSIBLE FUEL CELL ENERGY STORAGE SYSTEM 
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Electrochemistry 

Energy has been excessively dependent on fossil fuels and until relatively recently, it has not 

been aware of an important side effect of this source: climate change. Over thousands of years, 

the concentration of carbon species in the atmosphere slowly decreased, as a consequence of 

various processes that led to the formation of large accumulations of hydrocarbons. 

Furthermore, there is no perfect energy source, but probably solar and wind energy have the 

least impact on the planet, since in principle they seem to be the ones with which natural cycles 

are least disturbed. However, electricity generation is not easily adapted to demand. For this 

reason, energy storage alternatives are sought. The aim of this work is to develop a PEM 

reversible fuel cell capable of producing and storing energy, based on electrochemical 

technology, with the capacity to simultaneously fix carbon dioxide in the form of carbonates. In 

a first stage, based on the chlor-alkaline process, the electrolytic cell transforms sodium chloride 

into chlorine gas (Cl2), hydrogen (H2) and sodium hydroxide (NaOH). These two gas reagents are 

introduced, again into the cell, with the goal of producing electrical energy (fuel cell). In the 

second stage, one of the by-products obtained during the electrolysis mode (NaOH), it is used 

in a washing process, which after a crystallization stage is transformed into sodium carbonate, 

a compound that can be stored and buried.  Thus, on the one hand, a green energy storage 

system is achieved, and on the other hand, a by-product is valued, reducing the carbon footprint.  
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GOOD FAT, BAD FAT: HOW NICHE AFFECTS BREAST CANCER DEVELOPMENT 
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Bioquímica 

Introduction. Most cancer studies are based solely on the study of tumor cells. However, here, 

we study how the microenvironment surrounding them affects the pathogenesis of the disease.  

Objective. To study how tumor-associated fibroblasts (TAF) affect tumor cell gene expression in 

the context of the tumor microenvironment.  

Material and methods. We compared the profile of gene deregulation induced in response to 

normal fibroblasts (NAF) vs CAF using the GSO public database GSE70884. Venn diagrams have 

been constructed to identify common genes. The functional analysis has been carried out using 

the Enrichr platform. The association with forecast has been developed using the KM Plotter 

tool.  

Results. We showed how the difference in gene expression induced by the factors secreted by 

CAF is greater than that of NAF. In addition, the number of overexpressed genes shared between 

different cell lines is greater when they are exposed to the environment conditioned by CAF. 

The functions of genes overexpressed in response to CAF are mostly related to the immune 

system. Finally, the combined analysis of genes overexpressed by CAF with poor disease 

progression (HR≥1) has a higher prognostic value. 

Conclusions. CAF-induced deregulation of gene expression is more intense and homogeneous 

than NAF-induced. Besides the fact that the microenvironment influences the tumor cells, it is 

involved in the tumor's immune response and in the worse evolution of the tumor. 
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Chemical Engineering 

The future of the energy sector clearly relies on the development of the renewable energies. 

However, there are two issues that must be addressed regarding these energies in order to make 

them perfectly suitable for the current energy system distribution. Those issues are that they 

are because they are dependent on the weather and they are also intermittent. The solution is 

found on the storage technologies. One of the cleanest ways to storage the electricity produced 

from renewable energies is to transform them in chemical energy in the form of Hydrogen.  

The hybrid sulfur cycle has emerged as a very promising technology for this purpose. In this 

process, electric energy is used to produce hydrogen in an electrolyzer where the equations 

showed below occur. What makes this process more appealing than the production of hydrogen 

directly from water is that it is needed around five times less energy with the hybrid sulfur cycle.  

                       SO2 (g) + 2 H2O (g) → H2SO4 (aq) + 2 H+ + 2 e-   Anodic reaction 

                                     2 H+ + 2 e- → H2 (g)                                  Cathodic reaction 

Up to now, this process has only been studied at low temperatures below 100ºC. Nevertheless, 

in this work temperatures in the range of 100ºC to 170ºC will be studied as a higher thermal 

efficiency of the process has been stated by different researchers. By working at high 

temperatures, the kinetics of the reaction are boosted, and the resistance of the materials 

decreases with temperature. Making the electrolysis step more efficient. Results show that by 

increasing temperature, less potential needs to be applied in order to start the reaction but 

other parasitic reactions (which produce oxidants in the anode which degrades the membrane 

and sulfur in the cathode) are also boosted resulting in some problems that must be addressed 

in further studies.  

  



14th	YOUNG	SCIENCE	SYMPOSIUM,	FACULTY	OF	CHEMICAL	SCIENCES	AND	
TECHNOLOGIES,	UCLM	

 

 

83 

P-5 

THE AROMA OF LA MANCHA TRUJILLO MELONS: VOLATILE AND SENSORY 
CHARACTERIZATION 
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Camilo José Cela s/n 13071 Ciudad-Real, e-mail: ManuelAngel.Ferrer@alu.uclm.es 

Tecnología de Alimentos 

The main objective of this research was the detailed study of the aroma melons of the variety 

Trujillo grown in the region of Castilla-La Mancha. The melons were harvested for three 

consecutive years. The aroma free volatile compounds of the melons were isolated by Solid 

Phase Extraction (SPE) and then analyzed by Gas Chromatography coupled to Mass 

Spectrometry (GC-MS). The sensorial profile of the melons was evaluated by expert tasters using 

the attributes that had previously been selected as those that the best described the sensorial 

characteristics of the melons. Sixty-two free volatile compounds were identified and quantified 

in the Trujillo melons of the Castilla-La Mancha region in this period. Aldehydes, alcohols, acids 

and benzene compounds were the major constituents of aroma of La Mancha Trujillo melons. 

Sensory profile of melons aroma was characterized by aromas of jam/marmalade, cucumber, 

fresh fruit, sweet and ripe fruit, while the taste profile of the melons presented basic flavors 

such as sweet and acid and aromas retro-olfactory way like honey, jam, cucumber, fresh fruit, 

ripe fruit and green. This study is the first characterization of the aroma of the Trujillo melons 

from the La Mancha region and the data suggest that these melons have a complex aromatic 

profile and can be a viable alternative to expand the traditional market.  
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BIOELECTROCHEMICAL TECHNOLOGY FOR THE TREATMENT OF RECALCITRANT 
POLLUTANTS 

L. Fernando León*, I. Ramos, J. Villaseñor, F. J. Fernández 

Dept. of Chemical Engineering. Faculty of Chemical Sciences and Technologies. 

Ciudad Real. Spain. e-mail: LFernando.Leon@uclm.es  

Chemical Engineering - Bioelectrochemistry 

Conventional Bioelectrochemical Systems (BESs) consist in biological anodes and abiotic 

cathodes, in which bacteria attached to the electrode is able to (bio)catalyze the anodic reaction. 

Commonly, BESs working as Microbial Fuel Cells (MFCs) have been used to produce electrical 

energy from organic compounds in wastewater, using oxygen as oxidant at the cathode. 

Applications in BESs have been shooting up in recent decades, as well as improving the materials 

used in their design.  

In this study, several hazardous and recalcitrant pollutants such as chlorophenols (CPs), used in 

the formulation of herbicides, pesticides, preservatives and disinfectants, have been treated 

through an electro-reductive hydrogenation process at the cathode of our BESs, seizing the 

catalytic activity of the electroactive biofilm for the anodic reaction, thus enhancing the overall 

energetic balance of the electrochemical cell. The bio-assisted electro-reductive treatment of 

the CPs allowed the total dechlorination of the molecule, dramatically increasing de 

biodegradability and reducing the toxicity of the original wastewater. 

 

Figure 1. Scheme of the bio-assisted electro-reductive dechlorination process.  
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TARGETING APOPTOSIS IN BREAST CANCER TO AVOID RESISTANCE TO 
CHEMOTHERAPY 

R. Lopez-Rosa*, M.M. Noblejas-Lopez, M. Nuncia-Cantarero, D. Tebar-Garcia,  
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Bioquímica 

Despite advances in cancer research, breast cancer remains one of the leading causes of death 

among women. In particular, triple negative breast cancer (TNBC) is the most aggressive subtype 

with the worst prognosis, as it lacks specific treatments. In many cases, it is resistant to the 

chemotherapy drugs used for its treatment. For this reason, many research groups are focused 

on finding alternative therapies for this type of tumor. In this line, the main objective of this 

work has been to evaluate drugs that can reverse acquired resistance to chemotherapy drugs. 

To this end, we have generated a cisplatin-resistant model from a TNBC cell line, MDA-MB-231, 

obtaining the MDA-MB-231R line. This line showed an alteration in the expression of proteins 

of the BCL-2 family proteins, involved in apoptosis processes, so we decided to evaluate the 

action of the inhibitor, Obatoclax, on this resistant model. Our results show that Obatoclax can 

inhibit cell proliferation and the capacity of invasion and migration, while increasing apoptosis 

in the resistant model, showing no statistically significant differences with the parental lines. 

BET protein inhibitors (BETi) have shown an effect on the population of cancer stem cells in 

TNBC, which are largely responsible for these tumors. Thus, after evaluating the effect of 

Obatoclax individually, its combination with BETi, JQ1, was assessed. The combination of both 

drugs showed a potent synergistic effect on the TNBC cell line with acquired resistance to 

chemotherapy, so it could be an alternative to reverse the intrinsic resistance. For this reason, 

we also decided to evaluate the action of a new generation compound that acts on BET proteins, 

PROTAC ARV-825. This compound is capable of inhibiting cell proliferation at low doses and 

shows an effect on proteins of the BCL-2 family. In addition, it was shown to have a greater effect 

on resistant TNBC cells. In summary, the use of a combined BCL-2 and BET protein inhibition 

strategy could be a good therapeutic alternative to treat tumors with acquired resistance in 

TNBC. 
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ORGANIC LASER: AMPLIFIED SPONTANEOUS EMISSION (ASE) OF 
BENZOTHIADIAZOLE-BASED DERIVATIVES  

R. Martín*, M. Ramírez, P. Prieto, J. R. Carrillo 

Inorganic, Organic and Biochemistry Department, Faculty of Science and Chemistry 

Technologies, University of Castilla-La Mancha, 13071 Ciudad Real, Spain 

e-mail: raul.martin@uclm.es  

Organic Chemistry 

In recent years, interest in searching for new organic materials with optimal properties for use 

as an active medium in thin film organic lasers (TFOLs) has promoted extensive research.[1] TFOLs 

have great potential for using in a wide range of applications such as optical communications, 

spectroscopy, biosensing and chemical sensing.[2]  

The potential of a material for laser applications can be easily evaluated characterising its 

amplified spontaneous emission (ASE) properties when deposited as a thin film in a waveguide 

configuration. 

Our group have designed, synthesized and evaluated the ASE properties of a serie of 

benzothiadiazole derivatives.[3] The synthetic strategy entailed the use of Sonogashira and Stille 

reactions based on the different aromatic nature of the central core. We observed that BTD 

derivatives showed narrowing of the photoluminescence spectra, thus revealing their potential 

laser applications. X-ray diffraction analysis was carried out to understand the observed results 

and to establish structure–property relationships. 
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BRS VIOLETA GRAPE: ANTHOCYANINS PROFILE AFTER THE PROCESSES OF 
MAKING A GUMMY 

Y. P. O. Nishiyama*, M. J. P. Rossi, C. Olivati, V. D. Shimizu, N. S. Janzantti, R. Da-Silva, I. 

Hermosín-Gutiérrez, S. Gómez-Alonso, E. S. Lago-Vanzela  

Universidad Estadual de São Paulo (UNESP), Campus São José do Rio Preto, Calle Cristóvão 

Colombo 2265, 15054-000, São Paulo, Brazil; e-mail: yaranishy@gmail.com  

Food science and technology 

The development of products based on Brazilian grapes is important to satisfy the macro trends 

of the market and develop the valorization of national fruits. The BRS Violeta grape is a teinturier 

cultivar and shows itself as an interesting source for the development of a natural coloring in 

foods. In addition, several studies have been looking for the development of gummies fortified 

or enriched with natural alternatives. Therefore, this work aimed to use the grape juice of BRS 

Violeta grape for the preparation of a gummy containing gelatin and honey. For this, the grape 

juice was obtained by the steam juice extraction method, in an “steam juicer”; then the gummy 

was made with the grape juice (62%), gelatin (12%), honey (25%), agar (0.7%) and natural grape 

flavor (0.3%). So, the anthocyanins were extracted from grape, juice and gummy. Finally, the 

anthocyanins profile of grape, juice and gummy were determined using high-performance liquid 

chromatography with diode array detector coupled to mass spectrometry with electrospray 

ionization chamber and ion trap analyzer (HPLC-DAD-ESI-MSn). The anthocyanin profiles were 

composed of monoglycosilated (3-glc) and diglycosilated (3,5-glc) anthocyanins. A total of 26 

anthocyanins were detected in grape and juice and 18 in the gummy. All samples showed the 

presence of non-acylated and coumarylated anthocyanins in both 3-glc and 3,5-glc forms. But 

the acetylated 3-glc and 3,5-glc anthocyanins were reported just for the grape and juice. In the 

gummy, these anthocyanins were degraded. The grape presented a total of 80.9% of 3,5-glc 

anthocyanins, while the juice and the gummy showed 84.9 and 93.15%, respectively. It´s 

demonstrates that after the processing of obtaining juice and gummy there was an increase in 

3,5-glc anthocyanins concentration as well as a reduction of 3-glc anthocyanins concentration. 

Therefore, during obtaining the gum candy, there was mainly the degradation of 3-glc and 

acetylated anthocyanins, thus increasing the proportion of 3,5-glc anthocyanins. 
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ELECTRO-REFORMING PROCESSES: AN OPPORTUNITY TO BOOST BIOETHANOL 
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Department of Chemical Engineering. University of Castilla-La Mancha Avd. Camilo 
José Cela, 1213071, Ciudad Real, España. e-mail: Alberto.RGomez@uclm.es  

Chemical engineering 

In the last decade, bioethanol has postulated as one of the most promising substitutes to 

traditional fossil fuels in terms of energy consumption. However, the commercial price and 

global demand of this compound crossed a recession period from 2010 mainly in Europe, 

situation which remains nowadays. This is due to different causes, such as competition between 

international markets (US exports), oversizing of production plants and government regulations 

(blending gasoline normative). Therefore, the overall production of this compound far exceeds 

the current market needs, being available as a platform molecule for the production of value-

added chemicals. In this context, the electro-reforming systems constitute one of the most 

promising alternatives within the ethanol valorization processes. Through this technology, 

ethanol molecule is electro-oxidized at the anodic side of a proton exchange membrane (PEM) 

cell, leading to the formation of electrons, protons and organic compounds, while reduction 

takes place in the cathodic compartment, generating high purity hydrogen (important energy 

vector).  Available literature have generally focused on the hydrogen production, being works 

which deal with the organic compounds co-production scarce 1. For that, reason this research 

work is focused on maximizing and optimizing the organic production of industrial interest 

(acetaldehyde, acetic acid and ethyl acetate among others) apart from hydrogen, in order to 

increase the overall profitability of the process. Thus, the ethanol electro-reforming process was 

carried out in a PEM cell of 5 cm2 (active area) at mild operational conditions (1 atm and 80 ºC) 

over PtRu/C anodic catalysts. The initial ethanol concentration and the Pt:Ru ratio were 

optimized (4 M and 2:1 mass ratio) to achieve the highest electro-catalytic activity. To that aim, 

linear sweep voltammetry essays (0-1.4 V) and chronopotentiometry tests (0.2-0.8 A) were 

conducted, analysing the product distribution (hydrogen and organic compounds). 

References 
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HYDROGELS BASED ON CHITOSAN: BIOMEDICAL APPLICATIONS AND 
MAGNETIC PROPERTIES  
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Instituto Regional de Investigación Científica Aplicada (IRICA). Facultad de Ciencias y 

Tecnologías Químicas. Universidad de Castilla-La Mancha, 13071, Ciudad Real, Spain, e-mail: 

Irene.SanMillan@alu.uclm.es  

Organic Chemistry 

Chitosan (CS) is a polysaccharide obtained from alkaline hydrolysis of chitin, one of the most 

abundant natural amino polysaccharide extracted from the exoskeleton of crustaceans and 

insects, from fungal cell walls, etc. Among the several types of biomaterials studied and 

developed in the past few years for biomedical applications, the chitosan-based hydrogels have 

attracted much attention because of its advantages like low cost, biocompatibility and 

versatility. 

Despite the aforementioned advantages, CS-based hydrogels have weak mechanical properties 

being not suitable for biomedical applications [1]. This drawback can be avoided by combining 

chitosan with other monomers (such as acrylamide) [2] or nanomaterials (graphene [3], 

magnetic nanoparticles [4]…) in order to tune the hydrogels properties and to develop smart 

materials with stimuli-responsive properties.  

In this work, we highlight chitosan-based hydrogels as suitable scaffolds for biomedical 

applications. To enhance their mechanical strength, acrylamide (AM) has been added. By 

incorporating graphene (G) into the hydrogels, we are able to modify their biological properties 

and their structure. Furthermore, we achieve a magnetic-responsive hydrogel generating 

magnetic nanoparticles in the matrix by the in-situ precipitation method. 
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Controlling Cell Plasticity to Overcome Cancer Resistance 

D. Tebar-Garcia*1, M.M. Noblejas-Lopez1,2, M. Nuncia-Cantarero1, C. Nieto-Jimenez 1,2, 
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Bioquímica. Oncología Traslacional 

Objective: Triple negative breast cancer (TNBC), is the most heterogeneous breast cancer 

subtype and the one with the worst prognosis. TNBC lacks specific therapeutic targets, what 

difficult their clinical management and restrict their treatment to radio- and chemotherapy. 

More importantly, TNBC usually exhibits resistance to chemotherapy, mainly due to the 

elevated proportion of cancer stem cells (CSCs). BET proteins are epigenetic players known to 

control TNBC stemness and then, BET inhibitors (BETi), such as JQ1, might be promising 

strategies to target CSCs and revert chemoresistance in these tumors. 

Materials and methods: TNBC cells models with acquired resistance to chemotherapeutic 

agents were generated by pulsed exposure to increasing doses of the drugs (IC30 to IC70 for 6 

months). qPCR studies were performed to assess the expression of a panel of stemness markers 

in these models in comparison to parental cell lines and to evaluate the impact of JQ1. 

Proliferation and tumor progression assays upon treatment were completed on the resistant 

models. Flow cytometry studies were also performed to evaluate cell cycle and apoptosis of 

resistant cells upon treatment with JQ1. 

Results: TNBC cells with acquired resistance to chemotherapy are enriched in stemness markers. 

Despite their aberrant overexpression, JQ1 efficiently decreased the expression of these 

markers in the resistant models. Moreover, these drugs slowed down cell proliferation and 

hampered colony formation and invasion capabilities in chemo-resistant cells. Evaluation of cell 

cycle confirmed that these BET-targeting compounds led to a marked arrest in G0/G1 unravelling 

apoptosis in these models. 

Conclusions: BETi efficiently target CSC markers in TNBC, what might constitute a good strategy 

to revert resistance in TNBC. 
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D-A NAPHTHALENDIIMIDE DERIVATIVES WITH POTENTIAL 
APPLICATION AS ORGANIC FIELD-EFFECT WAVEGUIDES (OFEW)  

 
I. Torres-Moya*a, P. Prietoa, J. R. Carrilloa, B. Donosoa, R. Ponceb 
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Organic Chemistry 

In our research group we have an extensive experience in heterocycles which have shown 

interesting properties with application as new materials in photonic devices (optical 

waveguides) [1] (Figure 1a) and electronic devices (organic field effect transistors, OFETs) (Figure 

1b) [2]. Currently, electronics is reaching its limit and the new emergent technology in the last 

years is the photonics. In that sense, on a nanometric scale, a new and very recent formula arises 

to combine the advantages of photonics and electronics. These new devices are called organic 

field effect waveguides (OFEW) (Figure 1c) [3]. 

 

For this reason, it is necessary to find organic compounds that can show the necessary 

requirements for both applications. In this sense, naphthalenediimide derivatives are very 

interesting due to their planar structure, their acceptor character, their self-assembling capacity 

and the possibility of combining with donor groups of different nature through simple chemical 

modifications, to obtain D-A systems that may have interesting optoelectronic properties. 

In this work, three different Donor-Acceptor (D-A) compounds based on a naphthalendiimide 

core branched with different alkynyl donor groups (triphenylamine, phenylcarbazole and 

benzothiophene) were synthesized, totally characterized and tested in OFETs and optical 

waveguides, with the aim in mind of designing an OFEW. 

a)                                            b)                                                              c) 

                                                          

 
Figure 1. Scheme of: a) Optical waveguide, b) Organic Field-Effect Transistor (OFET), c) Organic 

Field-Effect Waveguide (OFEW) 

References 
 
1. I. Torres-Moya, J. R. Carrillo, A. Díaz-Ortiz, J. Orduna, M. J. Blesa, L. Sánchez, P. Prieto. Dyes and 

pigments, 2017, 142, 212-225. 
2. I. Torres-Moya, I. Arrechea-Marcos, C. Tardío, J. R. Carrillo, A. Díaz-Ortiz, J. T. López Navarrete, M. C. 

Ruiz Delgado, P. Prieto, R. Ponce. RSC Advances, 2018, 8, 21879-21888. 
3. G. Zhao, H. Dong,  Q. Liao,  J. Jiang, Y. Luo, H. Fu, W. Hu. Nat. Commum, 2018, 9, 1-7. 



14th	YOUNG	SCIENCE	SYMPOSIUM,	FACULTY	OF	CHEMICAL	SCIENCES	AND	
TECHNOLOGIES,	UCLM	

 92 

 
 
 
 
 

CÓMO FUE LA EDICIÓN DEL 
AÑO PASADO... 

 



EE99aa7788  dd55  cc;;::??aacc??;;::  AA::??;;::77;;..HH;;CC@@@@cc8899..55>>

MONOGRJFICO
XIII SIMPOSIO CIENCIA JOVEN 2019

NNII  114477  DD<<;;ccaa  IIIIII..  
JJ@@::77;;    22001199

IISSSSNN::  22444444118833XX



REVISTA  MOLDCULA   2

KNDICE

PRESENTACILN

P=e>e:?aciG:  P. 2
P=e>e:?aciG: Cie:cia J;Ae:                P. 3
C;:fe=e:cia> i:Ai?ada>   P. 5
C;9@:icaci;:e> ;=a8e>                      P. 10
C;9@:icaci;:e> <;>?e=>                                 P. 45
Ac?; C;:9e9;=aciG: Si>?e9a Pe=iGdic;  P. 75
P=e9i;> Cie:cia J;Ae:                        P. 76

ED  F[E=JG  <=  JMFAG  =K  MF EGFG?JU>A;G  <=<A;9<G  9D  XIII  SAEHGKAG  <=  CA=F;A9  JGN=F,  <GF<=  K= 
J=;G?=F  LG<9K  D9K ;GEMFA;9;AGF=K GJ9D=K Q HGKL=JK IM= @9F H9JLA;AH9<G =F =D =N=FLG, 9<=EUK <=  D9K 
;GF>=J=F;A9K AFNAL9<9K. EKL= F[E=JG L9E:AWF J=;G?= AF>GJE9;AZF J=D9LAN9 9 DGK HJ=EAGK GLGJ?9<GK =F =D 
KAEHGKAG.

ED ;GEALW =<ALGJA9D.

CGEALW =<ALGJA9D: M9JAF9 AD9J;ZF, M9JX9 AFLAYGDG, AFLGFAG <= D9 HGR, LMAK F=JF9F<G 
L=ZF, SGFA9 LZH=R, AD:=JLG JGKW HM=JL9K, JGKW PWJ=R.



'E+I()A  MOLDC*LA   3

CIENCIA JO+EN

LO( Q*KMICO( NO+ELE( DE LA *CLM COMPA')EN CON (*( 
COMPAEE'O( (*( LKNEA( DE )'ABAJO DE IN+E()IGACILN

L9  F9;MDL9<  <=  CA=F;A9K  Q  0=;FGDG?X9K  -MXEA;9K  <=  D9  1FAN=JKA<9<  <=  C9KLADD9L9  M9F;@9 
(1CLM) =F CAM<9< .=9D 9;G?= =D /AEHGKAG CA=F;A9 JGN=F <=K<= =D 5 9D 7 JMFAG, <MJ9FL= =D IM=  DGK 
AFN=KLA?9<GJ=K FGN=D=K HJ=K=FL9F KMK DXF=9K <= LJ9:9BG 9 KMK ;GD=?9K <=D C9EHMK, 9KX ;GEG 9 GLJGK 
DD=?9<GK <= >M=J9. ED =F;M=FLJG, IM= ;MEHD= KM <=;AEGL=J;=J9 =<A;AZF, @9 KA<G AF9M?MJ9<G HGJ =D J=;LGJ 
<= D9 1CLM, MA?M=D gF?=D CGDD9<G.

LGK BZN=F=K AFN=KLA?9<GJ=K <= D9 F9;MDL9< <= CA=F;A9K Q 0=;FGDG?X9K -MXEA;9K <= D9 MFAN=JKA<9< 
<= C9KLADD9L9 M9F;@9 (1CLM) =F =D C9EHMK <= CAM<9< .=9D, 9KX ;GEG GLJGK DD=?9<GK <= AD:9;=L= Q 
0GD=<G, HJ=K=FL9F 9 D9 ;GEMFA<9< 9;9<WEA;9 KMK DXF=9K Q J=KMDL9<GK <= AFN=KLA?9;AZF ;GF EGLANG <= D9 
;=D=:J9;AZF <=D <=;AEGL=J;=J /AEHGKAG CA=F;A9 JGN=F, MF9 AFA;A9LAN9 GJ?9FAR9<9 HGJ =DDGK EAKEGK IM= 
9 KM N=R D=K KMHGF= MF9 GHGJLMFA<9< H9J9 9;=J;9J 9 DGK =KLM<A9FL=K 9 D9 L9J=9 AFN=KLA?9<GJ9. 

ED  =F;M=FLJG  @9  KA<G  AF9M?MJ9<G  =KL9  E9Y9F9  HGJ  =D  J=;LGJ  <=  D9  1FAN=JKA<9<  <=  C9KLADD9L9 
M9F;@9  (1CLM),  MA?M=D  gF?=D  CGDD9<G,  IMA=F  @9  >=DA;AL9<G  9  D9  F9;MDL9<  <=  -MXEA;9K  Q  9  KMK 
GJ?9FAR9<GJ=K HGJ =KL9 AFA;A9LAN9, EM=KLJ9 <= D9 cNAL9DA<9<d <=D ;=FLJG, Q HGJ KM c=FLMKA9KEG, LJ9:9BG Q 
;GEHJGEAKG ;GF D9 AFN=KLA?9;AZF H=K= 9 D9K <A>A;MDL9<=Kd. 

P9J9  =D  J=;LGJ,  =KL=  =F;M=FLJG  J=>D=B9  IM=  =F  D9  1FAN=JKA<9<  <= C9KLADD9L9 M9F;@9  @9Q  ?=FL= 
BGN=F c;GF L9D=FLG, ;9H9;A<9< = AFL=DA?=F;A9d IM= 9K=?MJ9F =D >MLMJG <= D9 AFN=KLA?9;AZF. FJ=FL= 9 =DDG 
=KLU  =D  HJG:D=E9  <=  DGK  J=;MJKGK  =;GFZEA;GK  Q E9L=JA9D=K,  <=  9@X  IM=  =D  J=;LGJ  @9Q9  H=<A<G  9  DGK 
FM=NGK  ?G:A=JFGK  KMJ?A<GK  <=  D9K  MJF9K  IM=  c9KME9F  ;GF  E9QGJ  =FLMKA9KEG  D9  AFN=KLA?9;AZFd  Q 
9HM=KL=F HGJ  cD9  >AF9F;A9;AZF,  D9  J=?MD9JA<9< Q ;GFKGDA<9;AZF <= ;GFNG;9LGJA9K Q  D9 <ANMD?9;AZF <=  D9 
;A=F;A9d  9  >AF  <=  IM=  D9  KG;A=<9<  N9DGJ=  D9  L9J=9  AFN=KLA?9<GJ9.  cL9  ;A=F;A9  ;GFLJA:MQ=  9  K=?MAJ 
;J=;A=F<G Q 9 NANAJ E=BGJd, @9 <A;@G. 

E2 8,*:58 +, 2( %40<,890+(+ +, C(9:022(L( M(4*/( 04(;.;8( ,2 'III 
#0365905 C0,4*0( J5<,4 7;, 9, *,2,)8( ,4 C0;+(+ ",(2
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CIENCIA JO+EN

LO( Q*KMICO( NO+ELE( DE LA *CLM COMPA')EN CON (*( 
COMPAEE'O( (*( LKNEA( DE )'ABAJO DE IN+E()IGACILN

JMFLG aD J=cLGJ d= Da UCLM, =D d=caFG d= Da FacMDLad d= CA=FcAaK Q T=cFGDG?XaK QMXEAcaK, gF?=D 
RXGK, K= @a J=>=JAdG a Da c=D=bJacAZF d=D KAEHGKAG d= CA=FcAa JGN=F cGEG MFa =Pc=D=FL= GHGJLMFAdad 
HaJa DGK AFN=KLA?adGJ=K FGN=D=K, Qa IM= =D EAKEG D=K aQMdaJU a cGFGc=J cZEG K= HJ=HaJa MF cGF?J=KG 
cA=FLX>AcG,  D=K K=JNAJU d= aHGQG =F KM  LaJ=a  >GJEaLANa  AFN=KLA?adGJa Q  D=K H=JEALAJU cGFGc=J =D  LJabaBG 
IM= J=aDARaF GLJGK cGEHaY=JGK. 

EF =D KAEHGKAG, =F =D IM= cGDabGJa  Da R=aD SGcA=dad EKHaYGDa d= QMXEAca, K= @aF  AFKcJALG MF 
LGLaD  d=  120  AFN=KLA?adGJ=K  d=D  CaEHMK  d= ADbac=L=,  CAMdad  R=aD  Q  TGD=dG  Q  K=  @aF  adEALAdG  35 
cGEMFAcacAGF=K GJaD=K Q 28 cGFLJAbMcAGF=K =F  >GJEaLG HZKL=J =F  DGK dAKLAFLGK UEbALGK IM= abaJca  Da 
FacMDLad: QMXEAca  IFGJ?UFAca,  IF?=FA=JXa QMXEAca, QMXEAca OJ?UFAca, QMXEAca AFaDXLAca, T=cFGDG?Xa 
d=  DGK ADAE=FLGK,  QMXEAca  FXKAca,  MaL=EULAcaK  Q  BAGIMXEAca.  EFLJ=  GLJaK  DXF=aK  d=  AFN=KLA?acAZF, 
dMJaFL= =D KAEHGKAG, K=?[F @a =PHDAcadG =F J=HJ=K=FLacAZF d= Da GJ?aFARacAZF Da AFN=KLA?adGJa VAJ?AFAa 
MGJ=FG,  K=  =PHGFdJUF  cM=KLAGF=K  cGEG  DGK  FaFGEaL=JAaD=K  =F  aDAE=FLGK  Q E=dAGaEbA=FL=,  >DMAdGK 
KMH=JcJXLAcGK KGKL=FAbD=K cGF =D E=dAGaEbA=FL=, =D ?Ja>=FG G DaK HJGHA=dad=K d=D NAFG, =FLJ= GLJaK. 

JMFLG  a  DGK  HGF=FL=K  AFN=KLA?adGJ=K  FGN=D=K,  =D  KAEHGKAG  cM=FLa  cGF  Da  AFL=JN=FcAZF  d=  cAFcG 
HGF=FL=K =PL=JFGK  AFNALadGK d=D  IFKLALMLG  IMDEA NaFGKcA=Fc=,  Q d=  DaK MFAN=JKAdad=K d= VaD=FcAa  Q 
MMJcAa. 

�� ',#0# �-+1,'!�!'7, ����. �'1"�" �#�*, 5 "# (1,'- "# 2019
 



'E+I()A  M$LDC*LA   5

C$NFE'ENCIA( 
IN+I)ADA(

IN)E'FACING M$LEC*LE( AND NAN$MA)E'IAL(: F'$M CA'B$N NAN$)*BE 
'$)A-ANE( )$ (INGLEM$LEC*LE E-%E'IMEN)(

EMILI$ M. %D'E/

IF  L@=  >D9LD9F<  9J=9,  O=  J=HGJL=<  9 E=L@G<  LG  >MF;LAGF9DAR=  ?J9H@=F=  ;GN9D=FLDQ  OAL@  =PIMAKAL= 
(>97%) 9LGEA; K=D=;LANALQ 9F< QA=D< (92%).748 3= <=K;JA:=< AEHJGN=< E=L@G<K >GJ L@= HJG<M;LAGF G> 2D 
E9L=JA9DK L@JGM?@ DAIMA<H@9K= =P>GDA9LAGF (L,E),758 9F< J=HGJL KAEHD= KLJ9L=?A=K LG ;GFKLJM;L >MF;LAGFAF? 
=D=;LJGFA; <=NA;=K >JGE L@= J=KMDLAF? F9FG>D9C=K.768 FAF9DDQ, O= <=K;JA:=< 9 c;DA;Cd J=9;LAGF HJGLG;GD  >GJ 
L@= ;GN9D=FL EG<A>A;9LAGF G> 0MDCK.778

�#$#.#,!#/

1. 9) A. <= JM9F, 5. ,GMADDGF, L. .MARGGFRUD=R, A. 0GJJ=K,9J<G, /. C9K9<G, N. M9JLXF, A. .M:AG, E. M. ,WJ=R, AF?=O. C/,3., �4:. E+. 2014, 53, 53945400� :) A. LZH=R

MGJ=FG, E. M. ,WJ=R, C/,3. C533;4. 2015, 51,54215424� ;) /. L=J=L, 5. ,GMADDGF, /. C9K9<G, C. N9NAG, A. .M:AG, E. M. ,WJ=R, C/,3. #*0. 2017, 8, 19271935� <) 

E. M. ,WJ=R, C/,3. E;8. �. 2017, 23, 1268112689.

2. 9) E. M9JLXF=R,=JAF9F, A. <= JM9F, 5. ,GMADDGF, C. /;@A=JD, 2. /LJ9MKK, N. M9JLXF, A. .M:AG, D. M. GMD<A, E.LGJ=FRG, E. M. ,WJ=R, �(459*(2, 2016, 8, 92549264� :) A. 

LZH=RMGJ=FG, B. NA=LGOJL=?9, M. MG>>9, A. <= JM9F, M. M. B=JF9D, J. ,. F=JFUF<=RBDURIM=R, J. J. 2AD9L=D9, D. ,AKA?F9FG, E. M. ,WJ=R, AC# �(45 2016, 10,8012

8018.

3. B. NA=LGOJL=?9, J. 2ADD9DN9, M. 2=J9HA<9D?G, L. .MARGGFRUD=R, E. BMJRMJX, E. M. ,WJ=R, AF?=O. C/,3., �4:. E+. 2017, 56, 1224012244.

4. 9) J. J. N9N9JJG, /. L=J=L, F. C9DD=B9, D. /LJ9<A, A. BD9;C, .. B=JF9J<GG9NALG, M. G9JFA;9, D. GJ9F9<GK, A. L. 29RIM=R <= ,9J?9, E. M. ,WJ=R, .. MAJ9F<9, �(45 �,::. 

2016, 16, 355361� :) J. J. N9N9JJG, F. C9DD=B9, .. MAJ9F<9, E. M. ,WJ=R, A. L. 29RIM=R <= ,9J?9, C/,3. C533;4. 2017, 53, 1041810421.

5. 9) M. M. B=JF9D, E. M. ,WJ=R, �4:. �. �52. #*0. 2015, 16, 1070410714� :) M. M. B=JF9D, L. ADN9J=R, E. GAGN9F=DDA, A. AJF9AR, L. .MARGGFRUD=R, /. C9K9<G, D. GJ9F9<GK, 

A. M. ,AR9JJG, A. C9KL=DD9FGKGGE=R, E. M. ,WJ=R, 2D �(:,8. 2016, 3, 035014� ;) E. GAGN9F=DDA, A. C9KL=DD9FGKGGE=R, E. M. ,WJ=R, C/,3!2;9C/,3 2017, 82, 732

741.

6. .. FJAK=F<9, E. GAGN9F=DDA, ,. MAK@J9, ,. G9FL, E. FDGJ=K, C9JDGK /, J... AJ=K, D, ,WJ=R <= L9J9, M.  I. JAE=F=R F=JJ=J, E. M. ,WJ=R, A. C9KL=DD9FGKGGE=R, C/,3. 

C533;4. 2017, 53, 61646167.

7. M. 2=J9HA<9D?G, E. GAGN9F=DDA, C. N9NAG, E. M. ,=J=R, �. A3. C/,3. #5*. 201, 141, 37673771.

 

IF  H9JLA;MD9J,  O=  HJ=K=FL=<  L@=  KQFL@=KAK  G> 
E=;@9FA;9DDQ  AFL=JDG;C=< <=JAN9LAN=K G> /3N0K (MIN0K), 
O@A;@ 9J=  JGL9P9F=LQH= E9L=JA9DK,  L@=  >AJKL =P9EHD= G>, 
9  0D1D  EAP=<  <AE=FKAGF9D  @=L=JGKLJM;LMJ=  AFL=J>9;=< 
L@JGM?@  L@=  E=;@9FA;9D  :GF<  (K==  FA?MJ=).718  3=  9DKG 
K@GO=<  L@9L  L@=  =>>=;L  G>  L@= E=;@9FA;9D  :GF<  GF  L@= 
HJGH=JLA=K  G>  /3N0K  AK  MFAIM=,  9F<  ;D=9JDQ  <A>>=J=FL 
>JGE  L@=  FGFAFL=JDG;C=<,  KMHJ9EGD=;MD9J  ;GEHGMF<K.728 
3=  9DKG  K@GO=<  L@9L  =F;9HKMD9LAGF  G>  GJ?9FA; 
EGD=;MD=K  AFLG  /3N0K  J=KMDLK  AF  EG<MD9LAGF  G>  L@=AJ 
=D=;LJGFA; HJGH=JLA=K.738 

3= HJGNA<=< 9 ?DG:9D H=JKH=;LAN= G> L@= OGJC O= @9N= ;9JJA=< GML AF L@= D9KL >AN= Q=9JK AF L@= K=9J;@ >GJ 
FGN=D  KLJ9L=?A=K  LG  AFL=J>9;=  EGD=;MD=K  (0D),  KAF?D=O9DD=<  ;9J:GF  F9FGLM:=K  (/3N0K,  1D)  9F< 
:A<AE=FKAGF9D E9L=JA9DK (2D).
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CONFERENCIAS 
IN+ITADAS

RETOS DEL CONTROL DE NANO MATERIALES EN ALIMENTOS

.OLANDA PICL

ED cGFLJGD de DGK FaFGEaLeJAaDeK eF DGK aDAEeFLGK KA?Me KAeFdG MF JeLG dAfXcAD de abGJdaJ HeJG IMe 
debe  AFKLaMJaJKe  HaJa  ?aJaFLARaJ  Da  Ke?MJAdad  de  DGK  cGFKMEAdGJeK  Q  fABaJ  aD?MFGK  aKHecLGK 
JeDacAGFadGK (HGJ eBeEHDG, eD eLAIMeLadG G eD cGFLJGD). ED EaQGJ JeLG HaJa  Da IMXEAca aFaDXLAca eK IMe 
KGF  MF  FMeNG  LAHG  de  aFaDALGK,  cMQa  caJacLeJARacAZF  AFNGDMcJaF  LaFLG  AFfGJEacAZF  IMXEAca 
(cGEHGKAcAZF,  EaKa  Q  cGFceFLJacAZF  FMEWJAca)  cGEG  fXKAca  (LaEaYG,  fGJEa  Q  a?Je?acAZF). AdeEUK 
ePAKLe MFa ?JaF NaJAedad de FaFGEaLeJAaDeK (baKadGK eF ZPAdGK  AFGJ?UFAcGK, eF caJbGFG, EGDWcMDaK 
GJ?UFAcaK)  IMe  cGEHDAca  LGdaNXa EUK  Da  deLeJEAFacAZF  de  eKLaK  KMKLaFcAaK.  PGJ  LGdG  eDDG,  eF  eKLa 
c@aJDa  Ke  aFaDARa  Da  KALMacAZF  acLMaD,  eNaDMaFdG  Q  cGEHaJaFdG  DGK EWLGdGK  aFaDXLAcGK  AEHDAcadGK  Q 
eKLMdAGK  deKaJJGDDadGK  @aKLa  a@GJa  HaJa  Da  AdeFLAfAcacAZF  Q  cMaFLAfAcacAZF  de  FaFGEaLeJAaDeK  eF  DGK 
aDAEeFLGK.  ED  HaHeD  de  cada  MFa  de  DaK  LWcFAcaK  eEHDeadaK  (EAcJGKcGHAa  eDecLJZFAca,  RaEaF, 
fJaccAGFaEAeFLG  eF  caEHG  de  fDMBG,  HDaKEa  de  acGHDaEAeFLG  AFdMcLANG  (HaJLXcMDa  [FAca,  eLc.)  Ke 
aFaDARaJU eF HJGfMFdAdad. Se NaDGJaJaF eD JaF?G de aHDAcacAGFeK Q DaK NeFLaBaK Q DAEALacAGFeK de cada 
LWcFAca,  aKX  cGEG  DaK  HeJKHecLANaK  de  fMLMJG  @acAeFdG  @AFcaHAW  DGK  HJAFcAHaDeK  deKafXGK  eKHecXfAcGK 
IMe IMedaF deFLJG de eKLe LeEa. PGJ [DLAEG, LaEbAWF cGFLeEHDaEGK HeJKHecLANaK fMLMJaK IMe HDaFLea 
eD cGFLJGD de FaFGEaLeJAaDeK eF aDAEeFLGK.

.
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C$NFE'ENCIA( 
IN+I)ADA(

G'EEN CHEMI()'. $' 'D'EAM' CHEMI()'.: CLEAN BI$CA)AL.)IC 
%'$CE((E( $F IND*()'IAL IN)E'E()

%ED'$ L$/AN$

0@= <=N=DGHE=FL G> KMKL9AF9:D= ;@=EA;9D HJG;=KK=K LMJFK 9JGMF< LOG E9AF 9P=K: L@= K=D=;LANALQ 
G> ;9L9DQLA; LJ9FK>GJE9LAGFK, 9F< L@= =9KQ 9F< ;D=9F K=H9J9LAGF G> HMJ= HJG<M;LK. 0@= MK= G> =FRQE=K 
AF  AGFA;  DAIMA<K  (%(K)  O9K  J=HGJL=<  ?J=9L  9<N9FL9?=K  (0.,.  AEHJGN=<  9;LANALQ  9F<  =F9FLAGK=D=;LANALQ, 
=F@9F;=< KL9:ADALQ, =L;.),1 9F< ALK ;GE:AF9LAGF OAL@ KMH=J;JALA;9D L=;@FGDG?A=K O9K J=KMDL=< AF KQF=J?=LA; 
9F<  GMLKL9F<AF?  HD9L>GJEK  >GJ  <=N=DGHAF?  (EMDLA);9L9DQLA;  ?J==F  ;@=EA;9D  HJG;=KK=K  MF<=J  >DGO 
;GF<ALAGFK 9:D= LG <AJ=;LDQ HJGNA<= HMJ= HJG<M;LK.2 0@AK @9K :==F <=EGFKLJ9L=< :Q K=N=J9D =P9EHD=K G> 
>DGO KQFL@=LA; HJG;=KK=K  AF  %(/K;C+2 :AH@9KA;  KQKL=EK 9L  100 :9J 9F< 40100_C  (,... D'. G>  8(*1
H@=FQD=L@9FGD,3  :AG<A=K=D,4  EGFG?DQ;=JA<=K,5  =L;.  /LJ9A?@L>GJO9J<  HJGLG;GDK  >GJ  ;9JJQAF?  GML 
:AGLJ9FK>GJE9LAGFK,  HJG<M;L  J=;GN=JAF?  9F<  :AG;9L9DQKLK/%(K  J=MKAF?  OAL@GML  9FQ  DGKK  AF  L@=  GN=J9DD 
?J==FF=KK ;@9J9;L=J G> L@= HJG;=KK, @9N= :==F <=N=DGH=< AF J=;=FL Q=9JK.

F'%1.# 1. /;@=E9 G> L@= HJGLG;GD >GJ L@= :AG;9L9DQLA; KQFL@=KAK G> :AG<A=K=D  AF /(%(, 9F< HJG<M;L 
K=H9J9LAGF OAL@ >MDD J=;GN=JQ 9F< J=MK= G> L@= /(%(K
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C$NFE'ENCIA( 
IN+I)ADA(

G'EEN CHEMI()'. $' 'D'EAM' CHEMI()'.: CLEAN BI$CA)AL.)IC 
%'$CE((E( $F IND*()'IAL IN)E'E()

%ED'$ L$/AN$

/HGF?=LAC=  IGFA;  DAIMA<K  (/LILK)  9J=  @Q<JGH@G:A;  ILK  :9K=<  GF  ;9LAGFK  OAL@  DGF?  9DCQD  KA<=
;@9AFK,  ,...  G;L9<=;QDLJAE=L@QD9EEGFAME:AK(LJA>DMGJGE=L@QDKMD>GFQD)AEA<=,  =L;.),  O@A;@  :=@9N=K  9K 
KHGF?=DAC=  KQKL=EK  :Q  KOAL;@AF?  >JGE  DAIMA<  LG  KGDA<  H@9K=  OAL@  L=EH=J9LMJ=.6 B9K=<  GF  L@AK  F=O 
HJGH=JLQ,  L@=  /LILK  @9N=  :==F  9HHDA=<  >GJ  <=N=DGHAF?  KLJ9A?@L>GJO9J<  9F<  ;D=9F  9HHJG9;@=K  >GJ 
:AG;9L9DQLA; KQFL@=KAK 9F< =PLJ9;LAGF G> F=9JDQ HMJ= ;GEHGMF<K G> 9<<=< N9DM=  (,...  L=JH=F= =KL=JK,7 
:AG<A=K=D,8 =L;.). AK ;9F := K==F  AF FA?MJ= 1,  L@= /LILK 9J= 9:D=  >GJ <AKKGDNAF? (KG9CAF?) @Q<JGH@G:A; 
;GEHGMF<K  9L  L=EH=J9LMJ=K  ;GEH9LA:D=  OAL@  =FRQE=  ;9L9DQKAK  (,...  N=?=L9:D=  GAD  9F<  E=L@9FGD 
EAPLMJ=K 9J= EGFGH@9KA; AF 7C18EAE87N0>28 9L 50]C7).

BQ  ;GGDAF?  J=9;LAGF  EAPLMJ=K  :9K=<  GF  L@=K=  /LILK  MF<=J  JGGE  L=EH=J9LMJ=,  L@=Q  9J=  KGDA< 
H@9K=K  L@9L  ;9F  :=  >J9;LAGF9L=<  :Q  ;=FLJA>M?9LAGF,  9DDGOAF?  L@=  J=D=9K=  (OJAF?AF?  GML)  G>  J=9;LAGF 
HJG<M;LK  >JGE  L@=  /LIL  F=L,  9F<  J=KMDLAF?  AF  LOG  H@9K=K:  9  KGDA<  /LIL  H@9K=  9F<  9  DAIMA<  H@9K= 
;GFL9AFAF? KQFL@=LA; HJG<M;LK (>D9NGMJ =KL=JK, :AG<A=K=D, =L;.). 0@AK 9HHJG9;@ >GJ HJG<M;L K=H9J9LAGF ;9F 
:=  AEHJGN=< :Q MKAF?  ;=FLJA>M?9D  >ADL=JK,  <=EGFKLJ9LAF?  L@= =P;=DD=FL  KMAL9:ADALQ  G>  L@AK  KLJ9A?@L>GJO9J< 
9F< ?J==F 9HHJG9;@ >GJ ;9JJQAF? GML KQFL@=KAK 9F< K=H9J9LAGF G> HMJ= HJG<M;LK OAL@ >MDD J=;GN=JQ 9F< 
J=MK= G> L@= J=9;LAGF KQKL=E (/LIL 9F< :AG;9L9DQKL).6

�!),-2*#"%#+#,0/.  3GJC  KMHHGJL=<  :Q  L@=  MINECO  C0Q201567927R,  9F<  FMF<9;AZF 
/ENECACARM 20790/PI/18 ?J9FLK.

�#$#.#,!#/

1. P. LGR9FG =L 9D. C
e�. C����. 2015, 51, 1736117374
2. E. G9J;X92=J<M?G =L 9D. G�ee C
e�. 2015, 17, 26932713
3. P. LGR9FG =L 9D. G�ee C
e�. 2010, 12, 18031810.
4. P. LGR9FG =L 9D. C
e�S��C
e�, 2012, 5, 790798.
5. P. LGR9FG =L 9D. G�ee C
e�., 2017, 1, 390396
6. P. LGR9FG =L 9D. G�ee C
e�. 2015, 17, 37063717.
7. P. LGR9FG =L 9D. G�ee C
e�. 2012, 14, 30263033.
8. P. LGR9FG =L 9D. Ee�	� E����. Sc�, 2013, 6, 13281338.
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CONFERENCIA( 
IN+I)ADA(

IN+E()IGACILN EN ENERGKA: PROGRE(O +( CIRC*LARIDAD

DA+ID (ERRANO GRANADO(

A  H=K9J  <=  DGK  9N9F;=K  IM=  K=  @9F  HJG<M;A<G  =F  DGK  [DLAEGK  9YGK  =F  =D  <=K9JJGDDG  = 
AEHD=E=FL9;AZF 9 =K;9D9 ;GE=J;A9D <= D9K =F=J?X9K J=FGN9:D=K, LG<9NX9 =F D9 9;LM9DA<9< EUK <=D 80 % 
<= D9 =F=J?X9 HJAE9JA9 ;GFKMEA<9 9 FAN=D EMF<A9D HJG;=<= <= ;GE:MKLA:D=K >ZKAD=K (;9J:ZF, H=LJZD=G Q 
?9K F9LMJ9D). CGEG ;GFK=;M=F;A9 <= D9K =EAKAGF=K <= ?9K=K <= =>=;LG AFN=JF9<=JG 9KX ?=F=J9<9K, D9 
;GF;=FLJ9;AZF  <=  C+2  =F  D9  9LEZK>=J9  FG  <=B9  <=  ;J=;=J  9YG  LJ9K  9YG,  @9:A=F<G  KMH=J9<G  Q9  D9 
:9JJ=J9 <= D9K 400 HHE, HJGNG;9F<G MF9 9;=D=J9;AZF <= DGK =>=;LGK <=D ;9E:AG ;DAEULA;G.

I)DEA EF=J?X9 =K MF AFKLALMLG <= AFN=KLA?9;AZF ;J=9<G HGJ D9 CGEMFA<9< <= )9<JA< ;GF D9 EAKAZF 
<=  ;GFLJA:MAJ  9  MF  KAKL=E9  =F=J?WLA;G  KGKL=FA:D=  Q  <=  EXFAEG  AEH9;LG  9E:A=FL9D,  :9K9<G  =F 
L=;FGDG?X9K  =F=J?WLA;9K  DAEHA9K  Q  J=FGN9:D=K.  EFLJ=  D9K  L=EULA;9K  <=  AFN=KLA?9;AZF  IM=  <=K9JJGDD9  Q 
=KLM<A9,  ;9:=  <=KL9;9J  D9K  KA?MA=FL=K:  HJG<M;;AZF  <=  ;GE:MKLA:D=K  KGKL=FA:D=K,  =F=J?X9  KGD9J  <= 
;GF;=FLJ9;AZF,  KAKL=E9K  Q  <AKHGKALANGK  <=  9DE9;=F9EA=FLG  <=  =F=J?X9,  J=<=K  =DW;LJA;9K  AFL=DA?=FL=K, 
=>A;A=F;A9  =F=J?WLA;9,  N9DGJAR9;AZF  <=  D9K  =EAKAGF=K  <=  C+2  Q  9FUDAKAK  AFL=?J9D  <=  DGK  KAKL=E9K 
=F=J?WLA;GK.

ED  HJG?J=KG  <=  D9  AFN=KLA?9;AZF  =F  =D  UE:ALG  <=  D9  =F=J?X9  <MJ9FL=  D9K  [DLAE9K  <W;9<9K  FG 
KA=EHJ=  @9  HJG?J=K9<G <=  >GJE9  DAF=9D,  9D  =KL9J  >M=JL=E=FL=  ;GF<A;AGF9<G HGJ  >9;LGJ=K  =PL=JFGK  <= 
LAHG HGDXLA;G Q =;GFZEA;G. EDDG @9  DD=N9<G 9 MF9 ;A=JL9  J=;MJJ=F;A9 Q ;AJ;MD9JA<9< =F  D9K  L=EULA;9K <= 
EG<9 IM= K= 9:GJ<9F <= >GJE9 HJAGJAL9JA9K. EF =KL= K=FLA<G, ;GF;=HLGK, ;GEG DGK <= :AG;GE:MKLA:D=K 
<=  L=J;=J9  ?=F=J9;AZF,  DGK  N=@X;MDGK  =DW;LJA;GK,  D9K  HAD9K  <=  ;GE:MKLA:D=,  =D  @A<JZ?=FG  ;GEG  N=;LGJ 
=F=J?WLA;G G D9 N9DGJAR9;AZF <= J=KA<MGK, IM= =F =D EGE=FLG HJ=K=FL= KGF <= ?J9F 9;LM9DA<9< AFA;A9JGF 
=F J=9DA<9< KM <=K9JJGDDG @9;= Q9 :9KL9FL= LA=EHG.
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COM*NICACIONE( 
O'ALE(

E+AL*A)ION OF )HE A)MO(PHE'IC IMPAC) OF )HE *(E OF F*EL( AND 
BIOF*EL(

MA'KA INMAC*LADA A'ANDA

0@=  ;GE:MKLAGF  G>  >GKKAD  >M=DK  9F<  :AG>M=DK  ?=F=J9L=K  2GD9LAD=  OJ?9FA;  CGEHGMF<K  (2OCK), 
FALJG?=F GPA<=K (NOP), CO, CO2 9F< H9JLA;MD9L= E9LL=J (PM). 0@=K= HGDDML9FLK 9J= ;9MKAF? ;@9F?=K AF 
L@= ;DAE9L=  L@9L 9>>=;L  L@= =FNAJGFE=FL ?DG:9DDQ 9F< @9N= 9F  AEH9;L  AF  L@= @ME9F @=9DL@.  IF 9<<ALAGF, 
>GKKAD >M=DK 9J= 9 FGFJ=F=O9:D= =F=J?Q KGMJ;=. FGJ L@GK= J=9KGFK F=O >M=DK 9J= :=AF? <=N=DGH=< >JGE 
:AGE9KK O9KL= (:AG>M=DK), O@A;@ ;GMD< J=HD9;= L@= >GKKADK >M=DK :=AF? MK=< AF L@= K9E= EGLGJK, OAL@GML 
9FQ EG<A>A;9LAGF.  IF  ?=F=J9D,  L@=  MK=  G>  :AG>M=DK  J=HJ=K=FLK  DGO=J  =EAKKAGFK  G>  ;GEHGMF<K  KM;@  9K 
CO2  9F<  PM1,  @GO=N=J,  AF  EGKL  KLM<A=K  @9K  :==F  G:K=JN=<  L@9L  :AG<A=K=D  :D=F<K  AF;J=9K=  NOP 
=EAKKAGFK  GJ  9J=  KAEAD9J  LG  <A=K=D  >M=D2.  MGJ=GN=J,  KGE=  KLM<A=K  @9N=  K@GOF  L@9L  L@=  9<<ALAGF  G> 
GPQ?=F9L=< ;GEHGMF<K AF >M=DK J=<M;=K L@= >GJE9LAGF HJG;=KK G> KGGL3. 0@MK, L@= MK= G> GPQ?=F9L=< 
;GEHGMF<K  (9D;G@GDK,  =L@=JK,  @Q<JGPQ=L@=JKa)  9K  9<<ALAN=K  AF  >M=DK  AK  :=AF?  AFN=KLA?9L=<.  IF  L@AK 
K=FK=, GMJ J=K=9J;@ ?JGMH =N9DM9L=K L@= 9LEGKH@=JA; AEH9;L G> L@= MK= G> L@=K= 9<<ALAN=K AF 9 E9KKAN= 
O9Q  AF F=O >M=DK,  >JGE L@= HGAFL G> NA=O G>  L@= ;@=EAKLJQ 9F< 9LEGKH@=JA; J=9;LANALQ. A<<ALAGF9DDQ, GMJ 
?JGMH =N9DM9L=K  L@= 9LEGKH@=JA;  AEH9;L G>  L@= ?9K H@9K= =EAKKAGFK ?=F=J9L=<  AF  L@= ;GE:MKLAGF G> 
L@=K= >M=DK 9F< :AG>M=DK, L@JGM?@ L@= CAF=LA; KLM<Q, =N9DM9LAGF G> L@= GDG:9D 39JEAF? PGL=FLA9D (G3P), 
GRGF= ?=F=J9LAGF ;9H9;ALQ 9F< <=L=JEAF9LAGF G> L@= J=9;LAGF HJG<M;LK. FAF9DDQ, J=KH=;L LG L@= PM (KGGL) 
=EALL=<,  GMJ  ?JGMH  ;9JJA=<  GML  KLM<A=K  G>  H@QKA;G;@=EA;9D  ;@9J9;L=JAR9LAGF  9F<  J=9;LANALQ  G>  L@=K= 
H9JLA;D=K OAL@ <A>>=J=FL ?9K=K.

�#$#.#,!#/

1. AL9:9FA, A. E.� /ADALGF?9, A. /.� AFBME, I.� M9@DA9, 0. M. I.� M9KBMCA, H. H.� M=C@AD=>, /. A CGEHJ=@=FKAN= .=NA=O GF 
BAG<A=K=D 9K 9F ADL=JF9LAN= EF=J?Q .=KGMJ;= 9F< ILK C@9J9;L=JAKLA;K. ",4,=. #;9:(04. E4,8.> ",<. 2012, 16, 2070b
2093.

2. 4M=, J.� GJA>L, 0. E.� H9FK=F, A. C. E>>=;L G> BAG<A=K=D GF EF?AF= P=J>GJE9F;=K 9F< EEAKKAGFK. ",4,=. #;9:(04. 
E4,8.> ",<. 2011, 15, 1098b1116.

3. A::GM<, J.� /;@G:AF?, J.� L=?JGK, G.� BGFF=LQ, J.� 0K;@9E:=J, 2.� BJADD9J<, A.� L=QKK=FK, G.� L9M?9, 2.� IGBGAM, E. E.� 
D9  ;GKL9,  P.  IEH9;LK  G>  OPQ?=F9L=<  CGEHGMF<K  CGF;=FLJ9LAGF  GF  /GGLAF?  PJGH=FKALA=K  9F<  /GGL  OPA<9LAN= 
.=9;LANALQ : AHHDA;9LAGF LG DA=K=D 9F< BAG<A=K=D /MJJG?9L=K. �;,2 201�, 193, 241b253.
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C$M*#ICACI$#E( 
$'ALE(

ELEC)'$CHEMICAL DE)EC)I$# $F 'H$DAMI#E B B. M$LEC*LA'L. IM%'I#)ED %$L.ME' M$DIFIED (C'EE# %'I#)ED CA'B$# 

ELEC)'$DE A#D E-)'AC)I$# B. MAG#E)IC M*L)I,ALLED CA'B$# #A#$)*BE %$L.(().'E#EC$DI+EI#.LBE#E/#E)

.A((I#E BE#MA((A$*D

DM=  LG  ALK HGL=FLA9D @=9DL@  JAKCK GF @ME9F :G<A=K,  L@= MK= G> R@G<9EAF= B, 9K O=DD 9K K=N=J9D 
GL@=J  <Q=K,  AK  :9FF=<  >JGE  >GG<  AF<MKLJQ.  L@MK,  K=N=J9D  9F9DQLA;9D  E=L@G<K  O=J=  <=N=DGH=<  >GJ  ALK 
<=L=JEAF9LAGF.  >MJL@=JEGJ=,  EGD=;MD9JDQ  AEHJAFL=<  HGDQE=JK  9J=  KQFL@=LA;  J=;=HLGJK  >GJ  9  L9J?=L=< 
EGD=;MD= 9DDGOAF? 9 :=LL=J <AK;JAEAF9LAGF AF 9 ;GEHD=P E9LJAP. 

IF L@AK KLM<Q, 9 EGD=;MD9J  AEHJAFL=< HGDQE=J O9K HJ=H9J=< 9F< MK=< 9K 9 K;J==FHJAFL=< ;9J:GF 
=D=;LJG<=  EG<A>QAF?  >ADE  >GJ  L@=  J9HA<  =D=;LJG;@=EA;9D  <=L=;LAGF  G>  R@G<9EAF=  B. A  E9?F=LA;  KGDA< 
H@9K= =PLJ9;LAGF O9K 9DKG ;9JJA=< GML MKAF? E9?F=LA; EMDLAO9DD=< ;9J:GF F9FGLM:=K HGDQ(KLQJ=F=;G
<ANAFQD:=FR=F=)  ;GEHGKAL=  (MMWCNTKPSDVB)  9K  KGJ:=FL.  T@= MIPK  KQFL@=KAK  O9K  GHLAEAR=<  :Q 
N9JQAF?  L@=  9;LAN9L=<  TAO2  9F<  MWCNTK  9EGMFLK.  SPCE  =D=;LJG<=  O9K  L@=F  EG<A>A=<  MKAF?  9F 
GHLAEME NGDME= G> TAO2MWCNTKMIP 9F< ;GEH9J=<  LG 9 FGFEG<A>A=< SPCE, 9 TAO2SPCE 9F< 9 
MWCNTKSPCE :Q ;Q;DA; NGDL9EE=LJQ. T@= E9?F=LA; KGDA< H@9K= =PLJ9;LAGF 9F< <=L=;LAGF ;GF<ALAGFK 
O=J= GHLAEAR=< 9K O=DD. L@= <=N=DGH=< E=L@G< HJGNA<=< 9 IM9FLA>A;9LAGF DAF=9J J9F?= >JGE 5100 j? L1. 
T@= DAEAL G> <=L=;LAGF, DAEAL G> IM9FLA>A;9LAGF 9F< J=D9LAN= KL9F<9J< <=NA9LAGF O=J= J=KH=;LAN=DQ 1.44 j? L
1, 4.81 j? L1 9F< 6.59 %. FAF9DDQ, L@= HJ=K=FL E=L@G< O9K 9HHDA=< AF J=9D >GG< K9EHD=K 9F9DQKAK.
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COM*NICACIONE( 
O'ALE(

(.N)HE(I( OF HE)E'OC.CLE COMPO*ND( CA)AL./ED B. IMIDA/OLI*M 
(AL)(

MA'KA DEL P'ADO CABALLE'O

M=L9D>J==  GJ?9FG;9L9DQKLK  :9K=<  GF  AEA<9RGDAME  K9DLK  K@GO=<  @A?@  =>>A;A=F;Q  ;9L9DQRAF?  L@= 
;Q;DG9<<ALAGF  J=9;LAGFK  LG  HJ=H9J=  @=L=JG;Q;D=  ;GEHGMF<K  KM;@  9K  ;Q;DA;  ;9J:GF9L=K  9F< 
GP9RGDA<AFGF=K  (/;@=E=  1).1,2  IEA<9RGDAME  K9DLK  H=J>GJE=<  9K  :A>MFLAGF9D  ;9L9DQKLK  9F<  =P@A:AL=< 
AEHJGN=< 9;LANALQ >GJ L@= >AP9LAGF G> CO2. M=;@9FAKLA; KLM<A=K J=N=9D=< L@9L L@= @Q<JGPQD ?JGMH HJGEGL=< 
L@= 9;LAN9LAGF G> L@= =HGPA<= JAF? :Q FM;D=GH@ADA; 9LL9;C G> L@= AG<A<=.

OP9RGDA<AFGF=K 9J= 9F  AEHGJL9FL ;D9KK G> @=L=JG;Q;D= ;GEHGMF<K O@A;@ 9J= ;GEEGFDQ MK=< 9K 
HJ=;MJKGJK  LG  9FLA:9;L=JA9D  E=<A;AF=K.  1KAF?  L@=  GHLAE9D  J=9;LAGF  ;GF<ALAGFK  (2  EGD%  G>  5 
@A<JGPQH@=FQDAEA<9RGD 9L 80 ]C AF LGDM=F= >GJ 24 @GMJK) 9JGE9LA; 9F< 9DAH@9LA; =HGPA<=K O=J= J=9;L=< 
OAL@ H@=FQDAKG;Q9F9L=  LG HJ=H9J=  L@= ;GJJ=KHGF<AF? GP9RGDA<AFGF=K. 0@= 9;LANALQ3 G> ;9L9DQKLK @9K 9F 
AEHGJL9FL JGD= AF L@= KQFL@=KAK KAF;= L@= ;Q;DGLJAE=JAR9LAGF G> AKG;Q9F9L=K AK 9 ;GEH=LAF? J=9;LAGF.

�!&#+# 1. /QFL@=KAK G> ;Q;DA; ;9J:GF9L=K 9F< GP9RGDA<AFGF=K.

R#$#.#,!#/

1.  J. C9KLJGOKE9,  J. M9JLXF=R,  F. CJMRM9JLXF=R, M. P. C9:9DD=JG,  J.  F=JFUF<=RB9=R9,  J. RG<JX?M=RLZH=R, A. OL=JG, A.  L9J9/UF;@=R  9F<  J. 

0=B=<9, C(:(2. #*0. $,*/452., 2018, 8, 19811987.

2. J. C9KLJGOKE9, J. 0=B=<9, A. OL=JG, J. F=JFUF<=RB9=R9 9F< A. L9J9/UF;@=R, N_ P201631419� R=>.: P2016/18463.

3. JGK= A. C9KLJGOKE9, AEQ E9JD9E, A?MKLXF L9J9/UF;@=R, AFLGFAG OL=JG, 9F< MA;@9=D NGJL@, C/,3C(:C/,3., 2016, 8, 2100 b 2108
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COM*NICACIONE( 
O'ALE(

(.N)HE(I( OF BIODE'I+ED C.CLIC CA'BONA)E( F'OM 'ENE,ABLE 'E(O*'CE(

FELI%E DE LA C'*/

0@=  <=N=DGHE=FL  G>  :AG:9K=<  @A?@N9DM=  9<<=<  ;@=EA;9D  HJG<M;LK  LG  J=HD9;=  H=LJGD:9K=< 
EGD=;MD=K  AK  GF=  G>  L@= E9AF  G:B=;LAN=K  >GJ  L@=  K;A=FLA>A;  ;GEEMFALQ  9F<  AF<MKLJQ.  IF  L@AK  ;GFL=PL,  9 
J9F?=  G>  F=O  HD9L>GJE  EGD=;MD=K  <=JAN=<  >JGE  O9KL=  :AGE9KK  @9N=  :==F  <=N=DGH=<  9F<  MK=<  9K 
EGFGE=JK >GJ L@= HJG<M;LAGF G> HGDQE=JA; E9L=JA9DK, 9K KGDN=FLK 9F< 9K ;@=EA;9D AFL=JE=<A9L=K.1 OF= 
G> L@= EGKL 9:MF<9FL >GJE G> ;9J:GF GF E9JL@ AK ;9J:GF <AGPA<= (CO2) 9F< AL AK 9 HGL=FLA9D KMKL9AF9:D= 
>==<KLG;C  >GJ  L@=  ;@=EA;9DK  AF<MKLJQ.2  0@=  EGKL  AEHGJL9FL  LJ9FK>GJE9LAGF  G>  ;9J:GF  <AGPA<=  AK  ALK 
;9L9DQLA; ;GMHDAF? OAL@ =HGPA<=K  LG HJ=H9J= ;Q;DA; ;9J:GF9L=K.3 0@AK  J=9;LAGF @9K :==F OA<=DQ KLM<A=< 
GN=J  L@=  D9KL  <=;9<=  OAL@  L@=  <=N=DGHE=FL  G>  9  OA<=  J9F?=  G>  @A?@DQ  =>>A;A=FL  E=L9D  9F<  GJ?9FA; 
;9L9DQKLK >GJ L@AK J=9;LAGF.3 

IF L@AK ;GFLJA:MLAGF O= J=HGJL L@= 9DMEAFME ;9L9DQR=< ;GMHDAF? J=9;LAGF G> ;9J:GF <AGPA<= OAL@ :AG
<=JAN=<  =HGPA<=K  MF<=J  EAD<  J=9;LAGF  ;GF<ALAGFK  LG  9>>GJ<  @A?@DQKM:KLALML=<  F9LMJ9D<=JAN=<  ;Q;DA; 
;9J:GF9L=K  OAL@  =P;=DD=FL  <A9KL=J=GK=D=;LANALQ,  G:L9AFAF?  AF  KGE=  ;9K=K  GF=  <A9KL=J=GAKGE=J  9K  L@= 
E9BGJ HJG<M;L.

HA?@DQ <A9KL=J=GK=D=;LAN= KQFL@=KAK� 
EP;=DD=FL QA=D<K� E9JL@9:MF<9FL ;9L9DQKL

�#$#.#,!#/

1.  (9)  FJGA<=N9MP,  2.�  N=?J=DD,  C.�  C9ADDGD,  /.�  P9K;9MDL,  J.P.�  BGML=NAF,  B. �/,3.  ",<.  2016,  116,  14181b14224.  (:) MAC9,  L.  0.�  CKW>9DN9Q,  E.� 

NWE=L@, g. �/,3. ",<. 2018, 11�, 505b613.

2. (9) AJ=KL9, M.� DA:=F=<=LLG, A.� AF?=DAFA, A. �/,3. ",<. 2014, 114, 1709b1742. (:) KD=AB, A. 3.� NGJL@, M.� 1J9C9O9, A. �/,3#;9�/,3 2017, 10, 

1036b1038. B\LLF=J, H.� LGF?OALR, L.� /L=AF:9M=J, J.� 3MD>, C.� 3=JF=J, 0. $56. �;88. �/,3. 2017, 3�5, 50. (:) FAGJ9FA, G.� GMG, 3.� KD=AB, A. 3. 

�8,,4 �/,3. 2015, 1�, 1375b1389. (;) M9JLXF, C.� FAGJ9FA, G.� KD=AB, A. 3. ��# �(:(2. 2015, 5, 1353b1370.
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COMUNICACIONES 
ORALES

SCREENING AND PRELIMINARY BIOCHEMICAL AND BIOLOGICAL STUDIES OF [R@Cl(pCYMENE)(N,N

BIS(DIPHENYLPHOSPHINO)ISOPROPYLAMINE)][BF4] IN BREAST CANCER MODELS

ELENA DOMKNGUEZ

BJ=9KL ;9F;=J AK L@= K=;GF< D=9<AF? ;9MK= G> ;9F;=J <=9L@ OGJD<OA<=. D=KHAL= HJG?J=KK AF <JM? 
<AK;GN=JQ, A<=FLA>A;9LAGF G> L@= ;GJJ=;L HGHMD9LAGF AK L@= DAEALAF? >9;LGJ LG <=N=DGH F=O ;GEHGMF<K AF L@= 
;DAFA;9D K=LLAF?. T@=J=>GJ=, L@= 9AE G> L@AK KLM<Q AK LG =N9DM9L= L@= =>>=;LK G> 9 F=O E=L9DDG<JM?, [RMCD(H
;QE=F=)(N,N:AK(<AH@=FQDH@GKH@AFG)AKGHJGHQD9EAF=)][BF4] (HFHRM 14) 9K 9  D=9< HFHRM ;GEHGMF< 
:Q  K;J==FAF?  9F<  HJ=DAEAF9JQ  :AG;@=EA;9D  9F<  :AGDG?A;9D  KLM<A=K  AF  <A>>=J=FL  :J=9KL  ;9F;=J  KM:LQH=K. 
T@= J=KMDLK K@GO L@9L ;GEHD=P HFHRM14 AK EM;@ EGJ= =>>=;LAN= AF HJGEGLAF? AF NALJG ;QLGLGPA; =>>=;L GF 
HER2+  9F<  RH+/HER2  :J=9KL  ;9F;=J  L@9F  L@=  J=>=J=F;=  E=L9DDG<JM?K  ;AKHD9LAF,  ;9J:GHD9LAF  GJ 
RAPTAC.  IL  AK  AEHGJL9FL  LG @A?@DA?@L  L@9L HFHRM14 K@GOK 9F  AEHJ=KKAN= ;QLGLGPA;ALQ 9?9AFKL BT474 
;=DDK.  C9KH9K=<=H=F<=FL  9HGHLGKAK  AK  L@=  E=;@9FAKE  G>  9;LAGF  >GJ  L@=K=  ;GEHGMF<K.  IF  9<<ALAGF, 
LJ=9LE=FL G> SKBR3, BT474, T47D 9F< MCF7 ;9F;=J ;=DDK OAL@ HFHRM14 ;9MK=< 9F 9;;MEMD9LAGF G> 
;=DDK  AF  L@=  G0/G1  H@9K=  ;=DDK.  T@=  HME9F  K=JME  9D:MEAF  (HSA),  DNA  9F<  H1  @AKLGF=K  :AF<AF? 
HJGH=JLA=K  G>  L@=  D=9<  ;GEHGMF<  9J=  J=HGJL=<.  P@9JE9;GCAF=LA;  9F<  :AG<AKLJA:MLAGF  KLM<A=K  K@GO  9 
IMA;C 9:KGJHLAGF G>  HFHRM14  AF  K=JME OAL@ FG KA?FA>A;9FL 9;;MEMD9LAGF  AF 9FQ G>  L@=  L=KL=< GJ?9FK. 
T@AK OGJC HJGNA<=K =NA<=F;= LG KMHHGJL L@= HJ=;DAFA;9D 9F< ;DAFA;9D <=N=DGHE=FL G> HFHRM14 AF :J=9KL 
;9F;=J.
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C$"*#ICACI$#E( 
$'ALE(

2�BE#/$0+101,2,31)'IA/$LE DE'I+A)I+E( ,I)H A%%LICA)I$# I# $'GA#IC 
ELEC)'$#IC(

BEA)'I/ D$#$($

IF  L@=  D9KL <=;9<=K, GJ?9FA; =D=;LJGFA;K @9K 9LLJ9;L=< ?J=9L 9LL=FLAGF <M=  LG  L@= <=N=DGHE=FL G> 
GJ?9FA; K=EA;GF<M;LGJ E9L=JA9DK. T@=K= E9L=JA9DK @9N= HJ9;LA;9D 9HHDA;9LAGFK  AF  L@=  D9L=KL ?=F=J9LAGF 
<=NA;=K  GJ?9FA;  >A=D<  =>>=;L  LJ9FKAKLGJK  (OFETK)1,  GJ?9FA;  DA?@L  =EALLAF?  <AG<=K  (OLEDK),  GJ?9FA; 
H@GLGNGDL9A;  <=NA;=K  (OPVK),  9K  O=DD  9K  GHLA;9D  O9N=?MA<=K2  O@A;@  9J=  =KK=FLA9D  =D=E=FLK  >GJ  L@=AJ 
AEHD=E=FL9LAGF  AF H@GLGFA; ;AJ;MALK.  IF GMJ  J=K=9J;@ ?JGMH, O= @9N= KLM<A=<  L@= HJ=H9J9LAGF 9F< K=D>
9KK=E:DQ HJGH=JLA=K G> <A>>=J=FL 2�:=FRG[+8[1,2,38LJA9RGD= <=JAN9LAN=K OAL@  L@= 9AE  LG <=L=JEAF=  L@=AJ 
:=@9NAGJ 9K GJ?9FA; O9N=?MA<=K 9F< K=EA;GF<M;LGJK  AF OFETK (F'%1.# 1). AK 9 ?J==F 9HHJG9;@, O= 
@9N= MK=< ;GEHML9LAGF9D ;9D;MD9LAGFK LG 9NGA< MFF=;=KK9JQ KQFL@=KAK. W= @9N= ;9D;MD9L=< L@= =F=J?Q 
9F< LGHGDG?Q G> >JGFLA=J EGD=;MD9J GJ:AL9DK, 9F< L@= H@GLGH@QKA;9D HJGH=JLA=K G> 9 K=L G> <=JAN9LAN=K. T@= 
K=D=;L=< ;GEHGMF<K @9N= :==F KQFL@=KAR=< MKAF? ;JGKK;GMHDAF? J=9;LAGFK. CMJJ=FLDQ, O= 9J= KLM<QAF? 
L@= :=@9NAGJ G> L@=K= ;GEHGMF<K 9K K=EA;GF<M;LGJK AF OFETK 9F< GHLA;9D O9N=?MA<=K.

F'%1.# 1. 2�:=FRG[+8[1,2,38LJA9RGD= <=JAN9LAN=K.

R#$#.#,!#/

1. SAJJAF?@9MK, H.� A+<. �(:,8. 2014, 26, 13191335.
2. Z@9F?, C.� S@=F?, Y.� Y9G, J.� C/,3. C/,3. !/>9, 2011, 13, 90609073.
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C$M*NICACI$NE( 
$'ALE(

F$'MA)I$N $F (EC$NDA'. $'GANIC AE'$($L (($A)

ALBA E(CAL$NA

F'%1.# 1. DAKLJA:MLAGF G> H9JLA;D= KAR= 9L <A>>=J=FL J=9;LAGF LAE=K. FA?MJ= 2. E>>=;L G> 7O38 GF L@= 
HJG<M;LAGF G> /OA

�#$#.#,!#/
1  IPCC.  CDAE9L=  C@9F?=  2013:  0@=  P@QKA;9D  /;A=F;=  B9KAK.  CGFLJA:MLAGF  G>  3GJCAF?  GJGMH  I  LG  L@=  FA>L@  AKK=KKE=FL  .=HGJL  G>  L@= 

IFL=J?GN=JFE=FL9D P9F=D GF CDAE9L= C@9F?= (=<K, /LG;C=J, 0. F. =L 9D.) HH 1535 (C9E:JA<?= 1FAN=JKALQ PJ=KK, 2013).

2 DA9RD=M=J9, 5., A. AJ9F<9, L. BJ9;;G, D. .G<JA?M=R, =L 9D. �:3596/,80* �/,309:8> (4+ !/>90*9, F=: 2017, 1�(3), 23472357.

3 DA9RD=M=J9, 5., A. AJ9F<9, E. M9JLAF=R, A. A. .G<JA?M=R, =L 9D. �:3596/,80* �4<08543,4:, D=; 2017, 1�1, 2531.

4 3=DR, O., /9N==, J.D., OK:GJF, D.L., 29KM, /./., P=J;AN9D, C.J., /@9DD;JGKK, D., 099LB=K, C.,2012. #*0,4*, 335, 204b207.

5 M9MD<AF, ..L., B=JF<L, 0., /AHADV, M., P99KGF=F, P., P=LVBV, 0., KAE, /., KMJLWF, 0.,/LJ9LE9FF, F., K=JEAF=F, 2.M., KMDE9D9, M., 2012. �(:;8, 4��, 

193b196.

6 N=OD9F<, M.J., .A;C9J<, A..., AD9E, M./., 2=J==;C=F, L., MMYGR, A., .Z<=F9K, M., BDGKK,3.J., 2015. !/>9. �/,3. �/,3. !/>9. 1�, 4076b4088.

       ALEGKH@=JA; 9=JGKGDK 9J= ;GFKA<=J=< 9K GF= GF  L@= 
E9AF  MF;=JL9AFLQ  KGMJ;=K  AF  L@=  ;MJJ=FL 
MF<=JKL9F<AF?  G>  L@=  E9JL@fK  ;DAE9L=1.  PJ=NAGMK 
KLM<A=K  K@GO=<  L@9L  KGE=  ;GEHGMF<  9JGE9LA; 
=EALL=<  LG  L@=  9LEGKH@=J=  ?AN=  9  @A?@  /OA 
(/=;GF<9JQ  OJ?9FA;  A=JGKGD)  >GJE9LAGF  HGL=F;A9D2,3. 
.=9;LAGF G> L@= 9DC=F=K OAL@ GRGF= HJG;==<K L@JGM?@ 
L@=  >GJE9LAGF  G>  9  CJA=?==  AFL=JE=<A9L=  (CI).  2=JQ 
J=;=FLDQ, AL @9K :==F >GMF< L@9L KL9:ADAR=< CI (KCI) ;9F 
MF<=J?G  J=9;LAGFK  OAL@  /O2  K=N=J9D  GJ<=JK  G> 
E9?FALM<=  >9KL=J  L@9F  9KKME=<  KG  >9J4  HJG<M;AF? 
/O3, O@A;@ ;GFLJA:ML=K =>>A;A=FLDQ  LG  L@=  >GJE9LAGF G> 
?JGMF< D=N=D KMD>MJA; 9;A<5,6. 

    3= KLM<Q L@= GRGFGDQKAK J=9;LAGF G> <A>>=J=FL NGD9LAD= GJ?9FA; ;GEHGMF< >GDDGOAF? L@= ;GF<ALAGFK L@9L 
D=9< LG L@= >GJE9LAGF 9F< ?JGOL@ G> F=O H9JLA;D=K. 0@= =>>=;L G> O9L=J N9HGJ 9F< /O2 ;GF;=FLJ9LAGFK 
<MJAF? L@= HJG;=KK 9J= 9DKG KLM<A=< 9F< <AK;MKK=<. 0@= J=9;LAGFK @9N= :==F ;9JJA=< GML  AF 9 0=>DGF 
;@9E:=J  >ADD=<  OAL@  KQFL@=LA;  9AJ  EAPLMJ=K  9L  9LEGKH@=JA;  HJ=KKMJ=  9F<  JGGE  L=EH=J9LMJ=  9F< 
>GDDGOAF? L@= H9JLA;D= >GJE9LAGF :Q /MP/ (/;9FFAF? MG:ADALQ P9JLA;D= /AR=J) 9F< CPC (CGF<=FK9LAGF 
P9JLA;D= CGMFL=J). 
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COM*NICACIONE( 
O'ALE(

.EA()( ,I)H %'OBIO)IC %O)EN)IAL

%ILA' FE'NJNDE/%ACHECO

0@= AFL=KLAF9D EA;JG:AGL9 AK L@= EGKL HGHMD9L=< ;GEEMFALQ G> L@= @ME9F :G<Q AF O@A;@ LJADDAGFK G> 
EA;JGGJ?9FAKEK  DAN=  AF  KQE:AGKAK,  ;GFLJA:MLAF?  LG  L@=  FGJE9D  >MF;LAGFAF?  G>  L@=  GJ?9FAKE  L@JGM?@  ALK 
AFL=J9;LAGFK OAL@ L@= @GKL. HGO=N=J, 9 <QK:AGKAK ;9F ;9MK= EMDLAHD= 9DL=J9LAGFK. OF= G> L@= EGKL OA<=DQ 
MK=<  ;MJJ=FL  9HHJG9;@=K  AF  L@=  EG<MD9LAGF  G>  AFL=KLAF9D  EA;JG:AGL9  :9D9F;=  AK  :9K=<  GF  L@= 
9<EAFAKLJ9LAGF G> HJG:AGLA;K. CMJJ=FLDQ, 9 OA<=  J9F?= G> HJG:AGLA; HJG<M;LK 9J= E9JC=L=<, 9DEGKL 9DD G> 
L@=E 9J= :9;L=JA9, :ML  L@=J=  AK 9DKG 9 HJG:AGLA; Q=9KL (#(**/(853>*,9 )5;2(8+00). FGJ  L@AK J=9KGF 9F< 
<M=  LG  L@=  AF;J=9K=<  G>  J=K=9J;@AF?  AF  L@AK  >A=D<,  L@=  9AE  G>  L@AK  OGJC O9K  LG  KLM<Q  L@=  :=@9NAGJ  G> 
HGL=FLA9D HJG:AGLA; Q=9KLK 9DJ=9<Q K=D=;L=< :Q HJ=NAGMK OGJCK MF<=J AF NALJG 9F< 04 <0<5 ;GF<ALAGFK. 0@= 
KLM<Q  O9K  ;9JJA=<  GML  OAL@  5  KLJ9AFK  :=DGF?AF?  LG  #(**/(853>*,9  *,8,<090(,  (2),  �(49,40(9658( 
59356/02( (2) 9F< 12;><,853>*,9 :/,835:52,8(49 (1), AKGD9L=< >JGE >GG< =;GKQKL=EK 9F< K=D=;L=< <M= 
LG  L@=AJ  ?GG<  HJG:AGLA;  ;@9J9;L=JAKLA;K  04  <0:85. ADD  G>  L@=E  MF<=JO=FL  ?9KLJGAFL=KLAF9D  ;GF<ALAGFK  AF 
KLM<A=K AF NALJG L@JGM?@ L@= MK= G> SAE?A^ =IMAHE=FL. IL 9DDGOK L@= <QF9EA; =EMD9LAGF G> L@= <A>>=J=FL 
H@QKAGDG?A;9D  N9JA9:D=K  (H=JAKL9DLA;  EGN=E=FLK,  HH,  ?9KLJGAFL=KLAF9D  >DMA<K,  =L;.)  ?=LLAF?  =>>=;LK  N=JQ 
KAEAD9J  LG  L@GK=  G;;MJJ=<  AF  @ME9FK.  0@=  J=KMDLK  K@GO=<  L@9L  LOG  KLJ9AFK  (#.  *,8,<090(,  9F<  �. 
59356/02() O=J= L@= EGKL J=KAKL9FL LG L@= HJG;=KK K@GOAF? 9 EAFAE9D DGKK G> NA9:ADALQ. BGL@ O=J= MK=< 
>GJ =PH=JAE=FLK  04 <0<5 OAL@ EA;= 9F< ;GFLJA:ML=< LG L@= J=;GDGFAK9LAGF G> ?ML EA;JG:AGL9 HJG;=KK 9>L=J 
L@= MK= G> 9FLA:AGLA;K. OF  L@= GL@=J @9F<,  L@=Q K@GO=< 9  LJ9FKALGJQ 9<@=KAGF ;9H9;ALQ  LG  L@= EM;GK9 
KAF;= L@=AJ ;GF;=FLJ9LAGF <=;J=9K=< <J9KLA;9DDQ 9>L=J L@=AJ 9<EAFAKLJ9LAGF O9K KLGHH=<, :=KA<=K, L@=Q <A< 
FGL K@GO 9:ADALQ LG AFN9<= LAKKM=K :Q @QH@9= >GJE9LAGF, 9K K@GO L@= H9L@G?=FA; Q=9KLK.

0@=K= KLJ9AFK ;GMD< := MK=< LG HJG<M;= HJG:AGLA; HJG<M;LK (>GG<K 9F< <JM?K).
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C$M*NICACI$NE( 
$'ALE(

'EAC)I+I). $F /INC C$M%LE-E( )$,A'D( ALK.NE(: CA)AL.)IC 
IN)'AN$LEC*LA' H.D'$ALK$-.LA)I$N $F ALK.N.L ALC$H$L(

MIG*EL JNGEL GA$NA

ADCQF= AK 9 N=JQ AFL=J=KLAF? >MF;LAGF9D ?JGMH, 9K AL ;9F := MK=< 9K 9 :MAD<AF? :DG;C LG E9FQ MK=>MD 
;GEHGMF<K L@JGM?@ L@= ?=F=J9LAGF G> F=O CC, CH GJ CX :GF<K.1 T@=J= LJ9FK>GJE9LAGFK 9J= MKM9DDQ 
;9L9DQR=<  :Q  LJ9FKALAGF  E=L9DK,  =KL9:DAK@AF?  =>>A;A=FL  9F<  K=D=;LAN=  HJG;=<MJ=K  MF<=J  9  N9JA=LQ  G> 
;GF<ALAGFK. OF= G>  L@=K=  J=9;LAGFK  AK  L@=  AFLJ9EGD=;MD9J  @Q<JG9DCGPQD9LAGF G>  9DCQFQD  9D;G@GDK  >GJ  L@= 
KQFL@=KAK G> GPQ?=F;GFL9AFAF? @=L=JG;Q;D=K, OAL@ K=N=J9D 9HHDA;9LAGFK  AF  L@= H@9JE9;=MLA;9D 9F<  L@= 
>AF=  ;@=EA;9DK  AF<MKLJA=K.2  HGO=N=J,  L@=K=  ;9L9DQKLK  MKM9DDQ  AFNGDN=  =PH=FKAN=  9F</GJ  LGPA;  E=L9DK, 
E9CAF? L@=E D=KK 9LLJ9;LAN=. IF L@AK K;=F9JAG, RAF;:9K=< @9N= ?JGOF AF AFL=J=KL, <M= LG ALK 9:MF<9F;= 
9F<  DGO LGPA;ALQ.3 H=J=AF, O= <=K;JA:=  L@= KQFL@=KAK G> 9 K=JA=K G> @=L=JGK;GJHAGF9L= 9DCQD 9F< 9EA<G 
RAF;  ;GEHD=P=K,  L@=AJ  J=9;LANALQ  LGO9J<K  9  N9JA=LQ  G>  9DCQF=  ;GEHGMF<K  9F<  L@=AJ  ;9L9DQLA;  9;LANALQ 
LGO9J<K L@= AFLJ9EGD=;MD9J @Q<JG9DCGPQD9LAGF G> 9DCQFQD 9D;G@GDK.

�#$#.#,!#/

1. DA=<=JA;@, F.� SL9F?, P. J.� TQCOAFKCA, R. R. A*,:>2,4, */,309:8>. WAD=QVCH� W=AF@=AE. 200	.
2. MMYGR, M. P.  ".. B05352. �/,3. 2012, 10, 35843594.
3. GGFR9D=R, M.J.� LZH=R, L. A.� VA;=FL=, R. $,:8(/,+854 �,::. 201	, 56, 16001608.
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C$"*#ICACI$#E( 
$'ALE(

A#$)HE' A%%LICA)I$# $F .EA()(: BI$DE)$-IFICA)I$# $F %$LL*)A#)(

BEA)'I/ GA'CKABDJA'

+N=J  L@= H9KL  Q=9JK,  :AG<=LGPA>A;9LAGF @9K :=;GE= 9 F=O =DAEAF9LAGF 9DL=JF9LAN= G>  ;GEHGMF<K 
KM;@  9K EA;JG:A9D  LGPAFK,  ;@=EA;9D  HGDDML9FL  9F< O9KL=  AF<MKLJA9D  HJG<M;LK. D=LGPA>A;9LAGF  L=;@FAIM=K 
MK=<  AF  L@= HJ=K=FL 9J= ;9L9DG?M=< :Q  L@= =DAEAF9LAGF E=;@9FAKEK ;9JJA=< GML: ;@=EA;9D, H@QKA;9D GJ 
EA;JG:A9D. )A;JG:A9D <=LGPA>A;9LAGF E=L@G<K ;GMD< := 9 MK=>MD 9F< 9 KH=;A>A; 9;LAGF LGGD  L@9L HJGNA<= 9 
F=O O9Q >GJ J=<M;AF? L@= HJ=K=F;= G> HGDDML9FLK >JGE AF<MKLJA9D O9KL=, 9K @=9NQ E=L9DK, GJ <9F?=JGMK 
:AGLGPAFK KM;@ 9K EQ;GLGPAFK. 0@AK ;9H9:ADALQ @9K :==F LJ9<ALAGF9DDQ KLM<A=< AF :9;L=JA9 9F< EA;JG9D?9=, 
:=AF? L@= >MF?A ;D9<= :9J=DQ AFN=KLA?9L=<.

 
IF  L@AK  KLM<Q,  213  Q=9KL  KLJ9AFK  >JGE  20  <A>>=J=FL  KH=;A=K,  AKGD9L=<  >JGE  C9KLADD9  b  (9  )9F;@9 

J=?AGF, O=J= AF;M:9L=< AF K=H9J9L=< EAFAE9D ;GFL9EAF9L=< E=<A9 KMHHDA=< OAL@ 2 AEHGJL9FL HGDDML9FLK 
>GJ L@= AF<MKLJQ, A>D9LGPAF B1 9F< 6AF;. IF;M:9LAGF HJG;=KK O9K ;9JJA=< GML <MJAF? 5 <9QK 9L 30_C. AL L@= 
=F<  G>  L@=  HJG;=KK,  9DAIMGLK  O=J=  K=D=;L=<  9F<  9F9DQK=<  :Q  H,(C  9F<  NGDL9EE=LJA;  L=;@FAIM=K 
J=KH=;LAN=DQ.  A<<ALAGF9DDQ,  KLJ9AFK  OAL@  L@=  :=KL  9;LANALQ  O=J=  KM:B=;L=<  LG  ;GEHD=E=FL9JQ  9KK9QK: 
:AG;GFLJGD ;9H9:ADALQ 9?9AFKL EQ;GLGPA?=FA; EGMD<K 9F< @=9NQ E=L9D LGD=J9F;=.

0@=  J=KMDLK  K@GO  L@9L  <=LGPA>A;9LAGF  ;9H9:ADALQ  AK  LGPAF  9F<  KLJ9AF  <=H=F<9FL. ADKG,  AL  @9K  :==F 
FGLA;=< L@9L AK FGL <AJ=;LDQ J=D9L=< OAL@ ;=DD ?JGOL@, O@A;@ ;GMD< AF<A;9L= L@9L L@=J= 9J= E=;@9FAKEK G> 
:AG9;;MEMD9LAGF GJ :AG9<HKGJHLAGF AFNGDN=<. IF ?=F=J9D, Q=9KLK O=J= 9:D= LG J=EGN= EGJ= H=J;=FL9?= 
G> 6AF; L@9F A>D9LGPAF B1, @A?@=J L@9F 50% G> L@AK @=9NQ E=L9D. .=?9J<AF? L@= :AG;GFLJGD 9;LANALQ, 9DEGKL 
50% G> L@= KLJ9AFK HJ=K=FL=< 9F AF@A:ALAGF G> L@= EQ;GLGPA?=FA; EGMD<Kf EQ;=DAME. +F L@= GL@=J @9F<, 
EGKL G> L@= KLJ9AFK ?J=O 9L 100 HHE ;GF;=FLJ9LAGF G> 6AF;. ,JGEAKAF? KLJ9AFK OADD := >MJL@=J KLM<A=< AF 
GJ<=J LG CFGO EGJ= 9:GML L@= E=;@9FAKEK AFNGDN=< AF :AG<=LGPA>A;9LAGF HJG;=KK.
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COM*NICACIONE( 
O'ALE(

EFFECIEN) BILI'*BIN 'EMO+AL B. B(A F*NC)IONALI/ED POLIME'IC 
PA')ICLE(

MA'KA DEL P'ADO GA''IDO

HQH=J:ADAJM:AF=EA9  AK  9F  ADDF=KK  ;9MK=<  :Q  9  @=H9LA;  >9ADMJ=,  AF<M;AF?  9  <J9E9LA;  AF;J=9K=  G> 
:ADAJM:AF  ;GF;=FLJ9LAGF  AF  :DGG<.  IF  9<<ALAGF,  L@= E9BGJALQ  G>  H9LA=FLK OAL@  @QH=J:ADAJM:AF=EA9  9J=  9DKG 
9>>=;L=< :Q CA<F=Q >9ADMJ=. EPAKLAF? KQKL=EK >GJ L@= LJ=9LE=FL G> L@=K= H9LA=FLK 9J= ;GEHD=P, =PH=FKAN= 
9F<  FGL  K=D=;LAN=  LGO9J<K  :ADAJM:AF.  H=F;=,  L@=  <=N=DGHE=FL  G>  9  F=O E9L=JA9D  >GJ  =>>A;A=FL  :ADAJM:AF 
J=EGN9D AK BMKLA>A=<.

T@= E9AF G:B=;LAN= G> L@AK J=K=9J;@ O9K L@= KQFL=KAK G> P(SL;GMMA) H9JLA;D=K GF O@GK= KMJ>9;= 
PEGMA O9K  AF;GJHGJ9L=<  9L  L@=  A<=FLALQ  HGAFL  G>  9  KMKH=FKAGF  HGDQE=JAR9LAGF  J=9;LAGF,  E9CAF?  L@= 
H9JLA;D=K EGJ= ;GEH9LA:D= OAL@ :DGG<. A>L=J L@9L, AF GJ<=J LG AEHJGN= L@= K=D=;LANALQ LGO9J<K :ADAJM:AF, L@= 
:AG>MF;LAGF9DAR9LAGF G> L@= H9JLA;D=K LGGC HD9;= :Q L@= AEEG:ADAR9LAGF G> BGNAF= S=JME AD:MEAF (BSA) AF 
ALK KMJ>9;=.

FAJKL G> 9DD, HGDQE=JA; H9JLA;D=K OAL@ 9 HJGH=J H9JLA;D= <A9E=L=J  LG 9NGA<  L@= ;G9?MD9LAGF G> :DGG< 
<MJAF? ALK H9KKAF? L@JGM?@ L@= H9JLA;D=K :=< O=J= KQFL@=KAR=<. A>L=J L@9L, L@= AEEG:ADAR9LAGF G> BSA AF 
L@=  H9JLA;D=K  LGGC  HD9;=.  FAF9DDQ,  KGE=  AF  NALJG  9F<  AF  NANG  L=KLK  O=J=  ;9JJA=<  GML,  G:L9AFAF?  :ADAJM:AF 
J=EGN9DK G> 83% 9F< 72%, J=KH=;LAN=DQ, AF 9 K@GJL H=JAG< G> LAE=.

CGFKA<=JAF?  L@=K=  J=KMDLK,  AL  ;9F  :=  KL9L=<  L@9L  L@=  F=O  KQFL@=KAR=<  H9JLA;MD9L=  E9L=JA9D  AK 
KMAL9:D=  >GJ  9F  =>>A;A=FL  9F<  >9KL  :ADAJM:AF  J=EGN9D  ;GEHD=L=DQ  ;GEH9LA:D=  OAL@  9  ;GFN=FLAGF9D 
@=EG<A9DQKAK KQKL=E.

ACK���LEDGEME���

AML@GJK ?J9L=>MDDQ 9;CFGOD=<?= L@= >=DDGOK@AH >GJ P@D KLM<A=K (FP117/00750) >JGE L@= SH9FAK@ 
MAFAKLJQ G> S;A=F;=, IFFGN9LAGF 9F< 1FAN=JKALA=K 9F< ?J9FL >JGE L@= R=?AGF9D GGN=JFE=FL G> C9KLADD9L9 
M9F;@9 (SBPL5/17/180501/000269).
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C$M*NICACI$NE( 
$'ALE(

FLE-IBLE, M*L)IF*NC)I$NAL NAN$'IBB$N A''A.( $F %ALLADI*M 
NAN$%A')ICLE( F$' )'AN(%A'EN) C$ND*C)I$N AND H.D'$GEN DE)EC)I$N

ELENA HE'NJNDE/

A EMDLAfMFcLAGFaD EaLeJAaD KQKLeE cGFKAKLAF? Gf HDaFaJ aJJaQK Gf FaFGJAbbGFK OaK Eade OAL@ Pd 
FaFGHaJLAcDeK  (NPK)  GbDAIMeDQ  deHGKALed  GF  HGDQeL@QDeFe  LeJeH@L@aDaLe  (PET)  KMbKLJaLeK.  T@e  PET 
KMbKLJaLeK OeJe fAJKL AJJadAaLed OAL@ a DAFeaJDQ HGDaJARed 266 FE DaKeJ LG GbLaAF a DaKeJAFdMced HeJAGdAc 
KMJface  KLJMcLMJe  (LIPSS)1. AKHJeHaJed  KHecAEeFK  OeJe  cGEHJAKed  Gf  DaJ?e  aJea,  @A?@  cG@eJeFce 
FaFGJAHHDe HaLLeJF OAL@ a EeaF KHacAF? 200 FE aFd aNeJa?e aEHDALMde 46 FE. SeHaJaLeDQ,  AF a ?aK 
H@aKe a??Je?aLAGF NacMME eIMAHEeFL, L@e Pd NPK (dAaEeLeJ 5 FE) OeJe deHGKALed GF L@e LIPSS aL aF 
AFcAdeFce aF?De 6065] dAJecLed aK LG becGEe HaJLAaDDQ K@adGOed bQ L@e JAHHDe JAd?eK. T@AK JeKMDLed AF 
L@e fGJEaLAGF Gf aF aJJaQ Gf NP JAbbGFK (L@AcCFeKK S 20 FE) GF L@e JAHHDe JAd?eK, L@e EeaF JAbbGF OAdL@ 
deHeFdAF? GF L@e deHGKALAGF  AFcAdeFce aF?De. AfLeJ  L@e NPK deHGKALAGF L@e KMJface HaLLeJF HJeKeJNed 
L@e KHacAF? aFd L@e aFaDQKAK Gf AFM aFd SEM AEa?eK cGFfAJEed L@e K@adGO effecL aFd L@e Pd NPK 
deHGKALAGF. T@eKe HDaFaJ aJJaQK OeJe KLMdAed aK caFdAdaLe fGJ bGL@ fDePAbDe, LJaFKHaJeFL cGFdMcLGJK aFd 
@QdJG?eF KeFKGJK.

FA?MJe 1: AFM @eA?@L AEa?eK (5 P 5 jE2 KARe) Gf (a) PET KMbKLJaLe OAL@ LIPSS aFd (b) Pd FaFGHaJLAcDeK GF PET 
KMbKLJaLe OAL@ LIPSS. T@e AFKeL AEa?eK cGJJeKHGFd LG L@e FaKL FGMJAeJ TJaFKfGJE Gf eac@ @eA?@L AEa?e.

�#$#.#,!#/

1.  RebGDDaJ,  E.�  CaKLADDeBG,  M.�  ERIMeJJa,  T. A.  LaKeJ  IFdMced  PeJAGdAc  SMJface  SLJMcLMJeK  GF 
PGDQEeJ FADEK: FJGE FMFdaEeFLaDK LG AHHDAcaLAGFK. �;8. !52>3. �. 2015, 73, 162b174.
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COM*NICACIONE( 
O'ALE(

H.D'OGEL( ,I)H I'ON AND COBAL) MAGNE)IC NANOPA')ICLE(

JE(M( HE''E'A

HQ<JG?=DK  9J=  H@QKA;9DDQ  GJ  ;@=EA;9DDQ  ;JGKKDAFC=<  @Q<JGH@ADA;  3D  HGDQE=J  F=LOGJCK,  O@A;@ 
9:KGJ: 9F<  J=L9AF  D9J?= 9EGMFLK G> O9L=J,  L@GM?@ FGL KGDM:D=  AF  AL, OAL@ E9AFL=F9F;= G> K@9H=1. OMJ 
J=K=9J;@ ?JGMH @9K 9 D9J?= =PH=JA=F;= KQFL@=KARAF? @Q<JG?=D (FA?MJ= 1). IL AK O=DD CFGOF L@9L @Q<JG?=DK 
;9F KLGJ= <JM?K AFKA<= 9F<, <=H=F<AF? GF L@= KLJM;LMJ= 9F< ;GEHGKALAGF, L@=Q ;9F <=DAN=J L@= <JM? AF 
J=KHGFK=  G>  9  ;=JL9AF  KLAEMDMK2.  IF  L@AK  ;GEEMFA;9LAGF,  O=  K@GO  L@=  KQFL@=KAK  G>  @Q<JG?=DK 
>MF;LAGF9DAR=< OAL@ CG 9F< F= N9FGH9JLA;D=K 9F< 9DKG OAL@ F=O L9Q=J GJ9H@=F= (FLG) 9F< GJ9H@=F= 
OPA<=  (GO).  0@=K=  @Q<JG?=DK  OADD  :=  9HHDA=<  LG  L@=  <=KA?F  G>  K;9>>GD<K  >GJ  3D  ;=DD  ;MDLMJ=K.  0@= 
HJ=K=F;=  G>  F9FGH9JLA;D=K  E9C=K  L@=E  K=FKALAN=  LG  9  E9?F=LA;  KLAEMDMK,  AF  GJ<=J  LG  <=DAN=J,  >GJ 
=P9EHD=, ?JGOF >9;LGJK. FMJL@=JEGJ=, ?J9H@=F= AK =PH=;L=< LG ;GFLJA:ML= LG L@= E=;@9FA;9D, =D=;LJA;9D 
9F< L@=JE9D HJGH=JLA=K, 9F< 9L L@= K9E= LAE=, ;=DDMD9J 9<@=KAGF ;9F := AF;J=9K=<.

F'%1.# 1. G=F=J9D K;GH= G> @Q<JG?=DK KQFL@=KAK.

R#$#.#,!#/

1.  J9?MJGJG<RAFKCA,  J.  PGDQE=JA;  G=DK  9F<  HQ<JG?=DK  >GJ  :AGE=<A;9D  9F<  P@9JE9;=MLA;9D 
AHHDA;9LAGFK. !52>3. A+<. $,*/452. 2010, 21, 2747.

2. M=JAFG, S.� M9JLXF, C.� KGKL9J=DGK, K.� PJ9LG, M.� 2URIM=R, E. N9FG;GEHGKAL= HQ<JG?=DK: 3D 
PGDQE=JN9FGH9JLA;D= SQF=J?A=K  >GJ OFD=E9F< DJM? D=DAN=JQ. AC# N(45 2015, 9,  5, 4686
4697.
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C$"*#ICACI$#E( 
$'A!E(

A%%!ICA)I$# $F )HE GC"(/"( A#D !A(E'BA(ED "A(( (%EC)'$"E)'. )ECH#I&*E( F$' )HE DE)E'"I#A)I$# $F %$!.C.C!IC 

A'$"A)IC H.D'$CA'B$#( (%AH) A#D )HEI' DE'I+A)I+E( ($%AH A#D #%AH) I# 'EFE'E#CE A#D 'EA! ($$) (A"%!E(

($#IA !A'A

0@=  AF;GEHD=L=  ;GE:MKLAGF  HJG;=KK=K  ;GFLJA:ML=  LG  9  ?J=9L  =PL=FL  ?=F=J9LAF?  9LEGKH@=JA; 
HGDDML9FLK  AF  ?9K  H@9K=  9F<  H9JLA;D=K  AF  KMKH=FKAGF. 0@= E9AF  KGMJ;=  G>  H9JLA;MD9L= E9LL=J  AK  LJ9>>A; 
(M9Q =L 9D, 2014). 0@=AJ =EAKKAGFK 9J= ;GFKLALML=< :Q KGGL L@9L AK E9AFDQ ;GEHGK=< G> :D9;C ;9J:GF 9F< 
/OF  (KGDM:D=  GJ?9FA;  >J9;LAGF)  O@=J=  GJ?9FA;  ;GEHGMF<K  KM;@  9K  PGDQ;Q;DA; AJGE9LA;  CGEHGMF<K 
(PACK)  9J=  9<KGJ:=<.  0@=Q  9J=  ;GFKA<=J=<  9K  LGPA;  H=JKAKL=FL  KM:KL9F;=K  (3HO,  2010).  /GGL  @9K 
:==F ;D9KKA>A=< 9K L@= K=;GF< D9J?=KL ;GFLJA:MLGJ LG ?DG:9D O9JEAF? 9>L=J CO2 (IPCC, 2013). 0@=J=>GJ=, 
LG CFGO L@= ;@=EA;9D ;GEHGKALAGF G> KGGL AK AEHGJL9FL AF GJ<=J LG =N9DM9L= ALK AEH9;L GF @ME9F @=9DL@ 
9F< ;DAE9L= ;@9F?=. IF L@AK KLM<Q, 9F 9F9DQLA;9D E=L@G<GDG?Q (EA;JGO9N= 9KKAKL9FL =PLJ9;LAGF, MAE 9F< 
GCM//M/)  @9K  :==F  <=N=DGH=<  9F<  N9DA<9L=<  >GJ  L@=  9F9DQKAK  G>  PACK  (PAH, OPAH, NPAH)  >JGE 
KGGL H9JLA;D=K ?=F=J9L=< >JGE >M=DK 9F< :AG>M=DK ;GE:MKLAGF. FGJ  L@9L,  L@J== KGGL K9EHD=K @9N= :==F 
AFN=KLA?9L=< PJAFL=P1, 9 KL9F<9J< J=>=J=F;= E9L=JA9D (/.M NI/01650:) 9F< 9 J=9D <A=K=D KGGL K9EHD=. 
0@= J=KMDLK K@GO=< L@9L L@= /.M 9F< J=9D K9EHD= HJ=K=FL <A>>=J=F;=K J=?9J<AF? L@= 9<KGJHLAGF G> L@= 
@=9NA=KL 9F< NPAH KAF;= L@= J=;GN=JA=K G> AFL=JF9D KL9F<9J<K O=J= 50136% 9F< 141%, J=KH=;LAN=DQ. 
IF 9<<ALAGF, LGL9D PACK J=L9AF=< AF L@= <A=K=D KGGL O9K E9JC=<DQ HGGJ=J (9 F?/E? 27 F?/E?) L@9F L@= 
=PLJ9;L=<  >JGE  /.M  (699  F?/E?).  L9K=J:9K=< E9KK  KH=;LJGE=LJQ  L=;@FAIM=K  (L2M/  9F<  H.LM/) 
O=J= 9DKG 9HHDA=<  LG  L@=  KGGL  K9EHD=K  AF  GJ<=J  LG  G:L9AF EGJ=  AF>GJE9LAGF 9:GML  L@=  ;GEHGKALAGF G> 
/OF. 0@= J=KMDLK G:L9AF=< ;GF>AJE=< L@9L <A=K=D KGGL @9< 9 DGO ;GFL=FL G> /OF KAF;= L@= PACK O=J= 
KLJGF?DQ  J=L9AF=<,  H9JLA;MD9JDQ  L@= @=9NQ GF=K. 0@=K= <A>>=J=F;=K  AF  L@=  ;GEHGKALAGF G>  KGGL  K9EHD=K 
;9F := 9LLJA:ML=< LG L@= ;GF<ALAGFK AF O@A;@ L@= <A=K=D KGGL O9K HJG<M;=<.

�#$#.#,!#/

1. M9Q, A.�  N?MQ=F,  N.�  PJ=KLG, A.�  GGJ<GF,  0.�  LAHKCQ,  E.  G9K9F<  H9JLA;D=H@9K=  HJAE9JQ  =EAKKAGFK  >JGE  AFMK=,  GF  JG9<  ?9KGDAF=  9F<  <A=K=D 

N=@A;D=K. A:359 �4<0854, 201�, 88, 247260.

2. IPCC. /MEE9JQ >GJ PGDA;QE9JC=JK. IF: CDAE9L= C@9F?=. C(3)80+., %40<,890:> !8,99, C9E:JA<?=, 1K 9F< N5, 1/A, 201�.

3. 3HO. AAJ IM9DALQ >GJ EMJGH=. 3GJD< H=9DL@ OJ?9FAR9LAGF, .=?AGF9D O>>A;= AF EMJGH=, �;856,(4 #,80,9, CGH=F@9?=F, D=FE9JC, 2010.
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COM*NICACIONE( 
O'ALE(

CAPILLA'. ELEC)OPHO'E(I( ME)HOD FO' )HE DI(C'IMINA)ION BE),EEN BIOELEC)'OCHEMICAL 

(.()EM( FO' )HE 'ED*C)I+E )'EA)MEN) OF HA/A'DO*( POLL*)AN)(

L*I( FE'NANDO LELN

CGFN=FLAGFaD  BAG=D=cLJGc@=EAcaD  SQKL=EK  (BESK)  cGFKAKL  AF  bAGDG?AcaD  aFG<=K  aF<  abAGLAc 
caL@G<=K,  AF  O@Ac@  bacL=JAa  aLLac@=<  LG  L@=  =D=cLJG<=  AK  abD=  LG  caLaDQR=  L@=  aFG<Ac  J=acLAGF. 
CGEEGFDQ, BESK OGJCAF? aK MAcJGbAaD FM=D C=DDK (MFCK) @aN= b==F MK=< LG HJG<Mc= =D=cLJAcaD =F=J?Q 
>JGE GJ?aFAc cGEHGMF<K AF OaKL=OaL=J, MKAF? GPQ?=F aK GPA<aFL aL L@= caL@G<=. AHHDAcaLAGFK AF BESK 
@aN= b==F K@GGLAF? MH AF J=c=FL <=ca<=K, aK O=DD aK AEHJGNAF? L@= EaL=JAaDK MK=< AF L@=AJ <=KA?F.

IF  L@AK  KLM<Q,  K=N=JaD  @aRaJ<GMK  cGEHGMF<K  >JGE  <A>>=J=FL  OaKL=OaL=JK  @aN=  b==F  LJ=aL=< 
L@JGM?@ a J=<McLAN= HJGc=KK aL L@= caL@G<= G> GMJ BESK, K=ARAF? L@= caLaDQLAc acLANALQ G> L@= bAG>ADE aL 
L@= aFG<= LG J=<Mc= L@= =F=J?Q AFHML >GJ L@= =D=cLJGDQKAK.
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COM*NICACIONE( 
ORALE(

F*NC)IONALI/A)ION OF POL.MER( IN (*PERCRI)ICAL CARBON DIO-IDE

(ONIA LLPE/

0@= ?JGOAF? <=E9F<  >GJ  "AFL=DDA?=FL" HGDQE=JK @9K  D=<  LG  L@= ;GFLAFMGMK K=9J;@  >GJ KAEHD= 9F< 
=>>A;A=FL  E=L@G<K  >GJ  L@=AJ  ?=F=J9LAGF.  ,GDQE=J<JM?  ;GFBM?9L=K  9J=  >AF<AF?  AF;J=9KAF?  MK=  9K  FGN=D 
9FLA;9F;=J 9?=FLK. ,GDQE=JA; KQKL=EK ;GFBM?9L=< OAL@ 9 <JM? J=KMDL AF L@= ;GFLJGDD=< J=D=9K= G> <JM?K 
9K L@AK G;;MJK O@=F 9 ;9JJA=J E9L=JA9D, KH=;A>A;9DDQ 9 HGDQE=J,  AK ;GE:AF=< OAL@ 9F 9;LAN= HJAF;AHD= KG 
L@9L AL AK J=D=9K=< >JGE L@= KQKL=E AF 9 HJ=<=KA?F=< O9Q. 0@= J=D=9K= G> <JM?K 9;@A=N=K EGJ= =>>=;LAN= 
L@=J9HA=K 9K  AL =DAEAF9L=K L@= 9<EAFAKLJ9LAGF G> :GL@ GN=J<GK=K GJ <GK=K :=DGO L@= EAFAEME =>>=;LAN= 
<GK=. IF L@AK ;GFL=PL, ;DA;C ;@=EAKLJQ =E=J?=K 9K 9 KAEHD= 9F< =PLJ=E=DQ HGO=J>MD E=L@G<GDG?Q <M= LG 
ALK 9:ADALQ LG =9KADQ 9F< =>>=;LAN=DQ AFL=J;GFF=;L <A>>=J=FL KM:KLJM;LMJ=K. 0@AK @9K J=KMDL=< AF 9 OA<= J9F?= 
G> 9HHDA;9LAGFK  AF :AGE=<A;9D  K;A=F;=K, GJ?9FA;  KQFL@=KAK 9F< E9L=JA9DK  K;A=F;=. CDA;C  ;@=EAKLJQ @9K 
L@=  9<N9FL9?=  G>  :=AF?  9  @A?@DQ  J=DA9:D=  E=L@G<GDG?Q,  ;D=9F,  OAL@  =P;=DD=FL  H=J>GJE9F;=  9F< 
;GEH9LA:D=  OAL@  9  D9J?=  FME:=J  G>  >MF;LAGF9D  ?JGMHK.  +F=  G>  L@=  EGKL  O=DDCFGOF  J=9;LAGFK  AK 
;GHH=J(I);9L9DQR=< 9DCQF= 9RA<=  ;Q;DG9<<ALAGF  (CMAAC). 0=JEAF9D  9DCQF= ?JGMH  J=9;LK OAL@ 9F 9RA<G 
?JGMH LG >GJE 9 L@=JE9DDQ 9F< @Q<JGDQLA;9DDQ KL9:D= LJA9RGD= JAF?, O@=J= *,*<AE=L@QD>GJE9EA<= (D)F) 
GJ L=LJ9@Q<JG>MJ9F (0HF) 9J= L@= EGKL ;GEEGF KGDN=FLK MK=< LG 9;@A=N= L@= ;GFBM?9LAGF G> ;@=EA;9D 
HJG<M;L. 0@AK OGJC 9AEK LG >AF< 9F GHLAGF L@9L 9NGA<K L@= MK= G> LGPA; KGDN=FLK KM;@ 9K 0HF GJ D)F, 9F< 
LG  MK=  9  KGDN=FL  L@9L  ;9F  HJGL=;L  E=<A;AF=K  >JGE  <=?J9<9LAGF  9F<  AK  9<<ALAGF9DDQ  =FNAJGFE=FL9DDQ 
KMKL9AF9:D=, MKAF? KMH=J;JALA;9D L=;@FGDG?Q. IF J=;=FLDQ, ;GFKA<=J9:D= 9LL=FLAGFK @9N= :==F >G;MK=< GF 
MKAF?  KMH=J;JALA;9D  ;9J:GF  <AGPA<=  (K;C+2)  9K  9  J=9;LAGF  E=<AME  >GJ  GJ?9FA;  J=9;LAGFK  <M=  LG  L@=AJ 
9LLJ9;LAN= H@QKA;9D 9F< LGPA;GDG?A;9D HJGH=JLA=K. 0@AK J=K=9J;@ >G;MK=K GF L@= ;GFBM?9LAGF G> 9 HGDQE=J, 
HGDQ=L@QD=F= ?DQ;GD (,EG), OAL@ 9F 9;LAN= AF?J=<A=FL, ;GME9JAF, :Q E=9FK G> ;DA;C ;@=EAKLJQ, ;9JJQAF? AL 
GML >GJ L@= >AJKL LAE= MKAF? KMH=J;JALA;9D L=;@FGDG?Q OAL@GML L@= MK= G> 9 DA?9F< :=AF? F=;=KK9JQ >GJ L@= 
J=9;LAGF  LG  :=  ;9JJA=<  GML  K9LAK>9;LGJADQ.  IF  GJ<=J  LG  ;9JJQ  GML  L@=  J=9;LAGFK  ;GJJ=KHGF<AF?  LG  ;DA;C 
;@=EAKLJQ  :9K=<  GF  CM  ;9L9DQKAK,  AL  AK  F=;=KK9JQ  L@9L  L@=  HGDQE=JK  HJ=NAGMKDQ  AF;GJHGJ9L=  9RA<=  GJ 
9DCQF= ?JGMHK GF O@A;@ LG ;9JJQ GML L@= >MF;LAGF9DAR9LAGF.
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COM*NICACIONE( 
O'ALE(

NANOMOLA' DE)EC)ION OF DO%AMINE IN H*MAN FL*ID( B. NDO%ED 
CA'BON NANO%A')ICLE(

MA',A LA*LEB

NALJG?=F  <GH=<  ;aJ:GF  FaFGHaJLA;D=K,  G:LaAF=<  :Q  aF  =aKA=KL  @Q<JGL@=JEaD  aF<  =;G>JA=F<DQ 
HJG;=KK,  OaK  aHHDA=<  aK  >DMGJ=K;=F;=  K=FKGJ  >GJ  <GHaEAF=  AF  MJAF=  aF<  K=JME  @MEaF  >DMA<K  aL 
FaFGEGDaJ ;GF;=FLJaLAGF JaF?=. T@= HRTEM AEa?=K <=EGFKLJaL=< O=DD <AKH=JK=< FaFGHaJLA;D=K OAL@ 
19 FE aK E=aF KAR=, aF< L@= ATR aF< XPS aFaDQKAK <=EGFKLJaL=< L@= KMJ>a;= ;GEHGKALAGF :aK=< AF 
;aJ:GPQDaL=  aF<  aEA<=/aEAF=  >MF;LAGFaDK  ?JGMHK.  T@=  G:LaAF=<  FaFGHaJLA;D=K  O=J=  =P;ALaLAGF 
OaN=D=F?L@ <=H=F<=FL, OAL@ aF GHLAEaD =EAKKAGF aL 438 FE, O@A;@ AK L@= :aKAK G> L@= IMaFLA>A;aLAGF G> 
<GHaEAF= O@=F IM=F;@=K  L@= KA?FaD. A  DAF=aJ  LJ=F< :=LO==F 0652 FM OaK  L@=  JaF?= G> aHHDA;aLAGF 
OAL@  a  <=L=;LAGF  DAEAL  aL  4  FM,  a;;=HLa:D=  a;;MJa;Q  (>80%)  aF<  HJ=;AKAGF  (RSD<10%),  K@GOAF?  a 
@A?@=KL K=D=;LANALQ OAL@ J=DaL=< aFaDQL=K aF< a;;=HLa:D= a;;MJa;Q.

K#32-."/: N<GH=< ;aJ:GF <GLK, <GHaEAF=, IM=F;@AF?, @MEaF >DMA<K.

�!&#+# 1. S;@=EaLA; J=HJ=K=FLaLAGF G> L@= AFL=Ja;LAGF :=LO==F NCDK aF< DA.
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COM*NICACIONE( 
O'ALE(

(MA') MA)E'IAL( FO' (EN(ING AND (OF) 'OBO)IC( APPLICA)ION(

ANA MA')KN

HQdJG?eDK,  L@JeedAEeFKAGFaD  HGDQEeJAc  FeLOGJCK,  @aNe  beeF  ePLeFKANeDQ  KLMdAed  aK  KMALabDe 
EaLeJAaDK  fGJ  a  OAde  JaF?e  Gf  aHHDAcaLAGFK,  fJGE  a?JAcMDLMJe  LG  bAGDG?AcaD  MKeK.  IF  JeceFL  LAEeK, 
cGEHGKALe  @QdJG?eDK  @aNe  beeF  deNeDGHed  aK  L@e  cGEbAFaLAGF  beLOeeF  @QdJG?eDK  aFd  fADDeJK, 
AEHJGNAF?  L@e  HJGHeJLAeK  Gf  L@e  fAFaD  EaLeJAaD.  SHecAaDDQ,  ?JaH@eFe  deJANaLANebaKed  @QdJG?eDK  @aNe 
JeceFLDQ GHeFed a FeO fAeDd  AF KcAeFce aFd  Lec@FGDG?Q becaMKe Gf  L@eAJ MFAIMe HJGHeJLAeK  [1].  IF  L@AK 
OGJC, ?JaH@eFe (G) aFd ?JaH@eFe IMaFLME dGLK (GQDK) OeJe MKed LG HJeHaJe cGEHGKALe @QdJG?eDK AF 
GJdeJ LG MFdeJKLaFd L@eAJ JGDe AF L@e @QdJG?eD KLJMcLMJe, Je?aJdAF? L@eAJ KAReK aFd c@eEAcaD KMJfaceK, AF 
cGEHaJAKGF  OAL@  GO  [2].  T@eKe  FaFGEaLeJAaDbaKed  cGEHGKALe  @QdJG?eDK  @aNe  beeF  L@GJGM?@DQ 
c@aJacLeJAKed  aFd  aHHDAed  AF  KeNeJaD  aHHDAcaLAGFK,  L@aL  JaF?e  fJGE  KeFKAF?  LG  KGfL  JGbGLAcK.  FGJ 
AFKLaFce,  a  GQDbaKed  @QdJG?eD  caF  be  MKed  aK  KeFKGJ  fGJ  HGDQaJGEaLAc  cGEHGMFdK  AF  OaLeJ  [3], 
becaMKe Gf L@eAJ fDMGJeKceFL HJGHeJLAeK. IF ALK caKe, GbaKed @QdJG?eDK caF be MKed aK a KGfL acLMaLGJ GJ 
aK fAF?eJLAHK, EGdMDaLAF? L@e HJecAKAGF Gf ?JAHHAF? AF JGbGLAcK @aFdK [4].

�#$#.#,!#/

1. �,29, 201�, 4, 75
2. �(459*(2,, 201, 11, 4822
3. AC# A662. �(:,8. �4:,8-(*,9, 201�, 10, 18192b18201
4. �EEE �4:,84(:054(2 C54-,8,4*, 54 "5)5:0*9 (4+ A;:53(:054, 201, acceHLed
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C$M*#ICACI$#E( 
$'ALE(

FI-A)I$# $F C$2 I#)$ C.CLIC CA'B$#A)E( F$' )HE GE#E'A)I$# $F 
%$L.*'E)HA#E( F'EE $F I($C.A#A)E( (#I%*)>

MA'C MA')K#E/ DE (A'A(A

IF L@= H9KL >=O Q=9JK, 9 ;GEH=DDAF? ?JGOL@ G> AFL=J=KL @9K =E=J?=< OAL@AF L@= HD9KLA; AF<MKLJQ >GJ 
L@= HJG<M;LAGF G> HGDQMJ=L@9F= E9L=JA9DK MKAF? ?J==F=J AFL=JE=<A9L=K 9F< HJG;=KK=K LG KM:KLALML= L@= 
;D9KKA;9D  JGML=  >AJKL  J=HGJL=<  :Q OLLG  B9Q=J  <MJAF?  L@=  D9L=  1940K.14  OF=  G>  L@=K=  HJG;=KK=K  AK  L@= 
HGDQ9<<ALAGF  :=LO==F  <A;Q;DA;  ;9J:GF9L=K  9F<  <A9EAF=K.5  0@=K=  HGDQE=JK  ;GE:AF=  FME=JGMK 
HJGH=JLA=K  (DA?@L  O=A?@L,  =P;=DD=FL  KLJ=F?L@,  =F=J?Q  9:KGJ:AF?  H=J>GJE9F;=,  ;GE>GJL  >=9LMJ=K  =L;.) 
J=IMAJ=< AF <A>>=J=FL >A=D<K KM;@ 9K E=<A;9D, 9MLGEGLAN= 9F< AF<MKLJA9D.6 

IF  L@AK OGJC, O=  J=HGJL  L@= KQFL@=KAK G> 9 OA<=  J9F?= G> F=O HGDQMJ=L@9F=K  >J== G>  AKG;Q9F9L=K 
>JGE CO2, :AK=HGPA<=K 9F< <A9EAF=K <=JAN9L=K OAL@ <A>>=J=FL  L@=JE9D HJGH=JLA=K  >GJ  L@=AJ KH=;A>A; MK= 
OAL@AF AF<MKLJQ (S;@=E= 1).

S;@=E= 1

�#$#.#,!#/

1. M9AKGFF=MN=, L.� L9E9JR=DD=, O.� RAP, E.� GJ9M, E.� CJ9E9AD, H. C/,3. ",<. 2015, 115, 12407b
12439.

2. MGJ=, A. S.� G9<=FF=, B.� AD>GK, C.� CJ9E9AD, H. !52>3.C/,3.. 2012, 3, 15941605.
3. K9L@9D=O9J, M. S.� JGK@A, P. B.� S9:FAK, A. S.� M9DK@=, 2. C. "#C A+<. 2013, 113, 80118.
4. B9Q=J, O. A4.,=. C/,3., 1947, A59, 257b272
5. BD9LLE9FF, H.� FD=AK;@=J, M.� BV@J, M.� M\D@9MHL, R. �(*85352."(60+ C533;4. 2014, 35, 3371b
3792.

6. KJ=Q=, O.� MMLDM, H.� M=A=J, M. A. R. �8,,4 C/,3. 2013, 15, 1431b1455.
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COM*NICACIONE( 
O'ALE(

ELEC)'OCHEMICAL %'O%E')IE( AND (EN(ING CA%ACI)IE( OF DIFFE'EN) 
CA'BON DO)( FAMILIE( *(ING (C'EEN %'IN)ED ELEC)'ODE(

C'I()INA MON)E(

T@= FGN=DLQ  G>  L@AK OGJC  D9QK  AF  L@=  ;GEH9JAKGF G>  L@= =D=;LJG;@=EA;9D  HJGH=JLA=K G>  L@J== F=O 
;9J:GF:9K=<  F9FG<GLK  KH=;A=K  OAL@  <A>>=J=FL  KLJM;LMJ=K  L@MK  AFNGDNAF?  <AN=JK=  ;JQKL9DDAFALQ  9F< 
IM9FLME ;GF>AF=E=FL <=?J==: ;9J:GF F9FG<GLK (CNDK), ;9J:GF IM9FLME <GLK (CQDK) 9F< ?J9H@=F= 
;9J:GF <GLK (GQDK), @=J= =EHDGQ=< 9K HGL=FLA9D K=FKAF? LGGDK GF K;J==F HJAFL=< =D=;LJG<=K. T@= L@J== 
;9J:GF:9K=< F9FG<GLK  KH=;A=K O=J=  KQFL@=KAR=< :Q <A>>=J=FL  JGML=K,  LGH<GOF 9F< :GLLGEMH  71,  28 
9F<  ;@9J9;L=JAR=<  :Q  TEM,  FTIR,  R9E9F,  122AK  9F<  >DMGJ=K;=F;=.  M=9KMJ=<  KAR=K  :Q  TEM O=J= 
KAEAD9J :=LO==F L@=E :=AF? L@= KE9DD=J <A9E=L=J >GMF< >GJ CQDK (9JGMF< 3 FE) O@AD= L@= @A?@=KL GF= 
O9K  >GMF<  >GJ  GQDK  (9  FE).  ADD  KLJM;LMJ=K  O=J=  H9KKAN9L=<  OAL@  <A>>=J=FL  >MF;LAGF9D  ?JGMHK  G> 
GPQ?=F9L=< KH=;A=K. SAF;=  L@= 9AE G>  L@AK OGJC  AK  LG =DM;A<9L=  L@= HGL=FLA9D  =>>=;L  G>  L@= ;9J:G?=FA; 
;GJ= KLJM;LMJ= (;JQKL9DDAF= GJ 9EGJH@GMK) GF L@=AJ =D=;LJG;9L9DQLA; HJGH=JLA=K, ;Q;DA; NGDL9EE=LJQ 9KK9QK 
O=J=  ;9JJA=<  GML  MKAF?  <A>>=J=FL  KH=;A>A;  J=<GP  HJG:=K  KM;@  9K:  HGL9KKAME  @=P9;Q9FG>=JJ9L=(III), 
@=P99EAF=JML@=FAME(III) ;@DGJA<= 9F< <GH9EAF= @Q<JG;@DGJA<=, =N=JQGF= OAL@ KH=;A>A; KMJ>9;= 9;LAN= 
<=?J==.  B=LL=J  =D=;LJG;9L9DQLA;  HJGH=JLA=K  O=J=  G:L9AF=<  >GJ  L@=  CND,  CQD  9F<  GQD  EG<A>A=< 
=D=;LJG<=K  ;GEH9J=<  LG  L@=  :9J=  GF=.  HGO=N=J,  CND  9F<  GQD  =D=;LJG<=K  K@GO=<  :=LL=J 
=D=;LJG;@=EA;9D >=9LMJ=K L@9F CQD =D=;LJG<= AF L=JEK G> J=N=JKA:ADALQ 9F< =D=;LJGFA; LJ9FK>=J J9L=. T@= 
=D=;LJG9F9DQLA;9D ;9H9:ADALA=K G>  L@=K= ;9J:G?=FA; F9FG<GLK 9K K=FKAF?  LGGDK O=J= 9DKG ;GFKA<=J=<  >GJ 
L@=  <=L=;LAGF  G>  :AG9;LAN=K  9F9DQL=K  DAC=  <A>>=J=FL  NAL9EAFK  KM;@  9K  9K;GJ:A;  9;A<  (2AL  C),  LG;GH@=JGD 
AKGE=JK  (2AL  E)  9F<  K=N=J9D  CAF<  G>  9EAFG9;A<K  (DQKAF=,  9J?AFAF=,  @AKLA<AF=,  ;QKL=AF=,  E=L@AGFAF=, 
LQJGKAF=, =L;) HJ=K=FL AF :AGDG?A;9D K9EHD=K DAC= >GG< HJG<M;LK 9F< :AGDG?A;9D >DMA<K.

�#$#.#,!#/

1.  C9QM=D9,  M.  L.  SGJA9FG,  M.  29D;UJ;=D,  SLJGF?  DMEAF=K;=F;=  G>  CDK  AF<M;=<  :Q  9;=LGF= 
H9KKAN9LAGF: E>>A;A=FL K=FKGJ >GJ 9 J9HA< 9F9DQKAK G>  LOG <A>>=J=FL HGDDML9FLK. A4(2>:0*( �/030*( 
A*:(, 2013, 804, 246251.

2.  A.  C9QM=D9,  M.  L.  SGJA9FG,  M.  29D;UJ;=D,  P@GLGDMEAF=K;=FL  ;9J:GF  <GLK  9K  K=FKGJK  >GJ 
;9J:GPQD9L=<  EMDLAO9DD=<  ;9J:GF  F9FGLM:=  <=L=;LAGF  AF  JAN=J  O9L=J.  #,49589&A*:;(:589 
�*/,30*(2, 201	, 207, 596601.
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C$M*NICACI$NE( 
$'ALE(

BL*E AGG'EGA)I$NIND*CED EMI((I$N B. H.D'$GELA)I$N %'$CE((

J$(*E M*E$/

A FGN=D KL9:D= H@QKA;9D @Q<JG?=D O9K HJ=H9J=< :Q  J9<A;9D HGDQE=JAR9LAGF G> 9 EGFGE=J KQKL=E 
AF;DM<AF?  9;JQD9L=  EGFGE=JK  9F<  9  NAFQDLJA9RAF=  <=JAN9LAN=.  FGJ  L@=  >AJKL  LAE=,  9  H@=FQDLJA9RAF= 
;GEHGMF< AK MK=< 9K EGFGE=J AF L@= ;GFKLJM;LAGF G> 9 @Q<JG?=D. T@= KLJGF? AFL=J9;LAGFK :=LO==F L@= 
LJA9RAF= EGD=;MD=K1  9J=  L@=  GJA?AF  G>  L@=  :DM=  >DMGJ=K;=F;=  L@9L  L@=  ?=D  =P@A:ALK  O@=F  :=AF?  =P;AL=< 
MF<=J U2DA?@L  (FA?MJ= 1). R=KLJA;L=<  IFLJ9EGD=;MD9J RGL9LAGF  (RIR) ;9MK=< :Q HGDQE=J  >GJE9LAGF 9F< 
R=KLJA;L=<  IFLJ9EGD=;MD9J  MGLAGF  (RIM)  =F?=F<=J=<  :Q  H:GF<K  GH=J9L=  9K  A??J=?9LAGFIF<M;=< 
EEAKKAGF (AIE)E=;@9FAKEK.2 FDMGJ=K;=F;= J=KHGFK= OAL@ J=KH=;L LG L@= HH ;@9F?= @9K :==F KLM<A=<. 
T@=  A<=9 G> ;GE:AFAF? KG>L E9L=JA9DK 9F< AIE HJGH=JLA=K =PH9F<K  L@= 9HHDA;9LAGFK G>  L@=K= E9L=JA9DK, 
:=AF? 9:D= LG := MK=< 9K K=FKGJ >GJ AGFK GJ EGD=;MD=K ;9H9:D= G> AFL=J9;LAF? OAL@ L@= <A>>=J=FL >MF;LAGF9D 
?JGMHK G>  L@= HGDQE=J F=LOGJC. AK O=DD  9K,  L@= HGKKA:ADALQ  G>  AF;GJHGJ9LAF? GL@=J  KM:KL9F;=K  AFLG  L@= 
@Q<JG?=D E9Q 9DKG 9DDGO L@= <=N=DGHE=FL G> DA?@L=EALLAF? KG>L E9L=JA9DK.

F'%1.# 1. DA?AL9D AE9?= 9F< ;@=EA;9D @Q<JG?=D KLJM;LMJ=

R#$#.#,!#/

1. MGGA:JG=C, T. J., G9E=R, P. I458.(40*( C/030*( A*:(, 2007, 360 (1), 381.
2. LMG, J., 4A=, 6., L9E, J. 3. 5., C@=F?, L., C@=F, H., QAM, C., KOGC, H. S., 6@9F, 4., LAM, 5., 6@M, 
D., T9F?, B. 6. C/,3. C533;4. 2001, 1740.
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ADENOSINE RECEP)ORS, RES+ERA)ROL AND CANCER

SONIA M*EO/

EPLJ9;=DDMD9J 9<=FGKAF= AK GF= G> L@= E9BGJ ;GFKLALM=FLK G> L@= LMEGJ EA;JG=FNAJGFE=FL 9F< HD9QK 
9  ;JM;A9D  JGD=  AF  9HGHLGKAK,  9F?AG?=F=KAK  9F<  E=L9KL9KAK  AF  ;9F;=J.  0@=  =>>=;LK  G>  L@AK  HMJAF=  9J= 
LJA??=J=<  L@JGM?@  >GMJ  #HJGL=AF  ;GMHD=<  J=;=HLGJK: A1, A2A, A2B  9F< A3. A1  9F< A3  J=;=HLGJK  AF@A:AL 
9<=FQDQD  ;Q;D9K= 9;LANALQ  L@JGM?@ #A/G  HJGL=AF O@=J=9K A2A  9F< A2B  J=;=HLGJK  9;LAN9L=  L@AK  =FRQE9LA; 
KQKL=E  L@JGM?@  #K  HJGL=AF.  CMJJ=FL  =>>GJLK  9J=  >G;MK=<  GF  J=KN=J9LJGD  (./2),  9  <A=L  HGDQH@=FGDA; 
H@QLG9D=PAF  >GMF<  AF E9FQ HD9FL  KH=;A=K  KM;@ 9K ?J9H=K,  H=9FMLK 9F< :=JJA=K 9F< 9DKG  AF  J=< OAF=. 
0@AK EGD=;MD= @9K K@GOF HJGEAKAF? =>>=;LK AF AF@A:ALAF? HJGDA>=J9LAGF 9F< ;9F;=J HJG?J=KKAGF AF K=N=J9D 
LMEGJ9D EG<=DK. $GO=N=J,  ALK EGD=;MD9J E=;@9FAKEK 9J= HGGJDQ MF<=JKLGG<. .=;=FLDQ, GMJ ?JGMH @9K 
>GMF<  L@9L  ./2  9;LK  9K  9  FGFK=D=;LAN=  9<=FGKAF=  J=;=HLGJ  9?GFAKL.  0@AK  KLM<Q  HJGNA<=K  KLJGF? 
=NA<=F;=  L@9L  9<=FGKAF=  J=;=HLGJK  9J=  9  HJAE9JQ  L9J?=L  >GJ  ./2.  A<=FGKAF=  J=;=HLGJ  @9N=  :==F 
AFNGDN=< AF ;9F;=J. 0@=J=>GJ=, L@= 9AE G> L@= HJ=K=FL OGJC O9K LG KLM<Q L@= 9FLALMEGJ9D =>>=;L G> ./2 
9F<  L@= HGKKA:D= E=;@9FAKE  AFNGDNAF? 9<=FGKAF=  J=;=HLGJK. 0G  L@AK =F<,  LOG  LMEGJ9D  ;=DD  DAF=K O=J= 
MK=<,  J9L C6  ?DAGE9 9F<  @ME9F $=(9  =HAL@=DAGE9  ;=JNAP  ;=DDK O@A;@  AK  GF=  G>  L@= EGKL  9??J=KKAN= 
;9F;=J  AF  OGE9F.  C=DD  NA9:ADALQ  9KK9QK  K@GOF  L@9L  ./2  AF@A:AL=<  HJGDA>=J9LAGF  AF  9  LAE=  9F< 
;GF;=FLJ9LAGF  <=H=F<=FL  E9FF=J  AF  :GL@  LMEGJ9D  ;=DD  DAF=K.  ./2  O9K  9DKG  9:D=  LG  EG<MD9L=  L@=K= 
J=;=HLGJK  9F<  L@=AJ  ;GJJ=KHGF<AF?  LJ9FK<M;LAGF  H9L@O9Q.  ADD  LG?=L@=J  L@=K=  J=KMDLK  KM??=KL  L@9L 
9FLALMEGJ9D =>>=;L G> ./2 ;GMD< := L@JGM?@ 9<=FGKAF= J=;=HLGJK 9;LAN9LAGF.
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C$"*#ICACI$#E( 
$'ALE(

I#)E'()ELLA' DA'K CL$*D( CHE"I()'.: KI#E)IC BEHA+I$*' $F #E*)'AL
#E*)'AL 'EAC)I$#( A) +E'. L$, )E"%E'A)*'E(

A#)$#I$ JE(M( $CAEA

IF L@= >A=D< G> 9KLJG;@=EAKLJQ, ;GEHD=P GJ?9FA; EGD=;MD=K (C+MK), 9J= <=>AF=< 9K EGD=;MD=K O@A;@ 
9J= >GJE=< :Q C, H, + 9F</GJ * 9LGEK 9F< @9N= 6 GJ EGJ= G> 9LGEK1 1F<=JKL9F<AF? @GO L@= C+MK 
O@A;@ 9J= HJ=K=FL AF AFL=JKL=DD9J <9JC ;DGM<K 9J= >GJE=< 9F< <=KLJGQ=< AK ;JM;A9D AF GJ<=J LG EG<=D L@= 
9:MF<9F;=K G> L@=E. 1KM9DDQ, L@= J9L= ;G=>>A;A=FL (C) N9DM=K MK=< AF EG<=DDAF? 9J= =PLJ9HGD9LAGFK >JGE 
L=EH=J9LMJ= <=H=F<=F;=K J=HGJL=< 9L 0 > 200 K :ML  AL  AK CFGOF L@9L L@=K= J=9;LAGFK 9J= EM;@ >9KL=J 
L@9F =KLAE9L=< :Q AJJ@=FAMK =IM9LAGFK G:L9AF=< 9L 0 > 200 K2. 

0@= 9AE G> L@AK OGJC AK LG HJGNA<= F=O CAF=LA; <9L9 >GJ L@= ?9K H@9K= J=9;LAGFK G> +H J9<A;9DK OAL@ 
C+MK  9L  <9JC  ;DGM<K  L=EH=J9LMJ=K  (10100K),  MKAF?  L@=  ;GFLAFMGMK  9F<  HMDK=<3  C.E/1  (FJ=F;@ 
9;JGFQE  L@9L  KL9F<K  >GJ .=9;LAGF KAF=LA;K  AF 1FA>GJE /MH=JKGFA; FDGO)  L=;@FAIM=. 0@AK  L=;@FAIM=  AK 
:9K=< GF  L@=  AK=FLJGHA; ?9K =PH9FKAGF  L@JGM?@ 9 L9N9D FGRRD=  >JGE 9 @A?@HJ=KKMJ=  J=?AGF  LG 9  DGO
HJ=KKMJ=  J=?AGF  LG  ;GGD  <GOF  L@=  ?9K  LG  ?=L  MFA>GJE  B=LK  AF  L=EH=J9LMJ=  9F<  LGL9D  ?9K  <=FKALQ  GN=J 
K=N=J9D L=FK G> ;E. 0@= AEH9;L G> L@= E=9KMJ=< J9L= ;G=>>A;A=FLK OADD := <AK;MKK=< 9L L@= ;GF>=J=F;=.

R#$#.#,!#/

1.  H=J:KL,  E.�  N9F  DAK@G=;C,  E.  F.  CGEHD=P  +J?9FA;  IFL=JKL=DD9J  MGD=;MD=K. �44;.  ",<. �9:854. 
�9:856/>9. 2009, 4� (1), 427b480.

2.  JAEWF=R,  E.� AFLAYGDG,  M.�  B9DD=KL=JGK,  B.�  C9FGK9, A.� AD:9D9<=BG,  J.  FAJKL  ENA<=F;=  G>  L@= 
DJ9E9LA;  EF@9F;=E=FL  G>  L@=  .=9;LANALQ  G>  M=L@QD  FGJE9L=  (HC(+)+CH3)  OAL@  +H  9L 
0=EH=J9LMJ=K G> L@= IFL=JKL=DD9J M=<AME: A G9K,@9K= KAF=LA; /LM<Q :=LO==F 22 K 9F< 64 K. 
!/>9. �/,3. �/,3. !/>9. 2016, 1� (3), 2183b2191.

3. JAEWF=R, E.� B9DD=KL=JGK, B.� C9FGK9, A.� 0GOFK=F<, 0. M.� M9A?D=J, F. J.� *9H9D, 2.� .GO=, B. ..� 
AD:9D9<=BG, J. D=N=DGHE=FL G> 9 ,MDK=< 1FA>GJE /MH=JKGFA; G9K EPH9FKAGF /QKL=E B9K=< GF 
9F A=JG<QF9EA; C@GHH=J >GJ G9K ,@9K= .=9;LAGF KAF=LA; /LM<A=K 9L 1DLJ9LGO 0=EH=J9LMJ=K. 
",<. #*0. �49:8;3. 2015, �6 (4), 45108.

 



'E+I()A  MOLDC*LA   33

COM*NICACIONE( 
O'ALE(

E+AL*A)ION OF CHEMICAL +OLA)ILE %'OFILE OF MANGO B.%'OD*C)( B. 
H((%MEGCM( A( %O)EN)IAL (O*'CE OF FLA+O*'ING COM%O*ND(

'OD'IGO OLI+E'

M9F?G (�(4.0-,8( 04+0*( L.) AK 9F 9HHJ=;A9L=< LJGHA;9D >JMAL >GJ ALK MFAIM= ;@9J9;L=JAKLA;K G> 9JGE9 
9F< >D9NGJ. DMJAF?  ALK HJG;=KKAF? KL9?=K,  D9J?= IM9FLALA=K G> :AGO9KL=K 9J= HJG<M;=< O@A;@ J=HJ=K=FL 
>JGE 25  LG 60 % G>  L@=  >JMAL 9HHJGPAE9L=DQ. /=N=J9D KLM<A=K @9N= J=HGJL=<  L@= N9DM=9<<=< G> E9F?G 
O9KL=K =KH=;A9DDQ 9K 9 F9LMJ9D KGMJ;= G> >MF;LAGF9D 9F< FMLJ9;=MLA;9D AF?J=<A=FLK <=JAN=< >JGE L@= N9KL 
N9JA=LQ  G>  :AG9;LAN=  ;GEHGMF<K =PAKLAF?  AF  L@GK= <AK;9J<=<  >J9;LAGFK  (J9@MJMD  =L  9D.,  2015). HGO=N=J, 
GL@=J <A>>=J=FL HGL=FLA9D 9HHDA;9LAGFK G> E9F?G :QHJG<M;LK  AF  L@= >GG<  AF<MKLJQ @9N= 9DJ=9<Q FGL :==F 
9<<J=KK=< MFLAD FGO.

0@=J=>GJ=,  <M=  LG  L@=  9HHJ=;A9L=<  K=FKGJQ  ;@9J9;L=JAKLA;K  G>  E9F?G,  AL  AK  L@GM?@L  L@9L 
J=N9DGJAR9LAGF G> E9F?G O9KL=K 9K 9 KGMJ;= G> F9LMJ9D >D9NGMJAF?K E9Q := ;GFKA<=J=< 9F 9DL=JF9LAN= >GJ 
=PHDGALAF?  L@GK=  :QHJG<M;LK.  FGJ  L@9L  K;GH=,  L@=  ;@=EA;9D  ;GEHGKALAGF  G>  GMLKL9F<AF?  E9F?G  :Q
HJG<M;LK (KCAF, K==<) AF ;GEH9JAKGF OAL@ E9F?G HMDH O=J= 9F9DQK=< :Q H//PMEGCM/ OAL@ L@= 9AE 
LG ;@9J9;L=JAR= L@=AJ NGD9LAD= ;GEHGKALAGF 9F< =N9DM9L= L@= >D9NGMJAF? HGL=FLA9D G> E9F?G :QHJG<M;LK.

R=KMDLK K@GO=< L@9L E9F?G H==D =P@A:AL=< D9J?= IM9FLALA=K G> NGD9LAD= ;GEHGMF<K (EGFGL=JH=FK, 
K=KIMAL=JH=FK, 9D;G@GDK, 9D<=@Q<=K,a) AF @A?@=J ;GF;=FLJ9LAGFK L@9F AF E9F?G HMDH. FMJL@=JEGJ=, L@= 
G<GJ  9;LANALQ  N9DM=K  (OA2K)  AF<A;9L=<  L@9L E9F?G  H==D O9K  9DKG  L@=  H9JL  G> E9F?G OAL@  L@=  @A?@=KL 
N9DM=K  AF @=J:9;=GMK ?J==F 9F<  >DGJ9D  >=9LMJ=K. 0@=J=>GJ=, E9F?G H==D :QHJG<M;L  AK HJGHGK=< 9K 9 
F9LMJ9D KGMJ;= G> NGD9LAD= ;GEHGMF<K >GJ HJGKH=;LAN= 9HHDA;9LAGFK AF L@= >GG< AF<MKLJQ.

�#$#.#,!#/

1. J9@MJMD, M. H. A., 69A<MD, I. /. M., G@9>GGJ, K., ADJM@9AEA, F. 5., NQ9E, K.L., NGJMD9AFA, N. A. N., 
/9@=F9, F., & MG@< OE9J, A. K. (201	). �55+ �/,309:8>, 183, 173b180.
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COM*NICACIONE( 
O'ALE(

G'APHENE BA(ED MA)E'IAL( APPLICA)ION(

AN)ONIO PA)LN

/AF;= G=AE 9F< NGNGK=DGN OGF L@= NG:=D PJAR= AF H@QKA;K >GJ L@= AKGD9LAGF G> GF= H=J>=;L 9LGEA; 
D9Q=J G>  ?J9H@=F=  AF 2010,  L@=  AFL=J=KL G>  J=K=9J;@=JK  LGO9J<K ?J9H@=F=  >A=D< @9K 9O9C=F=<.  IF  L@= 
K=9J;@  >GJ  L@= :=KL O9Q  LG KQFL@=KAR= ?J9H@=F=, 9  D9J?= FME:=J G> F=O ;9J:GF F9FGE9L=JA9DK @9N= 
:==F <AK;GN=J=<. OF= G> L@= EGKL AEHGJL9FL E9L=JA9DK <AK;GN=J=< 9JGMF< ?J9H@=F= AK ?J9H@=F= GPA<= 
(GO), O@A;@ ;9F := <=>AF=< 9K >=O >MF;LAGF9DAR=< D9Q=JK G> ?J9H@=F= OAL@ EGD=;MD=K G> ;9J:GF, GPQ?=F 
9F< @Q<JG?=F 9LL9;@=< LG L@= KLJM;LMJ= 718. 0@AK E9L=JA9D 9F< ALK <=JAN9LAN=K 9J= OA<=DQ MK=< AF 9 OA<= 
J9F?= G> 9HHDA;9LAGFK, >JGE =D=;LJGFA; <=NA;=K 9F< E=<A;9D LJ=9LE=FLK LG 9<KGJ:=J E=<A9.

F'%1.# 1: /EM IE9?= G> ?J9H@=F= GPA<=

0@= <=N=DGHE=FL G> L@AK 9HHDA;9LAGFK AK GF= G> L@= F=O J=K=9J;@ 9J=9 >GJ L@AK F=O E9L=JA9D. 0OG G> 
L@= EGKL AEHGJL9FL 9HHDA;9LAGFK >GJ ?J9H@=F= GPA<= 9J= L@= 9<KGJHLAGF G> ;@=EA;9D EGD=;MD=K 9F< L@= 
=D=;LJG;@=EA;9D  9HHDA;9LAGFK. OF  GF=  KA<=,  L@=  9<KGJHLAGF  ;9H9;ALQ  G>  L@AK  F=O E9L=JA9DK  HJGNA<=K  9 
J=MK9:D= J=KGMJ;= >GJ @9JE>MD EGD=;MD=K 9K <Q=K, @=9NQ E=L9DK GJ GJ?9FA; ;GEHGMF<K. OF L@= GL@=J 
KA<=,  L@=  =D=;LJG;@=EA;9D  9HHDA;9LAGFK  :9K=<  GF  L@=  <GHAF?  G>  @=L=JG9LGEK  9K  ;9L9DQKL  >GJ  GPQ?=F 
J=<M;LAGF J=9;LAGF (O..) HJGNA<= F=O ?J==F >J==E=L9D ;9L9DQKL >GJ L@AK HMJHGK=.
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COM*NICACIONE( 
ORALE(

NE, ELEC)ROFEN)ON REAC)OR( FOR ,A()E,A)ER )REA)MEN)

JO(D FERNANDO PDRE/

EDecLJGFeFLGF  @aK  beeF  ePLeFKANeDQ  KLMdAed  GF  DabGJaLGJQ  KcaDe  fGJ  L@e  abaLeEeFL  Gf  @aJdDQ 
bAGdegJadabDe  GJgaFAc  HGDDMLaFLK  AF  OaKLeOaLeJ.  HGOeNeJ,  EGKL  Gf  L@e  OGJCK  aJe  caJJAed  GML  GF  a 
DabGJaLGJQ  KcaDe.  T@e  GbBecLANe  Gf  L@e  HJeKeFL  OGJC  AK  L@e  deKAgF  aFd  cGFKLJMcLAGF  Gf  eDecLJGFeFLGF 
JeacLGJK OAL@ HGLeFLAaD LG be KcaDe MH aFd aHHDAed GF aF AFdMKLJAaD KcaDe. FAgMJe 1 K@GOK Kc@eEaLAcaDDQ 
L@e fAFaD HJGLGLQHe O@Ac@ AFLegJaLeK KQFeJgAKLAcaDDQ dAffeJeFL Lec@FGDGgAcaD KGDMLAGFK:

F'%1.# 1. A) Sc@eEaLAc KeLMH Gf L@e KQKLeE� B) A EAcJGfDMAdAc fDGOL@JGMg@ ceDD

IF HaJLAcMDaJ,  L@e  JeacLGJ  AFcGJHGJaLeK aF effAcAeFL HJeKKMJARedBeL aeJaLGJ  LG KMHHDQ  DaJge GPQgeF 
fDGO JaLeK aL EGdeJaLe HJeKKMJe, a EAcJGfDMAdAc fDGOL@JGMg@ JeacLGJ LG KAEMDLaFeGMKDQ EAFAEARe G@EAc 
JeKAKLaFce aFd EaPAEARe EaKKLJaFKfeJ, eIMAHHed OAL@ KLaLeGfL@eaJL eDecLJGdeK aFd a fDMAdARed bed Gf 
HaJLAcDeK LG HJGEGLe FeFLGF JeacLAGF. ReKMDLK K@GO aF GMLKLaFdAFg HeJfGJEaFce Gf L@e EAcJGfDMAdAc fDGO
L@JGMg@ ceDD AF cGEHaJAKGF LG a cGEEeJcAaD fDGObQ, a KQFeJgAKLAc cGEbAFaLAGF Gf aFGdAc GPAdaLAGF aFd 
eDecLJGFeFLGF  AF  L@AK  JeacLGJ1  GJ  L@e  DGOeKL  KHecAfAc  eFeJgQ  cGFKMEHLAGF eNeJ  JeHGJLed MFdeJ  KAEADaJ 
cGFdALAGFK fGJ L@e HJGdMcLAGF Gf @QdJGgeF HeJGPAde. T@e cGEEMFAcaLAGF KMEEaJAReK L@e deNeDGHEeFL 
aFd cMJJeFL aHHDAcaLAGF Gf L@AK JeacLGJ.

R#$#.#,!#/

1. PWJeR, J. F.� LDaFGK, J.� SUeR, C.� LZHeR, C.� CaYARaJeK, P.� RGdJAgG, M. A., OF L@e deKAgF Gf a 
BeLaeJaLed EAcJGfDMAdAc  fDGOL@JGMg@  JeacLGJ  fGJ OaKLeOaLeJ  LJeaLEeFL  bQ  eDecLJGFeFLGF #,6. 
!;80-. $,*/452. 2019, 20�, 123129.
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P@eFGDAc cGEHGMFdK aJe bAGacLANe KecGFdaJQ EeLabGDALeK >GMFd AF HDaFLK aFd >JMALK OAL@ HGLeFLAaD 
beFe>AcAaD  e>>ecLK  GF  @MEaF  @eaDL@.  IF  addALAGF,  L@eKe  cGEHGMFdK  aJe  Je?aJded  aK  aFLAGPAdaFLK  aFd 
aFLAEAcJGbAaDK AF >GGd. GJaHe H@eFGDAc cGEHGKALAGF AK a deLeJEAFaFL >acLGJ >GJ Jed OAFe IMaDALQ, KAFce AL 
AK JeDaLed LG  AEHGJLaFL KeFKGJQ aLLJAbMLeK KMc@ aK cGDGJ, bALLeJFeKK aFd aKLJAF?eFcQ, aFd aDKG LG a?AF? 
aHLALMde.  MGJAbeD  aFd  TAFLG  FJa?GKG  aJe  LOG  FGNeD  Jed  ?JaHe  ?eFGLQHeK  (&0:09  <040-,8(  L.)  JeceFLDQ 
AdeFLA>Aed  AF  CaKLADDaLa MaFc@a,  O@Ac@  aJe  FGL  HJeNAGMKDQ  Je?AKLeJed  AF  aFQ  FaLAGFaD  GJ  AFLeJFaLAGFaD 
daLa baKe. T@eQ @aNe beeF KLMdAed ?eFeLAcaDDQ bML MFLAD FGO, FG deeH KLMdAeK aJe KLADD aNaADabDe abGML 
L@eAJ H@eFGDAc cGEHGKALAGF. T@e aAE G> L@AK OGJC OaK LG HeJ>GJE a cGEHJe@eFKANe KLMdQ G> L@e H@eFGDAc 
HJG>ADe G> MGJAbeD aFd TAFLG FJa?GKG Jed ?JaHe ?eFGLQHeK (&. <040-,8( L.) >GJ L@e >AJKL LAEe aFd cGEHaJe 
L@eE  LG  L@aL  G> TeEHJaFADDG  MKAF? HPLCDADESIMS/MS  GNeJ  LOG  cGFKecMLANe  NAFLa?eK  (2016  aFd 
2017).

MGJe  L@aF 50 H@eFGDAc cGEHGMFdK OeJe  AdeFLA>Aed  AF dA>>eJeFL beJJQ HaJLK  >JGE L@eKe ?JaHeK, G> 
O@Ac@, aK >aJ aK Oe CFGO, KGEe aFL@GcQaFAF aFd >DaNGFGD dA@ePGKAdeK OeJe JeHGJLed >GJ L@e >AJKL LAEe AF 
&. <040-,8( ?JaHeK. AccGJdAF? LG H@eFGDAc cGEHGKALAGF, L@eKe FGNeD Jed ?JaHe cMDLANaJK @aNe AFLeJeKLAF? 
GeFGDG?AcaD  HJGHeJLAeK.  TAFLG  FJa?GKG  EaQ  be  a  HGLeFLAaD  KGMJce  G>  aFL@GcQaFAFK,  O@Ac@  aJe 
JeKHGFKAbDe  >GJ  L@e  bDMAK@Jed  aFd  HMJHDe  cGDGJ  G>  QGMF?  Jed  OAFeK,  aFd  MGJAbeD  ?eFGLQHe  OaK 
c@aJacLeJARed bQ @aNAF? a H@eFGDAc HJG>ADe KAEADaJ LG TeEHJaFADDG cMDLANaJ, O@Ac@ EaQ be dMe LG a ?eFeLAc 
JeDaLAGFK@AH. AHHDAcaLAGF G> PJAFcAHaD CGEHGFeFL AFaDQKAK (PCA) LG ePHeJAEeFLaD daLa K@GOed a ?GGd 
KeHaJaLAGF G> L@e FGNeD ?JaHe ?eFGLQHeK aFd TeEHJaFADDG accGJdAF? LG L@e H@eFGDAc HJG>ADe G> KCAFK aFd 
KeedK, EaAFDQ baKed GF L@e HJGHGJLAGF G> LJAKMbKLALMLed aFL@GcQaFAF deJANaLANeK, >DaNGFGDK aFd >DaNaF3
GDK, beAF? a MKe>MD LGGD LG dA>>eJeFLAaLe L@eKe ?JaHe ?eFGLQHeK.
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D.E( IN DIFFE'EN) (AM%LE( *(ING (*'FACEENHANCED 'AMAN (%EC)'O(CO%.

E()HE' %INILLA

M=LaDDA;  FaFGHaJLA;D=K,  =KH=;AaDDQ,  ?GD<  FaFGHaJLA;D=K  (AMNPK)  aJ=  MK=<  AF  K=N=JaD  aHHDA;aLAGFK 
KM;@ aK H@GLG=D=;LJG;@=EA;aD EaL=JAaDK, GHLA;aD  K=FKGJK, <Aa?FGKLA;  L=KLK OAL@ :AGE=<A;aD  AEa?AF? GJ 
;aLaDQKLK  K@GOAF?  MFAIM=  H@QKA;G;@=EA;aD  aF<  GHLA;aD  HJGH=JLA=K  <M=  LG  L@=  GK;ADDaLAGF  G>  DG;aDAR=< 
KMJ>a;=  HDaKEGFK  (LSP).  D=KHAL=  L@=AJ  :=F=>ALK,  L@=J=  aJ=  K=JAGMK  ;GF;=JFK  >GJ  L@=AJ  HGKKA:D= 
=FNAJGFE=FLaD  aF<  :AGDG?A;aD  AEHa;L.  FGJ  L@=K=  J=aKGFK,  AL  AK  F=;=KKaJQ  LG  <=N=DGH  aFaDQLA;aD 
E=L@G<GDG?A=K ;GFLJGDDAF? L@=K= HaJLA;D=K. 

SERS  (SMJ>a;=EF@aF;=<  RaEaF  SH=;LJGK;GHQ)  @aK  =E=J?=<  L@aFCK  LG  L@=  AF;GJHGJaLAGF  G> 
FG:D= E=LaD FaFGHaJLA;D=K  LG ;GEEGF RaEaF KH=;LJGK;GHQ, HJGNA<AF? KG aF =F@aF;=< KA?FaD <M=  LG 
L@=  J=KGFaFL  =P;ALaLAGF  G>  LSP  GF  E=LaD  FaFGHaJLA;D=K  KMJ>a;=  L@aL  ?=F=JaL=K  a  Ea?FA>A;aLAGF  G> 
=D=;LJGEa?F=LA; >A=D<.1

IF  L@AK  J=HGJL,  GF  L@=  GF=  @aF<  SERS  KA?FaD  @aK  :==F  AF<AJ=;LDQ  MK=<  LG  <=L=JEAF= AMNPK, 
AF;GJHGJaLAF? GF  L@= KM:KLJaL= <A>>=J=FL GJ?aFA; EGD=;MD=K  L@aL :=DGF?  LG  L@=  >aEADQ G>  KQFL@=LA;  >GG< 
<Q=K OAL@ ?GG< a:ADALQ LG := a<KGJ:=< GF E=LaDDA; ?GD< KMJ>a;=K aF< L@aL ;GMD< := KMALa:D= ;aF<A<aL=K 
aK AMNPKK=FKGJ. EJQL@JGKAF= B K@GO=< LG := L@= :=KL ;aF<A<aL= HJG<M;AF? a ?GG< SERS a;LANALQ  AF 
HJ=K=F;=  G>  L@AK  FaFGEaL=JAaD.  T@=  HJGHGK=<  aFaDQLA;aD  E=L@G<  @aK  :==F  L@GJGM?@DQ  NaDA<aL=<  >GJ 
<=L=JEAFAF? AMNPK  AF  =FNAJGFE=FLaD,  ;GKE=LA;  aF<  :AGDG?A;aD  KaEHD=K  ;GFKA<=JAF?  L@=  HJAF;AHD=K  G> 
aFaDQLA;aD FaFGE=LJGDG?Q.2 T@= G:LaAF=< J=KMDLK O=J= KaLAK>a;LGJQ OAL@ a DAF=aD JaF?= :=LO==F 112 F? 
L1, <=L=;LAGF DAEAL G> 1 F? L1 aF< HJ=;AKAGF (%RSD) G> 4.2 >GJ 8 J=HDA;aL=K G> 6.8 F? L1 AMNPK KGDMLAGF. 
IF L@= GHHGKAL= OaQ, L@AK E=L@G< OaK aDKG MK=< >GJ <=L=JEAFAF? =JQL@JGKAF= AF >GG< KaEHD=K. T@AK DaKL 
E=L@G< OaK aDKG NaDA<aL=< OAL@ a DAF=aD JaF?= :=LO==F 5150 j? L1 aF< a <=L=;LAGF DAEAL G> 4.7 j? L1 
aK >A?MJ=K G> E=JAL.

�#$#.#,!#/
1. FaF, M.� AF<Ja<=, G. F. S.� BJGDG, A. G. �4(2. �/03. �*:(. 2011, 693, 725.
2. LZH=RSaFR, S.� GMREUF, F. J.� RG<JX?M=R R. C.� RXGK, A. �4(2. �/03. �*:(. 2019, 1059, 115.
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IF J=c=FL Q=aJK bAG=L@aFGD @aK b=cGE= GF= G> L@= EGKL HJGEAKAF? aDL=JFaLAN=K LG LJa<ALAGFaD >GKKADK 
>M=DK.  HGO=N=J,  L@=  GN=JHJG<McLAGF  GF  a  ?DGbaD  KcaD=  (bAG<A=K=D  cJAKAK)  aF<  aDKG  GF  a  FaLAGFaD  KcaD= 
(KMJHDMK  AF  OAF=  HJG<McLAGF  aF<  AF<MKLJAaD  OaKL=  G>  aDcG@GD  HJG<McLAGF)  @aN=  J=IMAJ=<  L@=  K=aJc@  G> 
<A>>=J=FL  KLJaL=?A=K  >GJ  L@=  NaDGJARaLAGF  G>  L@AK  cGEHGMF<.  IF  L@AK  J=K=aJc@  OGJC,  L@=  =D=cLJGc@=EAcaD 
J=>GJEAF? HJGc=KK  AK HJGHGK=< aK aF aDL=JFaLAN=, O@Ac@ HJ=K=FLK KGE= a<NaFLa?=K (D=KK <=acLANaLAGF 
aF< K=D=cLANALQ  DAEALaLAGFK) cGEHaJ=< LG cGFN=FLAGFaD caLaDQLAc HJGc=KK=K. UKAF? a HGDQE=J E=EbJaF= 
=D=cLJGc@=EAcaD J=acLGJ (PEM c=DD), AF L@= aFG<Ac cGEHaJLE=FL L@= GPA<aLAGF J=acLAGF G> =L@aFGD LaC=K 
HDac=, HJG<McAF? HJGLGFK aF< GJ?aFAc cGEHGMF<K G> AF<MKLJAaD AFL=J=KL. R=<McLAGF J=acLAGF LaC=K HDac= 
AF L@= caL@G<Ac cGEHaJLE=FL, ?=F=JaLAF? @A?@ HMJALQ @Q<JG?=F. IL AK O=DD CFGOF L@aL FG KH=cAaD aLL=FLAGF 
AK  ?AN=F  LG  L@=  GJ?aFAc  cGEHGMF<K  AF  L@=  aNaADabD=  DAL=JaLMJ=  [1].  FGJ  L@aL  J=aKGF,  L@=  aAE  G>  L@AK 
J=K=aJc@ OGJC  AK  LG EaPAEAR=  L@= HJG<McLAGF G> NaDMabD=  DAIMA<K GbLaAF=<  AF  L@= aFG<Ac cGEHaJLE=FL, 
<=JAN=<  >JGE  L@=  =L@aFGD  GPA<aLAGF,  AF  GJ<=J  LG  AEHJGN=  L@=  NaDGJARaLAGF  G>  L@AK  cGEHGMF<.  SGE=  G> 
L@=K=  HJG<McLK  aJ=  ac=LaD<=@Q<=,  ac=LAc  acA<  aF<  =L@QD  ac=LaL=.  Ac=LaD<=@Q<=  AK  aF  AEHGJLaFL 
AFL=JE=<AaL=  AF  GJ?aFAc  KQFL@=KAK,  MK=<  aK  a  JaO  EaL=JAaD  >GJ  L@=  HJG<McLAGF  G>  ac=LAc  acA<,  ac=LAc 
aF@Q<JA<=,  =L@QD  ac=LaL=,  HQJA<AF=,  E=<AcAF=K  GJ  HDaKLAcK.  IF<MKLJAaDDQ,  AL  AK  GbLaAF=<  >JGE  L@=  <AJ=cL 
caLaDQLAc GPA<aLAGF G> =L@QD=F= L@JGM?@ WacC=J HJGc=KK, O@Ac@ AK N=JQ AFL=FKAN= AF L=JEK G> =F=J?Q, KG 
L@=  =D=cLJGcaLaDQLAc  aDL=JFaLAN=  AK  HJ=K=FL=<  aK  a EGJ=  =>>AcA=FL  GHLAGF.  UF<=J  L@AK  Kc=FaJAG,  =L@aFGD 
=D=cLJGJ=>GJEAF? HJGc=KK OaK caJJA=< GML aL 80 _C, 1 aLE aF< 1.15 ED/EAF G> >DGO JaL= >GJ caL@G<Ac aF< 
aFG<Ac  c@aEb=J.  IF GJ<=J  LG  N=JA>Q  L@= NAabADALQ G>  L@= KQKL=E, <A>>=J=FL =PH=JAE=FLK O=J= caJJA=< GML: 
DAF=aJ NGDLaE=LJA=K, c@JGFGHGL=FcAGE=LJA=K aL NaJAGMK  D=N=DK G>  AFL=FKALQ, KLabADALA=K =KKaQK  LG =KLAEaL= 
L@=  LGLaD cGFKME= aF<  AEH=<aFc= KH=cLJGKcGHQ =KKaQK. CGEE=JcAaD PL/C OaK MK=<  >GJ  L@= caL@G<= 
aF< PLRM/C (KQFL@=LAR=< L@JGM?@ L@= EG<A>A=< HGDQGD E=L@G<) >GJ L@= aFG<=.

�#$#.#,!#/
1. CaDc=JJa<a, A.B., =L aD., HQ<JG?=F >JGE =D=cLJGc@=EAcaD J=>GJEAF? G> =L@aFGD aKKAKL=< bQ KMD>MJAc 
acA< a<<ALAGF. A6620,+ C(:(2>909 B: �4<08543,4:(2, 2018. 231: H. 310316.
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0@= <=N=DGHE=FL G> ;9J<AGN9K;MD9J <AK=9K=K (C2D)  AK  L@= E9AF ;9MK= G> <=9L@ 9F< <AK9:ADALQ G> 
L@= =D<=JDQ OGJD< HGHMD9LAGF, :=AF? KGE= G> L@= E9BGJ JAKC >9;LGJK G:=KALQ GJ DA9:=L=K M=DDALMK (DM). IF 
K=9J;@ G> HJ=N=FLAN= KLJ9L=?A=K, 9F< 9>L=J ALK <AK;GN=JQ 9K 9 J=?MD9LGJ G> :G<Q >9L J=K=JN=K (H9D99K JL =L 
9D.,  1995),  D=HLAF  :=?9F  LG  :=  KLM<A=<  9K  9  HGAFL  G>  ;GFLJGD  G>  =F=J?Q E=L9:GDAKE.  0@AK  @GJEGF=  AK 
HJG<M;=< E9AFDQ :Q  L@= O@AL= 9<AHGK=  LAKKM=, :ML  L@=  J=;=HLGJK  >GJ  L@= @GJEGF= 9J= <AKLJA:ML=<  AF 9 
?J=9L  N9JA=LQ  G>  LAKKM=K,  :=AF?  N=JQ  AEHGJL9FL  ALK  <AK;GN=JQ  AF  L@=  @QHGL@9D9EA;  FM;D=A  J=D9L=<  LG  L@= 
9HH=LAL= ;GFLJGD, E=L9:GDAKE 9F< L@=JEGJ=?MD9LAGF.

OMJ ?JGMH LJA=K LG J=KHGF< LG L@= =>>=;LK ;9MK=< :Q L@= MK= G> ;=FLJ9D D=HLAF AF H=JAH@=J9D LAKKM=K� 
@GO=N=J,  9F<  MFDAC=  GL@=J  KLM<A=K,  GMJ  E=9KMJ=K  9J=  :9K=<  GF  L@=  9;LAN9LAGF  G>  L@=  KQEH9L@=LA; 
F=JNGMK  KQKL=E 9K  9F  AFL=JE=<A9JQ  G>  L@=  =>>=;LK  G>  D=HLAF.  IF  L@AK  ;9K= O= @9N=  K@GOF  L@9L  ;=FLJ9D 
D=HLAF ;9MK=K 9DL=J9LAGFK AF L@= @=9JL E=L9:GDAKE, KM;@ 9K >9NGJAF? L@= E=L9:GDA; >M=D ;@9F?=, J=<M;AF? 
DAHGLGPA;ALQ  GJ  ?=F=J9LAF?  9  KH=;A>A;  H9LL=JF  G>  ;9J<A9;  9LJGH@Q  (MGJ9  =L  9D.,  2018).  /AEAD9JDQ,  O@AL= 
9<AHGK= LAKKM= AK 9:D= LG ?MA<= 9 :JGOFAF? EG<=D :Q AF;J=9KAF? L@= E=L9:GDA; J9L=, >9NGJAF? GPA<9LAN= 
E=L9:GDAKE 9F< L@=JEG?=F=KAK.

OMJ ;MJJ=FL KLM<A=K >G;MK GF L@= MK= G> FM;D=9J PPAR J=;=HLGJK 9K AFL=JE=<A9L=K G> L@= 9;LAGF G> 
;=FLJ9D D=HLAF, :9K=< GF L@= MK= G> L@= KH=;A>A; PPARi / h 9FL9?GFAKL.

�#$#.#,!#/
1. H9D99K JL, G9BAO9D9 K/, M9>>=A M, CG@=F /L, C@9AL B0, R9:AFGOALR D, L9DDGF= RL, BMJD=Q /K, 
FJA=<E9F  JM.  15.  3=A?@LJ=<M;AF?  =>>=;LK  G>  L@=  HD9KE9  HJGL=AF  =F;G<=<  :Q  L@=  G:=K= 
?=F=. #*0,4*, 26� 543546.

2. MGJ9 C, PAFL9<G C, RM:AG B, M9RM=;GK L, LZH=R 2, F=JFUF<=R A, /9D9E9F;9 A, BUJ;=F9 B, 
F=JFUF<=RA?MDDZ 0, AJJA:9K C, G9DD9J<G N, AF<JWK A. 201�. C=FLJ9D D=HLAF J=?MD9L=K @=9JL DAHA< 
;GFL=FL :Q K=D=;LAN=DQ AF;J=9KAF? PPAR i/h =PHJ=KKAGF. � �4+5*80452 236 4356.
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*M;D=9J  M9?F=LA;  .=KGF9F;=  (*M.)  /H=;LJGK;GHQ  AK  GF=  G>  L@=  EGKL  HGO=J>MD  9F<  N=JK9LAD= 
9F9DQLA;9D L=;@FAIM=K 9N9AD9:D= LG<9Q MK=< AF ;@=EAKLJQ, H@QKA;K, :AGDG?Q 9F< E=<A;AF=. *M. AK OA<=DQ 
=EHDGQ=< LG HJG:= L@= DG;9D KLJM;LMJ= 9F< <QF9EA; HJGH=JLA=K G> 9LGEK. HGO=N=J, *M. KM>>=JK >JGE 9F 
AFLJAFKA;9DDQ  DGO  K=FKALANALQ,  HJ=;DM<AF?  L@=  9HHDA;9LAGF  G>  *M.  KH=;LJGK;GHQ  LG  E9KK  9F<  NGDME=
DAEAL=< K9EHD=K.

H=J=,  O=  HJ=K=FL  L@=  MK=  G>  @QH=JHGD9JAR9LAGF  E=L@G<GDG?Q  LG  =F@9F;=  L@=  *M.  K=FKALANALQ. 
0@=K= =PH=JAE=FLK 9J= AFALA9L=< OAL@ L@= =P;AL9LAGF G> 9 H@GLGK=FKALAR=J :Q 9F =PL=JF9D D9K=J KGMJ;=.

FMJL@=JEGJ=, O= @9N= ;GE:AF=< L@= MK= G> EA;JG;GADK OAL@ L@= @QH=JHGD9JAR9LAGF E=L@G<GDG?Q LG 
HJGNA<=  9  :J=9CL@JGM?@  AF  :GL@  E9KK  9F<  ;GF;=FLJ9LAGF  K=FKALANALQ  >GJ  L@=  KLM<Q  G>  DGO  KGDM:ADALQ 
K9EHD=K. IF HJ=NAGMK OGJCK, GMJ ?JGMH @9N= :==F 9:D= G> <=L=;LAF? KM:HA;GEGD= IM9FLALA=K G> K9EHD= 
9F< 9 K9EHD= ;GF;=FLJ9LAGF AF L@= jM J9F?= >GJ 9 >DMGJAF9L=< ;GEHGMF<.1

0@=  EGKL  ;GEEGF  H@GLGK=FKALAR=JK  9J=  >D9NAFK.  HGO=N=J,  >D9NAFK  9J=  HJGF=  LG  H@GLGJ=<M;LAGF 
<MJAF?  L@=  @QH=JHGD9JAR9LAGF  =PH=JAE=FLK  9K  L@=  HJG;=KK  AK  FGL  H=J>=;LDQ  ;Q;DA;  9F<  L@=Q  >GJE 
9??J=?9L=K.  0@MK,  O=  9J=  >G;MKAF?  GF  L@=  <=N=DGHE=FL  G>  9DL=JF9LAN=  H@GLGK=FKALAR=JK  9K  LJA9RAF=K 
<=JAN9LAN=K 9F< GJ?9FGE=L9DDA; ;GEHGMF<K G> JML@=FAME.

�#$#.#,!#/

1. M. MGEH=UF, .. M. /UF;@=RDGFGKG, A. <= D9 HGR, 2. /9??AGEG, A. H. 2=D<=JK 9F< 2. GGE=R, 
�(:. C533;4. 201�, 9, 108.
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C$M*NICACI$NE( 
$'ALE(

(.N)HE(I( $F F*'F*'AL B. DEH.D'A)I$N $F %EN)$(E(. )$,A'D( F*LL 
BI$MA(( +AL$'I(A)I$N

MAN*EL (ALGAD$

FMJ>MJ9D (FF), GJ >MJ9F2;9J:9D<=@Q<=, AK 9 ?J==F C=Q ;GEHGMF< O@A;@ @9K :==F J=;G?FAR=< 9K 9 
LGHN9DM= :AG:9K=< ;@=EA;9D :Q 1FAL=< SL9L=K D=H9JLE=FL G> EF=J?Q 718. T@=J=>GJ=,  AL  AK MK=>MD LG := 
=EHDGQ=< AF 9 OA<= J9F?= G> 9HHDA;9LAGFK, >JGE L@= ;@=EA;9D AF<MKLJQ LG L@= 9?JG;@=EA;9D K=;LGJ 728, 9K 
O=DD 9K AF L@= HJG<M;LAGF G> :AG>M=DK 9F< KGDN=FLK. FF HJG<M;LAGF AK ?=F=J9DDQ ;9JJA=< GML :Q L@= AFALA9D 
<=@Q<J9LAGF G> H=FLGK=K, KM;@ 9K PQDGK=. T@AK HJG;=KK MKM9DDQ AFNGDN=K 9;A<A; ;GF<ALAGFK, >GJ AFKL9F;=, 
OAL@ AFGJ?9FA; EAF=J9D 9;A<K, @=L=JG?=F=GMK ;9L9DQKLK GJ KMD>GFA; 9;A<K. MGJ=GN=J, L@= E=;@9FAKE >GJ 
FF HJG<M;LAGF @9K :==F 9DKG KM??=KL=< :Q E9FQ J=K=9J;@=K 738. P9JLA;MD9JDQ, FF ;9F := G:L9AF=< >JGE 
C5KM?9JK  >GMF<  AF  @=EA;=DDMDGK=K,  GF=  G>  L@=  L@J==  E9BGJ  ;GEHGF=FLK  AF  DA?FG;=DDMDGKA;  :AGE9KK, 
AF;DM<AF? ;=DDMDGK= 9F< DA?FAF 728. NGO9<9QK, <M= LG L@= <AEAFAK@AF? G> >GKKAD >M=D J=K=JN=K, LG?=L@=J OAL@ 
L@= <=LJAE=FL9D 9M?E=FL9LAGF G> ?J==F@GMK= =>>=;LK,  L@= OGJD<OA<= K;A=FLA>A; ;GEEMFALQ @9K  >G;MK=< 
GF FGN=D  JGML=K =EHDGQAF? KMKL9AF9:D= CKGMJ;=K  >GJ  L@= KQFL@=KAK G>  L@=  LGH HD9L>GJE ;@=EA;9DK  748. 
R=?9J<AF?  LG  L@=  LGH,  L@= E9AF ?G9D  G>  L@AK OGJC  AK  L@= GHLAEAR9LAGF G>  KGE= N9JA9:D=K  (L=EH=J9LMJ=, 
LAE=, KGDN=FL, ;9L9DQKLa) AF GJ<=J LG 9;@A=N= L@= :=KL QA=D< G> FF >JGE PQDGK=, 9K O=DD 9K L@= AF>DM=F;= G> 
L@=K=  N9JA9:D=K  GN=J  L@=  N9DGJAR9LAGF  G>  KGE=  DA?FG;=DDMDGKA;  O9KL=K,  9DO9QK  C==HAF?  L@=  GJ==F 
C@=EAKLJQ PJAF;AHD=K.

�'%1.# 1. G=F=J9D ;@=EA;9D H9L@ >JGE :AGE9KK LG >MJ>MJ9D
�#$#.#,!#/

1. T. 3=JHQ, G. P=L=JK=F, A. A<=F,  J. BGR=DD,  J. HGDD9<9Q,  J. 3@AL=, A. M9F@=AE, D. EDAGL, L. L9KMJ=, S.  JGF=K, TGH N9DM= 9<<=< ;@=EA;9DK  >JGE 

:AGE9KK. 2GDME= 1R=KMDLK G> K;J==FAF? >GJ HGL=FLA9D ;9F<A<9L=K >JGE KM?9JK 9F< KQFL@=KAK ?9K, DTIC DG;ME=FL, 2004.

2. G. GZE=R MADDUF, S. H=DDKL=F, A.3.T. KAF?, J.P. PGCCA, J. LDGJ;9, H. SAPL9, �5;84(2 5- �4+;9:80(2 (4+ �4.04,,804. C/,309:8>, 72 (2019) 354363.

3. K. 59F, G. 3M, T. L9>D=MJ, C. J9JNAK, ",4,=()2, (4+ #;9:(04()2, �4,8.> ",<0,=9, 38 (2014) 663676.

4. L. FADA;AGLLG, A.M. B9DM, J.C. 29F <=J 399D, R. LMIM=, C(:(2>909 $5+(>, 302 (2018) 215.
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C$M*NICACI$NE( 
$'ALE(

()*D. B. AF4IC%M( $F )HE %?N%>' BEHA+I$*' IN NA)*'AL AND (.N)HE)IC 
F'E(H,A)E'(

A'MAND$ (JNCHE/

,D9LAFME F9FGH9JLA;D=K (,LN,K) HJ=K=FL =P;=HLAGF9D ;9L9DQLA; J=9;LANALQ O@A;@ E9C=K L@=E MK=>MD 
>GJ 9MLGEGLAN= ;9L9DQKLK. HGO=N=J, E=;@9FA;9D 9:J9KAGF 9F< ;@=EA;9D J=9;LAGFK 9L L@= ;9L9DQKL KMJ>9;= 
E9Q  ;9MK=  ,LN,K'  =EAKKAGF  L@JGM?@  =P@9MKL  ?9KK=K  G>  N=@A;D=K,  D=9<AF?  LG  <AKH=JKAGF  9F< 
9;;MEMD9LAGF G> ,LN,K 9DD GN=J =FNAJGFE=FL9D ;GEH9JLE=FLK  718. 0@= KLM<Q G>  L@=K= N,K  AF  J=D=N9FL 
=FNAJGFE=FL9D  K9EHD=K  AK  F=;=KK9JQ  LG  CFGO  L@=  HGL=FLA9D  9KKG;A9L=<  JAKCK.  0@AK  AK  AF<==<  9 
;@9DD=F?AF?  L9KC  >GJ  9F9DQLA;9D  ;@=EAKLJQ,  9F<  L@=  <=N=DGHE=FL  G>  FGN=D  9F<  HGO=J>MD  9F9DQLA;9D 
L=;@FAIM=K  AK  F=;=KK9JQ  728.  N=O  9F9DQLA;9D  KLJ9L=?A=K  :9K=<  GF  L@=  ;GMHDAF?  G>  @Q<JG<QF9EA; 
K=H9J9LAGF L=;@FAIM=K OAL@ =D=E=FL9D KH=;A>A; <=L=;LGJK @9N= :==F J=;=FLDQ HJGHGK=<. OF= G> L@= EGKL 
HJGEAKAF?  ;GE:AF9LAGF  AK  9KQEE=LJA;  >DGO  >A=D<  >DGO  >J9;LAGF9LAGF  @QH@=F9L=<  LG  AF<M;LAN=DQ  ;GMHD=< 
HD9KE9  E9KK  KH=;LJGE=LJQ  (AF4IC,M/).  0@AK  KQKL=E  ;9F  ?AN=  KAEMDL9F=GMK  AF>GJE9LAGF  9:GML 
H9JLA;D=  KAR=  J9F?=,  ;GF;=FLJ9LAGF  9F<  ;GEHGKALAGF,  :ML  L@=J=  9J=  F=9JDQ  FGL  9HHDA;9LAGFK  >GJ  ,LN,K, 
=KH=;A9DDQ  AF  =FNAJGFE=FL9D  K9EHD=K.  IF  L@AK  OGJC  9  E=L@G<GDG?Q  :9K=<  GF AF4IC,M/  @9K  :==F 
<=N=DGH=<  >GJ  L@=  KLM<Q  G>  ,LN,K  AF  O9L=J  K9EHD=K.  OF;=  L@=  GHLAEAR9LAGF  G>  L@=  K=H9J9LAGF  9F< 
9;IMAKALAGF ;GF<ALAGFK AF AF4IC,M/ AK <GF=, ,LN,K (5, 30 9F< 50 FE) O=J= K=H9J9L=< AF GF= KAF?D= 
>J9;LG?J9E JMF. IL O9K 9DKG HGKKA:D= LG <=L=;L LJ9FK>GJE9LAGFK G> L@=K= ,LN,K AF F9LMJ9D 9F< KQFL@=LA; 
>J=K@O9L=JK  K9EHD=K  MF<=J  L@=  AF>DM=F;=  G>  J=D=N9FL  =FNAJGFE=FL9D  >9;LGJK  KM;@  GJ?9FA; E9LL=J,  HH, 
AGFA; KLJ=F?L@ GJ AF;M:9LAGF LAE=.

�#$#.#,!#/
1.  K.  FGD=FK,  0.  29F A;C=J,  E.  BGD=9F=JF9F<=R,  G.  CGJF=DAK,  F.  29F@9=;C=,  G.  DM  L9AF?  &  /. 
.9M;@.  I<=FLA>A;9LAGF  G>  HD9LAFME  F9FGH9JLA;D=K  AF  JG9<  <MKL  D=9;@9L=  :Q  KAF?D=  H9JLA;D= 
AF<M;LAN=DQ ;GMHD=< HD9KE9E9KK KH=;LJGE=LJQ, #*0,4*, 5- :/, $5:(2 E4<08543,4:, 615 (201�) 
849856.

2. ,. KJQKL=C, /. BJ9F<KE9, ,. L=GF9J<K & J. <= BG=J. EPHDGJAF? E=L@G<K >GJ ;GEHGKALAGF9D 9F< 
H9JLA;D=  KAR=  9F9DQKAK  G>  FG:D=  E=L9D  F9FGH9JLA;D=K  AF  D9H@FA9  E9?F9,  $(2(4:(,  147  (2016), 
289295.
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C$M*NICACI$NE( 
$'ALE(

'E(+E'A)'$L I( A N$N(ELEC)I+E ADEN$(INE 'ECE%)$' AG$NI(): 
%$)EN)IAL '$LE IN NE*'$DEGENE'A)I$N

ALEJAND'$ (JNCHE/

A?=d HGHMDaLAGF  AK  AFcJ=aKAF?  >aKL  AF  L@=  DaKL d=cad=K. H=Fc=, F=MJGd=?=F=JaLAGF  AK GF= G>  L@= 
?J=aL=KL ?DGbaD c@aDD=F?=K >GJ @=aDL@ J=K=aJc@ AF L@= F=PL >MLMJ= dM= LG L@= EaBGJ JAKC >acLGJ AK L@= a?=. 
CMJJ=FLDQ, AL AK d=KcJAb=d L@aL aJGMFd 50 EADDAGF G> H=GHD= DAN= OAL@ aFQ CAFd G> d=E=FLAa. BQ 2050, L@= 
AFcAd=Fc= G> F=MJGd=?=F=JaLAGFaKKGcAaL=d dAK=aK=K AK =KLAEaL=d LG b= LJAHDAcaL=d, O@Ac@ KMHHGK=K aF 
GN=J  cGKL  >GJ  @=aDL@  K=JNAc=K.  R=KN=JaLJGD  (RSV)  AK  a  FaLMJaD  HGDQH@=FGDAc  cGEHGMFd  HJGdMc=d  bQ 
HDaFLK  MFd=J  KLJ=KK>MD  cGFdALAGFK  L@aL  @aK  K@GOF  EMDLAHD=  b=F=>AcAaD  HJGH=JLA=K  >GJ  @MEaF  @=aDL@, 
AFcDMdAF?  F=MJGd=?=F=JaLAGF.  UF>GJLMFaL=DQ,  L@=  HJ=cAK=  EGD=cMDaJ  E=c@aFAKEK  bQ  O@Ac@  L@AK 
H@QLGc@=EAcaD =P@AbALK ALK bAGDG?AcaD >MFcLAGFK J=EaAF KLADD MFcD=aJ. T@=J=>GJ=, L@= aAE G> L@AK OGJC OaK 
LG  AFN=KLA?aL=  O@=L@=J  RSV  OaK  abD=  LG  AFdMc=  EGdMDaLAGF  GF  ad=FGKAF=E=dAaL=d  KA?FaDAF?.  OMJ 
J=KMDLK  KLJGF?DQ  AFdAcaL=d,  bQ  bAGc@=EAcaD  aFd  AF>GJEaLAcK  aHHJGac@=K,  L@aL  RSV  acLK  aK  a  FGF
K=D=cLAN= ad=FGKAF= J=c=HLGJ a?GFAKL, O@Ac@ a>>=cLK LG ad=FGKAF=E=dAaL=d KA?FaDAF?  AF JaL ?DAGEa C6 
c=DD  DAF=. OF L@= GL@=J KAd=, DGF?L=JE RSV KMHHD=E=FLaLAGF AF dA=L J=N=JK=d L@= a?=J=DaL=d =>>=cL GF 
ad=FGKAF=J?Ac  KQKL=E  AF  LGLaD  bJaAF  >JGE  SAMP8  EAc=,  aF  aFAEaD  EGd=D  G>  ADR@=AE=JfK  dAK=aK=. 
AccGJdAF?DQ, HDaKEa E=EbJaF==PHJ=KK=d A1 J=c=HLGJ OaK >GMFd LG b= AFcJ=aK=d O@=J=aK FG c@aF?=K 
GF HDaKEa E=EbJaF==PHJ=KK=d A2A J=c=HLGJK O=J= d=L=cL=d AF RSVLJ=aL=d EAc= aK cGEHaJ=d LG L@=AJ 
a?=EaLc@=d  cGFLJGDK. MGJ=GN=J,  aF  AFcJ=aK=  G> A1  J=c=HLGJE=dAaL=d  KA?FaDAF? OaK  GbK=JN=d,  bML  a 
d=K=FKALARaLAGF G> A2A J=c=HLGJE=dAaL=d KA?FaDAF? OaK AFdMc=d bQ RSV. OF L@= GL@=J KAd=, ad=FGKAF= 
HJGdMcLAGF/d=?JadaLAGF  caJJA=d  GML  bQ  L@=  =FRQE=K  5fNMcD=GLAdaK=  aFd  Ad=FGKAF=  D=aEAFaK=, 
J=KH=cLAN=DQ, O=J= bGL@ >GMFd LG b= KA?FA>AcaFLDQ J=dMc=d AF RSVLJ=aL=d EAc=, KM??=KLAF? aF aDL=JaLAGF 
GF ad=FGKAF=  D=N=D.  IF cGFcDMKAGF, RSV acLK aK a FGFK=D=cLAN= a?GFAKL, =P=JLAF? a  LAKKM=d=H=Fd=FL 
bAGDG?AcaD =>>=cL. TaCAF? aDD G> L@AK AFLG accGMFL, ad=FGKAF= J=c=HLGJK K@GMDd b= cGFKAd=J=d aK a HJAEaJQ 
LaJ?=L  >GJ  J=KN=JaLJGD  aFd,  aDL@GM?@  >MJL@=J  =PH=JAE=FLaLAGF  AK  J=IMAJ=d,  F=O  L@=JaH=MLAc  KLJaL=?A=K 
AFNGDNAF?  J=KN=JaLJGD  aFd  ad=FGKAF=E=dAaL=d  KA?FaDAF?  K@GMDd  b=  aAE=d  AF  L@=  >MLMJ=  >GJ 
F=MJGd=?=F=JaLAGFaKKGcAaL=d dAK=aK=K.
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ALK.N.L 1�BEN/$0+1IMIDA/$LE DE'I+A)I+E(: A%%LICA)I$N( IN $'GANIC 
ELEC)'$NIC(

CA'L$( )A'DK$

IF  L@=  D9KL Q=9JK, K=D>9KK=E:DQ G> k;GFBM?9L=< GJ?9FA; EGD=;MD=K @9K MF<=J?GF= 9 :A? ?JGOL@ 
<M=  LG  L@=  AEHJGN=E=FL  G>  L@=  GHLG=D=;LJGFA;  HJGH=JLA=K  G>>=J=<  :Q  L@=K=  KLJM;LMJ=K  OAL@  J=KH=;L  LG 
AKGD9L=< EGD=;MD=K. T@= K@9H=, EGJH@GDG?Q 9F< H@GLGH@QKA;9D  HJGH=JLA=K HD9Q 9  >MF<9E=FL9D  JGD=  AF 
L@= 9HHDA;9:ADALQ G> L@= KLJM;LMJ=K.1 MMDLA>MF;LAGF9DALQ AK 9 <=KAJ9:D= G:B=;LAN= AF L@=K= F=O KLJM;LMJ=K. IF 
L@AK ;GFL=PL, O= @9N= KQFL@=KAK=< 9 K=JA=K DAD G> 9DCQFQD ;GEHGMF<K MKAF? 2�:=FRG[+8LJA9RGD= 9F< 
:=FRG[;8[1,2,58L@A9<A9RGD=  9K  L@=  9;;=HLGJ  ;GJ=K.  S=D>9KK=E:DQ  G>  L@=K=  <=JAN9LAN=K  @9K  ?=F=J9L=< 
KLJM;LMJ=K OAL@ 9 @A?@ 9HHDA;9:ADALQ AF GJ?9FA; =D=;LJGFA;K 9K O9N=?MA<=K3 9F< OFETK.2 WAL@ L@= 9AE LG 
<=>AF=  L@= KLJM;LMJ=HJGH=JLQ  J=D9LAGFK@AH,  AF  L@AK  J=HGJL O= @9N= ;@9F?=<  L@= 9;;=HLGJ EGA=LQ  LG 1�
:=FRG[+8AEA<9RGD= (FA?MJ= 1). T@= KLJM;LMJ=K J=KMDLAF? >JGE K=D>9KK=E:D= O=J= KLM<A=< :Q SEM 9F< PL 
EA;JGK;GHQ.  T@=  E9AF  G:B=;LAN=  AK  LG  KLM<Q  L@=  9HHDA;9:ADALQ  G>  L@=K=  ;GEHGMF<K  9K  GJ?9FA; 
K=EA;GF<M;LGJK AF OFETK, GJ AF L@= >A=D< G> F9FGH@GFGFA;K 9K GHLA;9D O9N=?MA<=K.

F'%1.# 1. SLJM;LMJ= G> 9DCQFQD 1�:=FRG[+8AEA<9RGD= <=JAN9LAN=K

�#$#.#,!#/

1. HG=:=F, F. J. M.� JGFC@=FAFBE, P.� M=AB=J, E. W.� S;@=FFAF?, A. P. H. J. C/,3. ",<. 2005, 105, 
14911546.

2. TGJJ=K, I.� M9JLXF, R.� DX9ROJLAR, A.� PJA=LG, P.� C9JJADDG. J. R. �98. �. C/,3. 2018, 58, 827836.
3. TGJJ=K, I.� AJJ=;@=9M9J;GK, I.� T9J<XG, C.� C9JJADDG, J. R.� DX9ROJLAR, A.� LZH=R, J. T.� RMAR, M. C.� 
PJA=LG, P.� PGF;=, R. "#C A+<. 2018, 8, 2187921888.
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)ABLA PERILDICA

AC)O CONMEMORACILN SIS)EMA PERILDICO

DMJ9FL=  =D  K=?MF<G  <X9  <=D  4III  /AEHGKAG  <=  CA=F;A9  JGN=F,  LMNG  DM?9J  MF  9;LG  <= 
;GFE=EGJ9;AZF <=D /AKL=E9 ,=JAZ<A;G EG<=J9<G HGJ D. gF?=D .XGK, <=;9FG <= 9 F9;MDL9< <= 
CA=F;9K Q 0=;FGDZ?X9K -MXEA;9K, Q ;GF D9 H9JLA;AH9;AZF <=:

  ,=<JG  LGR9FG  .G<JX?M=R  (1FAN=JKA<9<  <=  )MJ;A9):  c)G<=DGK  Q  =B=EHDGK.  L9 
=PH=JA=F;A9 =F D9 1FAN=JKA<9< <= )MJ;A9d

 )9JX9 JGKW .MAR (1CL)0GD=<G): cDANMD?9;AZF ;A=FLX>A;9 <= D9 09:D9 ,=JAZ<A;9d

 )9JX9 AFLGFA9 H=JJ=JG C@9EGJJG (./E-): c.=K=Y9 <= D9 JGJF9<9 <= D9 ./E-d 
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I+ PREMIO CIENCIA JO+EN
II PREMIO CIENCIA JO+EN POSTER

CGEG =F =<A;AGF=K 9FL=JAGJ=K, =D ;GEALW GJ?9FAR9<GJ <=D 4III SAEHGKAG <= CA=F;A9 JGN=F 
@ARG =FLJ=?9 <=D I2 PJ=EAG CA=F;A9 JGN=F =F =D 9;LG <= ;D9MKMJ9 <=D =N=FLG. EF =KL9 =<A;AZF, =D 
HJ=EAG  @9  KA<G  GLGJ?9<G  9  JGKW  F=JF9F<G PWJ=R  ;GF  =D  LJ9:9BG  LALMD9<G  "N=O  =D=;LJGF=FLGF 
J=9;LGJK  >GJ  O9KL=O9L=J  LJ=9LE=FL". T9E:AWF  K=  @ARG  =FLJ=?9  <=D  II  PJ=EAG CA=F;A9  JGN=F  9D 
E=BGJ HZKL=J 9 JGJ?= L=?9FWK B9QZF, ;GF =D HZKL=J  LALMD9<G "SLAEMDA  J=KHGFKAN= @Q<JG?=DK  >GJ 
<JM? <=DAN=JQ 9HHDA;9LAGFK".

`EF@GJ9:M=F9 9 DGK HJ=EA9<GK!
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C-+'05 !'#,06$'!-:
gF?=D .XGK C9KLJG, D=;9FG <= D9 F9;MDL9<
AD:=JLG .9EGK ADGFKG, e-MXEA;9 IFGJ?UFA;9f
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ED=F9 AD9YZF ,9J<G, eCA=F;A9 Q 0=;FGDG?X9 <= ADAE=FLGKf
M9JA9 AFLGFA9 H=JJ=JG C@9EGJJG, e/0CLM <= D9 ./E-f

AFLGFAG M9FM=D .G<JX?M=R G9J;X9, eJI-./E-  E5C* EMC@=E/f

C-+'05 -.%�,'4�"-.:
JGKW ,WJ=R *9N9JJG, eCA=F;A9 Q 0=;FGDG?X9 <= ADAE=FLGKf

2AJ?AFA9 MGJ=FG G9J;X9, e-MXEA;9 AF9DXLA;9f
/=J?AG BDURIM=R GGFRUD=R, e-MXEA;9 FXKA;9f
JGJ?= L=?9F=K B9QZF, e-MXEA;9 +J?UFA;9f

LMAK F=JF9F<G L=ZF F=JFUF<=R, eIF?=FA=JX9 -MXEA;9f

F-07%.�$-:
J9NA=J 0GD=<9FG 2ADD9J "/AE:AGKAK ,JG<M;;AGF=K"
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Como en ediciones anteriores, el comité organizador del XIII Simposio de Ciencia Joven hizo 
entrega del IV Premio Ciencia Joven en el acto de clausura del evento. En esta edición, el 
premio ha sido otorgado a José Fernando Pérez con el trabajo titulado "New electroFenton 
reactors for wastewater treatment". También se hizo entrega del II Premio Ciencia Joven al 
mejor póster a Jorge Leganés Bayón, con el póster titulado "Stimuli responsive hydrogels for 
drug delivery applications".  

¡Enhorabuena a los premiados!  
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Jornadas de Ciencia Joven: 
 

FECHA ACTUACIÓN 

Abril de 2007 CIENCIA JOVEN. Un foro de debate de 

jóvenes investigadores 

De mayo a junio de 2008 II JORNADAS DE CIENCIA JOVEN. Un foro de  

debate de jóvenes investigadores 

De abril a junio de 2009 III JORNADAS DE CIENCIA JOVEN. Un foro de  

debate de jóvenes investigadores 

De abril a junio de 2010 IV JORNADAS DE CIENCIA JOVEN. Un foro de  

debate de jóvenes investigadores 

De abril a junio de 2011 V JORNADAS DE CIENCIA JOVEN. Un foro de  

debate de jóvenes investigadores 

De mayo a junio de 2012 VI JORNADAS DE CIENCIA JOVEN. Encuentro  

de jóvenes investigadores 

23-24 de mayo de 2013 VII SIMPOSIO CIENCIA JOVEN 

22-23 de mayo de 2014 VIII SIMPOSIO CIENCIA JOVEN 

21-22 de mayo de 2015 IX SIMPOSIO CIENCIA JOVEN 

Del 8 al 10 de junio de 2016 X SIMPOSIO CIENCIA JOVEN 

Del 3 al 5 de Junio de 2017 XI SIMPOSIO CIENCIA JOVEN 

Del 13 al 15 de Junio de 2018 XII SIMPOSIO CIENCIA JOVEN 

Del 5 al 7 de Junio de 2019 XIII SIMPOSIO CIENCIA JOVEN 
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Scientific Committee 

Name Surname email 
Ángel Ríos Castro Angel.Rios@uclm.es   
María Antonia Herrero Chamarro MariaAntonia.Herrero@uclm.es  
Alberto  Ramos Alonso Alberto.Ramos@uclm.es   
Ana Raquel  de la Osa Puebla AnaRaquel.Osa@uclm.es   
María Elena Alañón Pardo mariaelena.alanon@uclm.es  
Antonio M. Rodríguez García AntonioM.Rodriguez@uclm.es 

Organization committee:  

Name Surname email 
José  Pérez Navarro Jose.PNavarro@uclm.es   
Cristina Montes Correal Cristina.Montes@uclm.es  
Sergio Blázquez González Sergio.Blazquez@uclm.es  
Alberto José  Huertas Alonso Alberto.HAlonso@uclm.es  
María del Prado  Caballero Espinosa  Prado.Caballero@uclm.es  
Luis Fernando  León Fernández LFernando.Leon@uclm.es  
   

Participantes  

Nº contribución Surname Name 
CI-1 Van Grieken Rafael 
CI-2 Garde-Cerdán Teresa 
CI-3 Cirac  Juan Ignacio  
CI-4 Medina Cruz David 
CI-5 Martínez de la Fuente Jesús 
O-1 Alarcón Hernández Marina 
O-2 Aranda Díaz Lucas María Inmaculada 
O-3 Bartolomé Díaz Manuel 
O-4 Ben Attig Jihane 
O-5 Benmassaoud Yassine 
O-6 Blázquez González Sergio 
O-7 Caballero Espinosa  María Del Prado  
O-8 Catalá Camargo Juan 
O-9 Corps Ricardo Ana Isabel 

O-10 De La Cruz Martínez Felipe 
O-11 Del Amo León Jesús 
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O-12 Donoso Jurado Beatriz 
O-13 Escalona Durán Florymar 
O-14 Escalona Verbo Alba 
O-15 Fernández Trujillo Sergio 
O-16 Gaona Fernández Miguel Ángel  
O-17 Guisantes Batán Eduardo 
O-18 Herrera Herreros Jesús 
O-19 Lara Gómez Sonia 
O-20 Leganes Bayon Jorge 
O-21 López Fernández Ester 
O-22 Marchante Cuevas Lourdes 
O-23 Mazuecos Fernández-Pacheco Lorena 
O-24 Moratalla Tolosa Ángela 
O-25 Muñoz Galindo Josué 
O-26 Muñoz García Raquel 
O-27 Muñoz López Sonia 
O-28 Nuncia Cantarero Miriam  
O-29 Olivati Carolina  
O-30 Pinilla Peñalver Esther 
O-31 Plaza Pedroche Rodrigo 
O-32 Rodríguez Pintor Verónica 
O-33 Rodríguez Sánchez Sara  
O-34 Tardío Rubio Carlos 
O-35 Viteri Tovar María Gabriela 
F-1 Cruz Sánchez-Alarcos Encarnación 
F-2 De La Flor Gutiérrez María Patricia 
F-3 Delgado Sánchez Migallón Juan Antonio 
F-4 González Pérez De Madrid Daniel 
F-5 González Velázquez Viviana Jehová 
F-6 Huertas Alonso Alberto José 
F-7 López Viñas Manuel 
F-8 Martínez Canales Sandra 
F-9 Montes Correal Cristina  

F-10 Neeman Elias 
F-11 Noblejas López María Del Mar 
F-12 Patiño Rodrigo Francisco Javier 
F-13 Pinzón García Marina  
F-14 Ramos Monge Inés María 
F-15 Rodriguez Peña  Mayra 



14th	SIMPOSIO	DE	CIENCIA	JOVEN	DE	LA	FACULTAD	DE	CIENCIAS	Y	TECNOLOGÍAS	
QUIMÍCAS	DE	LA	UCLM	

 
 

177 

F-16 Rubio Muñoz Blanca María 
F-17 San Segundo Sanz Silvia 
F-18 Sánchez Cachero Armando 
F-19 Sánchez Fuentes María Inmaculada  
P-1 Acosta Santoyo Gustavo  
P-2 Carvela Soler Mireya 
P-3 Del Amor Gómez Pablo  
P-4 Díaz Abad Sergio 
P-5 Ferrer Valverde Manuel Ángel 
P-6 León Fernández Luis Fernando 
P-7 López Rosa Raquel 
P-8 Martín Lozano Raúl  
P-9 Nishiyama Yara 

P-10 Rodríguez Gómez Alberto 
P-11 San Millán Rodríguez Irene 
P-12 Tébar García David  
P-13 Torres Moya Iván 
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Patrocinadores:  

  

 

 

 


