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PLENARY LECTURES

PL-1
OPERANDO METHODS FOR THE STUDY OF ENERGY MATERIALS
Héctor D. Abruña
Department of Chemistry & Chemical Biology, Cornell University, Ithaca, New York, USA
hda1@cornell.edu

Keywords: energy materials, fuel cells, batteries, operando methods
This presentation will deal with the development of operando methods for
the study and characterization of fuel cell and battery materials. The
presentation will begin with a brief overview of the methods employed.
Particular emphasis will be placed on the use of X-ray diffraction (XRD), Xray absorption spectroscopy (XAS) X-ray microscopy and tomography and
transmission electron microscopy (TEM) under active potential control.
The utility of these methods will be illustrated by selected examples
including electrocatalysts for the oxygen reduction reaction and spectroscopic studies of Li/S
batteries and Li metal deposition
and dendritic growth. The use of
operando TEM will be illustrated by
studies of fuel cell catalyst
degradation and coalescence and
lithiation/de-lithiation dynamics of
LiFePO4 via energy-filtered TEM.
The presentation will conclude with an assessment of future directions.
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PL-2
Functional Mesoporous Materials in Electrochemistry, Analytical Chemistry
and Environment: Special Focus on Oriented Nanoporous Silica Thin Films
Alain Walcarius
Laboratoire de Chimie Physique et Microbiologie pour les Matériaux et l’Environnement, LCPME,
UMR7564 CNRS – Université de Lorraine, 405 rue de Vandoeuvre, 54600 Villers-les-Nancy, France.
E-mail: alain.walcarius@univ-lorraine.fr

Keywords: mesoporous silica, thin films on electrode, permselective coatings, sensors
Since the discovery of ordered mesoporous silicates, i.e. hard materials prepared from soft
templates, this family of solids well-organized at the nanoscale has been largely exploited in
electrochemistry [1], particularly for electrochemical sensing and biosensing [2,3]. The
reasons beyond such success have to be found in their attractive features, including a periodic
and widely open structure, great porosity and large specific surface area with narrow pore size
distribution, good mechanical stability and ease of modification with a wide range of organofunctional groups.
After a brief presentation of these materials and their interest in electroanalysis, this lecture
will focus on one illustrative example, dealing with the modification of electrodes with
mesoporous silica films exhibiting unique vertical pore orientation. Ordered mesoporous films
with mesochannels oriented perpendicular to a solid surface can be generated by
electrochemically assisted self-assembly [4]. The method combines the electrochemically
driven self-assembly of surfactants onto an electrode surface and sol-gel electro-assisted
deposition by electrochemical pH tuning at the electrode/solution interface to induce
condensation of the precursors in a controlled way [5]. Such vertical orientation of small pores
(2-3 nm in diameter) induces fast mass transport rates, which can be exploited for
electroanalytical purposes. These films exhibit permselective properties based on charge [6]
and size selectivity [7], with potential applications in molecular sieving [7], cations sensing [8],
or as antifouling surfaces [9]. Once functionalized with redox-active moieties, which can be
achieved by combining electrogeneration and click chemistry [10], they enable long-range
charge transport via electron hopping [11], possible detection of size-excluded redox probes
[7], or indirect amperometric detection of non-electroactive species [12].
References
[1] A. Walcarius, Chem. Soc. Rev. 2013, 42, 4098. [2] A. Walcarius, Electroanalysis 2015, 27, 1303.
[3] M. Etienne, L. Zhang, N. Vilà, A. Walcarius, Electroanalysis 2015, 27, 1303. [4] A. Walcarius, E.
Sibottier, M. Etienne, J. Ghanbaja, Nature Mater. 2007, 6, 602. [5] A. Goux, M. Etienne, E. Aubert, C.
Lecomte, J. Ghanbaja, A. Walcarius, Chem. Mater. 2009, 21, 731. [6] C. Karman, N. Vilà, A. Walcarius,
ChemElectroChem 2016, 3, 2130. [7] N. Vilà, E. André, R. Ciganda, J. Ruiz, D. Astruc, A. Walcarius,
Chem. Mater. 2016, 28, 2511. [8] T. Nasir, G. Herzog, L. Liu, M. Hébrant, C. Despas, A. Walcarius, ACS
Sensors 2018, 3, 484. [9] M. B. Serrano, C. Despas, G. Herzog, A. Walcarius, Electrochem. Commun.
2015, 52, 34. [10] N. Vilà, J. Ghanbaja, E. Aubert, A. Walcarius, Angew. Chem. Int. Ed. 2014, 53, 2945.
[11] N. Vilà, A. Walcarius, Electrochim. Acta 2015, 179, 304. [12] C. Karman, N. Vilà, C. Despas, A.
Walcarius, Electrochim. Acta 2017, 228, 659.
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PL-3
ADVANCES IN THE STUDY OF CHARGE TRANSFER PROCESSES
AT STATIC AND DYNAMIC MICRO- AND NANO-INTERFACES
Ángela Molina
International Regional Campus of Excellence 'Mare Nostrum', Universidad de Murcia, Spain.
E-mail: amolina@um.es

Keywords: Voltammetry; Reaction mechanisms; Microelectrodes; Liquid|liquid
microinterfaces; Spectroelectrochemistry
A quite comprehensive overview will be given on the analytical theoretical framework
developed over years for the study of heterogeneous charge transfer reactions with small-size
metal|liquid and liquid|liquid interfaces.
With respect to electrode processes, a number of reaction mechanisms are considered,
including solution-phase and surface-confined electron transfers with none, one or multiple
coupled chemical reactions of any kinetics, from slow rate constants to equilibrium conditions.
The voltammetric responses are studied as a function of the electrode size and shape that
affect the mass transport conditions from linear (macro-electrodes) to highly-convergent
diffusion (micro- and nano-electrodes). For the first time, such conditions are demonstrated
to affect the thickness of the region where the chemical equilibria are broken by the
application of the electrical perturbation (the so-called reaction layer) and suitable
expressions are derived for the most common microelectrode geometries [1]. The theoretical
results have been applied, among other systems, to the experimental determination of ion
pairing constants by combining electrochemical measurements and DFT calculations, which
have an effect on the catalytic activity of polyoxometalates [2]. Moreover, not only the current
response has been analyzed but also the concentration profiles of the individual species,
which has enabled us to apply the results to the quantitative study of reaction mechanisms
via spectroelectrochemistry.
Regarding ion transfers at polarized liquid|liquid interfaces [3], the complex situation of
microinterfaces supported at capillaries, pipets and pores has been tackled. In these systems
the mass transport either side of the interface are markedly different. This fact leads to
unusual voltammetric behaviours that can be described and interpreted correctly and easily
with the analytical expressions presented in this communication.
References
[1] A. Molina, E. Laborda, J. González, Electrochem. Comm. 71 (2016) 18-22
[2] J.M. Gómez-Gil, A. Molina, E. Laborda, J. González, R.G. Compton, J. Phys. Chem. C 121 (2017)
26751-26763
[3] A. Molina, E. Laborda, J.M. Olmos, E. Millán-Barrios, Anal. Chem. 90 (2018) 3402-3408
Acknowledgments The author thanks the research group 'Theoretical and Applied Electrochemistry'
(University of Murcia). Financial support of Fundación Séneca de la Región de Murcia (Project
19887/GERM/15) and Ministerio de Economía y Competitividad (Projects CTQ-2015-65243-P and CTQ2015-71955-REDT).
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KEYNOTE LECTURES

AE-KN1
ELECTROCHEMICAL STRATEGIES FOR THE AUTHENTICATION OF FOODS
BASED ON PHENOLIC COMPOUNDS FINGERPRINTS
J.M. Díaz-Cruz1*, M. Aragó1, C. Sánchez1, A. Gámez1, C. Pérez-Ràfols1, O. Núñez1,2, X.
Cetó1, N. Serrano1, C. Ariño1, M. Esteban1
1

Department of Chemical Engineering and Analytical Chemistry, Faculty of Chemistry,
University of Barcelona. Martí i Franquès, 1-11, 08028, Barcelona.
2
Serra Húnter Fellow, Generalitat de Catalunya, Spain.
*e-mail: (josemanuel.diaz@ub.edu)

Keywords: Food authentication, polyphenols, fingerprint, voltammetric electronic
tongues, liquid chromatography with amperometric detection, chemometrics.
Characterization, classification and authentication of food products is a matter of
increasing interest due to their strong social, economic and health implications. In
recent years, diets rich in fruits and vegetables have become popular due to the
presence of phenolic substances, which are powerful antioxidants quite active against
cardiovascular and cancer diseases. But, besides these health benefits, the distribution
of phenolic substances in foods can be related to specific varieties, processing
technologies and production regions.
Foods under a protected designation of origin (PDO) status are subjected to quality
checks carried out by the technical services of the respective regulatory boards to assess
that producers comply with the specific technical production conditions along the whole
food chain, from the farms to the market [1]. Nevertheless, despite those controls, there
is a demand of new analytical low-cost methods, with high sensitivity, good selectivity
and fast response to assess the fulfilment of quality control standards and authenticity
(i.e. fraud detection), either during or after the food elaboration. This is especially critical
as there are not specific compounds primarily related to PDO label. Therefore, quality
control approaches are shifting from compound-oriented to pattern-oriented strategies,
using the whole analytical profile and analyzing it by means of pattern recognition
methods to extract characteristic fingerprints.
For this purpose, electroanalysis takes advantage of the electroactive character of
phenolic substances and offers two especially promising tools for food authentication.
On the one hand, voltammetric electronic tongues yield an oxidative current fingerprint
as a function of the applied potential and, on the other hand, liquid chromatography
with electrochemical detection provides a fingerprint based on retention times (i.e.,
with some degree of separation of the compounds involved). Chemometric methods like
principal component analysis (PCA) or linear discriminant analysis (LDA) can be very
helpful to classify and authenticate food samples by using such characteristic
fingerprints. In these regards, the use of such methodologies to the authentication of
Spanish paprika samples is proposed.
[1] P. Lucci, J. Saurina, O. Núñez, TrAC Trends Anal. Chem. 88 (2017) 1-2
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AE-KN2
ISOTHERMAL APTAMER ELONGATION FOR SENSITIVE TUMOR BIOMARKER
ELECTROCHEMICAL DETECTION
N. de-los-Santos-Álvarez*, R. Lorenzo-Gómez, R. Miranda-Castro, M.J. Lobo-Castañón
Departamento de Química Física y Analítica. Universidad de Oviedo. Av. Julián Clavería 8, 33006
Oviedo
*santosnoemi@uniovi.es

Keywords: aptamer, isothermal amplification, cancer biomarker
Glycosylation is one of the hallmarks of cancer. Currently, most of biomarkers approved for
clinical usage are glycoproteins or directly the glycan moiety of proteins. Under normal
physiologic conditions there is a great heterogeneity in glycosylation of a single protein but
the distribution of glycoforms is stable and reproducible [1]. Glycan expression is disturbed
during malignant transformation leading to aberrant glycosylation patterns. However, only
the total protein level is clinically monitored except in the case of α-fetoprotein, where the
ratio between a specific glycosylated fragment and the total protein is a better biomarker to
predict the risk of developing hepatocellular carcinoma.
The detection of specific glycan modification is a promising strategy to find most sensitive and
selective biomarkers. However, receptors with such powerful discrimination ability are not
available. The exquisite selectivity and small size of aptamers can fill this gap, but the
quantification methods must be extremely sensitive to sense a portion of a low-abundant
protein [2]. Aptamer frequently replace antibodies in enzyme-amplified binding assays, but
the sensitivity achieved might not be enough for such demanding applications. As nucleic
acids, aptamer can be elongated using the large variety of molecular biology tools. Among
them, isothermal amplifications are gaining importance because they help simplify the design
of integrated assay platforms to minimize sample manipulation and the risk of contamination.
In this work, we show the amplification power of isothermal methods, the simplicity of
aptamer and probes design and the careful optimization of operational parameters that lead
to a minimum consumption of relatively expensive reagents such as enzymes or modified
nucleotides in amplification assay times as short as 15 min.
References
[1] U. Kuzmanov, H. Kosanam, E. P. Diamandis, The sweet and sour of serological glycoprotein tumor
biomarker quantification, BMC Medicine, 11(1), 2013, 31.
[2] A. Díaz-Fernández, R. Miranda-Castro, N. de-los-Santos-Álvarez, M.J. Lobo-Castañón, Posttranslational modifications in tumor biomarkers: the next challenge for aptamers? Anal. Bioanal.
Chem., 410, 2018, 2059.
Acknowledgments
R.L.G thanks Spanish Government for a predoctoral FPU grant. This work has been financially
supported by Spanish Government (project CTQ2015-63567-R)
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AE-KN3
NON-ENZYMATIC HYDROGEN PEROXIDE SENSOR BASED ON POLY(AZURE A)
MODIFIED SCREEN-PRINTED CARBON ELECTRODES
E. Valero1*, M. I. González Sánchez1, B. Gómez Monedero1, R. Jiménez Pérez1, J.
Agrisuelas2
Department of Physical Chemistry, Superior Technical School of Industrial Engineering, University
of Castilla-La Mancha, Campus Universitario s/n, 02071, Albacete, Spain.
2
Department of Physical Chemistry, Faculty of Chemistry, University of Valencia, C/ Dr. Moliner 50,
46100 Burjassot, Valencia, Spain.
*e-mail: Edelmira.Valero@uclm.es
1

Keywords: Hydrogen peroxide; conducting polymers; poly(azure A); sodium dodecyl
sulfate; electrochemical sensor; disposable screen-printed electrodes
The production of reactive oxygen species (ROS) in living organisms is closely related
to oxidative stress. This makes it important to develop highly sensitive methods for the
detection of H2O2, the most stable ROS. Many previous works have focused on the
development of enzyme-based H2O2 sensors, which may be restricted in practical application
owing to the limited lifetimes, high costs, low stability and denaturation of enzymes.
An effective way to overcome these disadvantages is to develop non-enzymatic sensors.
For example, Pt-based electrodes are commonly used for that purpose [1,2], because this
metal is a good catalyst for H2O2 decomposition.
In the present communication, poly(azure A) (PAA) films were electrosynthetized in
presence of different doping anions on disposable screen-printed carbon electrodes (SPCEs).
The modified electrodes showed improved electrocatalytic activities towards H2O2 oxidation
compared to that of a bare SPCE. In particular, the insertion of dodecyl sulfate anions inside
PAA films provided a special sensitivity to the electrocatalysis of H2O2, which endowed these
electrodes with promising analytical features for H2O2 quantification. We obtained a wide
linear response for H2O2 within a range of 5 µM to 3 mM and a limit of detection of 1.43
µM ± 0.10 µM (signal-to-noise ratio of 3). Furthermore, sensitivity was 72.4 ± 0.49 nA µM1
cm-2 at a relatively low electrocatalytic oxidation overpotential of 0.5 V vs Ag. The
applicability of this boosted system was tested by the analysis of H2O2 in commercial
samples of a hair lightener and an antiseptic and was corroborated by spectrophotometric
methods.
[1] M.I. González-Sánchez, H. González-Maciá, M.T. Pérez-Prior, E. Valero, J.T. Hancock, A. Killard.
Plant Cell & Environment 2013, 36, 869-878.
[2] J. Agrisuelas, M.I. González-Sánchez y E. Valero. Sensors & Actuators B: Chemical 2017, 249,
499- 505.

This work was supported by the Spanish Ministry of Economy and Competitiveness [Grant No.
BFU2016-75609-P] (cofounded with FEDER funds, EU). BGM is a post-doctoral research fellow of
the Youth Employment Initiative (JCCM, Spain, cofounded with ESF funds, EU).

11

AE-KN4
DOUBLE PULSE VOLTAMMETRIC STUDY OF THE IT-CEQC MECHANISM
UNDERLYING THE OXYGEN REDUCTION AND HYDROGEN EVOLUTION
REACTIONS AT LIQUID/LIQUID INTERFACES
E. Laborda1, E. Torralba2, M. López-Tenés1, A. Molina*1
1

International Regional Campus of Excellence ‘Campus Mare Nostrum’, Universidad de Murcia, Spain
2
Université Paris Est, ICMPE (UMR 7182), CNRS, UPEC, F-94320, Thiais, France
*e-mail: amolina@um.es

Keywords: Liquid/liquid interfaces; IT-CeqC mechanism; RPV; DDPV; HER/ORR
The reductions of oxygen (ORR) and protons (HER) at soft interfaces assisted by different
organic-phase electron donors have been intensively investigated in the past [1,2]. Such effort
is justified by the interest and impact of ORR and HER in biology as well as in green energy
technologies. As a first approach, the mechanisms proposed for the ORR and HER reactions
can be reduced to that given in Figure 1 where the transfer of protons from an aqueous to an
organic phase is assisted by species L (an electron donor) and the protonated form HL+ further
reacts towards species Y, which corresponds to H2 under anaerobic conditions and to H2O2 in
the presence of oxygen.

Figure 1. Schematic view of the IT-CC mechanism at liquid|liquid interfaces

In this work [3], simple analytical equations, diagnosis criteria and procedures for quantitative
studies are given for the characterization of the IT-CeqC mechanism at ITIES by double pulse
techniques: reverse pulse voltammetry (RPV), differential double pulse voltammetry (DDPV)
and double pulse chronoamperometry. Eccentric behaviours of the signals are revealed, as
well as procedures for the elucidation of the reaction mechanism and the determination of
the chemical kinetics and thermodynamics from experimental RPV limiting currents and cross
potentials, and from DDPV peak potentials. These results can assist the study of the HER/ORR
biphasic reactions, evaluating the activity of electron-donor species and the performance of
the global process, which can be limited by the chemical kinetics of formation of species Y
and/or by the rate of diffusion towards the interface.
References
[1] I. Hatay, B. Su, F. Li, R. Partovi-Nia, H. Vrubel, X. Hu, M. Ersoz, H.H. Girault, Angew. Chem. 121
(2009) 5241-5244. [2] A. Trojánek, J. Langmaier, Z. Samec, Electrochim. Acta (2012) 457-462.
[3] E. Torralba, M. López-Tenés, E. Laborda, A. Molina, Electrochimica Acta 265 (2018) 638-650
Acknowledgements The authors appreciate the support of the Fundación Séneca (19887/GERM/15)
and the Ministerio de Economía y Competitividad (CTQ-2015-65243-P and CTQ-2015-71955-REDT).
E.T. also thanks the University of Murcia (R-604/2016) for the postdoctoral contract awarded.
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BE-KN1
VISUALIZING BIOCATALYTIC ACTIVITY AT SINGLE LACTATE OXIDASE
MOLECULES USING NANOSCALE SCANNING ELECTROCHEMICAL MICROSCOPY
E. Lorenzo1,2,5*, J. M. Abad 1, A. Y. Tesio 3, E. Martínez-Periñán 4 and F. Pariente 1,2,5
Departamento de Química Analítica y Análisis Instrumental, 2Institute for Advanced Research in
Chemical Sciences (IAdChem), Universidad Autónoma de Madrid, Cantoblanco, 28049 Madrid, Spain,
3
Centro de Investigación y Desarrollo en Materiales Avanzados y Almacenamiento de Energía de
Jujuy-CIDMEJu (CONICET-Universidad Nacional de Jujuy), Centro de Desarrollo Tecnológico General
Savio, Av. Martijena s/n, 4612-Palpalá, Jujuy, Argentina, 4Departamento de Química Analítica,
Universidad Complutense de Madrid, Ciudad Universitaria 28040 Madrid, Spain, 5Instituto Madrileño
de Estudios Avanzados en Nanociencia (IMDEA-Nanociencia), Campus UAM, Cantoblanco, 28049
Madrid, Spain.
*e-mail: encarnacion.lorenzo@uam.es
1

Keywords: Nanoscale SECM, Single Lox molecule, Biocatalytic activity
Scanning electrochemical microscopy represents a powerful tool for electro(chemical)
characterization of surfaces, however its applicability has been limited majority at microscale
spatial resolution and the greatest challenge has been the scaling-down to the nanoscale by
fabrication and use of nanometer-sized tips. The aim of this work has been focused on showing
the potential use of this technique when nanotips are employed as imaging probes. Hence, Pt
nanoelectrodes with nanometric electroactive area have been fabricated and employed for
imaging the bioelectrocatalytic activity of single Lactate Oxidase molecule covalently attached
to a gold surface.
The system allows also imaging of distribution of gold nanoparticles (AuNPs) deposited on
gold surfaces achieving single nanoparticle detection. It is noteworthy that the fabricated
SECM electrodes have an effective nanometer resolution enabling at this level the
topographical imaging of the surface besides to the observation the cross-sectional profile and
any sharp changes in the topography, demonstrating that gold nanoparticles attachment is
more rapid for surfaces sites on vertexes and edges of the core surface (“defect” sites) than
core terrace sites.
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EE-KN1
Study of the surface and electrochemical properties of novel lithium
intercalation compounds used as cathodes in Li-ion batteries
J. A. Coca-Clemente1*, V. Dhanak1, L. J. Hardwick1
Stephenson Institute for Renewable Energy, Department of Chemistry, University of Liverpool,
Liverpool L69 7ZF, United Kingdom
j.coca-clemente@liverpool.ac.uk

1

Keywords: galvanostatic cycling, differential capacity, XPS, NMC, Li-ion batteries
Surface reactivity plays a major role in the capacity and cycle life of lithium intercalation
compounds. Understanding the surface chemistry is critical in developing synthetic methods
that allow greater stability within these classes of materials to permit their future
commercialisation into applications where long lifetimes are required. X-Ray Photoelectron
Spectroscopy (XPS) is a surface sensitive technique and it can quantify both the elements
present and their oxidation state. [1-3]
Different synthetic routes for LiNi1/3Mn1/3Co1/3O2 have been undertaken and the correlation
of the surface chemistry and electrochemical performance investigated (Fig. 1). Additionally,
novel lithium intercalation compounds with row 6 transition metals in its structure are being
also studied with electrochemical methods, using XPS in order to understand their
electrochemical behaviour.

Fig. 1. Galvanostatic cycling and differential capacity of NMC using different synthetic routes.
References
[1] D. Briggs and J. T. Grant, Surface analysis by Auger and X-ray photoelectron spectroscopy, IM
publications, 2003.
[2] J. C. Dupin, D. Gonbeau, H. Benqlilou-Moudden, P. Vinatier and A. Levasseur, Thin Solid Films,
2001, 384, 23-32
[3] E. Rossen, C. Jones and J. Dahn, Solid State Ionics, 1992, 57, 311-318
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EE-KN2
QUATERNIZED POLYBENZIMIDAZOLE-POLY(VINYLBENZYL CHLORIDE)
MEMBRANES AS HIGH PERFORMANCE ANION EXCHANGE MEMBRANE FUEL
CELLS
D. Herranz*, R. Escudero-Cid, N. Ming, E. Fatás, P. Ocón
Department of Química Física Aplicada, Universidad Autónoma de Madrid, Madrid (Spain)
*e-mail: daniel.herranz@uam.es

Keywords: polybenzimidazole, poly(vinylbenzyl chloride), fuel cell, AEMFC
Fuel cells with polymer electrolyte anion exchange membranes (AEMFCs) had attracted
interest in the last years due to the many advantages they present compared to their
counterparts proton exchange membrane fuel cells (PEMFCs). Some of the advantages are the
possibility of using free-Pt catalysts with metals like Ag, Ni or Ru and thus lowering the CO
poisoning and giving excellent resistance to corrosion. Also, the oxygen reduction reaction
(ORR) kinetics are highly enhanced. Apart of common fuels for AEMFCs like hydrogen and
methanol, ethanol presents some advantages like been easy to storage and transport and can
be produced as a renewable biofuel from fermentation of biomass. There is not yet a standard
anion exchange membrane (AEM) since factors like conductivity, stability and water
management have to be further improved.
In our group new membranes of polybenzimidazole (PBI) crosslinked with poly(vinylbenzyl
chloride) (PVBC) have been synthesised. They show good flexibility and resistance and already
contain a few quaternary ammonium groups. These groups are very important since they are
positive fixed charges in the membrane that allow a good conductivity of the hydroxile anions.
To really obtain a relevant degree of quaternization in the membrane, tertiary amines as 1,4diazabicyclo[2.2.2]octane (DABCO) and trimethyl amine (TMA) have been used. These amines
react with the chloride pending groups of PVBC to form the quaternary ammonium groups.
Different times of quaternization were studied until optimum performance. Membranes were
characterized by techniques like FT-IR, Raman and NMR, different proportions of PBI:PVBC
were studied and measured in single cell using ethanol 2M/KOH 2M as fuel and pure oxygen
as oxidant. It was found that the membrane PBI:PVBC 1:3 gave the best results.
References
[1] D.R. Dekel, Journal of Power Sources, 375, 158-169 (2017).
[2] Jinkai Hao et al., Journal of Membrane Science, 548, 1–10 (2018).
Acknowledgments
This work has been partially supported by the Madrid Regional Research
Council (CAM) under project S2013/MAE-2882 (RESTOENE-2), by the Spanish Economy and
Competitiveness Ministry (MINECO) under project ENE2016-77055-C3-1-R.
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EE-KN3
MEMBRANE-FREE BATTERY: A PARADIGM SHIFT IN ENERGY STORAGE
Rebeca Marcilla1*, Paula Navalpotro1, Marc Anderson1,2, Jesús Palma1,
Electrochemical Processes Unit, IMDEA Energy Institute, Avda. Ramón de la Sagra 3, 28935
Móstoles, Spain
Department of Civil and Environmental Engineering, University of Wisconsin- Madison, 53706, WI,
USA
*rebeca.marcilla@imdea.org
1

2

Keywords: redox flow battery, immiscible electrolytes, organic redox flow battery, membranefree battery
Lately, Redox Flow Batteries have become a flourishing field due to the emergence of new
redox chemistries including organic compounds, new electrolytes and innovative designs. We
introduce here a revolutionary but simple concept of Membrane-Free Flow battery based on
the use of immiscible redox electrolytes. These electrolytes spontaneously form a biphasic
system whose interphase functions as a “natural” barrier making unnecessary the use of any
membrane. Moreover, we substitute the currently used vanadium compounds by organic
redox molecules that are abundant, low cost and environmentally friendly. Therefore, this
new battery concept is targeted towards solving some of the limitations of current RBFs such
as the dependence on expensive and corrosive metallic salts and, most of all, obviate the need
for expensive and poorly performing ion-selective membranes.
We demonstrate that it is possible to store energy efficiently in a biphasic liquid-liquid system
that contains redox active organic molecules. Specifically, we confirm that an acidic solution
of hydroquinone (H2Q) and a hydrophobic ionic liquid, 1-Butyl-1-methylpyrrolidinium
bis(trifluoromethanesulfonyl)imide (PYR14TFSI) containing dissolved parabenzoquinone
(pBQ), spontaneously forms a biphasic system that behaves as a battery without the need of
any membrane or physical separator [1]. We will also report here that this “Membrane-Free”
concept is highly versatile since it can be applied to different types of aqueous and nonaqueous immiscible electrolytes and different organic-inorganic redox couples [2].
References
[1] P. Navalpotro, J. Palma, M. Anderson, R. Marcilla, A Membrane-Free Redox Flow Battery with Two
Immiscible Redox Electrolytes, Angew. Chemie - Int. Ed. 56 (2017) 12460–12465.
[2] P. Navalpotro, J. Palma, M. Anderson, R. Marcilla, Exploring the Versatility of Membrane-Free
Battery Concept Using Different Combinations of Immiscible Redox Electrolytes, J. Power Sources
(under revision)
Acknowledgments
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Most of the scientific studies found in the literature nowadays regarding the application of
electrochemical technologies for the remediation of polluted soil are carried out at the lab
scale and sometimes, the conclusions reached are tried to be extrapolated to full-scale
applications without success. Electrochemical soil remediation behaves as a very important
and complex mixture of its forming processes, involving not only electrokinetic processes but
also electrolytic and ohmic heating processes, being the scale very important to explain the
performance of the technology. In this lecture, the relevance of the scale-up is pointed out by
comparing the results obtained during the remediation of soil polluted with different
chlorinated organics at lab, bench and prototype scales. Likewise, some results about the
performance of different technologies, including combination of electrokinetic soil washing
with different types of permeable reactive barriers (with GAC, microorganisms or ZVI) are
discussed at the light of the influence of the scale-up on the performance of the processes in
order to obtain valuable information for real application of the technology.
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To limit the negative effect of carbon dioxide as a greenhouse gas, an interesting approach is
the utilization of Carbon Capture and Conversion (CCC) methodology, which is focused on the
use of CO2 waste as a feedstock to produce added-value products by using the excess electric
energy from renewable source [1]. In this framework, an increasing attention has been
devoted to the electrochemical conversion of carbon dioxide to formic acid in water [2-4],
which is considered one of the more attractive pathway to convert CO2. Since the main hurdle
of the CO2 reduction from aqueous solution is the low CO2 solubility in water, in this work, the
effect of some operating parameters, including pressure, current density, and flow rate, on
the conversion of CO2 at tin flat cathodes to formic acid was studied using a pressurized filterpress cell with a continuous recirculation of the solution (0.9 L).
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One of the main current worldwide concerns is the increase of water pollution by hazardous
organic compounds from textile, cosmetic, pharmaceutical industries, agriculture and urban
activities. Phenolic compounds have been considered the most common pollutants in
industrial wastewater, coming from paper mills, textile and petrochemical industries, paints,
etc. Photoelectrocatalytic treatments offer the possibility to remove toxic organic compounds,
even at low concentration, thus making photoelectrocatalysis suitable for the last stages of
water purification.
The present work proposes an innovative TiO2/PANI electrode for photo electrochemical
oxidation of organics: the anode was obtained by an oxidation process of Ti foil in a mixture
of 0.14 M NH4F in deionised water (10%) and glycerol (90%). The electrodes were then coated
with PANI through a layer – by – layer procedure: a surface grafting by reduction of 4nitrobenzendiazonium salt was followed by reduction of nitro-groups to amino-groups; PANI
was electrodeposited on this under-layer.
Photoelectrochemical oxidation of phenol, used as model organic compound, was
investigated by performing galvanostatic electrolysis of aqueous solutions at two different
initial concentrations of the organic compound (15 mg dm-3 and 300 mg dm-3); 0,1 M NaClO4
was used as supporting electrolyte. During experiments, samples of electrolyte were
withdrawn for qualitative and quantitative analyses of both the model organic compound and
its intermediates originated from synthetic solution. The results obtained for the oxidation of
phenol with galvanostatic batch recirculated electrolysis show that the decrease of phenol
concentration follows a pseudo-first order kinetics, in all the adopted conditions. However,
the removal of the reactant occurs far from the mass transfer control condition. During the
oxidation, hydroquinone and oxalic acid have been detected as main intermediates, which are
differently distributed, depending on the experimental conditions and kind of electrodes: the
relevant data have been modelled assuming an in-series reaction scheme. The kinetic
constants for the formation of aromatic and aliphatic intermediates, obtained with NT-PANI,
are higher than those obtained with NT, indicating that the presence of PANI allows to a
considerable increase in specific reaction rates of all the steps of the process.
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Carbon dioxide (CO2) is known as greenhouse gas and is the most important
contributor to global warming [1]. Therefore, one of the main challenges is to either eliminate
or reuse it through the synthesis of value-added products, such as carboxylated derivatives.
One of the most promising approaches for activating, capturing and valorizing CO2 is the use
of electrochemical techniques [2]. The benefits of using electrochemical approaches to
perform classic chemical reactions in the design of greener and more suitable processes are
well established, however the main drawbacks of performing electrochemical reactions are
the use of non-volatile organic polar, which are well-known hazardous substances, and the
use of supporting electrolytes in high concentration [3]. In this sense, the replacement of
electrolytes based on organic solvent by ionic liquids (ILs), which are consider “Green
Solvents” would in principle solve this problem.
In this communication, we describe an electrocarboxylation route for synthesizing 4cyanobenzoic acid by valorizing CO2 through the synergistic use of electrochemical techniques
(“Green Technology”) and ILs (“Green Solvents”), two of the major entries in the general
Green Chemistry toolkit. The “green” synthesis of those derivatives would open a suitable
environmentally friendly process for design of plasticizers based on phthalates derivatives [4].
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The scientific interest of electrogenerated polyphenazines is growing as new
technological applications are known. This work focuses on the poly- (Neutral Red) [1,2]. The
information obtained by electrochemical techniques is of great interest for the development
of sensors, charge storage devices, decorative protective paints, membranes and
electromechanical devices, as well as to better understand the physical-chemical processes
that occur when applying an electrical disturbance to this type of polymeric material.
It has been found that the spectro-electro-gravimetric response is affected by the
formation of passive layers of the metal support. However, from obtained data of in situ
techniques, it is possible to deconvolute the voltammograms obtained on gold electrodes, for
example, by means of Electrochemical Quartz Microbalance EQCM-R to which a
spectrophotometer has been coupled, thus being able to separate the contributions of the
reductions of the electroactive double bonds of the polymer of the secondary evolution
reaction of hydrogen, in addition to also obtaining electromechanical information of the ionic
insertion and of the visco-elastic properties of the polymeric film itself. Although the hydrogen
ion is not the only counter-ion that participates in the electroneutrality of the PNR and this
type of material is a charge accumulator system modulated with the applied potential, the
hydrogen ion plays the determining role in the electronic conduction of the polymer and its
electrochemical properties in general, as can be seen from the analysis of cross-transfer
functions, such as the F(dm/dq) function, which is very useful for characterizing the species
that the electroactive film exchanges with the media.
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Since the first time Fleishman [1] reported the unusual intense Raman scattering from the
adsorbed pyridine on silver roughened electrodes, surface enhanced Raman scattering (SERS)
has taken more interest in the scientific community. In the present communication, timeresolved Raman spectroelectrochemistry [2] is used to follow the silver roughening process by
using a Raman probe molecule in the electrolytic solution. Under particular experimental
conditions, we found a special and unexpected enhancement of the Raman signal at the
electrochemical oxidation stage of a silver electrode for different probe molecules. Thus, an
equivalent process to SERS is observed, that we have denoted as Surface Oxidation Enhanced
Raman Scattering (SOERS). Unlike classical SERS, this effect was only observed during the
electrochemical oxidation of the silver electrode surface. Therefore, it has been denoted as
Electrochemical-SOERS (EC-SOERS). This effect was potential dependent and exclusively
observed for particular experimental conditions. To the best of our knowledge, this is the first
time that such behaviour is reported for any Raman probe molecule at anodic potentials. It is
noteworthy, that this phenomenon does not match any previous result in classical SERS. A
rigorous and systematic study has been done in order to shed more light on the origin of such
unexpected Raman signal enhancement. Our work is a first approach to this interesting and
unexpected phenomenon that, undoubtedly, should be of interest for a number of
researchers.
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The hydrogen evolution reaction (HER) constitutes one of the most important reactions in
electrochemistry due to the hydrogen utility as energy storage. Therefore, knowing the
mechanism of this reaction as well as its pH-dependence is of crucial importance. While the
HER on Pt(111) works efficiently in acid media, in alkaline media, however, the reaction needs
a considerable overpotential. Nevertheless, it was demonstrated that the presence of Ni(OH)2
adsorbed on Pt(111) highly improves the HER, decreasing the overpotential of this reaction in
relation to acid media. The way how low coverages of Ni(OH)2 on the surface improves HER is
still under discussion. In this work, the methodology for the preparation of well-defined
Ni(OH)2 coverages was revised and the Ni(OH)2-Pt(111)| 0.1M NaOH interface was
characterized with cyclic voltammetry, CO displacement technique and FTIRRAS. In addition,
and based on the proposal made by Ledezma et. al [1]. to explain the HER in alkaline media,
we studied the effect of the different Ni(OH)2 coverages on the interfacial electric field using
the laser induced temperature jump technique to determine the potential of maximum
entropy [2].
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Figure 1. A) Cyclic voltammograms of the Pt(111) surface modified with Ni(OH)2 (dashed line) and
without nickel (full line), and B) the same showing the hydrogen evolution reaction. 0,1 M NaOH (pH
13). 50mV/s. The ohmic resistance was corrected for the HER.
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Tautomerism of DNA bases plays an important role in the correct genetic replication. In fact,
the existence of ‘rare tautomers’ is considered one of the causes of genetic mismatch [1,2].
On the other hand, natural biological membranes are exposed to electric fields of the order of
107-108 V m-1 [3], that can be replicated in the electrode/electrolyte interface. Then, the
structural study of adsorbed cytosine on gold electrodes is of fundamental interest as it can
provide some knowledge about the influence of the electric field in the tautomeric behaviour
of cytosine. Moreover, cytosine coated gold electrodes have potential technological
applications as biosensors, due to the recognition capabilities of DNA bases.
In aqueous solutions cytosine undergoes two acid/base equilibriums (pKa values 4.5 and 12.2)
and can present several tautomeric forms (at least 5 tautomers have been identified [4]).
In this work voltammetry and in situ ATR-SEIRAS experiments have been performed at three
pH values (in the range from 1 to 11.5) in H2O and D2O solutions about the adsorption of
cytosine on Au(111) electrodes and on gold thin film electrodes. The results show the
adsorption of the deprotonated cytosine form even at pH bellow the first pKa, as previous
adsorption studies have noticed, [5,6]. In this communication, in addition, the results are
interpreted on the bases of theoretical DFT spectrums of different tautomeric forms of the
adsorbed deprotonated cytosine on clusters of 19 gold atoms and are compared with
experimental FT-IR and theoretical DFT spectrums in solution. The results show the
preponderance of different tautomers in the adsorbed state than in solution depending not
only on the pH of the solution but also on the potential applied to the electrode.
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E-cadherin (E-cad) is a protein expressed in all epithelial tissues that forms a molecular barrier
able to inhibit proliferation and metastasis of cancer cells. It is strongly expressed in welldifferentiated less invasive cancer, leading to a good prognosis. However, its expression is lost
in poorly differentiated tumours with invasive behaviour resulting in poor clinical prognosis in
patients with carcinoma. On the other hand, microRNA-205 (miRNA-205) is an accepted
biomarker of stem cell fate, proliferation and metastasis. Recent findings have demonstrated
that weaker miRNA-205 expression is correlated with a loss of E-cad, both sufficient to incite
metastatic outgrowth by enabling carcinoma cells to enter a metastasis-initiating state.
Therefore, combining results of E-cad protein and miRNA-205 expression has, in fact, been
suggested to increase diagnostic specificity and sensitivity for cancer progression and
metastasis [1]. With this purpose, this communication will describe the very promising results
obtained in the simultaneous detection of E-cad protein and miRNA-205 based on the coupling
of the approaches developed for the individual determination of each of the target biomarkers
implemented on the surface of magnetic microbeads (MBs) and amperometric transduction
at dual screen-printed carbon electrodes (SPdCEs).
Under optimal conditions, this dual bioplatform demonstrates a wide linear concentration
range (0.50 –100 ng mL-1) and a detection limit as low as 0.16 ng mL-1, well below the optimal
cut-off level for the E-cad protein (defined as 10,000 ng mL-1 for soluble E-cad levels in serum
[2]), and a dynamic range from 8.2 to 250 pM with a detection limit of 2.4 pM (60 amol) for
the synthetic target miRNA without any amplification step [3].
Current efforts are focused on demonstrating the applicability of this handy and reliable
bioplatform for the simultaneous and accurate determination of these two biomarkers of
great relevance in metastatic processes in serum from cancer patients.
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Carbon nanodots (CNDs) are a member of the carbon nanomaterials family, whose
electrochemical properties are being currently studied. In this context, two types of carbon
nanodots with different surface functional groups, amides (CNDs-CONH2) and carboxylic
groups (CNDs-COOH), were synthesized. They were fully characterized by a variety of
techniques, such as FTIR, XPS, DLS or TEM. After modification of screen printed carbon
electrodes (SPCEs) with CNDs, their electrocatalytic activity towards the oxygen reduction
reaction (ORR) was studied both in acidic (0.1 M H2SO4) and basic (0.1 M KOH) media. This
reaction has a great importance for the development of proton exchange membrane fuel cells
(PEMFCs). Due to the large kinetic barrier of this reaction [1] there is a great interest in the
search for new electrocatalysts, which can not only reduce the overpotential and increase the
achievable ORR peak current, but also allow the reaction to occur via the desirable 4 electron
pathway [2]. In this sense, CNDs modified SPCEs show a higher ORR peak current and reduced
overpotential when compared to unmodified SPCEs. Furthermore, CNDs-COOH are found to
facilitate the ORR via a near optimal 4 electron pathway in oxygenated 0.1 M KOH. Therefore,
CNDs-COOH modified SPCEs could be used as a cathodic electrode for PEMFCs as a cheaper
alternative to the traditionally used platinum electrode.
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DNA methylation is a heritable and reversible process that alters gene expression patterns
without modifying the DNA sequence. The inactivation of tumor suppressor genes via
hypermethylation of their regulatory regions is one of the most important mechanisms that
produce changes in their expression and lead to various types of cancer. For this reason, the
detection of altered DNA methylation patterns in the promoter region of cancer related genes
is considered a reliable biomarker for early detection, diagnosis, prognosis and therapeutic
stratification of cancer [1]. Although current classical methods are effective in studying DNA
methylation patterns, they exhibit relatively low sensitivity and high false positive rates, and
require expensive instruments and complicated and time-consuming bisulfite and/or
amplification pretreatments.
This communication describes the development of two very attractive electrochemical
biosensing strategies for the simple, sensitive and quick detection of DNA methylation using
functionalized magnetic beads (MBs), anti-methylcytosine antibody (anti-5-mC) as affinity
bioreceptor, and amperometric detection at SPCEs using the H2O2/HQ system [2]. While one
approach involves a sandwich immunosensor using the anti-5-mC immobilized onto HOOCMBs as capture bioreceptor, the other one employs the anti-5-mC as detector bioreceptor to
label the methylated DNA previously captured by a complementary DNA capture probe
immobilized on the surface of Strep-MBs. Using as models methylated synthetic sequences of
the RASSF1A and MGMT tumor suppressor genes, the newly developed biosensors
demonstrated reproducibility throughout the entire protocol, sensitive determination with no
need for using amplification strategies, and competitiveness with the conventional ELISA
methodology and the few electrochemical biosensors reported so far in terms of simplicity,
sensitivity and assay time. Moreover, the DNA sensor exhibited higher sensitivity and
selectivity and demonstrated successful applicability for 1 h-analysis in spiked biological fluids
and genomic DNA extracted from human glioblastoma cells.
These biosensing strategies can serve as a basis for developing easy and affordable tests in an
easy-to-use format, not too technically demanding and requiring equipment readily available
at most institutions for better outcome of cancer patients.
[1] Campuzano and Pingarrón. Electroanal. 2018, in press, DOI: 10.1002/elan.201800004.
[2] Povedano et al. Sci. Rep. 2018, under revision.
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UV-Vis absorption spectroelectrochemistry is a very interesting technique for quantitative
analysis.1,2 The potential of this technique is based on the spectral signal, concomitantly
registered with the electrical response, that is obtained during the electrochemical process.
As can be inferred, the selectivity is very high because the presence of two compounds with
the same electrochemical and spectroscopic information is practically impossible. Moreover,
the spectroelectrochemistry configuration provides another grade of selectivity.
Figure 1 is shown to give an idea about the advantages of this technique for analysis. While
the electrochemical signal and the spectroscopic response below 330 nm contain information
associated with levodopa and uric acid, the absorption band centred at 391 nm is only related
to levodopa, being very simple to determine its concentration in mixtures of varying
concentrations of both compounds. Using similar methodologies, excellent results are
obtained with biomolecules such as dopamine, epinephrine, levodopa or isoprenaline, in
presence of different interfering species and using univariate or multivariate analysis.

Figure 1. Cyclic voltammogram (left) and evolution of the absorption spectra with potential during
the oxidation sweep (right) for a solution mixture of levodopa and uric acid (pH 0.8).
References:
[1] Garoz-Ruiz, J.; Heras, A.; Colina, A. Anal. Chem. 2017, 89 (3), 1815–1822.
[2] Zhai, Y.; Zhu, Z.; Zhou, S.; Zhu, C.; Dong, S. Nanoscale 2018, 10 (7), 3089–3111.
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Screen printing technology is a widely used technique for the fabrication of
miniaturized, sensitive and portable electrochemical sensors. Due to their multiple
advantages against conventional electrodes, screen printed electrodes (SPEs) have many
applications in electroanalysis fields; for example, clinical tests, environmental analysis or food
processing. Sometimes, the electro-transfer properties of these electrodes can be
considerably improved by performing different chemical or electrochemical pretreatments.
In this work, we propose a facile and effective method for activation of commercial
screen-printed carbon electrodes (SPCEs) using H2O2 to enhance sensing performances of
carbon ink. The electrochemical activation consists of 25 repetitive voltammetric cycles at 10
mVs-1 using 10 mM H2O2 in phosphate buffer solution (pH 7). This treatment has allowed us
to reach a sensitivity of 0.24±0.01 µA µM-1cm-2 for the electroanalysis of H2O2, which is 140
times higher than that of non-treated SPCEs and 6 times more than screen-printed platinum
electrodes. Electrode characterization revealed atomic level changes of the electrode surface,
with the introduction of new carbon-oxygen groups as responsible for the improvement of
electro-transfer properties and sensitivity. The method resulted to be more effective than
others previously described in the bibliography. Our electrochemical activation is a promising
methodology that may be applicable for activation of commercial carbon inks-based
electrodes over different sensing applications, especially for the H2O2 measurement.
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The incorporation of nanomaterials that play different functions has been extensively
explored in the development of electrochemical immunosensors in order to improve their
performance. Within this context, Graphene Quantum Dots (GQDs) have demonstrated to be
attractive nanomaterials with unique features such as good water solubility, large surface-tovolume ratio, biocompatibility and low toxicity. This work will discuss the basis and main
features of very attractive performance immunosensing bioplatforms in which these GQDs
have been used both as modifiers of the electrode surface and as carrier tags for signal
amplification.
Currently, accurate clinical biomarkers determination in minimally invasive samples using
simple and rapid methods, compatible with application at different settings, is highly
demanded for early diagnosis and improved outcomes. Taking into account the relevant
emerging role demonstrated by receptor IL-13 Rα2 and AXL in metastatic colorectal cancer
and heart failure, respectively, this work will discuss the preparation of two different
immunosensing bioscaffolds, implemented at disposable screen-printed carbon electrodes
(SPCEs), for their simple, selective and accurate determination. One of the approaches
involves a label-free DPV electrochemical immunosensor for AXL determination prepared by
immobilization of the specific anti-AXL antibody onto amine functionalized graphene quantum
dots (fGQDs)-modified SPCEs and the other one a novel method for preparation of
GQDs/MWCNTs(-HRP)-Anti-IL-13 hybrids, used as carrier tags for signal amplification in the
construction of a sandwich immunosensor for amperometric determination of IL-13 Rα2. After
careful optimizations of all the experimental variables involved in the functioning of these
immunosensing platforms, the characterization of their analytical behaviour demonstrates
very attractive performance and successful applicability for the accurate determination of the
target biomarkers in relevant clinical samples (serum, whole cells and tissue extracts) after
minimal treatments.
[1] Mollarasouli et al. Anal. Chim. Acta, 1011, 28-34, 2018.
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When complex samples with several compounds are analyzed, it is possible that the individual
contributions to the analytical response appear kind of overlapped. If the characteristics of
such individual contributions are used to obtain the analytical information for each
compound, they must be extracted from the entire response by read them properly. Such
procedure, usually named deconvolution, can be performed with guaranty if each individual
contribution is isolated enough to identify its maximum by derivation [1]. If two or more
individual contribution are highly overlapped, they appear as an only one signal slightly
distorted, so the automatic detection of contributions doesn’t work properly, and a manual
initialization is needed.
Such case is frequent in chromatographic techniques, as in spectroscopic and electrochemical
measurements, so we propose a new method to process complex signals in a flexible and
robust manner, regardless of the signal shape or origin. The patter-matching is the basis of
such method. To perform, a database with a wide collection of synthetic shapes calculated by
adding two individual contributions should be made. The experimental data should be
normalized, and their pattern is extracted to compare with the database. Once it is matched,
the synthetic individuals are de-normalized and used as the start-point to least-square adjusts
to the experimental result.
The deconvolution procedure was tested
with two referential chemical systems where
the overlapping of signals is the main
problem found to get results: the In(III)-Cd(II)
joint determination by differential pulse
polarography (DPP), and the dopamine
determination in the presence of uric and
ascorbic acids by DPV. A statistic analysis is
also performed, showing the robustness and
reliability of procedure.
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Recent findings have demonstrated that highly metastatic colorectal cancer cells express
increased levels of both the immunosuppressive cytokine IL-13 and the surface IL-13 receptor
(IL-13Rα2) and that IL-13Rα2 is hiperexpressed also in late-stage human colon cancer tissues
and correlated with the poor outcome of patients with colon cancer metastasis [1,2].
Methods commonly used for determination of IL-13Rα2 provided qualitative or semiquantitative (flow cytometry, fluorescent measurements, Western-blotting and
immunohistochemical analysis) and quantitative (ELISA kits, based on sandwich formats
involving HRP-labeled detector antibodies) determinations. However, most of these methods
required multiple steps, are time-consuming and only applicable in centralized settings.
Therefore, the development of new methodologies for fast, simple, cost-effective and
accurate determination of IL-13Rα2 in clinically relevant samples (metastatic cancer cells or
tissues) is highly demanded for early diagnosis, disease follow-up and identification of
metastatic processes.
This work describes the first amperometric immunosensor reported so far for the
determination of soluble IL-13Rα2 (IL-13sRα2). This novel approach involved the formation of
sandwich immunocomplexes comprising specific capture anti-IL-13sRα2 (AbC) and
biotinylated detector antibodies onto carboxylic-modified magnetic microbeads (HOOC-MBs)
and amperometric detection at disposable carbon screen-printed electrodes (SPCEs) using the
hydrogen peroxide (H2O2)/hydroquinone (HQ) system. Results achieved with standard
solutions in the optimized experimental variables demonstrated the developed
immunosensor exhibited a linear calibration plot over the 3.9 to 100 ng mL-1 range, a LOD of
1.2 ng mL-1 and good selectivity against other non-target proteins. It is worth to mention that,
in comparison with a commercial ELISA kit involving the same immunoreagents, apart from
providing a similar LOD, a linear calibration plot instead of a logarithmic one, and results within
half the time, this immunosensor involved portable and cost-effective instrumentation which
makes it more easily automated and miniaturized, ideal to perform decentralized and routine
analysis of this great emerging relevance biomarker. Furthermore, its successful applicability
to provide first quantitative data reported so far regarding IL-13sRα2 expression in raw lysates
of colorectal cancer cells is also demonstrated.
[1] Barderas, R. et al., Cancer Research 72 (2012) 2780-2790.
[2] Bartolomé, R.A., Cancer Research 75 (2015) 2434-2444.

33

AE-O9
ELECTROCHEMICAL IMMUNOSENSORS FOR SENSITIVE DETERMINATION OF
INFLAMMATION BIOMARKERS IN NON-INVASIVE SAMPLES
E. Sánchez-Tirado*, A. González-Cortés, P. Yáñez-Sedeño, J.M. Pingarrón
Department of Analytical Chemistry, Faculty of Chemistry, University Complutense of Madrid
Avda. Complutense s/n 28040 Madrid (Spain)
*e-mail: esther.sanchez@ucm.es

Keywords: electrochemical immunosensor, TGF-β1, IL-1β, TNF-α, AHSG, saliva
The analysis of blood biomarkers is fundamental in clinical diagnostic procedures. However, it
is increasingly common to use other biological fluids, such as saliva, whose extraction is noninvasive, simple, safe and painless, when compared to the extraction of other types of
samples, for example, blood, liquid cerebrospinal fluid or biopsies [1]. One drawback to note
is that, usually, levels of biomarkers in saliva are considerably lower than those in other
biological samples. Therefore, it is necessary to develop sensitive, simple, low-cost devices
with short response times and disposable to carry out their determination.
In this work, the construction and analytical performance of several electrochemical platforms
for the individual and multiple detection of different inflammation biomarkers, such as
transforming growth factor beta 1 (TGF-β1) [3], interleukin 1 beta (IL-1β), tumor necrosis
factor alpha (TNF-α) [4] and human fetuin A (AHSG), are reported. The determination of these
analytes is important for prognosis and diagnosis of different diseases related with
inflammation, immunology, atherosclerosis and cancer.
The developed methodologies, using novel coupling of bioreceptors, functionalized magnetic
carriers, attractive bioassays formats and electrochemical disposable transducers, fully
demonstrated the accurate determination of the target analytes at clinically relevant levels in
saliva samples.

Figure 1. (a) Viologen-functionalized single-walled carbon nanotubes as carrier nanotags for
electrochemical determination of TGF-β1, (b) multiplexed immunosensor for the simultaneous
determination of IL-1β and TNF-α, and (c) magnetic multi-walled carbon nanotubes for sensitive
determination of AHSG with signal amplification.
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Films of conducting polymers (CPs) have high electronic and ionic conductivity. Used as
electrodes in aqueous electrolytes, they exchange ions and water driven by electrochemical
reactions for charge and osmotic balance becoming dense and reactive gels.
Reversible oxidation/reduction reactions drive reversible conformational movements of every
reacting chain, which become a multistep electrochemical molecular machine [1–3].
The cooperative actuation of the molecular machines in the film produces the free volume
variation in the film required to lodge or expel counterions and solvent: the film expands and
contracts under faradaic control. Our research group has stated a new sensing principle for
those reactions involving molecular machines: the energy consumed by the reaction adapts
to (senses) any energetic change (chemical, thermal, mechanical…) of the reaction media [4].
Here we will illustrate this principle determining how reversible charge consumed by the
polypyrrole oxidation/reduction reactions responds to Na2SO4 concentration variations in
aqueous solutions. The reactions were studied by cyclic voltammetry between the same
potential limits under constant sweep rate at room temperature. A theoretical description of
those reaction-driven chemical sensors is proposed.
Rising concentrations (rising chemical energy) shift the reversible electrochemical reactions to
deeper oxidation/reduction states with the concomitant increase of: the redox charge, the
variation of free volume inside the film and the amount of exchanged counterions and solvent.
The process is full reversible. Thus, for conducting polymers (and chemical molecular
machines like actin-myosin-ATP in muscles) the available chemical energy controls the
extension of the reaction and the reaction energy adapts to and senses the reactant
concentration. Those results can indicate how the sensing signal informing brains of the
fatigue state of muscles is generated.
[1] T. F. Otero, Conducting Polymers: Bioinspired Intelligent Materials and Devices, RSC, 2015.
[2] T. Otero, J. Martinez, J. Arias-Pardilla, Electrochimica Acta. 84 (2012) 112–128.
[3] T.F. Otero, Conducting Polymers, Electrochemistry, and Biomimicking Processes, in: R.E. White, J.O.
Bockris, B.E. Conway (Eds.), Modern Aspects of Electrochemistry, Springer US, New York, 1999: pp.
307–434. http://link.springer.com/chapter/10.1007/0-306-46917-0_3 (accessed January 9, 2013).
[4] T.F. Otero, J.G. Martinez, Prog. Polym. Sci. 44 (2015) 62–78.
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Obesity is a pandemic condition that affects around 1900 million people all over the world. It
is involved in numerous comorbidities such as hypertension, diabetes and the majority of
cardiovascular diseases. Morbid obesity is considered as a chronic inflammatory state which
conclude in a dysfunction of endocrine system. Obesity biomarkers are a set of biomolecules
that present altered levels in these processes. Among these, the levels of some hormones
involved in the complex regulation of the metabolic balance, such as ghrelin, peptide YY and
amylin, play an important role in hypothalamus neuronal receptors where satiation or
appetite sensation can be produced. In this way, levels of ghrelin (GHRL) peptideare increased
before meals to stimulate the appetite, decreasing later. Peptide YY (PYY) is synthesized in the
lower intestine and plays an important role in satiety by limiting meal size. Conversely to
GHRL, PYY levels are increased after meals. On the other hand, Amylin (AMY), hormone
related to adiposity, hunger and satiety,is secreted together with insulin from pancreatic Bcells. Like insulin, plasma amylin levels are low during fasting periods and increase during the
meals, being all concentrations directly related to body fat. We have prepared electrochemical
competitive immunosensors for the individual and multiple determination of GHRL, PYY and
AMY in different human fluids using SPCEs functionalized by grafting or poly(pyrrole propionic
acid) electropolymerization (Fig.1).Both modifications provide a high content of carboxyl
groups on the electrode surface suitable for direct covalent binding of specific antibodies.
Competitive immunoassays strategies involve the use of streptavidin-HRP for amperometric
detection of H2O2 mediated by hydroquinone or, streptavidin-AP for the oxidation product of
1-naphtol (1-NP) for monitoring the affinity reaction. The application of these immunosensors,
has allowed obtaining good results in real samples.
CV, 0.0-0.85V vs Ag
n=20; 100 mV/s

i

H 2O2

t

Figure 1. Electrochemical immunosensors for multiplexed determination of GHRL and PYY (left) and
for AMY determination (right).
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The proteins IL-β1 and CxCL7 belong to two families of proteins encoded by both genes with
outstanding roles in the field of animal cell metabolism, so that a variation of their endogenous
levels can be related to alterations of the processes in which they are seen Involved. Thus,
CxCL7 belongs to the group of chemokines and is a potent chemoattractant and activator of
neutrophils. It has been shown that its activity focuses on the stimulation of various cellular
processes, being a potent biomarker of kidneys and pancreas cancer. It is also an antimicrobial
protein with bactericidal and antifungal activity. On the other hand, IL-1β protein is a member
of the interleukin 1 cytokine family and is an important mediator of the inflammatory
response, being involved in a variety of cellular activities, including cell proliferation,
differentiation and apoptosis. Nowadays, the application of click chemistry for the preparation
of electrochemical immunosensors has been extensively used. This method constitutes a
simple and efficient strategy for the covalent immobilization of specific antibodies through an
azide–alkyne cycloaddition catalysed by copper (I). In this “click” chemistry azided MWCNTs
are assembled to alkyne-functionalized IgGs, obtaining conjugates used as scaffolds for the
immunosensor preparation (CxCL7). Following the same design, the first modified platform
based on an “electrochemical click” reaction has been developed (IL-1β). IgG-alkyne–azide–
MWCNT conjugates are obtained by the application of -400mV (5 min), in the presence of
copper sulphate. This mechanism permits us to achieve functionalized surfaces in a shorter
period of time.
This work describes the preparation of two sandwich-type electrochemical immunosensors,
based on screen printed carbon electrodes (SPCEs), modified with both types of click
procedures. In both cases, streptavidin labeled with alkaline phosphatase (AP-Strept) were
needed for the reduction of 1-naphthyl phosphate (1-NP) to monitor the affinity reaction. All
experimental variables were optimized. Good reproducibility has been observed in the
preparation of the immunosensor, with a RSD value (n = 5) of 2.8 and 4.5% for CxCL7 and IL1b, respectively. Likewise, analytically useful signals have been obtained, which in the case of
CxCL7 corresponds to an interval of concentration between 0.5 and 500 pg/mL, suitable levels
for its application to clinical samples.
Fig.1.- Immunosensor preparation scheme
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The study of the transfer of ionic species across organic barriers between two aqueous
solutions has attracted attention from different fields, including the development of
electrochemical sensors, the remediation of water and the design of new drugs [1]. In this
context, electrochemical methods are very useful, since the distribution of ions can be
controlled through the potential difference applied between the two aqueous phases [2].
In this communication, an analytical solution is presented to tackle the study of ion
transfer voltammetry in systems of two polarizable interfaces [3]. This equation enables us to
obtain the current response in any voltammetric technique, regardless of the concentration,
lipophilicity and charge number of the ions that compensate the transfer of the analyte. The
theory covers the situation where the compensating ions are not in excess, observing
distortions in the voltammograms that can be misunderstood as ohmic drop effects or as slow
ion-transfer kinetics. The case where the transfer of the analyte is compensated by several
ions is also considered, giving rise to multiple signals that can be mistaken by the transfer of
multiple analytes. Finally, the theoretical results are verified with the experimental study of
the transfer of the cation tetraethylammonium (TEA+) in water/1,2-dichloroethane/water
systems in the presence of several compensating ions of different lipophilicity and
concentration [3].
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Scientists and engineers have always dreamt with the idea of creating technological devices
able to reach the potential of biological organs. To achieve that goal, that technology should
follow the same working principles found in living cells. Conducting polymers are a promising
material to accomplish it, since when immersed in a liquid electrolyte and subjected to a
reversible oxidation-reduction electrochemical reaction they exchange solvent molecules
(water) and ions, as it happens in our own cells. Doing so, they actuate and sense the working
conditions simultaneously [1], [2] . An ability reserved until now to biological machines. One
of these conducting polymers is the polypyrrole/dodecylbenzene sulfonate (PPy/DBS), about
which different works where it exhibits this dual behaviour have been published showing how
it is the energy the magnitude that allows to sense the working conditions [3], [4]. In this work,
PPy/DBS films were immersed in a LiClO4 aqueous solution with the view to study the sensing
properties of two varying magnitudes (temperature and concentration) when the system is
subjected to different electrochemical techniques.
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New drug carriers formed by complex liposomes including anchored gold nanoparticles
are receiving increasing attention because of their high transfection efficiency and the
absence of cytotoxicity [1,2]. Often, a cationic lipid, didodecyldimethylammonium bromide
(DDAB), is included in the liposome composition in order to facilitate the anchoring of the gold
nanoparticle [3]. In this work, Langmuir monolayers including DDAB, 1,2-dimyristoyl-snglycero-3-phosphocholine (DMPC), and cholesterol (Ch), have been analysed to decide about
the most stable DMPC:Ch:DDAB combination. Monolayers with the optimum composition
have been prepared in the electrolyte/ inert gas interface of an electrochemical cell and
transferred to Au(111) electrodes for the characterisation by electrochemical impedance
spectroscopy. The effects of the inclusion of DDAB into the monolayer composition and the
presence of doxorubicin (DOX) in the supporting electrolyte solution are analysed.
In order to avoid the contribution of diffusion to the electrode reduction of DOX, the
electrodes were coated in the Langmuir trough with subphases containing the electrolyte and
the drug and then were transferred to the electrochemical cells that do not contain the drug.
Under these conditions, the reduction of DOX obeys the model for a surface confined
electrode reaction. The analysis with the frequency of the impedance data at potentials of the
faradaic region provides the charge transfer resistance, Ra, and the adsorption capacitance,
Ca, as a function of the potential. The combination of both parameters permits to calculate
the rate constant for the reduction in a wide potential range and propose a sequential
mechanism with two determining steps: a protonation reaction preceding the first electron
transfer and the second electron transfer itself.
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Muscles are natural motors constituted by molecular machines (actin-myosin
macromolecules) driven by chemical reactions (ATP hydrolysis). In addition, muscles sense by
themselves the chemical and physical working conditions while actuating: they are haptic
muscles. The environmental temperature has a strong influence on the muscular reactions of
any cold-blooded animal (ectotherm). The underlying working mechanism and the origin of
the nervous signal informing the brain about the muscle temperature originating the brain
thermal awareness, remains as a controversial subject. In order to study and quantify the
temperature influence on both, the muscle reactions and the generation of the sensing signal
sent to the brain, we can use any artificial reaction driving molecular motors that can replicate
the muscle working principles.
Here we will use the reversible electrochemical reactions of films of conducting polymers (CPs)
to replicate both, content and functional reactions in functional cells. When films of CPs are
used as electrodes in aqueous electrolytes they exchange, under electrochemical reactions,
ions and water with the electrolyte for charge and osmotic balance becoming dense and
reactive gels. The reversible oxidation/reduction reactions drive conformational movements
of every reacting chain, which becomes a multistep molecular electrochemical machine. The
cooperative actuation of the molecular motors constituting the film generates or destroys the
free volume required to lodge or expel counterions and solvent: the film expands and
contracts under reaction control. The film behaves as a dense and reactive gel which
composition (molecular machines, ions and water) replicates the intracellular matrix of the
sarcomere in natural muscles.
The energy consumed by reaction of the molecular machines, or any of its components
(consumed charge or potential evolution) responds to (senses) any energetic perturbation
(thermal, chemical, mechanical,..) of the reaction media. The reaction drives, simultaneously,
the reversible variation of two film functions: actuation through the film volume variation and
sensing of the reaction conditions through the consumed energy, consumed charge or
potential evolution.
Here we present how the voltammetric charge and the energy consumed by the polypyrrole
reversible oxidation/reduction in 0.1 M NaCl aqueous solutions respond to and sense the
reaction temperature. A theoretical description of the reaction-driven temperature sensors is
proposed. By similarity the actin-myosin-ATP reaction energy is proposed as origin of the
nervous pulse informing the brain about the thermal working conditions in haptic muscles in
general and in coldblooded beings particularly.
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Human Cytochrome c1 (h-Cc1) is the subunit of mitochondrial complex III (cytochrome bc1)
responsible for electron transfer to cytochrome c, and to complex IV (cytochrome c oxidase).
Numerous studies [1] suggest that intermembrane space conditions, including crowding
effects, local electric fields, and protein-protein and protein-lipid interactions affect the
functional aspects of membrane proteins, such as h-Cc1.
Possibly due to the difficulties associated with its isolation and purification, the
electrochemistry of h-Cc1 is largely unknown. In this work we have explored the influence of
the surface interacting with h-Cc1 on its electron transfer properties. For this purpose, we have
studied the direct electrochemistry of h-Cc1 adsorbed onto gold electrodes modified with
hydrophilic alcohol- and carboxylic acid-terminated self-assembled monolayers (SAMs), at pH
7 and 25 oC.
It is shown that h-Cc1 adsorbed on alcohol-terminated SAMs displays a redox potential (E0
=225mV vs. NHE) close to its value in solution, while a significant negative shift is observed
when h-Cc1 is adsorbed onto carboxylic acid-terminated SAMs (E0 = 115mV vs. NHE).
Simultaneously, the electron transfer rate constant increases by a factor of ∼70 (from 35 s-1 to
2300 s-1) upon replacing mercapto-1-hexanol by 6-mercaptohexanoic acid as electrode
modifier. It is noteworthy also that the electron transfer rate constant obtained for h-Cc1
adsorbed onto 6-mercaptohexanoic acid SAMs is more than twice the reported value for its
smaller physiological partner cytochrome c, under the same experimental conditions.
Therefore, our results point to an unusual sensitivity of h-Cc1 towards the presence of external
carboxylic groups, a characteristic that may help to tune its reactivity in a predetermined way.
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Human endoglin (CD105) is a 180 kDa homodimeric hypoxia-inducible transmembrane
glycoprotein that behaves as an auxiliary receptor for the transforming growth factor-β family
of cytokines and plays an important role in hematopoiesis, cardio-vascular development,
vascular remodeling and angiogenesis [1]. It has been demonstrated in numerous studies that
endoglin levels in different biological fluid are related with the development and progression
of various types of cancer as prostate cancer [2] and other important disease such as
rheumatoid arthritis [3]. In this way, the development of new fast and cheap analytical
methodologies for endoglin determination in biological fluids is of great importance,
constituting a powerful diagnostic tool for the aforementioned diseases.
In this work we present the development of a new electrochemical inmunosensor for endoglin
determination using a sandwich type configuration. Screen printed carbon electrodes were
modified, at a first instance, by electropolymerization of pyrrole propionic acid monomer
(pPPA). After that the electrode surface was activated with a mixed of EDC/NHSS in order to
link the carboxylic groups over the electrode surface with amino groups from mouse antihuman endoglin capture antibody. Subsequently the surface was blocked with casein 1%.
Then the electrode was exposed to the analyte (endoglin) followed by the establishment of a
sandwich immunoassay using a biotinylated antibody and poly-HRP-streptavidin conjugates
for signal amplification. Amperometric measurements were performed by adding 5 µL of 50
mM H2O2 solution onto the electrode. The reduction current from the enzymatically oxidized
HQ was monitored at -0.20 V.
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Li-ion batteries (LIBs) are the power source of choice for portable electronics and they are
called to play a major role in electromobility. Although LIBs were initially considered as an
“expensive” energy storage system for stationary energy storage, the increase in cycle life
together with the decrease in cost production has enabled LIBs to become a competitive
alternative in this field. Further decrease in costs will not only come from new and cheap
active materials, but also from novel approaches to decrease the content of “inactive
materials” as well as lowering the manufacturing cost.
Semi-solid electrodes containing a suspension of Li-ion or Na-ion intercalation materials and
conductive additive were initially proposed for their use in redox flow batteries.1,2,3 In this
presentation, we will discuss the possibility of
extending the use of semi-solid electrodes to build
“injectable” batteries (Figure 1). After introducing
the basic idea of an injectable battery, cost analysis
of classic LIBs and injectable batteries will be briefly
compared revealing the importance of the areal
charge capacity (mAh cm-2) in the battery cost.
Demonstrations of aqueous injectable batteries
using two type of Li intercalation cathode materials
will be shown: Zn / LiFePO4 and Zn / LiMn2O4.
Although cycliability was limited (ca. 50 cycles) due
to side reactions at the Zn electrode, areal charge
capacity exceeding 6 mAh cm-2 were demonstrated
for these injectable batteries, which is well above Figure 1. Schematic representation of an
injectable battery
the value of 1-3 mAh cm-2 for LIBs. Finally, the
remaining challenges of this technology will be summarized.
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Rational design of low-cost and earth-abundant nanomaterials with high efficiency and
durability towards the hydrogen evolution reaction (HER) is mandatory for making electrolyzer
technology more affordable [1]. The improvement of cathodic catalysts in these devices has
been ascribed to different factors, such as their surface area, the composition of the alloy,
changes in the metal–metal interatomic distance and the electronic configuration of the
material [2].
In this context, recently we reported the synthesis and physicochemical characterization of αMo2C and W2C with elevated catalytic activity and stability during the HER in sulphuric and
phosphoric acid media [3]. Comparison with glassy carbon (GC) and al Pt supported materials
has shown that, as expected, Pt/C catalyst develops the lowest onset potential for the HER,
but the activity increases in the following way: GC << W2C < α-Mo2C < Pt/C. Further
investigations were carried out with commercial and synthesized transition metal carbides
(TMC), ionic liquids (IL), heteroatom-doped graphene materials and nickel supported on
graphene-based materials in alkaline and acidic media.
The electrochemical reduction of water was investigated using the rotating disk electrode,
cyclic and linear sweep voltammetry, chronoamperometry and chronopotentiometry. The
elucidation of the HER reaction mechanism at these materials results difficult as calculated
Tafel slopes cannot be explained on the bases of the already known Volver, Heyrovsky or Tafel
reactions. In the present work, on-line differential electrochemical mass spectrometry (DEMS)
was applied to solve this problem.
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The study of the hydrogen peroxide reduction is strategically important in electrocatalysis
since H2O2 is one of the possible intermediates in the oxygen reduction reaction (ORR)
mechanism. The current inhibition observed below 0.3 V vs. RHE for the ORR on Pt(111) was
traditionally attributed to hydrogen adsorption which would prevent the scission of the O-O
bond and hence hydrogen peroxide would be formed instead of water [1]. The direct study of
the hydrogen peroxide reduction could provide more information about this situation.
In this work, H2O2 reduction has been studied in acidic and neutral solutions on different Pt
single crystal electrodes. Interestingly, current inhibition occurs at 0.36 V vs. SHE on Pt(111)
for all the studied pH values (Fig. 1A) [2]. This potential coincides approximately with the
potential of maximum entropy as measured by laser heating experiments [3]. Therefore, the
deactivation is not due to hydrogen adsorption, and it is likely to be related to interface water
reorganization and the pzfc of the surface. Systematic studies for Pt stepped surfaces also
suggest an influence of the local pzc for terraces and steps on this reaction (Fig. 1B)
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Figure 1: Normalized polarization curves for the HPRR and HPOR on Pt(111) in 1.7 mM H2O2
with pH < 5.4 prepared with NaF/HClO4 mixtures (A) and on different Pt stepped surfaces in
1.7 mM H2O2 and 0.1 M HClO4 (B). Scan rate: 50 mV s-1; rotation rate: 2500 rpm.
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Gel polymer electrolytes (GPEs) are materials which possess both cohesive properties of
solids and the diffusive character of liquids. Hence, these electrolytes may be used as
excellent substitutes of the liquid electrolytes in batteries. Several types of GPEs can be
prepared by trapping liquid electrolytes or ionic liquids into different polymer hosts [1].
At the negative electrode of Zn-based aqueous alkaline batteries, it is broadly accepted that
the Zn is oxidized to Zn2+ forming zincate ions (Zn(OH)42–) until the alkaline solution is
saturated and zincates are deposited as a poorly conductive ZnO film. However, there are
few articles studying the mechanism of the Zn oxidation provided in batteries using GPEs [2].
In this communication, we will present the results obtained by different in situ and ex situ
techniques to study the Electrode-GPE interface when a Polyvinyl Alcohol GPE (PVA) is used
and then will be compared with those got from Ionic Liquid-based GPEs.
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Polymer electrolyte membrane fuel cells (PEMFC) are devices that are attracting great interest
in recent decades due to their high-power densities that are able to reach at low
temperatures. Hydrogen and methanol have been the most common fuels used in these
devices. However, both have certain drawbacks, such as the problems of production, storage
and distribution of hydrogen or the toxicity of methanol [1]. An alternative to these fuels is
the use of ethanol, cheaper and less toxic than methanol. The oxidation of ethanol has been
the topic of numerous research papers in recent years [2]. It is mainly due to the high energy
density and thermodynamic efficiency of this fuel, in addition to the fact that ethanol is
considered a green chemical. It can be produced in large quantities as a renewable biofuel
from the fermentation of biomass and, in addition, both ethanol and its final oxidation
products (CO2 and water) are relatively non-toxic. Direct ethanol fuel cells (DEFCs) meet some
requirements for a sustainable energy conversion technology, such as high electrical
efficiency, easy handling of ethanol, or low operation temperature, and they are attractive
power sources for portable electronic devices [3]. However, the main issue of the
improvement of the performance of these fuel cells was the limited development of the anion
exchange polymeric membranes (AEMs) as well as the lack of knowledge that exists about the
processes that take place in the fuel cell.
In the present research, we report the experimental optimization process to improve the final
result of polarization and power density curves of DEFCs in alkaline media. Nowadays, there
are not many groups working with that kind of systems and it is interesting to study the
importance of different changes for the final performance of the fuel cell. Different variables
as flowrate, temperature, backpressure or ethanol and KOH concentration were analysed
trying to obtain the best performance of the device. One of the main drawbacks of this type
of device, and that has been studied in this way, is the significant current drop that appears at
high currents due to diffusional problems.
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Traditionally Pt-based catalysts are considered as one of the most efficient for the ORR. These
catalysts are used extensively in fuel cell but its high cost and low availability makes the study
of catalysts without Pt a paramount. Among others, transition metals are the most studied
elements to replace Pt as active material in the ORR.
In this communication the use of chromium (III) oxide on different carbonaceous substrates
as positive electrodes in zinc-air batteries will be addressed. Discharge results using chromium
(III) oxide nanoparticles as well as chromium (III) oxide onto graphite, graphene, and graphene
oxide will be analysed (Figure). In addition to the former, spectroscopic and electrochemical
characterization of these electrodes will be shown and commented.
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Figure 1. Discharge curves of Zn-air batteries using different Cr2O3-based cathodes.
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An extremely active material for intermediate temperature-solid oxide fuel cells (IT-SOFCs)
was obtained by mixing La0.6Sr0.4Co0.2Fe0.8O3-δ (LSCF) - Ba0.5Sr0.5Co0.8Fe0.2O3-δ (BSCF) powders.
Different volume ratios were considered: BSCF 50% - LSCF 50% (BL50), BSCF 70% - LSCF 30%
(BL70) and BSCF 30% - LSCF 70% (BL30). Electrodes were evaluated by electrochemical
impedance spectroscopy (EIS) in a temperature range of 500-650 °C and cathodic
overpotential between 0-300 mV. An extraordinary activity for oxygen reduction reaction was
extrapolated especially for BL70 samples with a polarisation resistance of 0.021 Ω cm2 at 650
°C, one of the lowest value reported in literature, lower than pure BSCF value obtained by
Shao [1]. Also, BL50 and BL30 showed acceptable RP values of 0.027 Ω cm2 and 0.044 Ω cm2,
respectively. As reported in Fig.1a for BL70, the kinetic mechanism interpretation it is a
challenge due to the strongly effect of operating conditions; especially temperature produced
a strong change in impedance spectra shape. With the aim to build a reliable analysis, a
possible integration between distribution of relaxation time (DRT) and equivalent circuit (EC
analysis) was probed. DRT identified a transition in kinetic mechanism from 500 °C to 650 °C
(Fig. 1b). At low temperature electrode was dominated by a Gerischer behaviour, which
couples oxygen surface exchange and bulk diffusion [2]. At 650 °C main DRT-peak shifted at
higher frequency indicating a process mainly controlled by capacitive phenomena. Further
information and more details about the electrode kinetic was provide by EC analysis.

Fig. 1 (a) EIS spectra for BL70 at different temperature (b) corresponding DRT spectra
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Potentiometric SECM –sometimes referred to as Scanning Ion Selective Electrode
Technique (SIET)– has become popular among corrosion scientists. The most frequent
application is the visualization of galvanic corrosion processes [1,2]. The spatial
separation of the anodic and the cathodic sites makes the complex corrosion processes
more easily interpretable, and due to the enhanced corrosion rates, conveniently shorter
exposure times may suffice to obtain spatially-resolved images of the concentration
distributions developed in the solution adjacent to the corroding sample. Despite these
beneficial circumstances, quantitative evaluation of galvanic corrosion using
potentiometric SECM sometimes produces unexpected results. Izquierdo et al. [2]
observed discrepancies between the Z-approach curves recorded over the cathode of an
Mg-Fe galvanic couple using either amperometric O2 detection or potentiometric pH
measurement. Next, local alkalization could be detected even at 2 mm tip-substrate
distance, although the oxygen concentration had already reached bulk values at ca. 900
µm height. In another work, the Mg2+ concentrations monitored using an Mg-ISME above
the magnesium disc galvanically-coupled to iron, highly exceeded the upper limit of
detection of the probe [3]. In addition, pMg values below the lower limit of detection of
the Mg-ISME were observed above cathodically polarized magnesium strips [4].
The explanation for those discrepancies can be given in terms of the formation of an
electric field due to the potential difference between the surfaces of the galvanic couple,
which has a direct effect on the potential of the sensing microelectrode. Indeed, the
potential difference caused by the electric field can be substantially large, exceeding that
of the potential difference associated with the activity of the primary ion. In this
contribution, we provide experimental evidence of this feature, and investigate the
extent to which it influences the final chemically-resolved image.
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Lead Acid Batteries (LABs) have a modern technology in constantly enhancement. One of the
points to solve are the problems occur during the performance of the battery reducing the
cycle life of LABs. In the charge process at high rate charge the mass transport overpotential
increase because the primary (reduction and oxidation of lead (II) sulfate at positive and
negative plates respectively) and secondary reactions (evolution of oxygen and hydrogen at
positive and negative plates respectively) are developed and the consequences is in
connection to the reducing cycle of life of LABs.
Lead material used in LABs contains known residual elements1. These elements have a direct
relationship with the problem mentioned previously, because there are some previous
theories explain that these residual elements can act like catalyst of the evolution of oxygen
and hydrogen, therefore, is necessary to study the critical level of each residual element and
to identify who is both the catalyst of hydrogen or oxygen.
Our objective is to know the critical levels of the different elements, such as nickel (Ni (II)),
zinc (Zn (II))….etc.
We study the critical element levels in the cell electrolyte, using pure lead material as working
electrode. Lead rotating disk electrode in combination with cyclic voltammetry was carried
out. Reference electrode was Hg/HgSO4 and big lead as auxiliary electrode. The electrolyte
used is H2SO4 of specific gravity 1.28, because this acid concentration was used in market of
LABs. He onset potential, Tafel parameters and current density exchange were evaluated.
Lead-acid battery cells with capacity aprox. to 1.0 A, will be evaluates with the critical levels
of residual elements found in the preceding evaluation, in this case the elements will be again
incorporated in the electrolyte. The electric evaluation: Capacity, Cold Cranking Amper (CCA),
Initial Charge Accept (ICA) and Cycles with 17.5% Depth of Discharge (DOD) will be done.
[1] L.T. Lam, H. Ceylan, N.P. Haigh, T. Lwin, D.A.J. Rand, CSIRO Energy Technology. Soc. 195 (2010)
4494–4512.
[1] F. Wang, C. Hu, M. Zhou, K. Wang, J. Lian, J. Yan, S. Cheng, K. Jiang (2016) Research progresses of
cathodic hydrogen evolution in advanced. Sci. Bull, DOI 10.1007/s11434-016-1023-0.
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Energy Storage Systems (ESS) are nowadays one of the hot topics for both researchers and
politicians, since new storage systems are needed in order to accomplish with the
commitments of the EU for the next years, that include a reduction of emissions (respect to
1990) by 40% by 2030. In order to meet such a great challenge, new technologies are needed,
and, among the new EES, batteries are attracting increasing attention. One of those
technologies is the family of the Metal-air batteries that has been identified as one of the most
promising battery technology competing for a place in the so-called “post-lithium era”. Within
Metal-air batteries, the use of Aluminium shows an outstanding position due to its light weight
and ability to exchange three electrons during the electrochemical process, what confers it a
very high theoretical volumetric capacity, i.e., 8040 mAh cm−3. Moreover, Aluminium is cheap,
abundant, non-dangerous and easily handled.
All Metal-air batteries, similarly to fuel cells, are characterized by the use of a cathode where
the oxygen reduction reaction (ORR) takes place. Due to the sluggish kinetics of ORR, the direct
application in aqueous based Metal-air batteries of efficient cathodes with low overpotential
is far from straightforward. This is even more critical for Aluminium-air batteries that use
neutral salt-water electrolyte to avoid self-corrosion of Aluminium. In this electrolyte, the very
slow kinetics of ORR results in a poor performance of the Al-air battery, hindering its
commercial deployment. Thus, the development of ORR catalysts for the cathode and tailored
Aluminium alloys for the anode able, to work in neutral aqueous solutions are key features for
obtaining commercial Aluminium-air batteries.
In this work, we present the development of improved cathode and anode based on ORR nonprecious metal catalysts and Aluminium tailored alloys, respectively. Results show that in the
case of the cathode, the optimized ORR catalyst developed by Albufera Energy Storage shows
an outstanding activity in neutral media reducing the overpotential in 200 mV with respect to
the commercial state–of-the-art MnO2 and 100 mV respect to the Pt/C catalysts. In addition,
the use of tailored Aluminium alloys instead commercial ones reduces the overpotential at
the anode in 300 mV. These remarkable results demonstrate that the commercialization of
Aluminium-air batteries based on neutral electrolytes is viable.
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Oxygen reduction reaction (ORR) and oxygen evolution reaction (OER) are undoubtedly the
most important electrochemical reactions associated with energy conversion and storage
technologies, such as fuel cells or water electrolyzers. The use of alkaline media devices
improves the kinetics of these reactions and increases the stability of the materials, allowing
the use of non-precious metals as catalysts. In particular, graphene based nanocomposites
doped with N and modified with Co and Ti oxides have demonstrated good activity for ORR
and OER, due to the active sites formed by Me-N-C species (Me = Co, Ti) [1]. In order to
improve the properties of this materials, like gas diffusion and performance, graphene oxide
can be used as precursor for the synthesis of materials as aerogels with high porosity, allowing
the creation of active sites for ORR and OER [2]. The aim of this work is the synthesis of
nanostructured materials such as graphene-based aerogels doped with nitrogen and their
modification with Co and Ti oxides.
The investigated materials have been
characterised by elemental analysis, X-ray
diffraction, TEM, SEM (Figure 1), Raman
Spectroscopy and XPS. The catalytic activity
for the ORR and OER has been carried out in
a three-electrode system, in 0.1M NaOH.
Results for catalyst prepared with 40% of
metal loading, show good onset potential for
Figure 1. Aerogel structure of TiCo/NrGO aerogel
oxygen reduction and evolution reactions.

determined by SEM.
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In the last few years, the development of aluminium batteries has been attracting the
attention of scientists worldwide. This growing interest is triggered by the high theoretical
gravimetric capacity of aluminium (2.98 Ah g−1), comparable with lithium (3.86 Ah g−1), its
volumetric capacity (8.04 Ah cm−3) being four times higher than that of lithium (2.05 Ah cm−3),
its low cost, high abundance and safety. One of the most important challenges of Al-battery
technology is the development of electrolytes with high electrochemical stability that can
allow the reversible electrodeposition of aluminium.
In this communication, we report on the electrochemical reaction of aluminium in
chloroaluminate-based ILs to obtain a better understanding of the anodic reaction of a
reversible Al-battery [1]. Not only the electrodeposition of aluminium but also the reversibility
of the reaction in BMImCl:AlCl3 (1:2 M ratio) were systematically investigated by using cyclic
voltammetry and galvanostatic charge-discharge techniques. The impact of both the chemical
nature and geometry of the anode on the reversibility of the reaction and consequently on
the battery performance were investigated using different materials (aluminium, stainless
steel and carbon) and different geometries.

Figure 1: CV of BMImCl:AlCl3 (1:2 M ratio) on aluminium Substrate. SEM picture of electrodeposited
Al.
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Among the various classes of non-precious metal catalysts for the ORR, those based on
Fe/N/M are the most promising ones. These catalysts are based on transition metal atoms
(typically Fe) coordinated to several N atoms inserted within a C-C sp2 matrix. However, the
actual nature of the active site remains elusive. In addition, the synthesis of these catalysts,
and the formation of the Fe/N is not well understood hitherto.
We have synthesized a series of Fe/N/C using 1,2-dicyanobenze and iron acetate as starting
materials. A first polymerization was carried out using ZnCl2 as catalyst at 400ºC. The resultant
solids were ball-milled and treated at 900ºC in NH3/N2 (catalyst 1-HT). Next, the catalyst was
washed with H2SO4 and subsequently treated again at 900ºC in NH3/N2 (2-HT).
The solids obtained have been characterized by N2-isotherms, ATG, Raman, TEM/STEM, XPS,
XAS, and XRD. 1-HT presents Fe, Fe3C, and C. N pyridinic, N graphitic and N oxide species are
observed in all catalysts. ORR performance in alkaline media (0.1 M KOH) was measured. Fig.
1a shows the current densities during the ORR for 1-HT and 2-HT, mass activities are shown in
Fig. 1b.

Fig. 1: a) Faradaic current and mass activity of 1HT and 2HT in O2 saturated 0.1 M KOH at 1600 rpm
and 5 mVs-1

The mass activity at 0.9 V for 1-HT is almost 3 A/g decreasing to 0.75 A/g for 2-HT. These values
are among the highest ones reported in the literature. In conclusion, we report novel nonprecious metal catalysts based on Fe-N-C synthetized by a new method of synthesis. The
obtained activities obtained in alkaline media are comparable to state-of-the-art catalysts.
Acknowledgment: Projects ENE2016-77055-C3-3-R from Ministerio de Economía, Industria y
Competitividad from Spain, and PIE 201480E122 from CSIC are acknowledged.
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Li-ion batteries represent an important aspect in the field of energy storage. The reaction
mechanism in both electrodes, the anode and the cathode; is based in insertion reactions. The
cathode material and the electrical contact between active material and the current collector
still represents the main limitation of the cell capacity. Direct grown of the active material on
the current collector decreases ohmic resistance and increases the available charge. This
guarantees good electrical contact and, if the active material is able to work under conversion
reactions it is possible to increase the nominal capacitance respect to insertion reactions. The
electrode material will reach all its oxidation states. Transition metal fluorides, such as FeF3
are good candidates to the conversion reactions with lithium ions due to their high nominal
capacity [1,2].
Direct formation of a fluoride-based layer has been achieve by anodizing iron strips in ethylene
glycol and NH4F as electrolyte, resulting in highly nanoporous layers of a mixture of iron
oxyhidroxifluorides [3]. Nevertheless, those fluoride-rich layers were of poor electronic
conductivity, which limits their performance as electroactive material.
So, the present work focuses on the improvement in the electronic conductivity of this layers
synthesized as in [3], changing the substrate material or even grafting with some elements
after synthesis of the active material.
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Ethanol is a suitable second-generation biofuel that can be used in direct ethanol fuel cells.
Partial oxidation products (C2) are usually formed during ethanol electrooxidation (EOR). In
fact, the total oxidation of ethanol to CO2 is limited even with state-of-the-art Pt-based
catalysts. 2D-Pd nanosheets have been synthesized by a simple chemical approach from
Pd(acac)2 in organic solution using CO as reducing agent.
Figure 1a shows a representative micrograph for Pd-nanosheets showing a 2D-flat
morphology. Figure 1b illustrates the stacking of several Pd-layers exhibiting a large fraction
of Pd atoms in steps and edges. XRD reveal the preferential exposure of 111 planes. The
electrochemical surface area (ECSA) of Pd-nanosheets has been evaluated from the
integration of the charge associated to the reduction of Pd-oxides.
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Figure 1. a) and b), representative micrographs for Pd-nanosheets; c) CVs in 0.5 M C2H5OH/0.1 M KOH
at 10 mVs-1 (black Pd-nanosheet, red Pd-black); d) IR spectra during EOR 0.5 M C2H5OH/0.1 M KOD at
5 mVs-1.

ECSA values of ca. 200 and 60 m2/gPd are obtained for Pd-nanosheets and commercial
nanosized Pd-black. As observed in Figure 1c, Pd-nanosheets render higher currents during
the EOR than Pd-black. In situ IR studies during the EOR reveal the formation of carbonates
(band at ca. 1390 cm-1) at low potentials (30 mV) but the predominance of acetates at
potentials higher than 250 mV. These observations indicate that C-C scission of ethanol takes
place at low potentials on Pd-nanosheets.
Acknowledgment: Projects ENE2016-77055-C3-3-R from Ministerio de Economía, Industria y
Competitividad from Spain, and PIE 201480E122 from CSIC are acknowledged.
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Three dimensional graphenes (3DG) have been studied with the aim of examining their
properties in lithium batteries [1]. Here, it is proposed the use of graphene to synthetize
graphene-sulfur (G-S) composites as a cathode in Li-S batteries. The synthesis of graphene is
carried out from graphitic oxide (GO), derivative of graphite. GO is prepared by the modified
Hummers’ method, and subsequently, by means of a reduction step, 3DG is obtained using a
microwave assisted solvothermal technique with determined conditions of pressure and
temperature. Graphene-Sulfur composite (3DG-S) is prepared by a chemical method that uses
ethylenediamine to form nano-particles of sulfur, achieving functionalized graphenes with a
better electrochemical stability. The strong affinity of sulfur for this graphene allows to
develop batteries with good properties of cycling and high energy density. The results show
remarkable electrochemical performance, achieving high values of specific capacity and
energy.
In this work we report an efficient lithium-ion battery using
enhanced sulfur-based cathode and silicon oxide-based anode
as novel energy-storage system. Electrochemical tests
indicate the 3DG-S electrode as very stable and performing
cathode in lithium half-cell, with capacity ranging from 1200
to 1000 mAh gS−1 at C/10 and 1C rates, respectively. The
LiySiOx-C/3DG-S battery reveals very promising results with a
capacity of about 450 mAh gS−1 delivered at average voltage
of about 1.5 V over 200 cycles, suggesting the characterized
materials as suitable candidates for low-cost and high-energy
storage application.
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Electrolyzer and fuel cells based on proton-conducting solid oxides (PC-SOEC/FC) are gaining
ground in the energy conversion scenario, thanks to fast proton diffusion rates at convenient
operating temperatures. However, current performances are curbed by severe limitations of
common electrodes [1]. Within this context, here we outline the latest work of our group on
the rational design of innovative electrode materials for PC-SOEC/FC applications.
With first-principles methods, we aimed at providing unbiased explanations and predictions
of materials properties and functions, so to assess new design principles based on quantum
mechanics. The desired electrode materials for PC-SOEC/FCs should pair mixed
proton/electron conductive (MPEC) features to good catalytic activity. We followed two
design strategies: induction of proton conduction to mixed ion-electron conductors to obtain
triple conducting oxides [2] or induction of electronic conduction on well-known proton
conductor materials [3]. To this end, in bulk solids we evaluated oxygen vacancy formation
and water uptake enthalpies, and we characterized the minimum-energy path for proton
migration and the corresponding barrier heights. Then, we investigated the catalysis
associated to the four proton-coupled electron transfer processes for the oxygen evolution
reaction (OER) and reverse oxygen reduction reaction (ORR) at the electrode surfaces. Our
calculations revealed the structural and electronic features than are needed for an effective
bifunctionality towards the OER and ORR.
Our findings can trigger the targeted experimental synthesis and testing of new single- phase
electrodes and can enable the deployment of reversible proton-conducting SOEC/FC devices.
Moreover, our analysis can be exploited for the rational design of bifunctional electrocatalytic
systems with similar key characteristics.
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For the last decades, dye-sensitized solar cell (DSSC) technologies have been challenging solidstate photovoltaics for solar energy conversion into electricity. Remarkably performances
have been recently achieved with conventional n-type DSSCs, thanks to great experimental
and theoretical efforts devoted to understanding and tuning the n- DSSC materials properties
and functions [1]. The research on p-type DSSC, instead, is still in its infancy and, so far, their
poor performances have hindered the foreseen development of tandem cells, i.e. solar cells
with a photo-anode (from n-DSSC) and a photo-cathode (from p-DSSC). A deeper and more
comprehensive understanding of structure-property- function relationships in photocathode
device is thus crucial for further advancements.
In this contribution, we will discuss our first-principles studies on state-of-the-art
photocathodes based of nickel oxide and prototypical dyes (e.g., C343) [2]. We will highlight
the p-NiO electrode features, the dye molecular properties and how overall properties are
affected by their mutual interactions. We will discuss the design principles for new push-pull
dyes [3] and for new electrodes that can substitute NiO for achieving better efficiencies.
Our quantum-mechanical analyses of the p-DSSC model will provide new insights on the dyeelectrode interface, paving the route to an effective, rational design of new and better
performing photocathodes for photovoltaics and photoelectrochemical cells.
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In recent decades, electrochemical advanced oxidation processes (EAOPs) have been proven
excellent candidates to treat wastewater containing refractory micropollutants. Among them,
one of the most popular techniques is the electro-Fenton (EF) process, in which H2O2 and
externally added Fe2+ can be simultaneously (re)generated by electrochemical reduction of
dissolved oxygen and Fe3+ ions at a cathode with large surface area under acidic conditions
[1]. However, several drawbacks still limit the large-scale application of EF: (i) it demands
acidic conditions (pH 2.5-3.5) to maintain high performance, and (ii) large amounts of H2O2
are accumulated at the cathode, resulting in a poor electroreduction of Fe(III).
In this study, ethylenediamine-N,N'-disuccinic (EDDS) acid, an aminopolycarboxylic acid, was
employed to form the Fe(III)-EDDS complex, which is proposed for the first time to modify the
conventional EF process based on uncomplexed iron ions. The performance of Fe(III)-EDDSassisted EF process was evaluated from the degradation of butylated hydroxyanisole (BHA).
Up to 95% removal was achieved in 45 min with carbon-felt cathode, whereas only 60% and
55% removal was obtained in conventional EF using carbon-felt and carbon-PTFE air-diffusion
cathode with hydrated Fe3+ as catalyst source, respectively. However, with the air-diffusion
cathode, only 21% BHA abatement was achieved in the Fe(III)-EDDS-assisted EF system, which
can be attributed to the large amount of H2O2 generated on such cathode. The optimization
of operation conditions included the study of the effects of current density, pH and Fe(III)EDDS ratio and dosage. The evolution of the different iron species, H2O2 and Fe(III)-EDDS
complex was clarified. Using 0.1 mM Fe(III)-EDDS at 16.67 mA/cm2 and neutral pH, up to 48%
Fe(II) regeneration was achieved in 10 min with carbon-felt cathode. Under the optimal
conditions, 50% mineralization was achieved at 180 min, despite the contribution of EDDS to
the initial total organic carbon (TOC) content. The intermediates generated during the
oxidation of BHA were identified by GC-MS. In addition, the degradation mechanism of Fe(III)EDDS-assisted EF process and a degradation pathway for BHA is finally proposed.
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Electrochemical treatment of solutions with low conductivity is currently an open issue [1].
One of the most used method to get over this problem is the addition of a supporting
electrolyte, that can lead to collateral problems. In this study a different approach to treat
wastewater with low conductivity was proposed through a new electrochemical cell setup
based on solid polymer electrolyte (SPE) [2]. In this system, electrolyte is a Nafion® N324 ion
exchange membrane sandwiched between a Nb/BDD mesh anode and a Ti/RuO2 cathode
(Fig.1). The process effectiveness was evaluated using crystal violet (CV) as model compound.
Influence of several parameters was taken into account, such as applied current, water
conductivity, stirring rate and temperature. SPE system, thanks to •OH radicals produced
during electrolysis, allowed a complete removal of CV and almost TOC. A particular benefit
came from the increase of stirring rate, implying that oxidation was under mass-transport
control. The addition of Na2SO4 or NaHCO3 as supporting electrolyte caused a slower CV
removal. Energy consumptions (Ec) were calculated under best experimental conditions (I =
1A; stirring rate = 800 rpm; T = 20°C), as a function of CV and TOC removal: for dye removal
process the Ec needed was 15 kWh m-3, while a complete mineralization required 60 kWh m3
, an acceptable value considering the low conductivity of solution.

Fig. 1 Open sketch of electrochemical cell.
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The use of pesticides has a strong impact on the ecosystems putting in danger not only the
aquatic flora and fauna but also the human health. According to their properties, this
organoclorine compounds can migrate from the surface of the soil to the groundwater or
washed out to the surface water from the vicinity. Depending on their solubility degree, they
can be more or less easily dispersed.
The present work is focused on the highly efficient removal of non-ionic organochlorine
pesticides by integrating concentration steps such as electrocoagulation with electrooxidation using BDD. The model pollutant selected was oxyflourfen, a large-spectrum
organochlorine herbicide used to control certain annual weeds in vegetables, fruit and other
crops. Because it has a very low solubility in water, it is usually supplied as granules or an
emulsified concentrate.
It was previously reported that this pollutant can be successfully concentrated using
electrocoagulation with Fe electrodes [1]. The oxyfluorfen micelles are trapped by the
electrogenerated Fe hydroxide and then separated from the wastewater by sedimentation.
Next, the concentrated sediment is dissolved, and this concentrate treated by electrooxidation process using a BDD commercial cell. Additionally, several tests were performed
adding hydrogen peroxide to the concentrate, in order to take advantage of the iron
previously dissolved thus promoting Fenton reaction. Results obtained show that coupling
concentration and degradation allows to decrease considerably the overall specific power
consumption, compare to single electro-oxidation of the raw wastewater. Moreover, adding
hydrogen peroxide clearly improves the rate of the degradation process as it promotes the
occurrence of Fenton reaction together with BDD electro-oxidation.
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Recycling of CO2 emissions by direct electrocatalytic reduction of CO2 has been pointed out as
a feasible method for CO2 conversion into useful chemical products and fuels. In particular,
formic acid (HCOOH) represents one of the most interesting products obtained, since HCOOH
is widely used in different industrial applications, as well as, it has been proposed as a
renewable hydrogen carrier and suitable fuel for fuel cells [1]. Among the group of metals with
high hydrogen evolution reaction overpotential and high selectivity towards HCOOH
production, Sn exhibits the lowest toxicity and represents one of the best options in terms of
cost and selectivity [2].
Electroreduction of CO2 on spherical Cu nanoparticles has been recently proved as a surfacesensitive reaction [3], where the product selectivity is drastically affected by the particle size.
Nevertheless, no attention has been paid to evaluate the electrochemically active area in Sn
supported electrodes, which does not allow the proper evaluation of the particle size effect in
the electrocatalytic reduction of CO2 on Sn particles. This is because there is not a specific
chemisorption reaction to measure the catalytic surface of Sn electrodes. For this reason, we
propose N2 physisorption, which is a non-selective method for Sn, but can be applied to
measure non-supported Sn nanoparticles surface area by assuming negligible surface lost
after being deposited on the support. This approach for evaluating Sn particles surface area
allow us to present experimental evidences of no significant particle size effects in the
electrocatalytic reduction of CO2 on Sn nanoparticles, neither in activity nor in reaction
selectivity down to 15 nm size.
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Mesoporous carbons (MCs) are highly porous materials, which offer high surface area and a
porous network able to improve mass transfer in chemical or electrochemical reactions [1]. In
previous papers we demonstrated that Pt NPs on nitrogen or sulphur doped mesoporous
carbons are highly active and show high mass activity towards oxygen reduction reaction
(ORR) [2]. The aim of this paper is to define whether the sulphur heteroatoms present as
thiophenic like group affect the Pt nucleation and growth, and afford a better material, in
terms of dimension and dispersion of Pt nanoparticles, and a better electrocatalytic activity
towards oxygen reduction. Four mesoporous carbons with the same morphological structure,
but different S contents (4%, 6%, 8% and 12%) were prepared and were modified with
Platinum nanoparticles (Pt@S-MC) by solid state reduction, by H2 at high temperature.
Electrochemical characterization showed that Pt@S-MCs are highly catalytic materials for ORR
in terms of both E1/2 and mass activity. A clear correlation between sulfur content and the shift
of the half wave potential during ORR catalytic test was observed, i.e. the higher the sulfur
content, the higher the catalytic activity (Fig. 1a). On this regard, DFT calculations on three
thiophenic groups sited close to each other are indicative of a clear stabilization of Pt nucleus
of at least 50 KJ/mol with respect to a perfect graphene layer (Fig. 1b)
a
j / mA cm-2

0

-2

b

Pt/S-MC
Pt/S-MC1
Pt/S-MC2
Pt/S-MC3
Pt/C TKK

-4

-6
0.2

0.4

0.6

0.8

1.0

E / V vs RHE

Figure 1: a) LSV at RDE of Pt@S-MC catalysts with different sulfur contents, in O2 saturated 0.5 M
H2SO4 electrolyte. b) DFT optimized structure of Pt atom on S-MC.
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The high-energy C-F bonds convert poly- and perfluoroalkyl substances (PFASs) into nonbiodegradable, highly persistent and bio-accumulative compounds when they contain long
alkyl chains. Recently, perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA)
have been subjected to intense research due to their potential toxicity and the extent of their
environmental distribution. However, many of the already published studies emphasize the
low efficiency of conventional water treatment technologies for the PFASs elimination.
This work is aimed at studying the electrochemical removal of PFASs from direct and
secondary emission sources, i.e.: industrial manufacturing of fluorochemical compounds [1],
landfill leachates [2] and groundwater impacted using aqueous film-forming foams [3]. Several
groups of PFASs are included in the study: perfluoroalkylsulfonic acids, perfluoroalkyl
carboxylic acids, n:2 fluorotelomer carboxylic acids, n:2 fluorotelomer sulfonamides. The
influences of the following variables on the rate of removal, defluorination and mineralization
are analysed: i) type of anode material (microcrystalline BDD, ultrananocrystalline BDD and
Ti/RuO2) [4]; ii) background wastewater composition; and iii) electrochemical variables such
as the applied current density and the composition of the background electrolyte. Also, the
contributions of both direct electron transfer and hydroxyl radical mediated oxidation to the
governing electrooxidation pathway are discussed.
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Highly accessible surface area and heteroatom-doping are key features of carbon electrode
materials to be used in electrochemical supercapacitors (SC) [1]. In this paper, nitrogen doped
carbon materials were synthetized according to a hard template method by pyrolysis at 950
°C for 2 h of sucrose and employing propylamine functionalized silica as templating agent
(NMC-1) [2]. The resulting materials were compared with mesoporous carbon obtained by
pyrolysis of sucrose or 1,10-phenantholine but employing a non-functionalized silica while
showing similar texture properties. XPS, elemental analysis and EDX showed the presence of
nitrogen groups in NMC-1, confirming the doping action of the functionalized silica. The
interest of this investigation is to understand how doping occurs when a functionalized silica
is employed, and whether the nitrogen doping remains a surface property or it is extended
also to the bulk of the material, influencing the morphological and the electrical properties of
the resulting carbon. The comparison of electrochemical behaviours in term of capacitive
response were also evaluated considering the different synthetic approaches. The materials
were fully characterized by cyclic voltammetry, galvanostatic charge/discharge and
electrochemical impedance spectroscopy in 3-electrode cells and in SC configuration with
different electrolytes, aqueous and organic including ionic liquids. The results demonstrate
that this new class of carbonaceous materials is of great interest for supercapacitor
applications.

Figure 1. Hard template approach employing propylamine functionalized silica and sucrose.
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The fast growth of population in the last centuries has increased the crops areas and
consequently, the use of pesticides to rise the production and drop crop diseases. The massive
use of pesticides has let huge areas polluted by these compounds. Most of them are
organochloride compounds which have great chemical stability, resistance to biodegradation
and high water insolubility [1]. These properties make difficult their mineralization by
traditional treatments. Advanced oxidation processes (AOPs), based on the production of
hydroxyl radicals (highly strong oxidants), achieve high mineralization efficiencies of organic
compounds [2]. Among the wide variety of AOPs the electro-oxidation with Boron Doped
Diamond (BDD) anode is one of the most promising techniques. However, this electrochemical
process needs electrons as reactive and consequently, electricity. This is the unique and the
highest cost of this electrochemical treatment. Taking this into account, the use of renewable
energies could become these processes in sustainable and environmental friendly [3].
Nevertheless, renewable energies depend heavily on weather forecast and their production
is not constant and continuous. In view of the previous arguments the present work studies
the performance of an electrochemical oxidation process electrically supplied by green
energies. Solar radiation in Ciudad Real was measured and recorded using a data acquisition
systems (LabVIEW). Soils polluted by clopyralid were washed and subsequently, the
electrolysis with BDD of the soil washing effluent was carried out. In order to aim the best
green energy management for the wastewater treatment, the energy storage and the
management of the applied charge density (Ah dm-3) at sunlight or windy hour was studied
with the aim of improve the use and exploitation of these renewable resources.
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In recent decades, the development of new and efficient technologies for the removal of
chlorinated hydrocarbons in soils and wastewater is a matter of great interest [1]. Sometimes,
the high volatility of these pollutants lead to the release of an important amount of these
compounds to the air. One of the best technologies to solve this problem is the adsorption
onto Granular Activated Carbon (GAC) [2] because it allows to retain the pollutant in a very
efficient and fast way. Regeneration of GAC can be carried out by different technologies and
in this work, it is described a novel approach. This approach consists of combining the
adsorption of chlorinated compounds onto GAC particles with its desorption into methanol to
obtain concentrated wastes. Based on previous results obtained with health-related and low
solubility molecules, for a further re-use of the same solvent, it was attained an electrolysis
with diamond electrodes in a mixture of water and methanol. It was found that the molecule
was depleted with a negligible degradation of methanol [3].
To do this, firstly it was evaluated the adsorption isotherms of the chlorinated hydrocarbons
to determine the retention capacity using GAC in each solvent. This capacity was very high
with clopyralid in water, so this is a good example to make a proof of concept about the
developed technology. Then, it is also evaluated the desorption capacity using methanol as
solvent to obtain a high concentrated solution to be treated. Afterwards, it was evaluated the
removal efficiency of these compounds in aqueous and methanol solution using diamond
anodes.
It is important to remark the results obtained using methanol as electrolyte because these
experiments open the possibility of developing a new process based on the electrolysis of
highly concentrated chlorinated hydrocarbons in a non-aqueous media. To shed light to the
studied process, oxidant species and intermediates generated were measured to evaluate the
mechanism of depletion of pesticides in the different solvents used. Results show that
oxidants have an important influence in the degradation of pollutants in methanol solutions
and intermediates that are generated in very low concentration are oxidized during the
treatment.
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Carbenicillin (CBN) is one of the most frequently used antibiotics in medical practice due to its
strong antibacterial action. However, CBN is incompletely metabolized upon ingestion, leading
to its discharge into municipal sewage and the detection of up to several micrograms per liter
[1]. The occurrence of CBN in natural aquatic environment may induce antibiotic resistance
genes. Therefore, it is necessary to develop more efficient treatment methods to ensure its
complete removal from wastewater.
Nowadays, the use of electrochemical advanced oxidation processes (EAOPs) for the removal
of antibiotics from water bodies attracts much attention. Among the EAOPs, photoelectroFenton (PEF) with air-diffusion cathode is the best option to mineralize organic pollutants. It
is based on an electrochemical system that promotes the continuous production of H2O2 via
cathodic reduction of O2, along with a photoirradiated cell to achieve the continuous
regeneration of Fe2+ [2]. However, the performance of PEF for the treatment of CBN from
secondary effluents has not been reported yet.
In this work, the cathode with the best performance for H2O2 production in a simulated water
matrix was selected from various air-diffusion cathodes. The PEF reactor was a 150 mL
undivided cell with a 3 cm2 boron-doped diamond (BDD) and 3 cm2 cathode. The experiments
were performed with 20.7 mg/L CBN (10 mg/L TOC), which were spiked into the simulated
wastewater or real urban wastewater. For comparison, electro-oxidation and electro-Fenton
trials were also made. The primary intermediates and inorganic ions were identified by GCMS and ion chromatography, respectively.
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The release of pollutants to the environment occurs directly by untreated or not-well treated
effluents from industries or also environmental disasters. Different remediation technologies
have been proposed for the treatment of these effluents. Among them, adsorption has
attracted great attention due to its simplicity and high efficiency. However, the main
drawbacks of this process are the expensive cost of the typical adsorbents and the final
destination of the spent adsorbent. After adsorption, the adsorbent becomes itself a
hazardous waste that must be treated or disposed properly. The recovery of the adsorbent,
its subsequent regeneration, and reuse are important issues from economical and
environmental point of view [1]. As solution in this study, a sequential combination of
adsorption and regeneration process based on electro-Fenton treatment is proposed as a
plausible alternative for the removal of pollutants from wastewater and the reuse of the
adsorbents.
Initially, low-cost adsorbents such as clay materials (kaolin or sepiolite) were evaluated in the
removal of several pollutants (ionic liquids, dyes, pharmaceuticals, ...) and the kinetic and
isotherm studies were performed. In a second stage, several electro-Fenton processes were
tested and compared with conventional Fenton technology for the degradation and removal
of the adsorbed pollutants. Then, the reuse of the adsorbents was evaluated by the
application of consecutive adsorption-regeneration cycles. Thus, e.g. in the remediation of the
ionic liquid 1-butyl, 2,3-dimethylimidazolium chloride using sepiolite, it was determined an
adsorption uptake of 9.5 mg/g and the regeneration by electro-Fenton process was possible,
being successfully reused for 3 times. Finally, the sequential adsorption-regeneration system
was scaled up and modelled so as to evaluate its feasibility in the treatment of industrial
effluents.
It can be concluded that the problem of the spent adsorbents disposal can be overcome, and
the consumption of fresh adsorbents reduced by application of electro-Fenton as
regeneration technique.
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In recent years, many researches have demonstrated that electrochemical methods offer an
attractive alternative to traditional routes for treating wastewaters contaminated by
refractory organic pollutants and toxic for microorganisms [1]. Nevertheless, most of the
investigations were performed using synthetic wastewater [2]. Hence, it is necessary to study
the problems connected to the passage from synthetic wastewater to the real ones. The
performances of electrochemical treatment are expected to strongly depend on many factors
including the conductivity of the real wastewater, which are characterized by a very large
variety of salt content and conductivity [3]. In this work, the treatment of a real wastewater
characterized by low conductivity was performed by anodic oxidation at boron doped
diamond (BDD) in both microfluidic and undivided conventional cells. The electrolyses carried
out in conventional cells without supporting electrolyte were characterized by very high TOC
removals but excessively high energetic consumptions and operating costs. The addition of
sodium sulphate, as supporting electrolyte, allowed to strongly reduce the cell potentials and
consequently the energetic consumptions and the operating costs. However, under various
operating conditions, the addition of Na2SO4 caused a lower abatement of the TOC. The best
results in terms of both TOC removal, energetic consumptions and operating costs (about 1
€/m3) were obtained using a cell with a very low inter-electrode distance (50 µm) with no
addition of a supporting electrolyte.
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Manganese oxide-based electrodes exhibit promising electrocatalytic activity, a reduced
electrogeneration of chlorinated by-products in the presence of chlorides, supercapacitive
behaviour and low cost. For this reason, an increasing number of papers deal with their use in
a wide range of applications from anodic oxidation to supercapacitors and fuel cells. A major
drawback is represented by their limited durability caused by a low adherence of the oxides
to the investigated substrates. Nonetheless, the characteristics of these materials encourage
further studies to improve both stability and durability by adopting more efficient preparation
techniques.
In previous research, by comparing the performance of MnOx films grown on both
untreated and microstructured substrates we have verified that the morphological and
electrochemical properties of the electrodes take advantage of increased texture of electrode
surface [1].
Recently, a new approach to produce anode materials has been developed and applied.
The method involves the oxide deposition on substrates modified at a nano-scale with
significant increase in the life time of the electrode without impacting the electrocatalytic
properties [2]. The enhanced performance can be attributed either to the increase in the
electrode surface area or to the improved inclusion of the oxide particles inside the
nanostructures.
The present work investigates the possibility to improve the durability of electrodes
obtained by deposition of a mixed oxides thin film on a nanostructured titanium substrate by
optimizing the main operative conditions of anodization procedure employed in the
nanostructured material. The manganese and ruthenium mixed oxide layer has been obtained
by thermal decomposition of alcoholic solutions of the precursor salts. The electrodes
obtained have been characterized in terms of morphological and electrochemical properties
by scanning electron microscopy (SEM), cyclic voltammetry (CV), polarization curves. The
factors investigated were fluoride concentration (0.25-0.75 %), anodization voltage (15–45 V)
and anodization time (45-135 min). The response variable was the durability of the anode
assessed by accelerated life tests.
[1] G. Sotgiu, L. Tortora, and E. Petrucci, E. J. Appl. Electrochem. 45 (2015), 787-797.
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During the recent years, many works have been focused on the study of electrochemical
oxidation with diamond anodes as an alternative technology for the treatment of industrial
wastes and for the electrosynthesis of oxidants. The good properties of this electrode, higher
chemical and electrochemical stability and the high overpotential for water electrolysis, has
allowed achieving great results in comparison to other electrodes material. For this reason,
the production of oxidants such as peracetic acid [1, 2] or perchlorates [1, 3] is a matter of the
major importance for the Chemical Industry. Among these oxidants, perchlorate salts are used
in pyrotechnics, in manufacture of matches, munitions and in the chemical analytical industry.
The main aim of this work is to compare the performance of different commercial cells in the
electrochemical production of perchlorate with conductive boron doped diamond, using as
raw material highly concentrated chloride solutions (from 1M to 2M NaCl). The use of this
concentration range pursues two main aims: 1) to focus on the typical concentration of brines
(for example of rejection streams of sea water reverse osmosis) thus serving as a way of
revalorization of this waste; 2) to increase the concentration of perchlorate to a concentration
level industrially valuable. Different commercial cells (from Condias GmbH and Adamant
Technologies) were tested and the results obtained compared in terms of maximum
perchlorate concentration, efficiency and specific power consumption. Moreover, the effect
of several operation parameters such as current density and chlorine concentration was
studied.
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Food industry processes are accompanied by the production of high flow rates of wastewater
characterized by high concentrations of easily biodegradable organic matter, but also high
concentrations of suspended solids and nutrients (N and P) being necessary the
implementation of suitable wastewater treatments to accomplish with the European and
National effluent discharge limits. In this context, the ANSWER project (LIFE15 EN/ES/000591)
aims to demonstrate the technical and economic feasibility of the integration of
electrochemical, electrocoagulation (EC), and bio electrochemical technologies, Fluidized bed
bio-electrochemical reactor (FBBR), at pilot scale for the efficiently treatment of agroindustrial wastewaters. Energetically efficient wastewater treatment has been successfully
achieved removing up to 96% of the suspended solids, 98% of the nutrients at best conditions
(N and P) and up to 96 % of the soluble COD accomplish with the effluent discharge limits with
low energy consumption.

Figure 1. Diagram of the proposed technology in ANSWER project.
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The electrochromic conducting polymers have attracted the interest of researchers
due to their wide technological applications [1]. The characterization of large electrochromic
electrodes proves difficult by classical spectroscopic techniques since the analysis is focused
on relatively small electrode areas limited by the light beam cross-section. Digital video allows
us to analyze the complete electrochromic area during an electrochemical experiment with a
good resolution [2]. Here, we present new insights of RGB video electrochemistry for the
analysis of color changes during some electrochemical experiments using poly(o-toluidine), a
polyaniline-derivative, deposited on narrow, long transparent indium-tin oxide (ITO)
electrodes (0.5×2.5 cm2). This electrode geometry increases the electrical resistance along the
electrode surface. Thus, we can study the effect of the ohmic drop on the electrochromic
reactions of poly(o-toluidine) films. The spatiotemporal analysis of color intensity in the red,
green and blue components of the acquired images from digital video allows us to obtain the
characteristic fingerprint of color evolution. Coating fraction and apparent
electromonochromatic coefficients were calculated to estimate the relative film thickness or
to convert the adimensional RGB intensities to electrochemical currents [3]. The methodology
here exposed can be used to characterize electrochemical response of electrochromic devices
for uses in innovative investigations and fast quality controls of electrochromic devices or
modified electrodes at low cost.
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Contamination of groundwaters with nitrate (NO3-) is becoming an important global
issue due to the use of nitrogen-based fertilizers in intensive agriculture practice. NO3- may
imply serious health problems because can be reduced to nitrite (NO2-) in living organisms,
which can cause metahemoglobinemia, liver damage or even cancer. For this reason, the
legislation of different countries limits considerably the NO3- concentration in drinking water
[1].
In this regard, electrochemical denitrification is a very promising technique to remove
from water because presents some advantages over other available technologies like
reverse osmosis or ion exchange membranes: no chemicals addition, no sludge production,
environmental compatibility and inexpensive infrastructure. The electroreduction of NO3pursues its total conversion to innocuous N2 but other secondary products such as NxOy,
NH2OH, NH3 and NH2NH2 can be obtained. In this sense, according to literature, the most
active and selective electrocatalysts for this process are combinations of Pd or Pt with at least
one more metal (PdSn, PtCu, PtSnAu…) but they are not cost-effective for practical
applications [1]. Conversely, cheap metals like tin (Sn) and bismuth (Bi) have also shown
interesting rates of reduction and selectivity to N2 [2].
NO3-

In this contribution, the electrocatalytic activity of Bi, Sn and Sn-Bi nanoparticles has
been evaluated for the electrochemical denitrification process. For that, the different
nanoparticles (10 - 12 nm) have been synthesised and supported onto carbon black with a
simple, fast and scalable method at room temperature. The prepared materials have been
characterised by TEM, XRD and XPS and, subsequently, air-brushed onto a Toray Carbon
Paper. Voltammetric studies and electrolysis trials have been carried out in order to test the
nanoparticulated materials for the electrochemical denitrification process, showing good
stability and interesting electrocatalytic performance.
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The presence of antibiotics in wastewater has become an important concern for scientific
community because of these compounds are the main responsible of the occurrence of
antibiotic resistant bacteria. The present WWTPs are not able to remove traces of antibiotics
in industrial and domestic effluents and, for this reason, it is necessary to develop novel clean
and efficient technologies that allow a complete removal of antibiotics in wastewater before
discharge to the environment. In this context, conductive-diamond electrochemical oxidation
(CDEO) has been proved efficient for the removal of several organics such as pesticides,
hormones or personal care products, reaching the total mineralization of the organic matter.
During this process, higher concentrations of hydroxyl radicals and other oxidants are
electrochemically generated over the anode surface and they are the main responsible species
of the degradation process.
With this background, the main aim of the present work is to evaluate the application of CDEO
for the removal of antibiotics in wastewater. Penicillin g has been selected as model of
antibiotic because it presents a broad spectrum of action and it has bactericide properties.
The influence of the supporting electrolyte (Na2SO4, NaCl, Na2CO3) was assessed at current
densities within the range 10-100 mA cm-2. Likewise, the removal of penicillin g was studied
in synthetic urine media because of the human excretion is the main source of
pharmaceuticals and their concentration is higher in urine. Results show that it is possible to
attain a complete removal of penicillin g and a total mineralization of the organic matter
present in wastewater by electrolysis with diamond anodes. This is due to the in situ
electrochemical production of powerful oxidants from the oxidation of the ions present in the
effluent. These species attack to the organic matter, favouring a complete removal. It is
important to highlight that synthetic urine presents other organics in its composition such as
urea, creatinine and uric acid which are also degraded during the treatment. Finally, the
process efficiency is clearly influenced by the current density, being higher when applying low
values (10 mA cm-2).
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Metal corrosion takes place by complexes mechanisms where adsorption of different
species on the electrode surface, the appearance of intermediate species or the formation of
different layers on the electrode affect the rate of corrosion. All these processes could involve
a color change of the electrode surface; therefore, in situ spectroscopy could be helpful
identifying these processes. However, classical spectroscopy gives only information about a
small electrode region surface and no idea about the homogeneity of the electrode surface is
obtained. For that purpose, it is a better choice the image analysis of the electrode surface.
Recently, we have proposed recording video during the electrochemical processes and then
extracting frames at each time interval and analyzing the Red, Blue and Green (RGB) color
histograms [1]. By RGB intensities it is possible discerning about 16M colors and then a good
identification of the color surface is possible. Other parameters of our interest are standard
deviation for each color, which could give an excellent idea about the homogeneity of the
electrode surface [2]. In a homogeneous surface color, standard deviation reaches minimum
values, while if color changes at any part on the electrode surface, this region should appear
as maximum standard deviation. Therefore, during a color change standard deviation evolves
from a minimum (color 1) to a maximum (color 1 and 2 are present) and finally a new minimum
(color 2). We analyze color changes of a resistive black composite electrode during
electrodeposition of Cu and electrodissolution of Cu [3]. Different maximum values of
standard deviation are explained and interpreted as the formation of different layers on the
electrode surface and allows quantifying the rate of surface covering or the rate of surface
stripping during electrochemical processes.
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Plasma electrolytic oxidation (PEO), also known as micro arc oxidation (MAO) or anodic spark
deposition (ASD) is an anodizing process assisted by plasma discharges for producing thick
oxide films on surface of valve metals and light alloys. PEO is usually used for metals such as
titanium, magnesium, tantalum, zirconium, aluminum and their alloys, which provide stable
oxides in aqueous media. Such oxide layers show controllable morphology and composition,
excellent bonding strength with substrate, good electrical and thermal properties, high microhardness and suitable wear and corrosion resistance. PEO process can be carried out using
direct current (DC), alternating current (AC) or pulsed DC regimes.
The incorporation of nano-particles in the oxide layer structure improves its tribological and
corrosion behavior, and also, increases its hardness and adhesion to the substrate. Many
industries such as machinery, textile and printing are interested on Al2O3/TiO2 composite
coatings due to their high hardness, excellent wear and corrosion properties, as well as high
thermal and chemical resistance. In the present work we study the possibility of preparing
Al2O3/TiO2 composite coatings on 7075 Al alloy by addition in the electrochemical bath of
potassium titanium oxalate (PTO), 𝐾𝐾2 [𝑇𝑇𝑇𝑇𝑇𝑇(𝐶𝐶2 𝑂𝑂4 )2 ] using a pulsed DC regime. During the
anodic step an electrochemical potential gradient drives anions toward the metal/coating
interface, while the alkalinisation due to H2 evolution during the cathodic step induces the
TiO2 precipitation according to the following chemical reaction:
2−
−
𝑇𝑇𝑇𝑇𝑇𝑇(𝐶𝐶2 𝑂𝑂4 )2−
2 + 2𝑂𝑂𝑂𝑂 → 𝑇𝑇𝑇𝑇𝑇𝑇2 ∙ 𝐻𝐻2 𝑂𝑂 + 2(𝐶𝐶2 𝑂𝑂4 )
with the consequent TiO2 formation inside the coating. The effects of waveform (unipolar and
bipolar) on structure and corrosion properties of Al2O3/TiO2 composite coatings on 7075 Al
alloy are investigated. Scanning electron microscopy was employed to study the surface
morphology of the coating as a function of the oxidation conditions as well as to examine their
cross sections, while energy dispersive spectroscopy (EDS) confirmed the incorporation of TiO2
inside the coatings. The corrosion resistance of coatings was investigated in 3.5 % NaCl
solution (pH 4) using potentiodynamic polarization and electrochemical impedance
spectroscopy (EIS). Tribocorrosion experiments were performed using SiC ball under the load
of 1 N for 3600 s at 1 Hz oscillating frequency. The variation of open circuit potential (OCP)
during tribocorrosion test in 3.5 % NaCl solution (pH 4) and the volume loss of the coatings
were reported.
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The ability of a new synthesized anionic carboxylic Schiff base, sodium (E)-4-(4nitrobenzylideneamino)benzoate (SNBB), as corrosion inhibitor of various metals in neutral
NaCl aqueous solutions was established using potentiodynamic polarization and the scanning
vibrating electrode technique (SVET), in order correlate macroscopic behaviour of the
materials with the detection of localized ionic current distributions over the metal surfaces
originated from corrosion reactions. It is shown that SNBB effectively inhibit corrosion
processes on F111 steel at both OCP and under anodic polarization conditions within the
passive regime of the material, and the localized ionic flow distribution occurs almost
exclusively above the strip immersed in the SNBB-free test solution. Analogously, the SVET
analysis of unbiased 304 steel sheets both in the absence and presence of SNBB have been
observed only to contain the background noise at its corresponding OCP values. The good
inhibition performance of SNBB against pitting corrosion of 304 steel was further confirmed
for samples subjected to anodic polarization, exclusively revealing very localized and limited
local anodic activities at randomly distributed points that can be satisfactorily correlated to
metastable pitting events in the potential range comprised between the pitting potentials of
the inhibitor-free and the inhibitor-containing test solution. Finally, in the case of an iron–
copper galvanic couple immersed in the test solution in absence of SNBB, the anodic oxidation
process is observed to be initiated exclusively on the iron sample, and it takes place in a
localized manner. The electrochemical activity of iron is observed to greatly increase upon
establishing the galvanic coupling condition between the two metals. Conversely, the
electrochemical reactions are inhibited at the presence of the SNBB in both individual and
galvanic pair conditions due to the formation of stable chelates on the iron surface.
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Nowadays, a great effort has been made in the degradation of pharmaceuticals, which are
considered as emerging pollutants. Among them, acetaminophen is one of the most found in
rivers, ambient waterways, and the influents and the effluents of wastewater treatment
plants. Additionally, it could induce liver and kidney damage; this is the reason why it has
attracted the interest of researchers.
In this work novel TiO2 nanotubes obtained by electrochemical anodization under
hydrodynamic conditions has been used as photocatalyst for photoelectrochemical (PEC)
degradation of acetaminophen. Additionally, the pH influence as operation parameter during
the acetaminophen degradation has been also analysed. To characterize the nanostructures,
Field Emission Scanning Electron Microscope (FE-SEM) and Raman Confocal Laser Microscopy
has been used. Moreover, the kinetic study has been possible by means of UV- visible
spectroscopy and chemical oxygen demand (COD).
According to the results, acetaminophen photodegradation is enhanced at pH 3 and working
with TiO2 nanotubes anodized rotating the electrode at Reynolds 600 (Figure 1).

Figure 1. UV absorption spectra obtained during PEC degradation of 40 ppm of acetaminophen at
different reaction times.
Acknowledgments: Authors thank to the financial support to the Ministerio de Economía y
Competitividad (Project code: CTQ2016-79203-R) and for the co-finance by the European Social Fund.

83

MaE-O3
TESTING THE ELECTROCATALYTIC ACTIVITY OF CARBON NANOMATERIALS
A. Heras*, A. Colina, J. Garoz-Ruiz, P. López, F. Olmo
Department of Chemistry, Universidad de Burgos, Pza. Misael Bañuelos s/n, 09001 Burgos, Spain.
*e-mail: maheras@ubu.es

Keywords: Spectroelectrochemistry, carbon nanotubes, graphene
It is widely known that most of the carbon nanomaterials (CNMs) show electrocatalytic
properties very interesting for electroanalysis. However, these properties are highly
dependent on the type and structural features of these CNMs. To test and determine the best
CNM for a specific application, their electrocatalytic properties are usually tested in
consecutive experiments, by comparing the electrochemical response of the native working
electrode (WE) and that of the electrode modified by different CNMs.
In this work, a new methodology is proposed taking the advantages of UV/Vis absorption
spectroelectrochemistry (UV/Vis-Abs-SEC). Therefore, a novel SEC platform (Fig. 1) is
fabricated for the simultaneous comparison of the electrocatalytic responses of different
materials in one unique electrode and in a single experiment. As a proof of concept, the WE
used in this work consists of a highly oriented pyrolytic graphite (HOPG) electrode whose
surface has been partially modified by a CNM: single walled carbon nanotubes (SWCNTs) or
graphene (G). This electrode is placed in the UV/Vis-Abs-SEC platform in which two different
reflection probes are able to sample separately a specific part of the WE surface. One of these
reflection probes samples the electrochemical process occurring on the bare HOPG surface
while the other one the same electrochemical process that takes place on the CNM-HOPG
modified surface.
The experimental results show that, electrochemically, a mixed response of the processes
occurring in the two parts of the WE is obtained. Conversely, each absorptometric signal
supplies information exclusively related to the reaction occurring in the region of the
electrode that is sampled by the corresponding optical fibre probe. In this way is possible to
test and compare in a single experiment the electrocatalytic properties of different materials.
Reflection probes
RE CE

CNM
HOPG

Solution

Fig. 1. Scheme of the UV/Vis-Abs-SEC platform
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Iron oxide nanostructures have emerged as interesting materials for being used as
photocatalysts in different electrochemical applications such as water splitting. There are
different methods to synthesize nanostructures, among them electrochemical anodization is
an attractive option since it is a simple method that allows the fabrication of the
nanostructures directly on the metallic substrate. In this case, the material can be directly
used as photocatalyst without needing an additional step to join the nanostructure to the
metallic substrate, which in fact reduces the cost of the process and the contact resistance
between the nanostructure and the substrate.
Electrochemical anodization permits high control of the obtained nanostructures by varying
different parameters. One of the determining parameters of the process is electrolyte
temperature. In this work, electrolyte temperature is studied and results revealed that it
significantly modified the morphology of the synthesized nanostructures, which in turn
resulted in a modification of their electrochemical properties. Tests were carried out at
electrolyte temperatures of 25, 40, 50 and 60 ⁰C, under both stagnant and hydrodynamic
conditions (Figure 1). Nanostructures were electrochemically and photoelectrochemically
characterized by different techniques in order to evaluate their properties.

Figure 1. Iron oxide nanostructures obtained by electrochemical anodization under hydrodynamic
conditions (1000 rpm) at different electrolyte temperatures.
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Nowadays, the design of molecular switches is a topic of great importance for the construction
of novel dynamic materials. One of the most promising families of molecular switches are
spirobenzopyran derivatives due to its versatility and conversion to several stable or
metastable states by applying different external stimulus. It is well-known that those
compounds could be reversibly converted from its Spiro form (SP, closed isomer, pale yellow
color, OFF state) to a Merocyanine form (MC, open isomer, pink color, ON state) through an
isomerization mechanism upon irradiation at specific wavelengths (Figure 1) [1]. Despite of
the photochromic properties of spirobenzopyrans derivates have been widely investigated,
the establishment of its electrochromic behavior is scarcely studied [2].
hν1 / ehν2 / eFigure 1: Photoelectrochromic response of a smart iongel based on spirobenzopyran derivatives

Hence, the aim of this study is to demonstrate that the mechanism of isomerization of the
spirobenzopyran derivative 1′,3′-dihydro-1′,3′,3′-trimethyl-6-nitrospiro[2H-1-benzopyran2,2′-(2H)-indole can undergo bidirectional switching by applying exclusively an electrical
stimulus. The current work would also show the development of smart and flexible photoelectrochromic devices (P-ECD) using ion gels materials as green electrolytes. These materials
can be easily cut and laminated on layers being potentially attractive for printed electronics
applications, such as smart ECDs.
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Nowadays, carbon-based electrodes are vital for many electrochemical applications due to
their exceptional properties regarding mechanical, chemical stability, relative high
conductivity and even biocompatibility. For instance, several allotropic forms of carbon such
as carbon nanotubes and graphene have been utilized in electrochemical sensing of biological
markers. In addition, they have already demonstrated to be promising free-metal
electrocatalysts for CO2 reduction and for water oxidation. However, long term stable carbon
dispersions are difficult to achieve. This fact compromises the accomplishment of
homogeneous carbon-based inks and consequently, the good distribution of carbon material
on electrode surface and, ultimately, its catalytic performance. Accordingly, we present here
carbon materials with sp‐hybridization, namely cumulene [1,2], not only as an alternative to
metal electrocatalysts, but also as a highly dispersant agent of other allotropic carbon forms
in aqueous solutions. Concretely, in this work, we report the synthesis of the aminocumulene
derivative i.e., H2N-CH=C=С=CH-NH2 (AC) with two end capping amino groups. Different
dispersions based on the mixture of AC with either distinct oxygen functionalized carbon
nanotubes or p-benzoquinone derivative carbon material were prepared under powerful
sonication. Later, carbon films were performed by drop casting or by simple painting
technique onto carbon supports for further characterization by SEM, XRD and XPS. Also, the
electrochemical behaviour of the AC-containing carbon films was explored as a function of pH,
and in the presence of outer and inner-sphere electron transfer probes. Moreover, cyclic
voltammetry response of different AC-based films was explored as a function of the carbon
material in order to correlate the electron transfer process with N-loading in carbonaceous
films. Our findings reveal that these free-metal catalytic films can be considered as potential
electrocatalysts for CO2 reduction, aside from enhancing the electron transfer rate of several
electroanalytical processes of interest.
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Natural muscles sense while working mechanical, thermal or chemical working
conditions [1]. Most of the efforts trying to clarify this dual activity have been focused on the
physical localization of the different sensors working in a muscle [2,3]. Sensing and tactile
artificial muscles fabricated with polymeric electroactive materials replicate haptic muscles
[3]. When they work a constant initial oxidation state of the muscle material to a different
constant final oxidation state, (moving always between the same initial and final positions)
driven by reversible electrochemical reaction. Artificial muscles, actuators or soft motors
generating reversible movements are robust, reliable and reproducible motors. Artificial
muscles transduce electrical energy into mechanical through electrochemical reactions of the
constitutive polymeric chain. The evolution during the actuation of both, the muscle potential
and the consumed electrical energy follow a linear dependence, which allow the construction
and theoretical description of artificial devices. Muscle movement is controlled by the current
flow and thus the direction of current flow controls the direction of the movement. The
consumed specific charge controls the displacement amplitude [1].
Here, the ability of artificial muscles to work as integral elements of electrochemical
mechanical devices, and possible uncertainties of movement and speed control, also has been
evaluated Stress tests, average life time and its simultaneous sensor / actuator capacity,
mechanical fatigue tests, in order to potentiate its application to different areas of knowledge.
It shows the potential capacity to work and assemble them for microrobot design, focused on
specific tasks

References.
[1] T. F. Otero, Conducting Polymers: Bioinspired Intelligent Materials and Devices, RSC, 2015.
[2] T. F. Otero and M. T. Cortes, Adv. Mater., 2003, 15, 279–282.
[3] J. G. Martinez, T. F. Otero, C. Bosch-Navarro, E. Coronado, C. Marti-Gastaldo and H. PrimaGarcia, Electrochimica Acta, 2012, 81, 49–57.

Acknowledgments
Authors acknowledge financial support from the Seneca Foundation project 19253/PI/14. México
Government UAEM (Universidad Autónoma del Estado de México) – CONACYT and COMECYT
(Consejo Mexiquense de Ciencia y Tecnología))

88

MaE-O8
ELECTROGRAFTING OF ARYL DIAZONIUM SALTS ON HOPG. A SUITABLE
SYSTEM FOR THE ELECTRODEPOSITION OF METALLIC NANOPARTICLES.
M. C. Rodríguez González, P. Carro, A.H. Creus*
Área de Química Física, Departamento de Química, Facultad de Ciencias, Universidad de La Laguna
(ULL), Instituto de Materiales y Nanotecnología (IMN), 38200-La Laguna, Tenerife, Spain.
*e-mail: ahcreus@ull.edu.es

Keywords: electrodeposition, electrografting, aryl diazonium films, metallic nanoparticles
Electrodeposition of metallic nanoparticles on carbon-based substrates is of great interest in
Nanotechnology and Nanoscience fields. Highly Oriented Pyrolytic Graphite (HOPG) is an
interesting surface because it is a material closely related with other carbon materials like
graphene or carbon nanotubes and due to its suitability to be studied by Scanning Probe
Microscopies (SPM). It is known that metallic electrodeposition on HOPG has many
disadvantages. Metallic nanoparticles grow mainly on steps and defects and particle-surface
adherence on the basal plane is very low. Taking into account these facts it is clear that HOPG
surface functionalization could improve the efficiency of the process and the stability of the
electrodeposited nanoparticles.
Electrografting of aryl diazonium films is the most common strategy to modify carbon
surfaces.1 This modification leads to an homogeneous film on steps and basal plane of the
HOPG surface. By controlling the film thickness to obtain a layer with good charge-transfer
properties,2 metallic electrodeposition can be enhanced.3
In this work, aryl diazonium-based films with different thickness were electrografted on HOPG
surfaces. These films were deeply characterized using different types of Atomic Force
Microscopy (AFM) for obtain topographical information in the nanoscale. Modified surfaces
were used to carry on the electrodeposition of metallic nanoparticles as model system to
study the nucleation and growth. After modification of the HOPG surface with a
submonolayer, the resultant surface becomes a suitable electrode on which the nucleation
and growth of electrodeposited nanoparticles were highly favored.3 Homogeneously
distributed hemispherical nanoparticles grow only in the areas covered by the organic
monolayer leaving free the clean HOPG zones.
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Nowadays, formic acid oxidation reaction (FAOR) is widely studied as an alternative to
hydrogen in the anode of fuel cells and as a simplified example of the oxidation of more
complex organic molecules. The mechanism of FAOR on platinum electrodes is structure
sensitive and the reactivity until the CO2 production is different depending on the Pt electrode
[1]: via active intermediate (presumably formate [2]) for (111) surfaces and via CO formation
in Pt (100) electrodes. Previous works have investigated the changes in the reactivity for pHs
until 10 [3], showing an increasing activity when the amount of formate is incremented due
to the acid-base equilibrium. However, there are no many studies about the FAOR at very low
pHs. In this communication, formic acid oxidation has been studied in perchloric acid solutions
until 9.14 M. Using the Pt (111) electrode as a surface which no contribution of poison
formation is expected, it is observed a decrease in the activity at increasing concentrations of
perchloric acid and reversible peaks in the voltammogram at high scan rates, assigned to the
formate adsorption/desorption. In addition, new peaks appear in the hydrogen adsorption
region, due to the interaction of perchlorate anions with water molecules, which can cause
changes in their structure.
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Figure: Voltammetric profiles for: a) 0.01 M HCOOH at increasing concentrations of HClO4 and b)
blank and 0.01 M HCOOH in 60% HClO4. Sweep rates: 0.05 Vs-1.
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Development of molecules possessing different redox states has attracted a great
interest for their potential as electrocatalysts [1] or active units in charge-storage devices [2].
The situation in which the redox probes are confined at the electrode surface present
additional importance since it offers different advantages such are a much lower amount of
catalyst, the avoiding of crossover or bimolecular decomposition or deactivation routes,
among others [2]. The application of the techniques PFV (Protein Film Voltammetry) and STM
(Scanning Tunnelling Microscopy) has allowed the characterization of the electron transfer
(ET) mechanisms for a great number of molecules and biomolecules [3]. These molecules
typically present electrode processes consisting of two-electron transfers (EE mechanism).
The evaluation and improvement of the performance of electrocatalysts goes through
a detailed knowledge of the overall charge transfer mechanisms, i. e., through a complete
characterisation of the ET events taking place between the electrode and these confined
molecules, which includes the determination of the thermodynamic and kinetic stability of the
different oxidation states in the molecule. A great number of interesting systems, including
biomolecules and biomimetic inorganic complexes (polioxometallates or complex of iron or
ruthenium), presents evidences of finite kinetics, a fact which compromises theoretical
predictions when a Nernstian behaviour is assumed.
In this communication we present a theoretical description of surface reactions in
which an immobilized molecule reduces in two steps, considering the kinetic of both
interfacial ETs [4, 5]. The solution presented, due to its discrete nature, is applicable to any
multipotential step technique and it also allows to obtain the continuous limit of Cyclic
Voltammetry for which only numerical calculations had been used previously. The special
features of the current-potential response for this situation are discussed with a special focus
on the influence of the formal potentials and rate constants for the two ET steps.
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The interest and applications of redox molecular systems confined at conducting
interfaces, and electroactive monolayers in particular, has grown remarkably in recent years
[1]. In order to improve the performance of these devices it is necessary to get a detailed
insight of the processes taking place and, with this aim, several theoretical models have been
developed and tested with different electrochemical techniques, especially with Cyclic
Voltammetry [2]. Unfortunately, in most practical situations, the experimental
electrochemical responses deviate from the most used models based on an “ideal” behavior
of the system. Non-idealities such as the presence of intermolecular interactions will cause a
distortion of the electrochemical response of these systems [2, 3].
Here we present an extension of previous theoretical models corresponding to the
current of electroactive monolayers by including the presence of intermolecular interactions.
As the main novelties, we have considered the asymmetric Marcus-Hush kinetics formalism
and the presence of electroinactive coadsorbates at the monolayer. The impact of such
interactions on the kinetics of the charge transfer processes has been quantified through the
analysis of the current-time and current-potential responses obtained upon the application
multipotential pulse chronoamperometry [4, 5], and Square Wave Voltammetry [5].
In order to validate the theoretical results, the experimental analysis of the response
of binary ferrocenylundecanethiol/decanethiol monolayers at gold and platinum electrodes
at different coverages of the redox species has been carried out. The increase of the surface
charge associated with ferrocene probes gives rise to a severe slowing down of the charge
transfer process through a decrease of the apparent rate constant.
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Most of the electrochemistry reactions of interests such as those involved in the
electrochemical energy conversion and storage in fuel cells and batteries are sensitive to the
surface structure of catalyzers. For this reason, and searching for reactivity optimization,
nanoparticles (NPs) have been widely used due to their catalytic properties which depend on
both their shape and size. During the synthesis of NPs, adsorption of surfactant controls the
shape by guiding the growing direction but, unfortunately, almost all of the synthesis
processes are based on empirical results, ignoring how the surfactants act on them.
In the present study we have used a strategic combination of electrochemical
experiments, spectroscopy and DFT calculation, on well defined-defined surfaces, to explain
in detail the way in which a capping agent, citrate, determines the shape of colloidal platinum
NPs.
Gibbs excesses and electrosorption valencies of citrate adsorbed on the Pt(111)
electrode at different pH were determined, from the voltammetric profiles obtained under
different citric acid concentrations, giving a maximum adlayer coverage of 0.2 (equivalent to
3·1014 molecules·cm-2). FTIR spectroscopy and DFT calculation give extra information about
how the a bidental adsorption configuration guides to tetrahedral and octahedral colloidal
platinum nanoparticles. Citrate adsorption on Pt(100) y Pt (110) analysis were carried out by
qualitative comparison with other adsorbates.
120

[Citric Acid] mM
Blank
0.1
0.25
0.5
60
1.0
2.5
5.0
30
10.0

j / µA · cm-2

90

0
-30
-60
-90
-120
0.0

0.2

0.4

0.6

0.8

1.0

E / V vs RHE

93

TE-O5
ANALYTICAL EXPRESSIONS FOR THE STUDY OF FIRST-ORDER KINETIC
CATALYTIC REACTIONS COUPLED TO A CHARGE TRANSFER VIA VISIBLE-UV
SPECTROELECTROCHEMISTRY
J.M. Gómez-Gil*, E. Laborda, A. Molina, F. Martínez-Ortiz
Departamento de Química Física, Facultad de Química, Campus Regional de Excelencia Internacional
“Campus Mare Nostrum”, Universidad de Murcia, 30100, Murcia, España.
* jm.gomezgil@um.es

Keywords: Catalytic mechanism; UV-visible spectroelectrochemistry; analytical theory;
concentration profiles; reaction and diffusion layers.
The coupling of electrochemical and spectroscopic techniques has proven to be very
useful to study non-interfacial phenomena of mass-transport [1] and homogeneous chemical
reactions [2]. In this study, redox systems ascribed to a first-order kinetic catalytic mechanism
are tackled via UV-visible spectroelectrochemical methods:
E º'
k

→O
(1)
O + e −  R ←

1

k2

Explicit closed-form expressions are deduced for the concentration profiles and for the
corresponding absortometric responses of the different species in both, normal- and parallelbeam configurations. With the theory presented, the suitability of both working modes is
evaluated, discussing the optimum experimental conditions to determinate physicochemical
parameters of interest (e.g.: chemical equilibrium and kinetic constants).

Figure 1. A) Parallel working arrangement with a coupled moving slit and B) comparison of the
concentration profile (solid lines) and the corresponding normalized parallel-beam
chronoabsortometric response (points) of species R under limiting current conditions (w = 10µm).

Also, the employment of a moving slit coupled to the light beam in parallel arrangement
is considered (see Figure 1), achieving the reproduction of the evolution of the concentration
profiles and thus, informing about the perturbed region due to the heterogeneous charge
transfer, that is, about the reaction and diffusion layers.
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Materials based on networks of cellulose fibers, such as paper, can be modified with carbon
conductive inks to generate working electrodes with different applications [1]. As a step
forward towards the development of competitive chemical sensors, these cellulose-based
substrates can be additionally modified with nanomaterials, which provide them with
different features: better conductivity, new electrodic surfaces, improved signal-to-noise
ratio, or catalytic behavior. In this work, the paper cellulose was modified with Cobalt (II)
phthalocyanine as a catalyst and it was applied to the determination of hydrogen peroxide.
Paper-based carbon working electrodes (PCWEs) were made with chromatographic paper
(Whatman Grade 1). Hydrophobic barriers were created by wax printing, to yield hydrophilic
areas with a diameter of 4 mm. Then, 2 µL of a suspension of carbon ink (40% w/w in DMF)
were added and dried at room temperature. The PCWE was overlaid at the surface of the
working electrode of a screen-printed platform with an adhesive. A colloid of organometallic
cobalt was prepared by solving Cobalt (II) phthalocyanine with hexadecyl trimethyl
ammonium-bromide (CTAB). A protocol was followed to achieve smaller particle size and
preconcentration by centrifugation [2]. 2 µL of Multi-walled carbon nanotubes were added to
increase the conductivity of the cellulose system. Them, 2 µL of the colloidal solution were
added on the upper side of the paper modified electrode. The determination of hydrogen
peroxide was carried out by chronoamperometry by applying a potential of 0.4 V for 180 s.
This nanocomposite electrode could be used for non-enzymatic determination of hydrogen
peroxide, with a limit of detection of 50 µM. Future objectives are the optimization of the
nanocomposite deposition and the development of enzymatic sensors.
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Resveratrol (3,4',5-trihydroxystilbene) is a phenol and phytoalexin that is naturally
produced by some plants as a response to injury [1]. This compound has been found to
potentially present antioxidant and antimutagen properties, to mediate anti-inflammatory
effects or to inhibit hydroperoxidase functions [2]. Due to the high value of this compound,
great effort has been made to produce it in high amounts, such as the use of elicited
suspension-cultured cells [3]. Therefore, it is very important to develop analytical methods that
are able to measure this compound.
In the present communication, we report an electroanalytical methodology to measure
this compound using cyclic voltammetry and platinum electrodes. The method involves the
reaction of electro-generated iodine with resveratrol, which produces an increase in the current
of the anodic peak from iodide oxidation and allows its easy analytical quantification. In
addition, the behaviour of the electrochemical-chemical reaction system was studied.
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A differential pulse voltammetry method (DPV) for the determination of the total content of
orthophenolic compounds present in virgin olive oil (VOO) has been developed by using
screen-printed carbon electrode, previous optimization of instrumental variables and
chemical conditions. The developed method was applied to determine the phenols content in
VOO (Figure 1) from different olives varieties and different agronomic practices related to
irrigation management previous dispersive liquid-liquid microextraction (DLLME). VOO from
Picual olives variety shows a higher orthophenolic compounds content, expressed as
equivalent milligrams of hydroxytyrosol (HTY) per grams of VOO, compared to the other
varieties, and increases in ripe dry Picual. An easy, speed and inexpensive method for VOO
total orthophenols content quantification is proposed.

Figure 1. Voltammograms (DPV) of different VOO varieties and HYT alone.
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Moxifloxacin is a fourth-generation quinolone antibiotic used in the treatment of eyes and
respiratory tract infections. This antibiotic exhibits a voltammetric oxidation response (DPV
and CV) on screen printed electrodes (SPE). For that, a voltammetric method has been
developed for the determination of moxifloxacin in pharmaceutical preparations (eye drops)
and in urine samples without any pre-treatment. The influence of pH on the Ip and Ep (DPV)
showed the participation of protons on the electrodic process (pH >5), being this process
irreversible and controlled by diffusion (CV). The figure of merits has been calculated, showing
a linear relationship between the Ip and the concentration of moxifloxacin in the range 1.4 to
8.4 mg/L. The detection limits calculated by the Winefordner-Long [1] and Clayton [2]
methods were 0.4175 mg/L and 0.6964 mg/L respectively, being the quantification limit of
1.377 mg/L. The results obtained of the developed voltammetric method in urine and eye
drops was validated by a spectrophotometric method, obtaining recovery values with respect
to the nominal values indicated in the preparation pharmaceutical of 98-109% and 95-96% by
DPV and spectrophotometry method respectively. In human spiked urine samples the
recovery values were 82- 85% by DPV and 98-132% by spectrophotometric methods. The
results obtained by DPV are in accordance with those obtained using spectrophotometric
alternative methods and, therefore, the DPV method is very suitable for routine
determination of Moxifloxacin.
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Significant health and environmental concerns could appear as a result of indium’s leakage
from many electronic devices into the environment. Almost no investigation has been focused
on determining directly the free concentration of In(III). This knowledge might be useful to
check hegemonic ecotoxicological paradigms which ascribe a key role to the free metal ion
concentration.
As indium is an amalgamating element with a negative standard redox potential, it can be
tackled with AGNES (Absence of Gradients and Nernstian Equilibrium Stripping) [1], an
electroanalytical technique designed to determine free metal ion concentration in solutions.
AGNES has been successfully applied to Zn, Cd, Pb and Sn in a variety of systems such as
seawaters, river waters, dispersions of nanoparticles, extracts of soils, etc. (see recent review
[2]). The deposition stage in AGNES lasts until a special situation of equilibrium is reached,
when the ratio (called gain) between the concentration in the amalgam and the free ion
concentration in the solution is ruled by Nernst equation.
The (short term) irreversibility of Indium prevents a direct computation of the gains from a
Differential Pulse Polarogram, so a new calibration procedure has been devised [3]. Speciation
results with AGNES in the systems Indium+Nitrilotriacetic acid and Indium-Oxalate [4] indicate
that the stability constants in NIST 46.7 could be improved with more modern determinations.
A new strategy, called Accumulation under Diffusion Limited Conditions (ADLC), can be
applied to compute the lability degree of complexes. The lability degree is linked to the
availability of this element as it describes the contribution of the complexes to the overall
uptake flux. The use of highly labile complexes allows for a dramatic reduction of the
deposition times. Picomolar concentrations of free indium in solutions with precipitated
In(OH)3 at pH 6 have been determined.
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Insecticides, such as Imidacloprid (IMD), are worldwide used for pest control. This pesticide
is a derivate of nicotine, with neuroactive properties. Its determination is very important
because it has a prolonged residual effect on the soil, due to its high solubility in water. In
addition, in surface water it is degraded in a series of toxic compounds for vertebrates,
mammals and humans, due to the action atmospheric parameters such as sunlight, pH,
temperature, etc.
In this work, two types of immunosensors on Screen-Printed Carbon Electrodes (SPCE) are
proposed, one through a direct assay and another with an indirect configuration.
The direct assay (Fig. 1A) is carried out by immobilization of a monoclonal antibody (mAbIMD) over the working electrode (previously nanostructured with/without gold nanoparticles
(AuNP)). In a second step, the labelled antigen (IMD-HRP) is added and incubated. In the other
configuration, the indirect assay (Fig. 1B), over the working electrode (with or without AuNP)
the antigen (BSA-IMD) is immobilized, and then the mAb-IMD is added, and finally a labelled
polyclonal antibody (anti mouse IgG-HRP) is incubated. For both configurations, the
determination of IMD is through a competitive immunoassay [1][2].

Fig.1. Scheme of the immunoassay: A) Indirect assay; B) Direct assay.
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The determination of hydrogen peroxide (H2O2) has played an important role in biomedical,
environmental, and industrial analyses. Many detection techniques have been developed
among which could be highlighted the electrochemical protocol since it has been widely
applied for accurate determination of H2O2 for its high sensitivity, low detection limit and low
cost.
The use of carbon-based screen-printed electrodes (SPCEs) for the detection of H2O2 has been
previously studied by our research group demonstrating their usability as portable sensors for
different applications [1]. Conducting polymers (CPs) have shown high efficiency for
electrocatalytic applications given their special characteristics, such as cost-effectiveness,
facile synthesis, stability, reproducibility and good sensitivity. During this process, the
polymeric structure and doping agents in CPs are fixed, which confer their special
characteristics [2].
This work presents the development of different electrodes obtained on different carbon
surfaces following a similar sequential pattern: 1) Activation of the carbon surface, 2)
Polymerization on the previously activated surface 3) Surface modification of Polymer/SPCEs
with metallic nanoparticles generated electrochemically in situ.
The obtained electrodes show an increase in the electrochemical signal towards H2O2. The
electrocatalytic efficiency of the manufactured electrode is highlighted in real samples. The
electrochemical signal in electrodes thus achieved improves at least 20% the signal obtained
in previous methods and allows us to lower the detection limit also.
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Bipolar electrochemistry is a technique based in the polarization of a conductive material into
an electric field that generates different reactivity in the surface of both sides of the object
(Janus particles). This polarization is proportional to the electric field and the dimension of the
object. For small objects, we need to apply strong electric field, but it is reported that, if we
apply UV light and electric field simultaneously, we can avoid this technical limitation [1].
When a conductor/semiconductor object absorbs light with an energy greater than its band
gap, electron-hole pairs (e--h+) are generated. Then, e- and h+ are migrating to the surface of
the object and redox reactions can be carried out in the presence of active redox species. If a
strong electric field is applied simultaneously, it leads to a polarization in the sides of the
semiconductor object, which facilitates the separation of the e- and h+ to opposite sides of the
particle, where the reduction and oxidation reactions occur [2].
This method was applied for the asymmetric modification of ZnO nanowires with a metal
deposit of gold. After the optimization of the main parameters, best results were obtained
applying an external electric field of 1KV and 50% of UV light intensity during 180s to a 0.005%
ZnO suspension in EtOH/H2O containing 1mM HAuCl4. Under these conditions, some
difference in the metal deposit on both sides of the nanostructure can be observed as it is
shown in the SEM micrographs.
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Electrocatalysis plays a key role in increasing efficiency of the interesting analytes such as
hydrazine, and as a result, efforts have been made by the researchers to develop new
materials easy to prepare and at low cost capable of reducing the hydrazine oxidation
overpotential. In this context, a new nanomaterial of the carbon family, carbon nanodots with
carboxylic surface groups (CDCOOH) have herein been fabricated and employed to modify
screen-printed gold electrodes (AuSPEs). The resulting modified electrodes exhibit excellent
electrocatalytic activity towards the oxidation of hydrazine. CDCOOH allow for a facile
electrode modification. The oxidation of hydrazine takes place at 0.02 V. Therefore,
modification of the electrode with carbon nanodots reduced the overpotential of hydrazine
oxidation in 140 mV compared to bare AuSPE. The catalytic rate constant (kcat) and the
diffusion coefficient (D) was estimated by chronoamperometry and they were found to be
5.10x106M-1s-1 and 8.42x10-6cm2s-1, respectively. The CDCOOH also exhibited excellent longterm stability, is very useful as hydrazine electrochemical sensor. The developed sensor
responses linearly to hydrazine in the range of 1.0 to 100 µM with a detection limit of 0.8 µM.
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In previous works Prussian Blue films was voltammetric cycled or only immersed in
CsCl aqueous solutions observing an increase in the motional resistances Rm of about 300 ohm.
Simultaneously, a decrease in the resonance frequency is also recorded, suggesting a
spontaneous insertion of Cs into the films. Then, two different types of cesium exchange are
postulated: one associated to the electrochemical reaction during the first scan, and another
spontaneous non-stoichiometric entrance where the Cs is located inside the inner water
cluster. This means that a part of the water molecules are expelled from the cluster and
consequently the film losses electrical conductance as well as their mechanical rigidity
increases. It is proposed that the Cs is retained into the interstitial water cluster placed
between the framework formed by means Fe(II)low spin-CN-Fe(III)high spin structural units. Then,
there are two different ways for entering the cesium to the structural zeolite-building of
Prussian Blue: CsCl enters chemically by and spontaneous substitution of inner water
molecules of the interstitial water cluster and, also its could enters as counter-ion Cs+ during
the first reduction scan of the electrochemical stabilization process of the PB [1,2]. This work
is focused to study in depth the insertion of cesium into the structure of Prussian Blue by
means ac-electrogravimetry because this a good tool for understand the use of this material
to remove radioactive cesium from contaminated water in nuclear disasters and for treatment
of radiocesium poisoning [3].
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Cerium oxide nanoparticles (CeO2 NPs) also known as ceria nanoparticles or nanoceria can be
distinguished from other metal oxides by its dual valence state (Ce3+, Ce4+) and by the oxygen
vacancies existent in its structure [1]. Its characteristics, high oxygen storage and ease of transition
between trivalent and tetravalent states, coupled with its fluorite crystalline structure play a
critical role in the catalytic and redox activity of nanoceria, allowing them to take part in redox
reactions both as an oxidizing and a reducing agent [2].
In this work poly (acrylic acid)-coated nanoceria were synthesized according to the literature [3].
After that, PAA-CeO2 NPs were adsorbed on the working electrode surface of Screen- Printed
Carbon Electrodes (SPCE) and the electrochemical behaviour of electroactive species, such as
ferrocyanide and ferricyanide, in different mediums was studied by cyclic voltammetry. And it has
been found that both in acid or neutral conditions, totally different voltammograms were
observed for the bare electrode and for the PAA-CeO2 NPs-modified electrode (Fig.1), which
means that nanoceria have a catalytic effect in these conditions. -30 -20 -100 10 20-0.50 0.00 0.50
1.00 Current

Fig. 1. CVs for bare SPCE (black) and PAA-CeO2 NPs-modified SPCE (green) of 0.001 M solutions of
potassium ferrocyanide in HCl 0.1 M (left)/NaCl 0.1 M (right)
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Nowadays, almost 47 million people in the whole world, most of them older than 60 years old,
live with dementia, and this number is expected to increase to over 131 million people by
2050 [1]. Alzheimer’s disease (AD) is the most common neurodegenerative disorder, that is
characterized by causing irreversible cognitive and physical deterioration. Because of this, the
study of AD and the biomarkers associated with this condition is increasingly important.
In the last years, it has been demonstrated that protein p53 is involved in neurodegenerative
processes: different immunoprecipitation studies discriminated a different p53 tertiary
structure in fibroblasts from control elderly subjects in comparison to that found in fibroblasts
from AD patients. In addition, it can be also defined as a predictive biomarker of the transition
from mild cognitive impairment (in where patients have cognitive deficits but not sufficient to
distinguish any specific dementia) to Alzheimer’s Disease [2].
In this work, we describe an electrochemical immunosensor based on Screen-Printed Carbon
Electrodes (SPCEs) for the detection of unfolded p53. It consists of a competitive immunoassay
on a gold nanostructured SPCE. The label used is alkaline phosphatase (S-AP) and a mixture of
3-indoxyl phosphate with silver ions (3-IP/Ag+) is used as substrate. Analytical signal is based
on the oxidation of the enzymatically generated silver, as previously done in our research
group [3]. A scheme of the different steps of the biosensor can be seen in Figure 1. With this
design, different optimizations (concentration of antibody, labelled peptide or bovine serum
albumin for the blocking step) have been done.

Figure 1. Scheme of the different steps of the biosensor for unfolded p53
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Benzodiazepines (BNZs) are commonly used psychotropic drugs used in a wide range of
medical applications such as aesthetic and palliative treatments [1]. Apart, the psychotropic
sedative effects and memory loss exhibited by BNZs has led to be increasingly reported in
sexual assaults or robberies, where the victim is rendered unable to resist the attacker and
has an incomplete recall of the attack, making their analysis of interest in the forensics field.
Particularly, the required dose of these drugs to observe its effects is very low [2]. Another
aspect of interest resides in the fact that once these pharmaceuticals reach the environment,
they are considered contaminants of emerging concern [3]. As regards the above reasons,
sensitive methods capable of determining these compounds in different complex media are
required to quantify and identify these drugs in different fields.
In the proposed approach, we take advantage of the electroanalytical properties of BNZs [3],
to develop an electronic tongue analysis system formed by an array of voltammetric sensors
plus complex data treatment methods consisting in extraction of significant information and
obtaining a multicomponent response model. The methodology has been applied in the
identification and simultaneous determination of ternary mixtures of BNZ products
(Diazepam, Lorazepam and Flunitrazepam) in complex matrices. The six voltammetric sensors
used were made of graphite epoxy composite (GEC) base material plus different modifiers
from available nano components; their choice is justified by the proper differentiation
obtained when their sensitivity against the different species is inspected by principal
component analysis (PCA). Cyclic voltammetry signals obtained were compressed using
Discrete Wavelet transform prior to data handling by chemometric tools; among these,
artificial neural networks (ANNs) were employed to build the quantitative prediction model.
In this manner, a set of standards based on a modified full factorial design was prepared to
build the model; afterwards, this was validated with an external test set. Finally, the model
successfully predicted the concentration of the three considered BNZs.
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The protection of metal surfaces from fouling and corrosion can be made by grafting polymers
of different size and chemical nature. One of the most interesting polymer-based
modifications are these composed of polymer brushes. These consist of chain-end tethered
polymers densely grafted on a surface. The way to prepare these nanostructured materials
can be made by two methods: “grafting onto”, that uses appropriately chain-end functional
polymers that are subsequently attached to a surface that presents complementary reactive
groups or, “grafting from”, that consists of the polymerization of the monomer of interest
from a surface that is modified with an appropriate initiator or chain transfer agent [1].
In this work, we attempt to build a film of polymer brushes on a gold surface by using the
“grafting from” approach. To start with, a self-assembled monolayer (SAM) of 9-mercapto-1nonanol (MNOH) has been built on a gold surface. The second step involves the modification
of the -OH terminal groups with α-Bromoisobutyryl bromide (BIBB) in the presence of
Triethylamine, to get the initiator-modified surface [2].
We have characterized the layers formed upon these two steps by using electrochemical
techniques such us cyclic voltammetry and electrochemical impedance spectroscopy and
infrared-reflection-absorption and X-ray photoelectron spectroscopies, as well as, by contact
angle measurements.
The aim of this work is to stablish the experimental conditions to obtain a modified surface
with optimal properties to graft the polymer brushes in a densely packed film. Moreover, the
problem of polymer detachment when in contact to the biological medium is addressed by
studying the strength of the modified surface.
References.
[1] H.-A. Klok, J. Genzer, Expanding the Polymer Mechanochemistry Toolbox through Surface-Initiated
Polymerization, ACS Macro Lett., 4 (2015) 636-639.
[2] J.E. Friis, K. Brøns, Z. Salmi, K. Shimizu, G. Subbiahdoss, A.H. Holm, O. Santos, S.U. Pedersen, R.L.
Meyer, K. Daasbjerg, J. Iruthayaraj, Hydrophilic Polymer Brush Layers on Stainless Steel Using
Multilayered ATRP Initiator Layer, ACS Appl. Mater. Interfaces, 8 (2016) 30616-30627.
Acknowledgments.
Ministerio de Economía y Competitividad (MINECO) (Proyectos CTQ2014-60227-R and CTQ-201571955-REDT Red de Excelencia Sensores y Biosensores Electroquímicos), Junta de Andalucía (P10-FQM6408) y Universidad de Córdoba.

109

BE-P2
AN ELECTROCHEMICAL QUARTZ CRYSTAL MICROBALANCE (EQCM) STUDY OF
OLIGOETHYLENEGLYCOL SELF-ASSEMBLED MONOLAYERS (OEG-SAMS) ON
GOLD SUBSTRATES
M. Chávez-Peraza*, G. Sánchez-Obrero, R. Madueño, M. Blázquez, T. Pineda
Departamento Química Física y Termodinámica Aplicada, Instituto de Química Fina y Nanoquímica,
Universidad de Córdoba, Ed. Marie Curie, 2ª Planta, Campus de Rabanales, 14014 Córdoba, España.
e-mail: z52chpem@uco.es

Keywords: OEG-SAM, nanomaterials, Bionanomedicine, EQCM
The use of adsorbed oligoethyleneglycol (OEG) films on different surfaces has become an
important strategy to prepare biocompatible materials. This is because its antifouling
properties, in particular, the protection against unspecific adsorption of proteins. With the
recent increase of the interest in the application of nanomaterials in Bionanomedicine, this
type of protection has turn out to be of a major relevance [1]. In this sense, the knowledge of
the organization of the OEG chains in the adsorbed films as well as the final structure that
confers the antifouling properties is of a great interest, in particular, when high molecular
weight polymers are used.
We have previously studied some aspects on the organization degree within the layers formed
with OEG of different molecular weight (from 800 to 6000 g/mol) on gold substrates that have
been asserted by using cyclic voltammetry and electrochemical impedance spectroscopy.
Emphasis has been focused on the ability of the molecular layers to block the access of ions
or molecules from solution. In the present study, we complement the OEG-SAMs
characterization employing electrochemical quartz crystal microbalance (EQCM)
measurements [2]. By using this technique, mass changes taking place at the solution-surface
interface can be sensitively followed. We can distinguish two different mass-change caused
by the reductive desorption of ex-situ formed SAMs and by the ion transport within the wellformed layer. Moreover, we have evaluated the molecular organization by using FT-IRRAS,
XPS spectroscopy and Contact Angle measurements.
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Rechargeable metal-oxygen batteries have emerged as a possible alternative to lithium ion
batteries due to their potential to provide high energy density [1]. So far almost all the efforts
in this field have been focused towards lithium-oxygen (Li-O2) batteries. Nevertheless, due to
the high overpotentials, low Coulombic efficiency and poor cycling performance of these
batteries, in the last years the investigation has been intensified in the development of
sodium-oxygen (Na-O2) batteries. These systems present lower OER overpotentials and
cleaner cell chemistries, but a sudden death behavior is observed during both discharge and
charge, resulting in a dramatic increase in cell potential near the end of charge. New methods
have to be developed for understanding the mechanisms that take place in these devices in
order to optimize their performance.
In this work, a discharge product accumulation, elimination and passivation model for Na-O2
batteries was developed based on galvanostatic and electrochemical impedance spectroscopy
(EIS) measurements using a 3-electrode cell [2]. Anode and cathode processes were
distinguished and the accumulation of discharge products in the oxygen electrode was
monitored. Discharge product deposition and removal was demonstrated to be a solutionprocess for the NaO2 nuclei formed in the initial stages of the discharge. As the ORR continues,
however, the oxygen electrode becomes covered by smaller nuclei that lead both the ORR and
the OER to become surface-processes. Evidence of formation of passivating products was also
found.
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Coordination polymers (CPs) have attacked interest in recent years due to their properties
such as gas adsorption, drug delivery, catalysis and ionic conductivity. CPs have advantages of
a highly ordered and porous structure and a wide design latitude of compounds by choosing
various metal ions and bridging ligands. On this work we synthesized a series of CPs containing
chloranilic acid (A) and pyrazine (B) linkers with first raw transitions metals. The structure of
these compounds was determined by powder X-ray diffraction (XRD), scanning electron
microscopy (SEM), IR spectroscopy (IR) and elemental analysis. Finally, their electrochemical
properties were evaluated by cyclic voltamperometry and galvanostatic methods.
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Lithium-ion batteries (LIBs) are currently the electrochemical storage systems par excellence
because of their high energy density and low self-discharge rate. However, due to the limited
availability of Li, exploring new battery concepts based on more abundant and widely
distributed elements has become one of the most compelling ambition in the field during the
last two decades [1]. In this context, aluminum-ion batteries (AIBs) have recently emerged as
promising alternatives to LIBs due to their safety and lower cost, also exhibiting a significant
energy density [2]. Thus, aluminum is the most abundant metal in Earth’s crust, presents low
reactivity, and is easy to handle. It can also yield high volumetric capacities (up to 8040
mAh/cm3 [3]) due to its relatively high density and the fact that it exchanges three redox
electrons per cation. However, previous studies have shown that achievable energy and
power densities are cathode-limited in AIBs and, therefore, the design of new cathodes
capable of hosting and transferring trivalent Al3+ ions is currently one of the greatest
challenges in the development of these devices.
Herein we present results on a new family of materials with general formula Al(Mn,Fe)2O4 as
potential positive electrode materials for rechargeable AIBs. Different compositions of this
family have been synthesized via a sol-gel route and their structural characterization has been
carried out by powder X-ray diffraction. Mössbauer spectroscopy and DC-magnetometry have
been used in order to determine site distribution of the different cations and to clarify the
interactions between different sites in the spinel structure. Finally, their electrochemical
activity has been studied by means of cyclic voltammetry and galvanostatic charge-discharge
tests, establishing the reversibility of the electrochemical reaction.
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The electrochemical reduction of CO2 to useful products including formate/formic acid,
methanol, ethanol, methane and some others, is an interesting alternative to mitigate global
warming effects and, at the same time, producing valuable chemicals. In the last years, very
relevant efforts have been performed about this topic [1-5]. In this contribution we report our
recent results regarding the electrochemical reduction of CO2 to formate/formic acid using
nanostructured bismuth (Bi) electrodes. Briefly, carbon-supported Bi nanoparticles (about 1012 nm) were prepared using an easy and fast methodology at room temperature.
Subsequently, the samples were characterized by using different physicochemical techniques
(TEM, XPS and XRD) and, finally, the samples were air-brushed on a carbon paper (Toray Paper
TGPH-90). The nanostructured Bi electrodes displayed high selectivity (about 93 % after 3
hours at -1.6 V vs AgCl/Ag) towards the product of interest (formate/formic acid) and also an
interesting conversion and stability.
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Composite electrodes prepared from mixtures of micrometric powders of Zn and BiO3 in
different proportions have been studied by video-electrochemical analysis [1]. The study was
carried out during the discharge and recharge of a battery using a commercial air electrode
(E4B-Electric Fuel) and 6M KOH solution as electrolyte. It has been observed that the material
spontaneously undergoes physical chemical transformations in open circuit under these
conditions, following the reaction:
Bi2O3 + 3Zn + 3H2O → 2Bi + 3Zn2+ + 6OH−
In this way, the oxidation of metallic Zn causes the reduction of Bi3+ to metallic Bi. This reaction
will continue during the discharge while Bi2O3 is present in the material. The reduction of Bi2O3
to metallic Bi causes volume changes that result in cracks observed in the electrode surface
images, which can affect the behaviour of the electrode material during the battery charge
and discharge cycles. The changes of colour and morphology of the surfaces observed from
the video images give a kinetic information of the charge and discharge processes. The
decomposition of the images in RGB colours [2] shows abrupt changes that coincide in time
with those detected by the Potential-Capacity curves. The methodology tested is useful to
characterize the chemical and physical changes of the electrode materials of a battery during
the charge/discharge cycles.
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To promote Proton Exchange Membrane Fuel Cells (PEMFCs) commercialization, large
research effort has been devoted in developing new polymer electrolytes that can replace the
usually employed proton conductors, e.g. Nafion®, with other membranes of comparable
performances but lower cost. Chitosan (CS)-based membrane electrolyte is currently studied
as alternative candidate for PEMFC application. Several works have shown that
Heteropolyacids (HPAs) can be used to prepare Chitosan polyelectrolytes (PECs) to be
employed as proton exchange membrane in low temperature fuel cell. In previous works [14] we have shown that CS/HPA membranes, prepared using alumina porous medium for the
slow release of Heteropolyacids, show good performances in H2 fed fuel cell. In literature has
been reported that Chitosan (CS)-based membrane are expected to be blocking with respect
to methanol cross over [5].
This work is focused on the synthesis and characterization of CS/HPA membranes with the aim
to assess the influence of membrane fabrication conditions and nature on their performance
as proton conductors in Methanol fed fuel cell (Direct Methanol Fuel Cells). X-ray diffraction
and FTIR analyses were performed to study the structure and composition of the membranes,
while SEM was used to get information on the membranes morphology and thickness as a
function of the preparation conditions. We have also investigated the methanol permeability
in order to study the methanol cross over and the water-uptake.
The membranes were tested in a Methanol/O2 fuel cell at several temperatures (between
25°C and 80°C). Impedance Spectroscopy was used to get information of the conductivity of
the membrane and to model the overall electrical behaviour of the cell.
References
[1] M. Santamaria et. al., J. Power Sources 276 (2015) 189
[2] C.M. Pecoraro et al., Int. J. Hydrogen Energy, 40 (2015) 14616
[3] M. Santamaria et al., Int. J. Hydrogen Energy, 41 (2016) 5389
[4] M. Santamaria et al., Int. J. Hydrogen Energy, 42 (2017) 6211
[5] Ahmad H et al., Int. J. Hydrogen Energy, 35 (2010) 2160.

116

EE-P7
Na-doped Ruthenium Perovskite electrocatalysts with improved oxygen
evolution activity and durability in acidic media
M. Retuerto,1 L. Pascual,2 P. Ferrer,3 F. Calle-Vallejo,4 D. Gianolio,3 A. González Pereira,1 A. García
Estévez,1 J. Torrero,1 M. T. Fernández-Díaz,5 P. Bencok,3 M. A. Peña,1 J. L. G. Fierro,1 S. Rojas*1
Grupo de Energía y Química Sostenible, Instituto de Catálisis y Petroleoquímica, CSIC. Madrid, Spain.
Instituto de Catálisis y Petroleoquímica, CSIC. Madrid, Spain. 3Diamond Light Source, Harwell Science
and Innovation Campus, Chilton, UK. 4Leiden Institute of Chemistry, Leiden University, Leiden, The
Netherlands. 5Institut Laue-Langevin, Grenoble, France. *email: srojas@icp.csic.es

1
2

Keywords: OER, perovskite, electrochemistry, electrolyser.
Oxygen evolution reaction (OER) is crucial in electrolyzers and metal-air batteries. Even with,
state-of-the-art Ru- and Ir-oxide catalyst the reaction kinetics is very slow. Mixed oxides are
promising OER electrocatalysts. Here we show that SrRuO3 activity and durability for the EOR
in acid media can be enhanced by Na+ doping. Sr1-xNaxRuO3 adopts Pbnm perovskite structure
and lack oxygen vacancies, so Na incorporation is compensated by Ru partial oxidation. Fig.
1(i) shows the evolution of Ru-O distances inside RuO6 octahedra. SrRuO3 presents a more
distorted structure than Sr1-xNaxRuO3. M2,3-edge XANES signal (Fig. 1(ii)) of Na-samples
indicate e higher oxidation state of Ru after Na doping.
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Fig.1 Sr1-xNaxRuO3: (i) Ru-O distances, (ii) Ru M-edge, (iii) Tafel Plots, (iv) OER durability.

Fig. 1(iii) shows the OER activity of Sr1-xNaxRuO3 compared to the best catalysts reported on
acid. Sr1-xNaxRuO3 have low Eonset of ~1.36 V (@ j = 0.5 mAcm-2geo), comparable to SrRuO3 and
better than similar catalysts. DFT studies reveal that Ru-adsorbate bonds are weaker in Nadoped samples, resulting in highly active Ru sites. The replacement of Sr by Na significantly
improves the catalyst’s stability (Fig. 1(iv)). After 20 consecutive OER cycles, SrRuO3 loses 85%
of its initial activity while Na-doped samples only 15%. Post-mortem TEM and XAS studies
reveal that the perovskite structure remains stable in the Na-doped samples. However, Sr
dissolution and RuOx formation is observed after the OER in SrRuO3. This is a remarkable result
since most mixed oxides are not even stable in acid.
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Profoundly ion conducting, self-standing and tack-free ethylene oxide based polymer
electrolytes are successfully prepared via a rapid and easily up-scalable free radical
polymerization (UV/thermal curing). It can be an interesting alternative to produce polymer
electrolytes, being highly advantageous due to its easiness and rapidity in processing, high
efficiency and eco-friendliness as the use of solvent is avoided.
The crosslinking produced during curing allows the incorporation of high amount of RTIL (e.g.,
imidazolium, pyrrolidinium) or tetraglyme and lithium salt (TFSI− anion), leading to a material
with remarkable homogeneity and robustness. The polymer network can efficiently hold
plasticizers without leakage. Samples are thermally stable up to 375 °C under inert conditions,
which is particularly interesting for application in Li-ion batteries with increased safety.
Excellent ionic conductivity (>0.1 mS cm–1 at 25 °C), wide electrochemical stability (> 5 V vs.
Li), stable interfacial properties and dendrite nucleation/growth resistance are obtained. The
lab-scale Li-polymer cells assembled with different electrode materials (e.g., LiFePO4, Li-rich
NMC, LiCoPO4, TiO2) show stable charge/discharge characteristics with limited capacity fading
upon very long-term reversible cycling [1-3].
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Fig. 1. Typical appearence of a cross-linked polymer electrolyte with truly elastic characteristics (left)
and long-term reversible cycling at ambient temperature in LiFePO4/Li lab-scale polymer cell (right).

The overall remarkable performance of the novel polymer electrolytes postulates the
possibility of effective implementation in the next generation of safe and durable secondary
Li-based polymer batteries working at ambient and/or sub-ambient temperatures.
[1] J.R. Nair, L. Porcarelli, F. Bella, C. Gerbaldi, ACS Appl. Mater. Interfaces 7 (2015) 12961.
[2] J.R. Nair, M. Destro, F. Bella, G.B. Appetecchi, C. Gerbaldi, J. Power Sources 306 (2016) 258.
[3] L. Porcarelli, C. Gerbaldi, F. Bella, J.R. Nair, Scientific Reports 6 (2016) 19892.
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Ecofriendly agriculture involves the control of plant protection products, but their
uncontrolled use in conjunction of inorganic salts, such as copper nitrate, could cause negative
impacts to the ground, water and living organisms. Pesticides and their metabolites are usual
contaminants of groundwater. Triazines are pesticides belonging to the group of herbicides
used to control weed growth, destroying a wide variety of plants in the first days of
germination. Herbicides may have a great impact on metal biocycles in soil, forming
complexes with metal ions as Co(III), Mn(II), Ni(II), Cu(II) and others,
which have been studied mainly in solid state, but their behaviour
in aqueous solutions is poorly known. Copper derivatives are used
on crop foliage to control fungical diseases.
The aim of this work is to determine the stability constants of the
complexes formed by the triazine herbicides with Cu(II) ions, by
means of rapid, easy and inexpensive electrochemical
measurements (cyclic and differential pulse voltammetry), and to
Compound
logKf
relate the stability of these complexes with the dynamics of the
herbicides and the copper ions in the soils.
CDT a
10.08
In aqueous solutions of 5<pH<10 (corresponding to the majority
of soils of agricultural use) the herbicides form very stable
SDT b
11.09
complexes with the Cu(II) ions, being the complexes integrated
Atrazine
11.62
by two ligands (herbicides) and one copper ion. The table shows
the values of the logarithm of the stability constant obtained for
Atraton
8.91
the complexes of the herbicides and two related compounds
Propazine
11.05
formed with copper ions.
Crops treated with such herbicides in conjunction with Cu(II) salts
Prometryn
9.95
experience a decrease in its persistence and its effectiveness. In
addition, both the herbicides and the copper ions may pass to the
Prometon
9.71
phreatic layer of the soil, increasing the chance of pollution.
Acknowledgments: Financial support from Córdoba University: “Ayudas puente para el desarrollo de
proyectos de I+D precompetitivos XX Programa Propio 2015 and XXI Programa Propio 2016”
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In the last years, the electrochemical conversion of oxygen to hydrogen peroxide at carbon
felt cathode has been largely studied since the cathodic generation of H2O2 is a key step for
electro-Fenton process [1], which is considered a very promising method for the treatment of
wastewater contaminated by organic pollutants resistant to traditional biological processes.
In order to improve the performances of the process, many works were devoted to the study
of various kinds of cathodes [2]and reactors [3]. In particular, many studies regarding electroFenton process were carried out in undivided cells in order to avoid the costs of the separator
and to reduce the cell potentials. Hence, in order to optimize the cathodic conversion of
oxygen to H2O2, a quite simple and conventional undivided cell equipped with a carbon felt
cathode and DSA anode was used for experiments in order to focus the study on the effect of
various operating parameters. It was demonstrated that the performances of the process
strongly depend on the ratio between the cathode and the anode surfaces. Higher
concentrations of H2O2 were obtained using a high ratio between the cathode area and the
anode one.
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Fe-N-M catalysts are promising materials for replacing Pt catalysts for oxygen reduction
reaction ORR in both alkaline and proton exchange membrane fuel cell [1]. In this paper
iron(II)-phthalocyanine (FePc) and other iron(III) porphyrins are considered as molecular
models for investigating the catalytic properties of Fe-N sites towards ORR by means of
Electrochemical Scanning Tunnelling Microscopy (EC-STM). Target molecules were selfassembled on a single crystal Au(111) playing as working electrode (Fe-N/Au), while the STM
tip monitored the surface of the sample at atomic scale. Moreover, Fe-N/Au electrode was
polarized at precise potentials to register the corresponding surface topographic image, which
allowed the evaluation of O2 adsorption/reduction mechanisms on the metal centre and the
correlation with the electrochemical response of the system (potentiodynamic imaging).
Long-range ordered molecular domains for Iron(II)-phthalocyanine on Au(111) in Ar-saturated
0.1 M HClO4 electrolyte (Fig. 1a), allowed to statistically examine molecular properties thanks
to their densely-packed structure. Fig. 1b shows an example of molecular-resolution image.
Potentiodynamic imaging was extended to O2-saturated 0.1 M HClO4 to monitor O2 adsorption
and subsequent reduction at catalytic sites
a

b

Figure 1. (a) Large-scale EC-STM image (70 nm x 70 nm) of FePc-functionalised Au(111) single crystal,
It = 2.60 nA; Ub = −358 mV; Eapp = −225 mV; I = −0.1 µA. (b) Small scale EC-STM image (28 nm x
28 nm) of FePc-functionalised Au(111) single crystal, It = 0.55 nA; Ub = −356 mV; Eapp = −226 mV; I
= −0.2 µA.
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One of the most promising technologies for the increasing demand of energy are the polymer
electrolyte membrane fuel cells (PEMFCs). The main challenge for the final commercialization
of PEMFC is the cathode side oxygen reduction reaction (ORR), which is extremely slow also
at the state of the art Pt based catalyst. Furthermore, the utilization of Pt based catalyst is
slowed down by the high cost and low availability of Pt.
Recently, the preparation of Pt bimetallic systems has attracted considerable
attention because the amount of Pt could be reduced while the catalytic activity and stability
may be maintained or even improved, due to the so called "geometric effect" and "ligand
effect". From theoretical calculations Pt3Y exhibits the second highest ORR activity ever
measured on a polycrystalline electrode, surpassed only by single crystal Pt3Ni (111) and,
above all, it has a catalytic activity greater than pure platinum [1]. A new approach to the
synthesis of faceted Pt alloy nanocrystals was subsequently developed based on the use of CO
gas, that is capable to produce Pt bimetallic nanocrystals with a range of compositions and
morphologies (Figure 1a).
In this paper, we describe the synthesis and characterization of PtxY nanoparticles
(NPs) supported on a commercial graphitized carbon black. The PtxY NPs were prepared
following a solid-state synthesis in a quartz tubular furnace, under H2/CO flow. The influence
of temperature, synthesis time and H2/CO gas reduction on NPs shape, dimension, distribution
and PtxY alloy formation was investigated by TEM, XRD and XPS analysis. The catalytic activity
for ORR was rationalized in terms of NPs shape, dimension and alloy amount. Figure 1b
compares the preliminary results on PtxY with a commercial standard (TKK 46 % Pt) and Pt@C
synthetized by H2-CO gas.

Fig. 1. a) TEM image of PtxY on CB synthetized at 228°C for 3 h b) LSV of PtxY@CB and Tanaka 50% Pt on
rotating disk electrode at 1600 rpm, 20 mV s-1 in 0.1 M HClO4.

[1] R. Brandiele, C. Durante, E. Grądzka, G.A. Rizzi, J. Zheng, D. Badocco, P. Centomo, P. Pastore, G.
Granozzi, A. Gennaro J. Mater. Chem. A 2016, 4, 12232-12240
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The use of synthetic pesticides is widely extended throughout the world as a modern solution
to combat all kinds of pests. However, once the pesticide has been used, it automatically
becomes a source of pollution in both soil and water. The European Union has included 8
pesticides in the so-called Watch List. All of them are considered as highly toxic, like
imidacloprid, which is a kind of neocotinoid [1]. Regulation (CE) Nº 1107/2009 of the European
Parliament regulated the use of imidacloprid due to its negative impact on the environment.
Furthermore, this pesticide has a strong leaching ability, which leads to the accumulation of a
high concentration in groundwater. The removal of imidacloprid in this kind of natural water
reservoir yields by-products such as nitrates. On the other hand, groundwater pollution may
be also related to the accumulation of nitrate ion from transformation of nitrogenated
compounds like ammonia. This pollution is actually derived from a combination of agricultural
activity, the nitrogen cycle and the presence of pesticides. Nitrate persists in groundwater
because, under oxidative conditions, it is the nitrogen stable form [2]. The World Health
Organization establishes a maximum limit of 50 mg/L of nitrate, since above this concentration
it becomes harmful to humans [3].
In order to minimize groundwater contamination, transformation electrochemical processes
seem a suitable approach. This work presents the simultaneous electrochemical treatment of
solutions of 150 mL of groundwater by electroreduction and electro-oxidation processes. The
real sample was collected in a small cheese-making factory, which uses groundwater for
production after nitrate removal and disinfection with chlorine. Thus, reduction of naturally
occurring nitrate and simultaneous oxidative degradation of imidacloprid spiked into the
solution were investigated in an undivided electrochemical cell equipped with different
cathode and anode materials. The efficacy of denitrification was assessed from the time
course of nitrate, ammonium ion generated as intermediate and total nitrogen. The
performance of dimensionally stable and boron-doped diamond (BDD) anodes to enhance the
mineralization of the pesticide was studied by HPLC, TOC and GC-MS analysis.
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Soil washing is a very rapid and effective technology for the removal of hazardous pollutants,
which can be successfully used for the fast remediation of acute discharges of pollutants,
preventing their diffusion and the subsequent contamination of water reservoirs.
It produces a liquid waste from the soil washing fluid used, that can be treated by electrolysis,
being very effective the use of diamond anodes, because it may lead to the total depletion of
the pollutant transferred from the soil to the washing fluid. When the solubility of the
pollutant in water is low, chemicals such as surfactants have to be used in the soil washing in
order to obtain a high efficiency and these chemicals become also pollutants in the waste
produced. The effect of the competition between these chemicals and the raw pollutants
during the electrolysis can be very important, in particular in treatments intended with the
final aim of regenerating the initial soil washing fluid. It is also interesting the electrochemical
degradation of the colloids formed by the interaction of surfactants and chlorinated
hydrocarbons.
This work focuses on the removal of organics (perchloroethylene, lindane and clopyralid) from
these wastes and describes not only the fundamentals but also innovative approaches
designed to attain high efficiencies in their treatment, including not only single electrolysis
with diamond anodes but also electro-Fenton and a new combined cell, which integrates
electrolysis and soil washing into a single tank.
Finally, this work also shows results obtained with an innovative electro-dewatering
technology especially developed to minimize the use washing fluid during the soil washing.
Acknowledgments: Financial support from the Spanish Ministry of Economy, Industry and
Competitiveness and European Union through project CTM2016-76197-R (AEI/FEDER, UE) is gratefully
acknowledged
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In the present study, the surface of an activated carbon cloth was modified by coating
it with RGO and PPy-AQS using an electrochemical environmentally friendly technique. The
use of textiles as substrate for electrodes brings significant advantages related to their high
surface/weight and surface/volume ratios and dimensional versatility for the design of
electrodes for electrochemical cells. The electrochemical behavior and the capability for
energy storage of the modified textile electrodes were evaluated using a three or twoelectrode cell configuration. The CV and the charge/discharge tests were used for this
purpose. FESEM, FTIR and EIS analyses were used to observe the morphology of different
samples, to relate the molecular structure of PPy-AQS with its oxidation state and study the
electrical conductivity of the materials, respectively.
The role of RGO in the synthesis of the polymer and the capacitance of the system has
been demonstrated in the electrochemical and morphologic analyses. Thus, the combination
of RGO with PPy-AQS optimized the electrosynthesis of PPy, increased the areal capacitance
and the energy density and reinforced the stability of the polymer with the number of
charge/discharge cycles. The values of areal energy and power density of 7.8x10-4 W h cm-2 at
1.8x10-3 W cm-2 obtained in the present work are comparable to those reported in the
literature [1-3]. So, promising results for capacitive applications in which electrodes with a
high-surface/volume ratio are needed, have been achieved.
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In Europe, regions like Catalonia have more pigs than inhabitants. Pig slurry, so-called swine
wastewater (SW), is a mix of urine, faeces and wastewater that is produced massively in the
EU, reaching more than 1 billion cubic meters. This amount cannot be managed simply by
spreading it in an uncontrolled manner on the ground, since it gives rise to different kinds of
problems such as nitrate accumulation in groundwater. SW does not contain this toxic anion,
but ammonia and other nitrogenated compounds are gradually oxidized under the action of
soil microorganisms. Currently, the Spanish legislation forbids the spread of wastes through
conventional methods (Real Decreto 980/2017, 10 November). Therefore, new technologies
are needed, which should be in the form of compact plants to help the farmers to treat the
waste on site and, possibly, to ensure waste valorisation. Circular economy encourages these
eco-friendly solutions, and SW is a good candidate since it usually contains N, K and even P,
which are building blocks for the production of slow-release bio-fertilizers.
In this study, a purpose-made pre-industrial plant with capacity to treat up to 5 m3/day has
been tested in situ in a swine farm located in the Barcelonès area, with 500 pigs that produce
about 10 m3 of SW per day. This is a compact, modular plant that operates in continuous
mode, conceived to treat wastewater from strategic productive sectors like dairy, swine or
olive oil mill wastewater. The modules include advanced physicochemical units as well as
electrocoagulation and electro-oxidation reactors. The goals of this project are: (i) water
decontamination for reuse in agricultural irrigation, and (ii) waste valorisation through the
generation of a biofertilizer. The physicochemical treatment used as first step has been shown
extremely effective, yielding > 90% of K, N and total organic carbon removal (TOC) thanks to
the synergy between (electro)coagulation with iron and an advanced separation method. In
addition, the enriched sludge contains less than 50% humidity.
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Benzothiazoles (BTHs) are routinely used as additives in industrial and household goods. As
reported in the literature, the removal of BTHs in conventional wastewater treatment facilities
is rather poor. Due to their wide application and biorefractory behavior, BTHs have been
detected regularly in all water compartments, including drinking water.
Photoelectro-Fenton (PEF) process is considered as one of the most effective electrochemical
technologies for the degradation of organic pollutants. In such system, contaminants could be
simultaneously treated by multiple direct and indirect oxidation reactions. Ultraviolet light,
especially UVA, is employed to accelerate the photolysis of Fe(III)-carboxylate by-products and
increase the mineralization of pollutants. However polychromatic UV light including UVA and
UVC has not been thoroughly compared in PEF.
In this study, the PEF treatment of BTHs has been carried out with a boron-doped
diamond/air-diffusion reactor (Fig. 1), aiming to optimize
the current density and Fe2+ content, which was assessed
from the contaminants and total organic carbon (TOC)
decays. Chemical actinometry was conducted to quantify
of the actual absorbed light intensity in solution by single
UVA and UVC and by combined irradiation sources. The
detailed analysis of the transformation products was
made to deduce the degradation pathways. The
mechanism of multiple oxidation is also investigated.
Fig. 1 Schematic diagram of the wide-range UV in PEF
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Dye-sensitized solar cells (DSSCs) with water-based electrolytes are considered as one of the
possible breakthroughs towards DSSCs large-scale diffusion. If opportunely developed and
optimized, aqueous solar cells can be considered a truly low impact photovoltaic device and
no toxic components [1,2]. Moreover, the possibility of gelling the electrolyte into a polymeric
matrix can reduce the leakage outside the device, thus increasing the long-term stability.
Above all, bio-derived polymers appear promising being renewable and easy available with
low cost [3].
In this contribution, the investigation on bio-derived hydrogel electrolytes for dye-sensitized
solar cells is proposed. Moreover, the use of design of experiments (DoE) is demonstrated to
be a useful chemometric technique for the concurrent investigation of a series of
experimental factors that directly influence the photovoltaic performances of solar cells.
Results obtained enlighten that a solid mathematical-statistical approach is fundamental to
support the researchers and effectively drive the experiments towards the achievements of
optimal operating conditions for aqueous solar cells.
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The concentration of carbon dioxide in the atmosphere is increased up to 400 mg/l over the
last century. This high atmospheric CO2 concentration is related to severe environmental
problems, such as global warming; in this context, decreasing the CO2 concentration is a
critical issue for a sustainable development.
Many efforts have recently been addressed on investigating different pathways to convert
carbon dioxide to value-added products and/or through high-energy content fuel [1].
Actually, chemical reduction of carbon dioxide is thermodynamically feasible but only in the
presence of strong reducing agents [2]. In alternative, electroreduction of CO2 has been widely
studied. Several materials, including metals, semiconductors, metal organic frameworks have
been utilized for electrochemical CO2 reduction in recent decades [3].
Conductive boron-doped diamond (BDD) is a material of great interest due to its
electrochemical properties, such as wide potential window, low background current, chemical
inertness and it has been used for many electrochemical applications. Moreover, the wide
potential window and conductive behaviour of BDD electrodes are suitable for supporting CO2
reduction in aqueous media, minimizing hydrogen evolution reactions [4].
In the present work, the electrochemical reduction of CO2 on BDD has been studied in aqueous
solution in the presence and in absence of CO2 using bicarbonate solution as electrolyte at
different concentration (0.1 M and 0.5 M). Experiments were carried out in a three-electrode
cell, in which the working electrode was BDD, while the counter and reference electrodes
were a platinum grid and a saturated calomel electrode, respectively.
Cyclic voltammograms were recorded in supporting electrolyte and in CO2 saturated solution:
several redox peaks were found in the voltammograms carried out at different values of scan
rate.
The activity of the working electrode was studied in both controlled potential and current
electrolyses performed in CO2-saturated electrolyte. Qualitative and quantitative analysis of
the liquid products was carried out at the end of electrolysis tests by HPLC, in order to
investigate the faradic efficiency and the concentration of the obtained products.
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Photoelectrochemical water splitting can be employed for the production of hydrogen by
exploiting solar radiation; however, the development of innovative photoanode materials and
architectures still represents a key challenge for the realization of an efficient and competitive
PEC cell. Today, nanostructured TiO2 is still the most investigated material although it suffers
from two main limitations: poor light absorption in the visible region and limited quantum
efficiency for the water splitting process [1]. To overcome these issues, two main strategies
have been proposed so far in literature: i) tuning the material structure and morphology, to
enhance the active surface, improve light harvesting and minimize charge recombination,
and/or ii) doping or sensitization, to shift the absorption towards the visible light. Recently,
quasi 1-D hierarchical TiO2 nanostructures prepared by reactive PLD have been proposed as
novel photoanodes showing promising results due to optimized total surface area, carrier
recombination and electrical transport [2].
This work focuses on the optimization of the material structure-morphology and possible
routes for enhancing the photo-response TiO2 films prepared by PLD. This was pursued by
varying the deposition atmosphere and the annealing process, also to induce
reduction/hydrogenation (the so-called black titania). The combination of TiO2 with gold metal
nanoparticles, leading to plasmonic effects, was further investigated, possibly to increase the
absorption of visible light and the process quantum efficiency, as well.
SEM, Raman spectroscopy and UV-vis-IR spectroscopy were employed to investigate the
material morphology, structure and optical properties. The photoelectrochemical water
splitting performances were investigated by monitoring the photocurrent generated under
illumination in a three-electrode cell. Voltammetric scans and electrochemical impedance
spectroscopy analysis were also used to correlate the morphology of PLD samples with their
electrochemical properties.
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Due to its biocompatibility, chemical and microbial stability, carbon has been largely used as
anode material in bio-electrochemical systems; however, its low conductivity represents a
severe drawback. This aspect leads to a decrease of the cell voltage, and thus to a decrease of
power that, in a scaled-up system, may result in the complete collapse of the electrochemical
performance. A limited number of metals may be suitable as anode material: the metal should
be electrochemically inert in the operational potential window of the bio-electrochemical
system. Copper is known to be a natural antimicrobial material; however, this metal may
represent a promising alternative anode material, due to its high conductivity, that permits to
minimise the amount of electrode material and thus the material costs. Moreover, contrarily
to its usual antimicrobial behaviour, high-performing electrochemically active biofilms have
been grown on this metal by Baudler et al. [1].
In the present work, copper substrates have been coated by a conductive polymer, in order
to limit the release of copper ions. The surface of copper electrodes was cleaned in HNO3
(20%) and then coated with PANI through a layer – by – layer procedure: a surface grafting by
reduction of 4-nitrobenzendiazonium salt was followed by reduction of nitro-groups to aminogroups; PANI was electrodeposited on this under-layer. Different amounts of PANI have been
electrodeposited at selected applied current density. Tafel analysis has been conducted, in
order to study the corrosion process: the corrosion current and the polarization resistance
have been calculated for different amount of PANI, to select the best operative conditions to
obtain a substrate suitable for the use in bio-electrochemical systems.
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Heterogeneous electro-Fenton (HEF) is a promising technique for the remediation of polluted
wastewater, since it overcomes the disadvantages of anodic oxidation and Fenton process. In
the present study, HEF was preformed using iron alginate spheres as the catalyst and this
treatment was applied for the degradation of two ionic liquids (ILs): 1,3dicyclohexylbenzimidazolium chloride and 1,3-bis(2,4,6-trimethylphenyl)imidazolinium
chloride. Initially, the effect of main variables on the degradation process such as current
intensity, catalyst dosage and IL concentration was evaluated. An optimization of those
parameters was performed minimizing the energetic consumption at high mineralization level
for both ILs. To obtain an in-depth knowledge of the efficiency of the HEF treatments, an
exhaustive monitoring of intermediates and by-products was carried out. For that, common
methods for the identification and determination of ILs and their degradation products based
on analysis with gas chromatography and HPLC techniques were performed. However, these
procedures usually require sample pre-treatment and they are very time-consuming. Thus, in
this study the application of Differential Pulse Voltammetry (DPV) analysis on Screen-Printed
electrodes as transducer, that permits the in situ monitoring of the process, was evaluated.
This technique allows to increase the sensitivity and simultaneous analysis of both inorganic
and organic species, but also identifies different oxidation states or different complexes. The
high removals of IL and total organic carbon achieved, and the identification of carboxylic acids
as intermediate products demonstrated the feasibility of this HEF treatment for the
mineralization of the ILs under study. In addition, it was confirmed that DPV data permit the
identification of the by-products and the evaluation of the ionic interaction of the complex
formed along the treatment.
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Photoelectrochemical water splitting is one of the most interesting alternatives to produce
hydrogen in a clean way by solar energy conversion.(1) Despite the huge potential and great
advances, new materials need to be developed in order to take this technology to a
commercial level. At present, different materials as oxides, oxisulfides and metal
chalcogenides are being investigated as photoelectrodes in photoelectrochemical cells.
However, achieving high energy conversion efficiencies by using a single material is a very
tricky objective. Therefore, hybrid materials are getting a lot of attention lately. (2)
In this work, we present a hybrid material formed by the heterojunction of a novel synthesized
organic conductive polymer and TiO2 nanocrystals. The nanostructured conjugated porous
polymer is based on dithiothiophene moiety (Nano-CMPDTT) and was synthesized by
Sonogashira cross coupling reaction from precursors in mini-emulsion conditions. In order to
elucidate the electronic structure and the ability of this material to be used as a photocatalyst,
HOMO and LUMO positions were determined by cyclic voltammetry. The energy diagram
shows an ideal position of the energy bands in order to use the synthesized polymer as an
electron injector to TiO2 in photocatalytic reactions. TiO2 NCs and organic polymer
suspensions have been deposited by spin coating in ITO glasses. The formed films have been
characterized by X-ray diffraction, SEM, EDX and AFM. Photoelectrochemical measurements
were performed in a three-electrode cell configuration, using the hybrid material as the
working electrode. The hybrid material presents an enhancement in photovoltages and
photocurrents values. Electrochemical Impedance Spectroscopy (EIS) was performed to
confirm the improved charge transfer observed when illuminating the hybrid material in
comparison to the TiO2 nanocrystals alone. In fact, a decrease in the resistance associated
with this phenomenon was found. This confirms that the presence of the polymer in the hybrid
material increases the absorption of light, charge transfer and reduces electron-hole
recombination, making this hybrid a good candidate to be used as a photoelectrode for the
hydrogen evolution reaction. In fact, recent results show an improvement in the energy
conversion efficiency by using this new hybrid material as electrode compared with regular
TiO2.
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Amongst all the effluents generated in the hot dip galvanizing industries, the spent pickling
baths (SPBs) appears as one of the most hazardous as a consequence of its high content of
ZnCl2 and FeCl2 in HCl media [1]. Consequently, they have to be treated previously to their
disposal. Although, some experimental procedures permit to recycle the HCl or to separate
the components [2,3], none of them permit the recovery of the most valuable component (Zn)
back to the process. Then, Zn recovery by the use of an electrochemical reactor becomes an
interesting alternative. In previous works, this technology has been able to recover Zn from
the SPBs in an efficient way, but the Zn re-dissolution and Fe co-deposition appeared as the
main drawbacks [4, 5].
Laboratory experiments were carried out on the electrochemical recovery of the Zn present
in the SPB coming from the galvanizing industry. The process was studied under galvanostatic
control using a stirred batch electrochemical reactor in the absence/presence of an anionexchange membrane. The applied current ranged from 150-700 mA. The solutions were
prepared similar to 1:50 diluted real SPBs, although some solutions were Fe-free in order to
study the effect of this ion on Zn re-dissolution.
Two different models have been proposed. On one hand, the model that does not take into
account the Zn re-dissolution phenomenon fitted quite well the experimental data obtained
with the membrane reactor, as it avoided the adverse effects of the chlorine gas, and
consequently, Zn conversion values close to 100% were obtained. On the other hand, a more
complex model, which contains a term for the Zn re-dissolution, is used to fit the data of the
electrochemical reactor without membrane. An additional term had to be added to fit the Fe
containing solutions as it enhances the Zn re-dissolution phenomenon.
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Microbial Desalination Cell (MDC) is the integration of a MFC and an electrodialysis (ED) cell
in order to treat wastewater and desalinate seawater [1]. By using the energy provided by the
oxidation of organic matter, contained in the wastewater, this system drives the migration of
ions and the desalination process. Thus, MDC technology is able to desalinate saline water
without consuming electric or thermal energy and allowing the use of the energy for any other
processes. In this sense, MDC technology could be employed to save energy and avoid the
greenhouse gases related to the conventional processes (seawater RO produces 1.78 kg of
CO2 per m3 using 600 g CO2 kWh-1 in the average European Union (EU) energy mix). The
versatile and simultaneous applications of MDC have made it a real and feasible alternative
for both desalination and wastewater treatment.
In this sense, the merge of microbial electrochemical cells with ion exchange membranes
could bring new processes and concepts in the field of waste water treatment and sustainable
desalination, opening the chances of integration of such technologies with other
biotechnological processes. In this communication, a rational discussion on the future
applications of such technology is presented.
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Polymers based on polyaniline or polyaniline derivatives like poly-o-toluidine (POT)
have attracted great interest during the last years due to their stability and good electrical
properties [1,2]. Polymerization starts by the generation of radical cations at large anodic
potentials. Then the polymer growths covering the electrode surface. Polymerization has been
tested on different electrodes materials. However, deposition on metals could present some
difficulty since some metals could be oxidized during the electropolymerization process and
then, polymer is not generated. In this work, we try a new strategy to electrogenerate POT
films on the Ni metal surface. It consists in the previous formation of a protective but
conductive layer on the electrode surface before POT electrodeposition. In order to have a
richest information about processes taking place, we follow color changes on the electrode by
recording digital video at 30 frames per second and then analyzing each frame by
decomposing the image into the red, green and blue (RGB) channels [1]. Information obtained
from mean color intensity and standard deviation for each channel together with the
electrochemical response allows us a better interpretation of the processes.
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Among π-conjugated conducting polymers, poly(3,4-ethylenedioxythiophene)
(PEDOT) has been extensively investigated as supercapacitor electrode because of high
electrical conductivity, fast charge/discharge kinetics, wide potential window, and
environmental compatibility [1]. Charge storage in PEDOT is due to fast doping/dedoping of
counter anions and free solvent into polymer chains accompanied by mechanical swelling and
shrinkage of film [2]. Simultaneously, the oxidation state, doping level and structure provides
to PEDOT films electrochromic properties [3]. RGB video electrochemistry allows us to analyze
the color changes of electrochromic films during any electrochemical experiment with a good
resolution [4]. In this work, PEDOT was deposited on ITO electrodes. Color changes
electrochemically induced in PEDOT films were monitored by digital video. RGB color changes
can be associated to different electrochemical transition in PEDOT and the electrochromic
(faradaic) charge and the capacitive charge of these films can be separated.
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Electrodeposition of metals on different kind of electrode surface reached special
interest due to their possible application in different fields such as shielding, electrocatalysis
or simply by esthetic purposes. These processes could be schematically represented by the
electrochemical process:
𝑀𝑀𝑛𝑛+ + 𝑛𝑛𝑒𝑒 − → 𝑀𝑀
In spite of the apparently not complex electrochemical process, this is different for each metal.
Among others, adsorption of anions on the electrode surface, the appearance of passive or
intermediate layers, parallel reactions such as hydrogen evolution or changes of the surface
tension of the solution affect the yield of these processes and makes necessary optimal
experimental conditions for each different metal.
Ni corrosion and Ni electrodeposits are among the most studied topics in
electrochemistry [1,2]. It is well-known that the mechanism of corrosion or electrodeposition
involves different intermediate species and that different Ni hydroxides can be formed on the
Ni surface [3]. In this work, we follow the quality of the electrodeposit of Ni on the electrode
surface by simultaneously acquiring video of the electrode surface during the
electrodeposition and electrodissolution processes. This video was analyzed by separating
contributions for each red, green and blue channel and obtaining mean color intensities and
standard deviation. In this case, the ohmic drop of the composite material causes the nonelectrical uniformity of the electrode surface making easy the electrochemical processes
where the ohmic drop effect proves smaller. Another point of interest is the appearance of
hydrogen bubbles on the electrode surface, which hinder the electrodeposition process.
Different strategies were proposed and tested in order to solve these difficulties and to obtain
the most uniformly possible Ni layer on the black composite electrode surface.
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Polymer-based, two-layered structures have been fabricated on top of carbon steel and
SS 304 stainless steel electrodes: poly-(Neutral Red) (PNR) [1] and, on top of it, poly-(Azure A)
(PAA) [2]. The procedure consisted of two stages: (a) in situ synthesis of PNR on the flat
electrode surfaces, followed by (b) CV-driven deposition of PAA from its monomer solution.
The potential window employed to synthesize the films was between –1.0 and 1.0 V vs.
Hg/Hg2SO4/K2SO4(sat), the scan rate was 10 mV·s–1. In spite of the harsh treatments in salt spray
tests, samples of PNR-coated steel samples showed no sign of weathering. On the other hand,
PNR-coated carbon steel coupons did show early signs of corrosion. This is consistent with the
membrane-like character of such a polymer film, which is capable of exchanging cations and
anions with the surroundings. Being PNR an electrochromic material, the procedures based
on imaging through optical methods combined with electrochemical techniques provide a
practical characterization of the films and its changes. The possibility of depositing PNR thin
films atop steel substrates can lead to put forth technological applications other than
corrosion issues, such as substrate decoration in the field of surface treatments.
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Despite of the protective effect of Cr against the corrosion of stainless steel alloys, it is
of great interest for the maintenance of construction materials and equipment built with
these materials, to have soluble chemical inhibitors in aggressive industrial environments. In
this work, the effect caused by the same family of inhibitors is studied using electrochemical
impedance spectroscopy (EIS). This technique provides kinetic information about the forced
corrosion process, which can be extrapolate comparatively to real processes. 316 stainless
steel samples were submerged in 0.1 M HCl solution until constant electrode potential values
were reached. EIS were obtained in different concentrations of inhibitors in solution. Nyquist
diagrams show an inductive loop caused by the attack of the chloride ions [1,2]. The passive
elements of the proposed equivalent circuit are associated with an electronic transfer
mechanism followed by the transport of Fe (II) to the solution.
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Electrochemical reduction can be considered one of the options with larger potential to
reduce anthropogenic CO2 emissions. In this work, the electrochemical reduction of CO2 in gas
phase has been carried out in a PEM type cell (Paxitech, 25 cm2 geometric area) in continuous
operation mode using carbon nanotube-supported catalysts (Figure 1) [1]. For this process,
metal nanoparticles are supported onto carbon nanotubes using a synthesis method based on
supercritical fluids. The main products formed from the electrochemical reduction of carbon
dioxide have been formic acid, CO, methane, methanol and acetone.

Figure 1. PEM type cell and schematic draw of the electrocatalytic conversion of carbon
dioxide into valuable compounds.
Several metals have been tested in the electrocatalytic reduction of carbon dioxide. Platinum
and lead tend to convert carbon dioxide essentially into formic acid. When using copper as
catalyst gas products are mainly formed, especially carbon monoxide and methane.
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Photoelectrocatalysis (PEC) is a technique that combines both electrochemistry and
photocatalysis, and it has emerged as a potent tool to eliminate recalcitrant organic
compounds in wastewater. PEC processes have several advantages over other advanced
oxidation processes (AOPs): they require little to no reagents, hence minimizing the costs
associated with additional treatments, and their operation is quite simple. Besides, the fast
recombination of photogenerated electron-hole pairs which takes place in photocatalysis is
greatly reduced or avoided by applying a small potential polarization to the photoanode,
significantly increasing the efficiency of the process by extending the lifetime of holes for the
production of hydroxyl radicals.
On the other hand, among the most problematic pollutants found in aquatic ecosystems are
recalcitrant organic compounds, such as pesticides, drugs or dyes. These compounds and their
metabolites are normally non-biodegradable, so conventional biological oxidation treatments
are not useful.
In this work, tungsten trioxide (WO3) nanostructures synthesized by anodization under
hydrodynamic conditions and with very high electroactive surface area have been used to
eliminate pesticides from aqueous solutions by photoelectrocatalysis. Previous to the
degradation tests, the morphological, electrochemical and photoelectrochemical properties
of these WO3 photoelectrodes have been characterized.
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Electrodeposition plays a role of paramount importance since it readily allows the deposition
of different materials with low energetic cost. For some inert metals, the deposition in
aqueous media is limited due to their low hydrogen overpotential. Ionic liquids show wider
potential windows and have been used as alternative solvents for electrodeposition. Among
them, Deep Eutectic Solvents (DES) are sustainable and handy alternative 1.
The present work focuses on investigating the electrodeposition in ionic liquid of two inert
metals, Ni and Co, which show useful properties for innovative applications. DES based on
choline chloride (ChCl) and urea was used as solvent. The deposition mechanism on different
substrates (vitreous carbon, Au, Pt) and its sensitivity to substrate orientation in the first
deposition stages (Pt poly, Pt(111)) were studied. At low and moderate overpotentials welldefined structures were obtained.
Both on vitreous carbon and gold, the
deposit formation shortens the electrochemical window. At high overpotentials,
nickel and cobalt hydroxylated species were
detected, as a result of the overlapping of
metal deposition and solvent reaction. The
stability of the DES was deeply analysed,
especially on Pt substrates. Voltammetric
structure-sensitive behaviour and hydrogen
formation were detected on the Pt bare
electrode. Unlike the case of carbon and
gold substrates, the presence of deposited
Ni and Co promotes the widening of the Pt
electrochemical window due to the lower
catalytic power of these metals. In addition, the hydrogen formation favours the formation of
hydrogenated nickel structures depending of the applied overpotential, these structures being
not present in cobalt deposits.
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In the last decades, there has been an astronomical increase of the drinking water demand,
due to the exponential growth of the World’s human population. One of the main current
worldwide concerns is the growth of water pollution by organic compounds arising from
human activities. The great majority of these compounds are persistent organic pollutants (i.e.
recalcitrant pollutants), owing to their resistance to conventional wastewater treatments. As
a result, these compounds are building up in nearly every water body of the planet. Since the
late 80’s, a large number of research teams have focused on developing more effective
technologies to totally remove recalcitrant organic pollutants from wastewaters. In this
context, electrochemical advanced oxidation processes (EAOPs) have gained increasing
attention. Ceramic electrodes based on SnO2 have been widely reported in literature as
promising alternatives to the actual state-of-the-art EAOP electrodes (i.e BDDs). A common
strategy in electrochemistry for increasing the performance of a given electrode is increasing
its electrochemical rugosity factor (i.e. active area per geometric area).
In this work, the effect of the addition of a pore generator before sintering (Sb,Sn,Cu)O EAOP
anodes was investigated. A common composition was considered for all the electrodes: SnO2
(97.8 wt.%), Sb2O3 (1.0 wt.%) and CuO (1.2 wt.%). Before sintering the electrodes, different
amounts of coke, a pore generator, were added. Then, the samples were sintered in a
laboratory furnace at 1200ºC. A complete electrochemical characterization of these anodes
was done in a 0.1 M Na2SO4 electrolyte. First, cyclic voltametries were performed in the anodic
domain at 10 different scan rates; and then, the electrochemical impedance spectrum was
measured at 15 different overpotentials. From these measurements, several parameters that
are relevant for characterizing the performance of the electrode as an EAOP anode, were
obtained: the electrochemical window, the electrochemical rugosity factor, and the oxygen
evolution reaction (OER) Tafel parameters. The results were compared with analogue results
obtained for Pt and BDD anodes.
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The presence of antibiotic compounds in surface waters is an emerging environmental issue
since many of these substances are not biodegradable. Norfloxacin (NOR) belongs to
fluoroquinolone antibiotics, and has been used to treat a wide range of gastrointestinal,
urinary and respiratory tract infections [1]. These compounds are not effectively removed
from contaminated urban wastewaters by conventional municipal treatment plants [2].
Electrochemical oxidation of Norfloxacin (NOR) has been studied in sodium sulphate media
using a novel Sb-doped SnO2 ceramic anode and a boron doped diamond (BDD) one in an
electrochemical reactor in the presence and absence of an ion exchange membrane. The
electrochemistry of the oxidation process strongly depends on the anode type: the Sb-doped
SnO2 ceramic anode has lower oxidation power with lower values of TOC (total organic
carbon) removal, while BDD acting as a typical anode with high oxidation power mineralizes
the organic content to CO2.
The use of the membrane to separate the anodic and cathodic compartments is highly
favourable as it enhances the anodic reaction kinetics and improves the current efficiency by
hampering the occurrence of parasite redox couples. This leads to an improvement of the NOR
degradation, the degree of mineralization and the consequent mineralization current
efficiency (MCE). The energy consumption per mass unit of total organic carbon is also
improved in the divided reactor for both anodes.
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Being Cobalt-Chromium (CoCr) alloys one of the most commonly materials used for
orthopaedic implants as join replacements, the importance of studying their surface
modification with graphene-based structures to decrease corrosion and enhanced wearability
of implants is of great interest. Nevertheless, it is well known that a complete reduction of
graphene oxide (GO) is very difficult irrespectively of the method used so it is already expected
the presence of oxygen-functional groups in the electrodeposited reduced-graphene oxide [12]. In this work, the main aim has been to deposit graphene-based sheets on CoCr alloy by
electrochemical methods. The reduction of a graphene oxide aqueous suspension (4 mg/ml)
was carried out by electrochemical methods to generate Electrochemically Reduced Graphene
Oxide (ErGO) films on the CoCr alloys. The direct electrodeposition process was performed by
two techniques: cyclic voltammetry experiments, and reduction potential. The
electrochemical methods were applied after immersion of fresh activated CoCr surface in the
aqueous solution of graphene oxide at room temperature. Cyclic voltammetry was performed
from -2,1 V to -0,5 V (both referred at Ag/Ag/Cl reference electrode) for 5 scans at 10 mV/min.
On the other hand, a reduction potential of -2,1 Vvs. Ag/Ag/Cl was applied for 10 minutes.
Characterization of the electrochemically reduced graphene oxide films on CoCr by SEM, and
XPS was also carried out. In summary, reduced graphene oxide films grown on CoCr by
electrochemical methods used in this work (CV and constant potential) resulted in graphene
films which oxygen functional groups are partially reduced and deposited on the CoCr
surfaces. Current is successively decreased at the first three cycles in the CV but then remains
constant indicating that the reduction on free CoCr areas is finished. In addition, the
application of the constant potential does not produce a reduction to zero in the current as
time increase but after a threshold value remains constant, indicative that oxygen is retained
in the carbon network deposited on the metallic surface.
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During the last decades, single particle detection has opened a novel sight for doing
electrochemical characterization of nanoparticles and nanomaterials. Nanoscale zero-valent
iron (nZVI) nanoparticles are currently used for environmental remediation due to their ion
sequester ability. However, this trait plus their magnetic behavior, and biocompatibility,
makes them a promising alternative for heavy metal poisoning treatment, development of
MRI dye, and drug delivery loads, among others. Their rapid passivation in aqueous media
inhibit their differentiation from magnetite (Fe3O4) by electrochemical methods, due to its
surface oxide. Herein, this work is focused on applying the electrochemical method known as
anodic particle coulometry (APC) to detect and characterize zero valent iron nanoparticles
(nZVI). During the experiments, current blips are observed as a result of a current increase
when the electroactive nZVI nanoparticle reaches the Au working ultra-microelectrode
surface. Moreover, APC allows for the electrochemical differentiation between nZVI and
magnetite (F3O4) by particle size exclusion; not possible using other electrochemical technics
such as cyclic voltammetry, or anodic linear sweep voltammetry. This fundamentally drifted
experiment aims to elucidate and characterize novel nanomaterials that are currently in use
and validate the application of the applied technique.
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The electrochemical response of charge transfer processes with surface confined species are
very often complicated with non-electrochemical steps whose particular kinetics can affect
them in a very decisive way [1]. One of the most frequent is the presence of a previous process
due to the existence of a “chemical” reaction (like a protonation reaction), or an “activation”
step (i.e., a conformational change or a re-orientation change), that affect to the confined
active species [2-4], in line with the following scheme
k
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where k1 and k2 are the rate constants of the preceding process which can be considered as
potential independent, and kred and kox are the rate constants for the electro-oxidation and
electro-reduction reactions, respectively.
In this communication, we present a theoretical description of electrode process (I),
considering the influence of redox and “chemical” kinetics on the overall response by
assuming a steady state behaviour for the intermediate species C. The solution presented is
valid for a broad range of values of the rate constants of the two processes and, due to its
discrete nature, is applicable to any multipotential step technique and it also allows to obtain
the continuous limit of Cyclic Voltammetry (CV) for which only numerical calculations had
been used previously. The special features of the I-E response for this situation are discussed,
with a special focus on the determination of the kinetic parameters of both steps.
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Electrolytic aquo-organic media solutions are very important in fields such as chemistry,
chemical engineering, biology, biochemistry, bio-electrochemistry, pharmaceutical industry,
etc. For this reason, new data on thermodynamic properties of these solutions are always
welcome.
The coefficients of activity at 298.15 K were determined experimentally using the following
electrochemical cell bi-ISE:
Na-ISE | NaCl (m), Amide (Y), H2O (100-Y) | Cl-ISE
Molality (m) varied between 0.01 mol·kg-1 and nearly saturation, while the percentage of
amide (Formamide, N-Methylformamide or N-Methylacetamide) in the mixture (Y) ranged
from 0 to 100% except by NMA. Applying the Nernst-Nikolsky equation:
E = E0* - 2k log mγ
the determination of E0* and k, is performed using the methods of extrapolation of routine
along with the classical equations of Debye-Hückel (DH) and Scatchard (S), various
modifications of Pitzer equation (P) and the more recent model TCPC (three-characteristicparameter-correlation).
In addition to the coefficients of activity, the Gibbs energy of transfer of NaCl from the aquo organic mixture to water, product standard solubility of NaCl and the primary hydration
number were determined and comparatively analysed for different water - amide mixtures.
γ vs. m variation presents the typical profile: sharp initial decline (ion-ion interaction) and a
subsequent increase (ion-solvent interaction). A comparative analysis with systems shows
how, in all cases, for a given concentration, the γ increase with amide content in the mixture
(increase in the dielectric constant of the medium).
References
[1] F. Hernández-Luis, R. Rodríguez-Raposo, H. R. Galleguillos, J. W. Morales, Fluid Phase Equilibria 425
(2016) 451-464.
[2] F. Hernández-Luis, R. Rodríguez-Raposo, D. Grandoso, Journal of Chemical & Engineering Data 56
(2011) 3940-3948.
[3] F. Hernández-Luis, R. Rodríguez-Raposo, G. Ruiz-Cabrera, Fluid Phase Equilibria 310 (2011) 182-191.

149

AWARDS WINNERS LECTURES

“INVESTIGACIÓN CIENTÍFICA”
Electrochemical biosensing for reliable and early clinical diagnosis
J.M. Pingarrón
Departamento de Química Analítica, Facultad de CC. Químicas, Universidad Complutense de Madrid,
Madrid, 28040, Spain
e-mail: pingarro@quim.ucm.es

Keywords: electrochemical biosensing; clinical diagnosis; cancer; epigenetic biomarkers.
Nowadays, it is widely accepted that the prompt and reliable diagnostic of diseases with
increasing incidence and prevalence in the last years, such as cancer, is a key factor in the
patient survival. Therefore, the demand of efficient, simple and disposable devices with short
response times, low-cost, and suitable to perform decentralized and reliable determination of
cancer biomarkers for early diagnosis, preferably in a minimally invasive way, which overcome
limitations of conventional methodologies, has increased tremendously during the last years.
Cancer, earlier thought to be mostly a ‘genetic’ disease is now recognized to involve frequent
and widespread ‘epigenetic’ abnormalities, defined as stable, inherited alterations in gene
expression which do not involve any change in the DNA sequence and occur at an early stage
of the carcinogenic processes preceding genetic changes. Epigenetic alterations include: DNA
methylation processes, post-translational histone modifications, chromatin remodeling, and
post-transcriptional gene regulation by non-coding RNAs, such as miRNAs. Between them,
miRNAs and DNA methylation events are considered nowadays the epigenetic biomarkers
with the highest potential for early cancer diagnosis.
Taking into account these recent and relevant findings, and just as a small sample of the recent
achievements of my research group, the main features of novel electrochemical biosensing
platforms for sensitive, selective, simple and rapid determination of miRNAs [1,2] and altered
DNA methylation patterns [3,4] will be discussed. The developed methodologies, based on the
appropriate use and coupling of novel bioreceptors, functionalized magnetic microcarriers,
attractive bioassays formats and electrochemical disposable transducers, both unmodified
and nanostructured, demonstrated the accurate determination of the target analytes at
clinically relevant levels in scarcely treated challenging biological samples such as cancer cells
and tissues (both fresh and formalin-fixed paraffin embedded) and serum from cancer
patients.
These easy handling bioplatforms with multiplexing capabilities provided results in agreement
with conventional methodologies but with lower cost and in remarkably shorter times which
make them suitable alternatives in the implementation of user-friendly and affordable devices
to perform routine determinations in clinical and basic research settings.
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The ‘Jóvenes Investigadores’ award conference will focus on the fundamentals and recent
developements of Electrochemical Advanced Oxidation Processes (EAOPs) towards their
implementation as water treatment technologies. Based on the in situ generation of hydroxyl
radical (●OH) capable of completely oxidizing organics, emerging EAOPs technologies face
environmental impact of persistent organic pollutants.
Different EAOPs will be discussed in a comprehensive, comparative and systematic manner
emphasizing performance and applicability on the removal of persistent organic pollutants.
The evolution of dissolved organic carbon, aromatic intermediates, generated carboxylic acids
and released inorganic ions, as well as pollutants decay have been considered to ascertain the
degradation rate and mineralization degree achieved for each process. Afterwards, scaling-up
and reactors design will be addressed. Special emphasis will be driven towards research
challenges and knowledge gaps that must be faced to ensure successful market
implementation.
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Over the past years, extensive research and development have been carried out in lowtemperature fuel cells aimed at implementing this technology on transportation, stationary
and portable power generation. The fundamental understanding of the electrified interface,
as well as the development of highly active and selective catalysts and an optimum technology
that improves the effective fuel conversion, are the key challenges for practical application of
these devices.
The activity and selectivity of the Pt-based nanoparticles (NP) can be modulated by controlling
its size and morphology. However, the electrochemical reactions can only be understood if
they take place on a clean surface. In this sense, the evaluation of the surface structure and
cleanliness by means of electrochemical characterization has been pervasive throughout this
work1,2. Moreover, the morphological changes produced in shaped Pt NPs as a consequence
of the classical process of electrochemical activation were addressed using identical location
transmission electron microscopy (IL-TEM)3. Deeper understanding about the growth
mechanism of trimetallic PtNiCo octahedral nanocatalysts was sought after to translate this
knowledge into the rational design of synthetic routes, and to study the reactivity of such
rationally tailored catalysts for the oxygen reduction reaction (ORR)4. Finally, special attention
was paid to the catalysts´ post-treatment procedure, showing the resulting differences in
reactivity5.
The work here presented aimed a
deeper comprehension of the
electrode-solution interface and
provided an extended knowledge
of the morphology - surface
structure – activity - stability
relationships for Pt and Pt-based
electrocatalysts.
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One of the largest barriers to the progress in Bionanomedicine has been the lack of
knowledge on the properties of the interface between nanomaterials and the biological
environment. Proteins present in the biological fluids are considered the first element that
can disturb both, the surface properties and the functions for which nanoparticles are
designed [1]. To prevent this, surfaces are coated with polymers, such as polyethylene glycol
(EGn) that is considered to avoid proteins non-specific adsorption. Recently, many
applications of surfaces covered by EGn (organized as polymer brushes) have been reported
for medical devices used in diagnostic and therapy systems. The “grafting from”
polymerization strategy [2] allows for better control over the efficiency, dispersity and
functionalization.
The goal of this PhD thesis is to contribute to the knowledge of the “Nano-Bio”
interface. We are attempting to solve problems related to the nature of the interactions
between biological systems and nanomaterials, considering both structural aspects (such as
the nature of the material, the chemistry of the protective layer and its structure) as well as
the interactions between the nanomaterial surface and the biological systems (i.e., with the
proteins which form the protein corona, and those between the different proteins within the
corona). The advances obtained during the development of this work are aimed at establishing
the biocompatibility of the different materials, both in the nanometric and macroscopic
systems of the same nature and, with this, contribute to the general knowledge about their
properties in order to make them applicable and safe in Bionanomedicine.
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Hospital-acquired infections (HAI) are infections that the patient acquires in the hospital due
to contaminated equipment, bed linens or air droplets, among others [1]. In an attempt to
minimize it, antibacterial textiles have been developed by incorporation of bactericidal
nanoparticles (NPs). These, however, progressively lose their antibacterial activity with time,
increasing the risk of contamination and infection. As a strategy to detect bacteria,
electrochromic molecules have demonstrated capacity to act as final electron acceptors in the
electron transport chain, such as Prussian Blue (PB), which present a different colour for the
oxidized and the reduced form [2]. This colour change capacity is here exploited in the
development of a smart textile sensitive to the presence of living bacteria with the future goal
to be implemented in antibacterial tissues for shelf-life determination. The smart sensing
textile is produced by ultrasonic deposition of PB NPs in polyester cotton fabrics, where PB
molecules were susceptible to microbial
reduction by bacterial metabolism. To
demonstrated so, modified fabrics were
incubated with bacterial samples of E. Coli and S.
Aureus during 24 hours. Samples in contact with
microorganism lost their initial blue colour by
metabolic reduction of both microorganisms,
whereas control samples in culture medium
remained blue (Fig.1). Electrochemical and Fig.1. Fabrics unmodified and (b) modified
optical assays are currently conducted to with PB 0.45 mM by ultrasonic deposition.
characterize, evaluate and improve the potential (c) Modified fabrics in culture medium. (d)
sensing capacity of the smart sensor.
Modified samples after 24 hours of
incubation with E. Coli and (e) S. Aureus
(OD600nm = 0.001).
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In the recent years, various new paper-based diagnostic tools have been developed, more
commonly known as PADs (Paper-based Analytical Devices)1. This kind of devices take
advantage of particular features of paper such as porosity and capillarity to perform
microfluidic functions without the need of dedicated instrumentation. The most common
detection method used in this type of platforms is colorimetry. However, there are different
disadvantages related to this detection method, the most relevant one being the limited
sensitivity offered by instrument-free observation2. In order to increase sensitivity, selectivity
and signal quantification, dedicated readers have to be used, which increases both cost and
complexity of PADs. Contrarily, electrochemical detection is a more straightforward method
towards low cost digital PADs, as it can be fabricated with rapid prototyping techniques and it
can be driven with simple instrumentation circuits. However, up to date, not many of these
devices are commercially available due several drawbacks such as enzymes stability or limit of
detection among others.
This work will explore different paths towards the obtaining of a low-cost digital
electrochemical lateral-flow test device for point-of-care applications. In order to obtain the
best results, a deep study of the effect of the paper matrix on the electrochemical response
of different redox species/substrates typically used in electrochemical immunoassays will be
carried out by cyclic voltammetry and chronoamperometry. Furthermore, with the purpose
of avoiding the use of enzymes, the electrochemical and spectrophotometrical enzyme-like
activity of nanoparticles (NPs) will be assessed.
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The catalytic properties of nanoparticles (NPs) are intimately related to both their shapes and
size. Sadly, there is still a vast lack of knowledge in the way of how surfactants act on NPs
synthesis, being almost all of them based on empirical results. These properties are of great
importance in a wide number of electrochemistry reactions such as those involved in the
electrochemical energy conversion and storage. Concerning that fuel cells and batteries are
sensitive to the surface structure of catalyzers, it is of great importance to predict how their
shape will be.
Here, supported by electrochemical experiments we show how a specific capping agent
determines the shape of colloidal NPs. In this case, we have studied the adsorption of citrate
on Au(111), Au(100) and (110) single crystal electrodes in solutions with different
concentrations of citric acid, being HClO4 0.1 M the inert electrolyte. The procedure is exact
as it was in the study of citrate adsorption on platinum electrodes, except for the fact that
only the desorption current was taken to calculate the total charge densities. Later, both Gibbs
excesses and electrosorption valencies were calculated for a complete thermodynamic
analysis using the electrode potential and the charge as independent variables.
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The need to protect metal surfaces in an industrial way against corrosion, incrustations of
biological material, etc., has led to the beginning of lines of research that pursue the
modification of surfaces with polymers, converting the growth of brushed polymers into
substrates of different nature and form, in a subject of great interest due to the important
applications such as anti-corrosive coatings, masks for engravings, lithographs, antiincrustations, treatments against ice and on photocatalytic surfaces [1].
This PhD project is part of the study of functional interfaces with biocompatible properties.
The aim of this work is the characterization of polymeric coatings formed on metals, in
particular on gold, modified by self-assembled monolayers (SAMs) of functionalized
alkanethiols, with different size, shape and surface characteristics. This is done using a strategy
known as grafting from, which is based on a bottom-up approach. The polymer chains are
grown through a process of polymerization initiated on the surface, from a SAM modified
substrate in which the appropriate functional groups have been introduced. In this way,
polymer assemblies anchored on the surface can be prepared with high packing density. The
obtention of these hybrid materials, both in nanometric size as in macroscopic substrates and
their characterization, constitutes the initial and essential step for their subsequent use in
applications in both biological and technological systems.
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The aim of this work is to study a possible alteration in the electroanalytical technique AGNES
(Absence of Gradients and Nerstian Equilibrium Stripping) signal due to the electrodic
adsorption. Several systems with induced adsorption have been studied, establishing that
when the special AGNES equilibrium situation at the end of the first stage is reached, the
existence of other equilibria processes (as adsorption) do not disturb the amount of M0 via
different AGNES variants. The analytical signal (current under diffusion limited conditions or
charge) is not affected by any process in solution (as adsorption) [1]. AGNES is applied to the
study of the system Zn-Glutathione, firstly in synthetic samples and later in root extracts of
Hordeum Vulgare. Four different models were introduced in the speciation program VMinteq.
Several titrations were performed varying pH and cT,GSH and recording the free metal
concentration. Theoretical results of two of the models agree with AGNES determination. In
the root extract, the experimental determined concentration was much lower than the
predicted one, suggesting the presence of other ligands (as phytochelatins) [2]. In the case of
the wine’s study, AGNES and the non-electroanalytical technique DMT (Donnan Membrane
Technnique) were used with the aim of comparing the results. Free metal determinations in
synthetic wine sample agreed with the predicted ones, but the required time to reach the
equilibrium was longer. When working with real wine, it required even longer times. For the
ICP-MS analysis of the sample, the method of the isotopic dilution was used. DMT results
agreed with the corresponding ones using AGNES [3].
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Contaminants of emerging concern (CECs) include any substance suspected of causing harm
to population or ecosystems. However, the term usually refers to chemicals that have been
identified in the environment, but whose effects are only recently considered as particularly
negative. As a result, new regulations are being established, as occurs for nitrates in
groundwater, with a limit of 50 mg L-1 [1], or neonicotinoid pesticides, some of which will be
banned soon by the EU. The main goal of this PhD Thesis is to study the performance of
electrochemical technologies, either single or coupled with physicochemical processes, to
remove organic and inorganic CECs from groundwater and model matrices. Groundwater
decontamination has its own implicit problems, such as low conductivity and presence of
detrimental ions or natural organic matter (NOM). Furthermore, the direct application of
electrochemical technologies (electro-oxidation, electro-Fenton or photoelectro-Fenton) in
situ is highly challenging and costly. A more viable approach will be assessed in this Thesis by
combination with an adsorption pre-treatment using a novel carbonaceous adsorbent like
graphene, in the form of nanoplatelets (GNPs), since the LEMMA has recently shown its good
performance to remove organic micropollutants from industrial wastewater [2]. Some specific
goals include: (i) study of adsorption isotherms and morphological changes of GNPs; (ii)
electrochemical regeneration by different processes to optimize the successive adsorptionregeneration cycles; (iii) elucidation of by-products formed upon regeneration; (iv) integral
study of by-products generated in gas phase, combining online and offline GC-MS; (v)
treatment of model groundwater pollutants in electrochemical cells coupled to LC-MS, to have
in situ information on the degradation routes. The studies will be performed at both, lab-scale
(100-250 mL) and pre-pilot scale (3-10 L plant). The electrolyses will be made in the absence
or presence of H2O2 electrogeneration, with DSA® or BDD as the anodes.
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Electrochromic materials are smart systems that can change colour upon the application of
suitable external electric stimuli. The development of electrochromic devices (ECD) (such as
ECD display panels, smart windows, antiglare car mirrors or sunglasses and reusable price
tags) is a field of great importance nowadays [1]. Hence, an optimum choice of electrochrome
and the electrolyte system is critical to ECD performance (Figure 1).

Figure 1. ECD architecture based on an interdigitated configuration using Poly(3,4propylenedioxythiophene)bis(ethylhexyloxy).

In this sense, this communication focuses on the design of electrochromic systems for the
fabrication of smart devices that will work at low potentials. Organic electrochromic materials
enable the tuning of redox potentials by design, whereas different formulations of solid-gel
“Eco-friendly” electrolytes based on ionic liquids result in higher ionic mobility. Last, especial
attention will be paid to establishing the most adequate and cost-effective production method
for the mass-manufacture of these electrochromic devices.
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Synthetic pesticides have fostered the intensification of agriculture in recent years. However,
they have also become a major source of groundwater pollution due to soil infiltration. The
EU has included 8 pesticides in the so-called Watch List. All of them are considered as highly
toxic, like imidacloprid, which is a kind of neocotinoid [1]. In 2018, EU members have backed
a proposal to ban its outdoor use, since it has been demonstrated as harmful to bees, being
these animals very important for food production and the environment. The removal of
imidacloprid in these natural water reservoirs yields nitrates. This adds to the contamination
that arises from transformation of compounds like ammonia, which may be present in large
amounts as a result of manure landfilling. Nitrate persists in groundwater because, under
oxidative conditions, it is the nitrogen stable form. The WHO establishes a maximum limit of
50 mg L-1 of nitrate, since above this concentration it becomes harmful to humans [2].
This work discusses the performance of electrochemical transformation processes to minimize
groundwater contamination, using a real sample collected in a small cheese-making factory.
The treatment of 175-mL solutions of conditioned groundwater (κ = 1.6 mS cm-1, pH = 7.4, 90130 mg L-1 NO3−, 370 mg L-1 Cl−) through electrochemical reduction and oxidation was carried
out in an undivided cell to simultaneously remove natural nitrate and oxidize imidacloprid
spiked into the sample (10 mg L-1 TOC). For this purpose, optimization of electrodenitrification
was first assessed with different cathode and anode materials, at current densities of 5-50 mA
cm-2. The effectiveness of denitrification was evaluated from the time course of nitrate,
ammonium ion and chloramine generation, and total nitrogen removal. The performance of
a dimensionally stable anode and boron-doped diamond (BDD) to promote the pesticide
mineralization was studied by reverse-phase HPLC and TOC analysis, whereas the main byproducts were identified by GC-MS and ion exchange HPLC.
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Fuel Cells (FCs) are promising electrochemical energy converters for a diversity of applications.
They have the advantage to provide environmentally friendly energy conversion with a high
efficiency and power density. Due to the sluggish kinetic of oxygen reduction reaction (ORR),
one of the main research areas for these devices is the development of a highly efficient, lowcost and stable catalyst for this cathodic reaction [1]. Most of catalysts used at the cathode of
FCs are Pt-based materials which are very expensive. Moreover, they are not durable and
present intolerance towards anode fuel (i.e. methanol or ethanol) in the case of direct alcohol
FCs (DAFCs) [2]. Therefore, developing alternative low-cost catalyst with high performance
toward the ORR is mandatory for developing FCs and DAFCs.
In this work, different heteroatom doped graphene nanomaterials are proposed as
electrocatalyst materials for FCs cathode.
Graphene nanomaterials (MGs) were synthesized using graphene oxide as precursor. These
catalysts were characterized by several techniques, such us X-ray diffraction, Raman
spectroscopy, elemental analysis, X-ray photoelectron spectroscopy and transmission
electron microscopy. Electrocatalytic activity of MGs was studied by cyclic voltammetry and
linear sweep voltammetry using a rotating ring-disk electrode (RRDE). MGs performance in
direct ethanol fuel cell (DEFC) was also evaluated.
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Abstract:
Graphene quantum dots (GQDs) are a new type of carbon nanomaterials with unique
electronic and optical properties arising from its quantum confinement, which have many
applications in different fields. One of the most interesting characteristics of GQDs is the
photoluminescence (PL) of this low-toxic, eco-friendly and chemically inert material [1 ,2] .PL of
GQDs depends on its oxidation state. However, this nanomaterial has been scarcely studied
by electrochemistry. When GQDs are oxidized or reduced, its electronic structure undergoes
important changes, and therefore its spectral properties also change. For this reason,
spectroelectrochemistry (SEC) can be considered a fundamental tool to study the evolution of
the spectral properties with potential. PL SEC has proven to be very powerful to study PL
during the injection/removal of charge[1]. Particularly, Raman SEC provides fundamental
information on the vibration modes of carbon. However, Raman sensitivity is very low and,
therefore, the use of electrodes that enhance the Raman signal is essential to obtain high
quality information.
Surface-enhanced Raman scattering (SERS) is the most usual way to increase the Raman signal
by using, for example, Ag, Cu or Au nanoparticles (NPs) [3]. Among them, Au NPs seems to be
the best option to perform the electrochemical characterization of GQDs because of their
higher potential window respect to Ag or Cu.
In this work, different AuNPs were chemically synthesized and characterized using
electrochemistry, UV/Vis absorption spectroscopy and TEM microscopy. These Au NPs were
used to modify carbon screen-printed electrodes that were subsequently used as SERS
substrates for SEC. Combination of SERS substrates and SEC allows us to obtain valuable
information about the structural changes of GQDs during the injection/removal of charge.
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Antioxidants, both natural and synthetic, are frequently used in the conservation of foods. The
development of new methods assessing the antioxidant capacity is a main target in last years.
Some electrochemical methods have been recently reported [1], but they present limitations
dealing with the stability in non-aqueous media and the complexity of their preparations.
CUPRAC is a spectrophotometric method based in the reduction of Cu(II) to Cu(I), limited by
the color and turbidity of the sample and the working pH. To overcome all these limitations,
the aim of this work is to investigate, develop and characterize electrodes based on the
electrodeposition of copper on glassy carbon electrodes (GCE), which can be used as sensors
for the antioxidant capacity of a wide range of samples.
The reduction signal of Cu(II) to Cu(0) has been studied by cyclic voltammetry to establish the
range of potentials where the charge-transfer is fast, the growth rate is controlled by the mass
transfer and nucleation takes place. Copper electrodepositions were made on GCE from 0.5
M CuNO3 solutions, in acidic media. The potential and time of electrodeposition were
optimized. The resulting electrodes were characterized by SEM.
The modified electrodes were studied by cyclic voltammetry in phosphate buffer solution at
pH 7. The stability and reproducibility of the electrodes were established by monitoring the
anodic and cathodic peaks, and these parameters were related to the structure of the surfaces
observed by SEM. In the presence of antioxidants (Ascorbic acid, Gallic acid and Trolox), the
reduction signal in the reverse scan decreases when the concentration of antioxidant
increases and, consequently, the electrode modified with copper (nano and/or aggregated)
particles can be used to evaluate the antioxidant capacity. The electrodes have been
optimized for their use in this way.
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The development of simple and low-cost point-of-care and on-site monitoring devices that fulfil
clinical, environmental and industrial demands continue increasing [1]. Disposable sensors
based on screen-printed carbon electrodes give the possibility of satisficing both practical and
economic interests in a very simple, smart, affordable and ultimately user-friendly way [2].
This work presents a new alcoholmeter for saliva
testing based on a paper fuel cell. Screen-printed
carbon electrodes were employed as anode and
cathode. Ethanol catalysis takes place at the
anode, whose carbon surface has been modified
with a palladium nanoparticle suspension. The
anode was coupled to a non-limiting silver
peroxide modified cathode. Paper was used as cell
matrix to hold the saliva electrolyte. The ethanol oxidation catalysis reaction was studied with
a 100mM KOH buffer containing ethanol within the range of 1 to 80mM. The activation
protocol of the palladium-based anode has been optimized in order to obtain a linear response
within the whole range of concentrations and the correlation between the fuel cell power
output and the content of ethanol in the sample has been evaluated. The device holds promise
to be an effective system to monitor alcohol content in human saliva as an alternative to the
blood analysis gold standard.
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The direct electrical interfacing of graphene-based devices with individual neurons is currently
being considered for the development of the next generation of neuroprosthetic devices.
Graphene is as a very good candidate for electrical interfacing with electrogenic cells due to
its remarkable chemical and physical properties. Furthermore, graphene is known to possess
good biocompatibility and can be easily integrated in flexible devices, which is crucial in
neuroprosthetic applications. For these applications, a large electroactive area and a porous
material reduce the impedance thereby improving the recording and stimulation performance
[1].
The aim of this project is to explore an alternative synthesis of porous graphene-based
electrodes through the electrodeposition of graphene oxide on platinum electrodes [2]. For
that, electrodeposited reduced graphene oxide (eRGO) coatings were synthesized by cyclic
voltammetry and by chronopotentiometry techniques.
The physical characterization of eRGO has been carried out with Raman spectroscopy and SEM
in order to analyse the reduction level of the graphene and its structure. Furthermore,
electrochemical techniques such as cyclic voltammetry using the redox couple [Fe(CN)6 ]3/[Fe(CN)6]4- and electrochemical impedance spectroscopy have been used to study the
electrode response before and after modifications.
This new synthesis method will enable the fabrication of porous graphene microelectrodes
arrays (MEAs) with 3D shapes, unlocking the limitation that they currently have to 2D arrays.
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Those polypyrrole films were employed in this work are constituted by electrochemical
molecular machines. The oxidation/reduction of the material mimics the intracellular matrix
of muscle cells. The material has been synthesized on Pt by flow of a constant current through
a monomeric solution. The reproducibility of the electrogeneration of the process was
checked by voltammetric and gravimetric control. The influence of the electrolyte
concentration on the reversible oxidation/reduction of the synthesized polypyrrole films was
studied by potential sweeps, square potential waves or square current waves in various NaCl
aqueous solutions. The evolution of the consumed energy by the reaction or that of any of Its
components (charge and potential) vary as a function of (is a sensor of) the electrolyte
concentration: the energy consumed by the reaction adapts to, or senses, the chemical energy
of the reaction media. A theoretical description of the attained results is presented getting
the sensing equation. Identical conclusions were attained employing NaSCN aqueous
solutions.
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Abstract: Transition metal has an important effect on the electrocatalytic activity of non-noble
metal catalysts for Oxygen Reduction Reaction (ORR) [1]. In the present work, FexCoy alloyed
particles were synthesized from high purity powders (Fe and Co) by means of the high-energy
mechanical alloying. ORR electrocatalytic performance of the FexCoy alloys in acidic and
alkaline media was evaluated by a rotating disk electrode (RDE) at room temperature. The
structure of the catalysts was investigated with scanning electron microscopy (SEM) and X-ray
diffraction (XRD). Small-particle clusters with granular morphology and micro-metric sizes
were obtained in all the cases. According to the RDE results, the prepared catalysts exhibit
high electrocatalytic activities toward ORR under alkaline conditions, while the
electrocatalytic activity under acidic conditions was not very ideal. The Fe80Co20 presents the
highest electrocatalytic activity for ORR in both electrolytes (acidic and alkaline). ORR current
density at 2000 rpm was 0.09 mA/cm2 @0.1 V (vs Ag/AgCl) in acidic solution and 3.52 mA/cm2
@-0.6 V (vs Ag/AgCl) in alkaline solution. Therefore, the chemical composition of Fe/Co played
an important role in the electrocatalytic activity of these non-noble metal catalysts for ORR.
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