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PRESENTACION

El Comité Organizador de la XXIV Reunion Nacional de Espectroscopia-VIll Congreso
Ibérico de Espectroscopia os da la bienvenida a esta cita bianual de la espectroscopia
ibérica que se celebra en Logrofio (La Rioja) del 9 al 11 de julio de 2014. Tras la ultima
edicion celebrada en Cordoba en septiembre de 2012, tomamos animados el testigo de su
organizacion con la esperanza de ser, de nuevo, la gran cita para los cientificos y
profesionales de la Peninsula Ibérica interesados en los avances de la espectroscopia y en
sus aplicaciones. En esta edicién contamos con la participacion de mas de ciento sesenta
inscritos procedentes de veintitrés universidades espafiolas, cuatro universidades
extranjeras y doce casas comerciales de instrumentacion espectroscopica.

La belleza y singularidad de Logrofio —enclave estratégico del Camino de Santiago, punto de
encuentro de peregrinos, y capital de la afamada region de La Rioja por la excelencia de sus
vinos y productos— representan un marco idéneo en el que fortalecer los lazos de la
espectroscopia ibérica animados por su riqueza monumental y gastronémica.

El principal objetivo de la XXIV RNE-VIII CIE es presentar los avances mas recientes en el
campo de la espectroscopia, a través de conferencias plenarias e invitadas, contando con la
participaciéon de cientificos internacionales de reconocido prestigio, y al mismo tiempo,
estimular las relaciones y futuras colaboraciones entre los participantes. Paralelamente al
programa cientifico, tendra lugar una exposicion comercial en la que estaran presentes las
principales empresas del sector de la instrumentacion cientifica relacionada con la
espectroscopia que nos mostraran, de primera mano, las novedades del mercado. Ademas,
durante este congreso esta prevista la celebracion de las asambleas de socios la Sociedad
de Espectroscopia Aplicada (SEA) y la Sociedad Espafiola de Optica (SEDOptica).

El Comité Organizador ha hecho un esfuerzo especial para ofrecer cuotas muy reducidas a
los estudiantes y favorecer la participacion de jovenes investigadores, los futuros cientificos
y profesionales de la espectroscopia y de ediciones venideras de la RNE-CIE. Esto no
hubiera sido posible sin la ayuda econémica de las instituciones y el patrocinio de las
empresas, a las que estamos muy agradecidos.

Después de las sesiones cientificas, hemos preparado un programa social para mostraros lo
mas tipico de Logrofio. EI miércoles degustaremos unos pinchos en la famosa calle Laurel y
el jueves visitaremos y cenaremos en una bodega.

Estamos encantados de contar con vuestra presencia y deseamos que disfrutéis al maximo
tanto del programa cientifico como de vuestra estancia en La Rioja.

iMuchas gracias por vuestra participacion!

El Comité Organizador
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COMITE DE HONOR

D. Pedro Sanz Alonso, Presidente del Gobierno de La Rioja

D2 Concepcién Gamarra Ruiz Clavijo, Alcaldesa del Excmo. Ayuntamiento de Logrofio
D. José Arnaez Vadillo, Rector de la Universidad de La Rioja

D. José Luis Lopez de Silanes Busto, Presidente del Consejo Social de la Universidad de La
Rioja

COMITE ORGANIZADOR

D2 Maria Cruz Moreno Bondi, SEA, Presidenta
D. José Miguel Vadillo Pérez, SEA, Secretario
D. José Manuel Costa Fernandez, SEA

D2 M2 Teresa Tena Vazquez de la Torre, UR
D2 Susana Cabredo Pinillos, UR

D. Félix Gallarta Gonzélez, UR

D2 Cecilia Sdenz Barrio, UR

Colaboradores

D. Julian Crespo Gutiérrez

D. Jesus Cordon Moreno

D2 Rocio Donamaria Saez

D2 Raquel Echeverria Sddaba

D2 Elena Manso Ruiz de la Cuesta

D. David Pascual Garcia

COMITE CIENTIFICO
D2 Maria Cruz Moreno Bondi, SEA, Presidenta
D. José Miguel Vadillo Pérez, SEA, Secretario

D2 M2 Teresa Tena Vazquez de la Torre, Universidad de La Rioja, Presidenta del Comité
Local

D. Luis Batista de Carvalho, SPB

D2 Pilar Bermejo Barrera, SEQA

D. José Manuel Costa Fernandez, SEA

D. Manuel Hernandez Cérdoba, SEQA

D2 Belén Maté Naya, SEDOptica

D2 Maria Paula Marqués, SPB

D2 Maria Paz Sevilla Sierra, SEDOptica

D. Antonio Sola Diaz, Organizador XXIII RNE — VII CIE
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Martes 8 de julio

17:00-19:00 Recogida de documentacion

19:30

Vino de bienvenida

Miércoles 9 de julio

09:00

Sesion

09:30

10:15

10:45

Sesion

11:15

11:45

Sesién de apertura

I, presidida por M2 Paz Sevilla Sierra
Conferencia Plenaria

PL-1. Concepcion Domingo
Raman Spectroscopy, a “broad-spectrum” tool: from rock art to Mars exploration; from
graphene-based materials to medical diagnosis or cosmetics industry

Conferencia Invitada

IL-1. Martin Resano
Non-invasive methods for clinical elemental analysis. Direct analysis of dried matrix spots for
diagnosis and control

Café
Il, presidida por Maria Paula Marques y Belén Maté Naya
Conferencia Invitada

IL-2. Helena Vieira Alberto
Spectroscopy of a muonium atom formed inside a semiconductor

Comunicaciones Orales: Nanotecnologia

O-01. Diameter selection of carbon nanotubes in arrays of polymer/SWCNT nanowires by
template wetting
M.C. Garcia-Gutiérrez, C. Domingo

0-02. Synthesis and study of plasmonic properties of gold-silver nanostructures: From a
spherical nanoparticles to ultrathin nanowires

J. Crespo, A. Falqui, J.M. Lopez-de-Luzuriaga, M. Monge, M. E. OImos, M. Rodriguez-Castillo, M. Sestu, K.
Soulantica

0-03. Gaps induced by molecular linkage of plasmonic nanoparticles in colloidal suspensions
for SERS enhanced pesticide sensing
S. Sanchez-Cortés, J. Kubackova, D. Jancura, J.V. Garcia-Ramos

0-04. An ICPMS-based analytical platform for the determination of nanoparticles released
from nanocomposites
E. Bolea, |. Abad-Alvaro, J. Jiménez-Lamana, N. Manninen, A. Cavaleiro, S. Carvalho, F. Laborda, J.R. Castillo

0-05. A novel quantum dot-based phosphorescent immunoassay for PSA detection in human

serum: signal amplification strategies based on ICP-MS
M. Garcia-Cortés, M.T. Fernandez-Arguelles, J.M. Costa-Fernandez, J. Ruiz Encinar, A. Sanz-Medel
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0-06. Bioconcentration and toxicity studies of titanium dioxide nanopatrticles by zebrafish
embryos
R. Mufioz-Olivas, A. Lopez-Serrano, J. Sanz, S. Rainieri, C. Camara

0-07. Experimental observation of Fano- and Lorentz-like line shapes in the optical extinction
of plasmonic nanorods
F. Lopez-Tejeira, N. Verellen, R. Paniagua-Dominguez, D. Vercruysse, D. Denkova, L. Lagae, P. Van Dorpe, V.V.

Moshchalkov, J.A. Sanchez-Gil

13:30 Comida

Sesién lll, presidida por Manuel Hernandez Cérdoba y Maria Teresa Tena Vazquez de la Torre
15:30 Conferencia Plenaria

PL-2. Demetrios Anglos
Art and Archaeology through the spectroscopic looking glass

16:15 Comunicaciones Orales: Plasmas
0-08. Biomedical applications of laser induced breakdown spectroscopy in bacterial
identification
S. Manzoor, S. Moncayo, F. Navarro-Villoslada, J.A. Ayala, R. Izquierdo-Hornillos, F.J. Manuel de Villena, J.O.
Caceres
0-09. LIBS quantitative analysis of fluorite ores (CaF,) through the measurement of CaF
molecular emission bands
C. Alvarez, J. Pisonero, N. Bordel
0-10. Different approaches for the generation of chemical maps of complex samples by laser-
induced plasma spectroscopy
M.P. Mateo, G. Nicolas

17:00 Comunicaciones orales: Casas comerciales |

0O-11. MIR-FIR spectroscopy in one step — wide range infrared technology
C. Villar Pascual, G. Zachmann

0-12. Spectral interferences removal in multiple isotope selenium and iodine determinations
using an ICP-MS triple quadupole in MS/MS mode
N. Sugiyama, Y. Shikamori, K. Nakano, S. Kakuta, F. Tobalina

17:30 Café

17:30-19:30 Sesion de carteles 1
Exhibicién Comercial

20:30 Visitaalacalle Laurel (bono-pincho)
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Jueves 10 de julio
Sesién IV, presidida por Maria Cruz Moreno Bondi y José Manuel Costa Fernandez
09:00 Conferencia Plenaria

PL-3. Luca Prodi

Dye doped silica nanoparticles as luminescent organized systems for nanomedicine

09:45 Conferencia Invitada

IL-3. Fernando Rull
Applications of Raman spectroscopy: from the historical heritage to the space exploration

10:15 Comunicaciones Orales: Alimentos y sensores

0-13. B-Cyclodextrin modified CdSe/ZnS quantum dots as a vanillin-sensor
A. Rios, G.M. Duran, A.M. Contento

0O-14. Furfural selective colorimetric sensors for beer ageing monitoring
A. Rico-Yuste, E. Benito-Pefia, V. Gonzalez-Vallejo, M.C. Moreno-Bondi

0O-15. Determination of technological maturity of grapes and total phenolic compounds of
grape skins in red and white cultivars during ripening by near infrared hyperspectral image: A
preliminary approach

J. Nogales-Bueno, J.M. Hernandez-Hierro, F.J. Rodriguez-Pulido, F.J. Heredia

11:00 Café

11:30-13:30 Sesion de carteles 2
Exhibicién Comercial

13:30 Comida

Sesion V, presidida por Santiago Sanchez Cortés y Santiago Maspoch Andrés

15:30 Conferencia Invitada
IL-4. Manuel Montejo
Molecular and supramolecular chirality by VCD spectroscopy and quantum chemical
calculations

16:00 Comunicaciones Orales: Analisis forense y bioquimico

0O-16. Double confirmation of MDMA abuse: saliva analysis
S. Armenta, S. Garrigues, M. de la Guardia, J. Brassier, M. Alcala, M. Blanco

O-17. Evaluation of confocal Raman spectroscopy to identify gunshot residue particles
M. Lopez-Lopez, C. Garcia-Ruiz

0-18. Porous membrane protected molecularly imprinted polymer based microsolid phase
extraction for cocaine and metabolites assessment in human plasma by HPLC-MS/MS
S. Garcia-Carballal, J. Sanchez-Gonzalez, A.M. Bermejo, M.J. Tabernero, P. Bermejo—Barrera, A. Moreda—Pifieiro

0-19. Determination of lidocaine in urine at low ppm levels using dispersive microextraction
and attenuated total reflectance-Fourier transform infrared measurements of dry films
A. Sanchez-lllana, D. Pérez-Guaita, S. Garrigues, M. de la Guardia

17:00 Café
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Sesién VI, presidida por José Miguel Vadillo Pérez

17:30

18:30

19:30

20:00

Comunicaciones orales: Casas comerciales Il

0-20. Supercontinuum fiber lasers: White light with laser brightness. A new tool for advanced
spectroscopy

P. Pérez-Millan, E. Ribes, J.L. Cruz, A. Diez, Y.O. Barmenkov, M.V. Andrés

0-21. Time-resolved spectroscopy using streak cameras

J. Sobrino

0-22. AFM for high resolution and high speed chemical imaging and first fully-integrated
Raman Imaging + Scanning Electron microscope (RISE)
E. Bailo, J. Toporski, U. Schmidt

0-23. Improving analysis or large isotopes ratios using high sensitivity ICPMS
P. Cano, M. Hamester, R.Chemnitzer

Asambleas de Sociedades
Salida de autobuses desde Edificio Quintiliano

Visita y cena en bodega Campo Viejo

Viernes 11 de julio

Sesién VII, presidida por Pilar Bermejo Barrera y Luis Batista de Carvalho

09:30

10:15

11:15

Conferencia Plenaria

PL-4. Mario Berberan-Santos
Thermally activated delayed fluorescence. Fundamentals and applications in optical sensing
and in OLED materials.

Comunicaciones Orales: Analisis ambiental

0-24. Molecularly imprinted polymer based — solid phase extraction for mercury speciation in
seawater by HPLC-ICP-MS
M.P. Rodriguez-Reino, R. Dominguez-Gonzalez, P. Bermejo—Barrera, A. Moreda—Pifieiro

0-25. First insights into mercury speciation in aquatic plants using coupled techniques based
on gas chromatography and atomic fluorescence detection
M. Jiménez-Moreno, M.A. Lominchar, M.J. Sierra, R. Millan, R.C. Rodriguez Martin-Doimeadios

0-26. FAPA-APGD as ion source for VOCs detection by a novel ion differential mobility
analyser
M. Bouza, J. Orejas, S. Lopez-Vidal, J. Pisonero, N. Bordel, R. Pereiro, A. Sanz-Medel

0-27. Analytical environmental nanoscience: A new challenge for Analytical Chemistry in the
XXI century

J.R. Castillo, P. Bermejo-Barrera, F. Laborda, E. Bolea, M.S. Jiménez, M.T. Gomez, G. Cepria, A. Moreda, M.C.
Barciela

Café
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Sesién VI, presidida por Concha Domingo y Carmen Camara Rica
11:45 Comunicaciones Orales: Estructura atbmica y molecular, materiales avanzados y otros

0-28. Unveiling the early history of ultrafast laser ablation: Design, construction and evaluation
of a femtosecond-resolved phase-change microscope
I.M. Carrasco-Garcia, M. Lopez-Claros, J.M. Vadillo, J.J. Laserna

0-29. Copper(ll) complexes of cinnamic and caffeic acids: A Raman study

N.F.L. Machado, M.P.M. Marques

0-30. Crystal disruption in novel titanias for enhanced photocatalytical applications
M. Rico-Santacruz, E. Serrano, A. Sepulveda, E. Lalinde, J. Berenguer, J. Garcia-Martinez

0O-31. Trimeric gold-mercury containing species as fluorescence quenchers
D. Pascual, J.M. Lopez de Luzuriaga, M. Monge, M.E. Olmos

0-32. Insights into the coordination chemistry in the system [Zn(l-Lac)(H,0),]" from DFT, NBO
and QTAIM: Structure/vibrational spectra relationship
M.C. Ramirez Avi, A.A. Marquez Garcia, F. Partal Urefia

0-33. SCA methodology for the analysis of deposited atmospheric particles on the surface of
outdoors exhibited steel sculptures

J. Aramendia, L. Gomez-Nubla, K. Castro, J.M. Madariaga

0-34. Raman, SERS and DFT analysis of mauve dye and its components

M.V. Caflamares, J.R. Lombardi

13:30 Clausuray entrega de premios
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PL-1

Raman spectroscopy, a “broad-spectrum” tool: from rock art to
Mars exploration; from graphene-based materials to medical
diagnosis or cosmetics industry

C. Domingo.
Instituto de Estructura de la Materia, CSIC, Serrano 123, 28006 Madrid, cdomingo@iem.cfmac.csic.es.

The “Raman effect” discovered in 1928 independently in India (C.V. Raman and K.S Krishnan) and in
Russia (G.S. Landsberg and L.l. Mandelshtam), which led C.V. Raman to receive the Nobel Prize in
Physics in 1930, has generated the development of several Raman Spectroscopy techniques.
Acronyms such as SERS, CARS, ROA, TERS, TRS, SORS, ... and terminology (Raman microscopy,
Raman imaging, ...) have burst into the scientific journals and even into the “analytical
instrumentation” market, illustrating their excellent capabilities with extraordinary applications of
Raman spectroscopy in so different areas as biomedicine, geology, semiconductors, Cultural
Heritage, pharmaceutical industry or homeland security, among others. The long way since 1928 till
now, when Raman Spectroscopy occupies an outstanding position among the materials
characterization techniques, is paved with a great deal of basic research carried out by “Raman
spectroscopists”, successfully accompanied by hard and extensive collaborative work for (relatively)
fast integrating the scientific and technological progresses made in other research fields. In this sense,
the commercialization of gas lasers more than 45 years ago, as sources of monochromatic and
intense light able to efficiently excite the extremely weak Raman effect, was the beginning of a new
age (first renaissance) for (Laser) Raman spectroscopy. Likewise, the huge advances in optics,
microelectronics, computing science, etc. arisen since the mid-1990s have allowed a second
renaissance for Raman Spectroscopy.

Consequently Raman instrumentation can be presently found not only in research laboratories of
Universities and related Centers but also: as on-line tool in-process control monitoring of different
industries (pharmaceutical, petrochemical, cosmetics, etc.); in the carbon materials - either diamond,
carbon nanotubes or graphene -quality control premises; in the Restoration and Conservation
laboratories of the most important Museums and Libraries all around the world; in the Mars planetary
mission; in the security controls of airports; in the anatomic pathology divisions of hospitals or in
Institutes of legal medicine and forensic sciences. And, please, don’t forget to look for “a light Raman*
among the portable instrumentation carried off by the field archeological teams!. Moreover, such
instrumentation can be mostly routinely used due to the existing Raman spectra databases, the
application of multivariate components statistical analysis and the embedded software developed by
the Raman instruments manufacturers.

The main Strengths of Raman spectroscopy lie in its non-destructive and non-invasive character and
in the small quantity of sample (nho/scarce preparation) needed for the analysis, with the important
added value of providing molecular information beyond the elemental analysis made available by
other analytical techniques. Further, it can be practically applied to all states of matter, even in
extreme conditions such as high pressure or temperature. The Weaknesses of the “conventional”
Raman technique, as the low intrinsic sensitivity and, sometimes, the strong competition of the much
more intense fluorescent background, can be overcome using another one.

Bearing in mind that not all the present Raman techniques enjoy a similar popularity, | will present an
overview of relevant applications together with a reasonable near-future outlook for Raman
spectroscopy, daring also to comment some Opportunities and Threats.

Having worked as “Raman spectroscopist” (or having been closely bound to Raman techniques)
during the last 42 years, | consider myself a “privileged witness” of the advances undergone by them,
and can satisfactorily endorse that “behind are the days when Raman spectroscopy was considered a
difficult technique reserved to a few research laboratories”. Nevertheless, in my opinion it is imperative
to seriously continue supporting the so-called basic studies carried out in Research Centers, which are
definitely at the base of the often mentioned and demanded “Innovation” which should allow
broadening the applications of Raman Spectroscopy.
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PL-2

Art and archaeology through the spectroscopic looking glass

D. Anglos*?

(1) Institute of Electronic Structure and Laser, Foundation for Research and Technology-Hellas, P.O. Box 1385,
71110 Heraklion, Crete, Greece, anglos@iesl.forth.gr; anglos@chemistry.uoc.gr

(2) Department of Chemistry, University of Crete, P.O. Box 2208, 71003 Heraklion, Crete, Greece.

The scientific study and safeguarding of heritage objects relies largely on our capabilities to identify
and quantify materials, understand corrosion or degradation processes and environmental impact and
apply efficient restoration or preventive conservation treatments. And as it turns out, this is a highly
challenging task, considering the inherently complex, multi-component nature of materials in such
objects, which calls for elaborate and quite often case-specific analysis and conservation procedures.
Furthermore, given the value and sensitivity of works of art, analysis needs to be carried out non-
invasively, often directly on the object itself or, in certain cases, on increasingly small samples.

In recent years, analytical spectroscopies based on the use of laser sources have been proven
capable to illuminate complex diagnostic problems. By tuning the wavelength of the laser source
and/or by controlling the flux of photons it is possible to realize many different types of light-matter
interactions and therefore to probe the composition of materials from different perspectives. Linear
and non-linear spectroscopies, remote sensing methods and laser-assisted sampling-excitation
schemes evidence the versatility offered by laser sources. Examples to illustrate how art materials can
be looked at through the spectroscopic “looking glass” will be described with emphasis on the
development of mobile and hybrid instrumentation that permit the collection of enhanced analytical
information as well as access to highly valued artworks and objects in museums or excavation sites.

References

[1] D. Anglos, S. Georgiou, C. Fotakis. Lasers in the analysis of cultural heritage materials. Journal of Nano
Research 8 (2009) 47.

[2] A. Nevin, G. Spoto, D. Anglos. Laser spectroscopies for elemental and molecular analysis in art and
archaeology. Appl. Phys. A 106, (2012) 339; doi: 10.1007/s00339-011-6699-z.
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PL-3

Dye doped silica nanoparticles as luminescent organized systems
for nanomedicine

L. Prodi

Dipartimento di Chimica “G. Ciamician”, Universita degli Studi di Bologna, Via Selmi 2, 40126 Bologna, lItaly;
email: luca.prodi@unibo.it.

Silica hanoparticles are versatile platforms with many intrinsic features, including a low toxicity. Proper
design and derivatization yield particularly stable, very bright nanosystems displaying multiple
functions, which can be used for either photoluminescence (PL) or electrochemiluminescence (ECL)
sensing, labelling or imaging applications. [1,2] For these reasons silica nanoparticles already offer
unigue opportunities, and further improvement and optimization can substantially increase their
applications in fields of high impact, such as medical diagnostics and therapy, environmental and food
analysis, and security. This contribution describes silica-core/PEG-shell multi-component
nanoparticles (NPs), tailored for optimization of processes such as directional energy transfer, which
provide those systems with extremely valuable functions: high light-harvesting capability, signal-to-
noise maximization, multiplex output, signal amplification, [1-5] also for in vivo imaging (figure 1).

Figure 1: In vivo microscopic images of silica-core/PEG-shell multi-component nanoparticles in tumour (panel a)
and in ear (panel b). [5]

Acknowledgements
Financial support from the Italian Ministry of University and Research MIUR (PRIN 2009Z9ASCA and PON
01_01078 projects), and University of Bologna (FARB project) is gratefully acknowledged.
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PL-4

Thermally activated delayed fluorescence. Fundamentals and
applications in optical sensing and in OLED materials

Mario Berberan-Santos
Centro de Quimica-Fisica Molecular, Instituto Superior Tecnico, Universidade de Lisboa, Portugal,
berberan@tecnico.ulisboa.pt.

Thermally Activated Delayed Fluorescence (TADF) following optical excitation has been studied by us
both theoretically and in relation with fullerenes [1-5]. Recently, TADF became relevant in temperature
and oxygen optical sensing [6-9] and in the Organic Light-Emitting Diode (OLED) field, leading to
outstanding results (3rd generation OLED materials) [10]. In the last case both the singlet and the
triplet are directly excited. We will contrast the kinetics for optical excitation and for electron-hole
recombination, and will also refer the nature and significance of the unique B¢ isotope effect observed
in the TADF of fullerenes [4,5,9].

Acknowledgements
Work carried out within projects PTDC/QUI-QUI1/123162/2010 and RECI/CTM-POL/0342/2012 (FCT, Portugal).
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The analysis of biological fluids, such as blood or urine, presents a certain number of problems
throughout all steps of the analytical process. In this regard, collection and preservation of such
samples as well as transportation to the analytical lab may be especially problematic, particularly
when the patients live in isolated areas, requiring a considerable amount of resources and difficulties
to properly dispose of all materials that have been in contact with the samples. The deposition of
biological fluids onto clinical filter paper, producing a dried matrix spot (DMS), is a methodology that
has become increasingly popular in the years to date and is nowadays deployed in a wide variety of
bioanalytical contexts, such as screening for metabolic diseases in newborns, therapeutic drug
monitoring, pharmacokinetic or toxicological and forensic studies.” This popularity is a consequence of
the significant advantages brought by this methodology, that permits the development of minimally or
non-invasive collection approaches, and results in specimens (DMS) that are very stable and can be
easily transported and stored.

However, there is still a very limited number of works exploring its potential for elemental analysis. In
part, this can be explained considering that the transformation of a liquid sample (e.g., blood or urine)
into a solid one (DMS) often implies additional problems for the analyst, such as lower sensitivities or
enhanced matrix effects. Fortunately, there are analytical techniques that permit direct analysis of
these types of solid samples and are capable of offering an excellent performance.

In this presentation, the different characteristics of Dried Urine Spots (DUS) and Dried Blood Spots
(DBS) will be examined, with the aim of developing methodologies that permit the elemental and
isotopic analysis of both types of samples using either high-resolution continuum source graphite
furnace atomic absorption spectrometry (HR CS GFAAS) or laser ablation-inductively coupled plasma-
mass spectrometry (LA-ICPMS). In particular, the benefits deriving from the use of a fs-LA unit
capable of operating at a high repetition rate (up to 100 000 Hz) in order to achieve fully quantitative
information will be highlighted.

The usefulness of these approaches and its application to a variety of situations, such as i) fast
screening of large populations;® ii) monitoring of chronic patients,® and iii) early detection of disease
associated with the metabolism of some metals” will be discussed in detail.
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Muonium is a bound state of a positive muon and an electron. When positive muons are implanted in
a semiconductor, a fraction of them form muonium. The muonium atom acts as a light isotope of
hydrogen, exhibiting its typical splitting of the lowest energy level due to the hyperfine interaction
between the electron and the nucleus spins [1].

At low temperatures (of the order of tens of mK) and high magnetic fields (1-2 T) the relative
population of the hyperfine energy levels corresponding to spin up and spin down electrons can be
measured using the muon spectroscopy technique (USR). This ratio is found to be very sensitive to the
defect content of the sample in semiconductors like CdTe, CdS or Si [2,3].

The muonium formation probability is also an important parameter, yielding local information on the
electron processes occurring inside a semiconductor. Muonium formation inside a p-n junction for
example, can be used as a local probe giving spatially resolved information on electron charge
dynamics [4].

Selected examples of muonium formation in semiconductors will be presented and the relevant
physical information conveyed by its spectroscopy study will be discussed.

Acknowledgements
We are grateful to the PSI machine and beamline groups whose outstanding efforts have made these
experiments possible.

References

[1] S. F. J. Cox, Muonium as a model for interstitial hydrogen in the semiconducting and semimetallic elements,
Rep. Prog. Phys., 72 (2009) 116501.

[2] H. V. Alberto, A. Weidinger, R. C. Vilao, J. Piroto Duarte, J. M. Gil, J. S. Lord, S. F. J. Cox, Mechanisms of
electron polarization of shallow muonium in CdTe and CdS, Phys. Rev. B, 81 (2010) 245205.

[3] H. V. Alberto, R. C. Vildo, J. Piroto Duarte, J. M. Gil, A. Weidinger, J. S. Lord, and S. F. J. Cox, Electron
polarization and formation probability of bound muonium in CdS and Si, Phys. Rev. B 86, (2012), 035203.

[4] R.C. Vildo, H.V. Alberto, J.M. Gil, J. Leitdo, A. Cunha, T. Prokscha, Muonium study of a CZTS-based p-n
junction, PSI Experimental report 20121651 (2013).

32



IL-3

Applications of Raman spectroscopy: From the historical heritage
to the space exploration

F. Rull
(1) Unidad Asociada UVA-CSIC al Centro de Astrobiologia. Parque Tecnolégico de Boecillo. 47152- Boecillo,
Valladolid, Spain. rull@fmc.uva.es.

Raman spectroscopy is a powerful tool allowing the structural analysis of matter in either the solid,
liquid or gas state in a fast, reliable and non destructive way.

In the last years Raman spectroscopy experienced a huge expansion multiplying its capabilities in a
wide range of applications such as material science, chemistry, geology, biology, etc.

The combination of miniaturisation in optical components, developments on optical fibres and
electronics leaded recently to the possibility to built small and powerful spectrometers able to analyse
samples without any preparation at the field, at the industry or inside the museums.

In this context the present work intend to illustrate how this technique can supply relevant information
on the structural characterisation of materials on the basis of several examples related with our
historical heritage and with the future missions to Mars.

In the historical heritage, results from the analysis of minerals, artworks, frescoes and manuscripts will
be presented and discussed [1-3].

For the future missions to Mars the current state of the Raman spectrometer for Exomars mission
under development inside our group together with the future development of remote combined
Raman-LIBS for the NASA 2020 mission will be presented and discussed.

| addition, several results obtained at the field and laboratory using prototypes of the proposed
instruments will be used to discuss the scientific potential of the technique in the planetary exploration
on the solar system [4-6].
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The so-called classic vibrational spectroscopy techniques (i.e. IR and Raman) have been extensively
used during the last 30 years for the structural characterization and conformational analysis of a wide
range of molecular systems in multidisciplinary works where other experimental techniques as well as
quantum chemical calculations were also implemented.

The use for this task of chirality sensitive vibrational spectroscopies, such as vibrational circular
dichroism (VCD), is an expanding field, arising from the middle of the 90’s decade of the last century.
During this period, VCD has been used in studies aiming the spectroscopic characterization of chiral
molecular systems of biological (such as peptides or carbohydrates) and technological (polymers,
liquid crystals etc.) interest.

The systems studied can be divided in two different groups, depending on the type of chirality
exhibited. Thus, on one hand, there are systems presenting chirality per se, i.e. molecular chirality.
Moreover, there exist certain molecular assemblies in which the chirality arises as a consequence of
the adequate orientation of non-covalent interactions established among isolated units (molecules)
being these chiral or not, hence speaking of supramolecular chirality.

In the specific case in which two isolated chiral units interact according to a substrate-receptor model,
their stereochemistry will control the nature and strength of the binding forces, influencing the stability
of the subsequent complex. This is called chiral molecular recognition, phenomenon which controls a
number of biological processes such as enzymatic activity or drug action. If the interacting units are
not chiral, supramolecular chirality may be induced photochemically or by the presence of certain
solvents or other species in the medium.

Up to date, our research group has used the VCD technique for the structural characterization,
conformational analysis or even the assessment of the absolute configuration of systems presenting
either molecular or supramolecular chirality, always in a frame of work involving, likewise, the use of
quantum chemical calculations and other spectroscopic techniques (IR, Raman). From the first group
of systems, the conformational landscape of some amino acids [1] and terpenes [2] (among other
species) has been explored.

Concerning supramolecular chirality, the selectivity of a chiral substrate (namely the all-S diasteromer
of the crown ether called 18c6H,) towards the L and D forms of the amino acid serine, has been
analysed.[3] Further, other systems with supramolecular chirality have been subject of study, such as
some azopolymer liquid crystals species [4] and several 1H-indazole derivatives [5], the latter allowing
the observation of the phenomenon of spontaneous resolution of chiral crystalline structures.
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Flexible electronics offer a wide-variety of novel applications such as flexible circuits, flexible displays,
touch screens and implantable medical devices [1]. Although devices composed of individual carbon
nanotubes (CNTs) have been considered as an option to enable some of these applications, they
have been deemed impractical for commercialization due to the difficulty of manipulation and placing
individual CNTs at desired locations. One alternative for CNTs manipulation and transfer to industrial
production are polymer/CNT nanocomposites, adding to the system good viscoelastic properties and
processability. The key to transfer the unique electrical conductivity and mechanical strength of CNTs
to polymer nanocomposites is to control both the dispersion and percolation of CNTs within the
polymer matrix.

One step more in the application of polymer/CNT nanocomposites in flexible electronics is the
fabrication of arrays of nanostructures. Arrays of polymer/SWCNT nanowires supported by a residual
nanocomposite film have been prepared by melt wetting, using porous anodic aluminum oxide (AAQO)
as a template. By Raman spectroscopy we have quantified SWCNT aggregation by analyzing their
Raman radial breathing modes (RBMs) [2]. In addition, probing the cross section of the samples by
Raman microscopy the RBMSs reveal that as we enter into the membrane some carbon nanotubes are
filtrated indicating a diameter selection of SWCNTs by the AAO membrane allowing mainly the
infiltration of thinner nanotubes into the nanopores and excluding the thickest ones.
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Figure 1. Raman spectra obtained from poly(butylene terephthalate) (PBT) without carbon nanotubes, from native
SWCNTSs, from the residual PBT/SWCNT film (bulk) and from the interface between the residual nanocomposite
film and the nanoarray into the AAO template (left). Zoom of the radial breathing modes (RBMs) region of Raman
spectra (right).
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The plasmon resonances and other optical properties of noble metal nanoparticles have generated
enormous scientific interest. There are numerous applications for plasmon-active nanopatrticles,
especially in areas such as biological microscopy, medicine, and sensors [1]. We have developed an
organometallic approach that allows the synthesis of nanoparticles using mild conditions by the
chemical reduction of perfluoroaryl metal precursors in the presence of different capping agents. This
methodology permits to exert a delicate control over the size, shape and composition of the
nanostructures [2]. Bimetallic gold-silver nanoparticles have been obtained through the reduction of
the organometallic complex [Au,Ags(CeFs)(Et,0),],. Small spherical alloy nanoparticles are obtained
when hexadecilamine is used as capping agent, whereas ultrathin nanowires are obtained when oleic
acid is used as stabilizing agent (see Figure).
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silver bimetallic nanoparticles obtained display very interesting plasmonic properties. Thus, when
hexadecilamine is used as capping agent the composition-controlled gold-silver alloyed nanoparticles
permits the tuning of the Localized Surface Plasmon Resonance (LSPR) in the 400-530 nm range.
When ultrathin nanowires are obtained the LSPR is kept around 500-510 nm, but the different
nanowire length permits the tuning of the longitudinal plasmon resonance in the near-infrared region.
Several spectroscopic techniques such as UV-Vis-NIR absorption, F nuclear magnetic resonance or
energy dispersive X-ray and advanced electron microscopy techniques have been used in the
characterization of the nanomaterials.
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Linear a,w-dithiols with aliphatic nature have been used in this work as linkers to control the
aggregation of silver nanoparticles and to induce the formation of interparticle gaps. The interest of
these gaps resides in the well-known fact that when plasmonic surfaces are within a close distance,
their plasmon modes couple [1]. This event affects the electromagnetic field distribution in a manner
that a drastic enhancement occurs in the gaps leading to the creation of hot spots. As a result, the
optical response of substances situated inside the hot spots is strongly increased, which is highly
valuable for their use in surface-enhanced spectroscopies. In this work we present a study of the
formation and the characterization of the gaps formed by using dithiols of different lengths, where both
thiol groups are connected by a linear aliphatic chain with 6, 8 and 10 CH, groups. This
characterization was done by using plasmon resonance and transmission electron microscopy (TEM).
The Surface-Enhanced Raman Scattering (SERS) technique was employed in the investigation of the
adsorption of these dithiols on the metal surface by analysing key structural spectral markers of the
adsorption, metal coordination, orientation, ordering and interfacial packing of these molecules on
surfaces of silver and gold NPs [2]. The fingerprint character of SERS spectra, the propension rules of
SERS [3] and the high sensitivity of this technique make this study possible even at the very low
concentration of dithiols sufficient to induce the NPs linking. Dithiol-linked nanoparticles were
employed as sensors in the detection of the pesticides aldrin, dieldrin, endosulfan and linden at very
low concentrations, taking advantage of the high affinity of these pollutants for aliphatic-like
membranes. The sensing ability of these substrates was optimized by varying the surface coverage of
dithiols (Figure 1).

Figure 1: Detection of pesticide molecules (aldrin) by insertion into interparticle gaps induced by nanoparticle linking with
dithiols.

Finally, the adsorption of pesticides on the functionalized metal surfaces was studied by obtaining the
adsorption isotherms, which provided the affinity constant and the linearity curve to relate the SERS
intensity to the pollutant concentration. According to the results, the functionalization with dithiols
induces the formation of chain-like aggregates where the hot spots are localized in the interparticle
gaps induced by the multi-layered adsorption of dithiols, which in turn are able to link the pesticide
molecules.
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The lack of reliable methods to determine nanoparticles identity, characteristics and concentrations, as
well as their transformations in complex systems (environmental and biological) is one of the most
significant troubles in nanosciences. In the case of environmental nanosciences, analysis at
environmentally relevant concentrations adds an extra level of difficulty.

Inductively coupled plasma mass spectrometry (ICPMS) is a multielemental-specific technique, which
is used routinely for the quantification of the elemental content of nanoparticles and nanomaterials.
However, novel approaches based on the use of ICPMS are emerging. Direct analysis based on the
detection of individual nanoparticles (single particle-ICPMS) [1] and hyphenation of flow field flow
fractionation (FIFFF) techniques to ICPMS [2] are two of the most promising ones. Whereas FIFFF-
ICPMS allows the separation and quantification of nanoparticles according to their size, single particle
detection ICPMS provides information about dissolved and nanoparticle forms of an element, size
distributions, and number and mass concentration without previous separation. The use of
ultrafiltration in combination with ICP-MS analysis allows to fractionate an element in a suspension as
dissolved and nanopatrticle forms, complementing and supporting the information provided by the two
other methods.

A platform of analytical methods based in ultrafiltration-ICPMS, single particle-ICPMS and FIFFF-
ICPMS is proposed to face and solve different types of nanometrological problems, which are current
challenges in nanosciences, as well as in analytical chemistry.

State of the art of the cited above methodologies will be presented, discussing their performance,
challenges, limitations and complementarity. Application to selected cases about releasing of
nanoparticles from nanocomposites will also be presented.
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Photoluminescent techniques have aroused great interest in the development of new bioanalytical
methodologies, as these analytical techniques have great advantages in terms of sensitivity and
selectivity. Moreover, the luminescent signal is localized being specially suited for optical imaging
studies without the need of perform a biopsy for analytical detection. In particular, within the different
photoluminescent techniques, phosphorescence stands out for having very advantageous properties
such as large separation between absorption and emission wavelength, long lifetime of the triplet
excited state, autofluorescence of biological media can be easily avoided, etc.

Although analytical methods based on photoluminescence are highly interesting, their development is
limited due to the lack of luminescent compounds sensitive to the species of interest, problems of
photostability and limited quantum yields typical from conventional organic luminescent species. With
the recent development of nanotechnology, different nanomaterials have reached great interest in
analytical chemistry; among these colloidal semiconductor nanoparticles (QDs) have improved
luminescent properties and biocompatibility that make them excellent materials for use as indicators in
the development of bioanalytical applications [1].

Moreover, in bioanalytical methodologies that involve QDs, Inductively Coupled Plasma Mass
Spectrometry (ICPMS) is especially attractive due to high advantages of this technique such as its
extreme sensitivity for the detection of metals, low matrix effects, and simultaneous multielemental
and isotopic detection, so it has a high potential for multiplex analysis [2].

In this context, a phosphorescent Mn doped ZnS QDs-based immunoassay is presented for the
detection of Prostate Specific Antigen (PSA) as analyte model in biological samples. Phosphorescent
and metal detection were carried out and their analytical figures of merit were compared. ICPMS is
able to improve phosphorescent detection limits due to elemental amplification of these nanoparticles
composed by hundred of atoms. In this sense, these Mn doped ZnS QDs would allow phosphorescent
and elemental detection with the same immunological strategy depending on detection limits required.
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The production of (TiO,NPs) for commercial applications has increased extraordinarily over the last
years and so its potential risk for human health. Information on the behavior of these nanoparticles in
the environment and their potential toxicity to aquatic organisms is very scarce, and there is greater
concern regarding their release into the environment. Bioaccumulation serves as a good integrator to
assess chemical exposure in aquatic systems and is dependent on factors such as the exposure
routes, the diet, and the aqueous medium. Here, we calculated the experimental bioaccumulation
capability f ionic titanium and TiO,NPs by zebrafish (Danio rerio) eleutheroembryos through
bioconcentration factors (BCFs), after 48 or 72 hours of exposure. The stability of both chemical forms
in an aquatic medium was fully characterized for further bioconcentration studies. Several stabilizing
agents (for anatase and rutile, the two isoforms of TiO,NPs, were evaluated to check the evolution of
the 48-72 hour aggregation process. A high percentage of TiO,NPs remained disaggregated under
simulated environmental conditions with addition of 50 mg-L'1 of humic acids. However, the presence
of eleutheroembryos in the exposure medium increased TiO,NPs aggregation during the experimental
tests. BCFs values below 100 were obtained indicating there was low bioaccumulation of both titanium
chemical forms in early life stages of zebrafish at the concentrations tested. Toxicity tests were
performed on the embryos at different exposure concentrations of TiO,NPs (ranging form 2 to 100
ppm). No acute toxicity was detected in these conditions. To evaluate possible su-acute effects,
expression analysis was performed on a variety of genes; of these only fos and nfkB were
significatively induced with respect to the control, indicating a possible effect of this compount on
celluar processes such as proliferation and apoptosis.
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Metallic nanorods are widely used as generic plasmonic dipole antennas operating at optical and
near-infrared frequencies, forming an analogue to classical half-wave dipole antennas. The
fundamental dipole and higher order antenna modes have been extensively studied experimentally
using optical spectroscopy and a broad range of mapping techniques. Likewise, theoretical
investigations have elucidated the antenna modes' scaling properties, their dependence on the shape,
size, and dielectric environment by using a variety of methods. Despite this large interest in nanorods,
only very few theoretical reports address the scattering behavior with a focus on the spectral line
shape [1-3].

Plasmon resonance, as a wave phenomenon, is expected to present interference characteristics. For
localized surface plasmon resonances, interference of spectrally overlapping and coupled modes is
well recognized to affect the scattering behavior of the nanostructure under investigation [4, 5]. In
particular, the interference of a broad background continuum state with spectrally sharp higher order
resonances can lead to a spectral response with asymmetric Fano-like line shapes in a variety of
nanoparticle configurations. Only recently, it was indicated that Fano resonances may appear for
individual nanorods provided that interacting modes overlap in both spatial and frequency domains [1,
2]. Interestingly, the narrow asymmetrical line shape of a nanorod's Fano interference is, for example,
more favorable for label-free biosensing than broader Lorentzian resonances [3].

In our present work [6], we study the spectral line shapes of metallic nanorod antennas in detail, using
extinction spectroscopy and finite element simulations. Surface plasmon resonances of odd mode
parity present Fano interference in the scattering cross-section resulting in asymmetric spectral lines.
Contrarily, modes with even parity appear as symmetric Lorentzian lines. The emergence of either
constructive or destructive mode interference is explained with a semi-analytical 1D line current
model. This simple model directly explains the mode-parity dependence of the Fano-like interference.
Plasmonic nanorods are widely used as half-wave optical dipole antennas. Our findings offer a
perspective and theoretical framework for operating these antennas at higher order modes.
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Biomedical applications of laser induced breakdown spectroscopy
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Antibiotic resistant bacterial strains belonging to same species were identified and
discriminated using laser induced breakdown spectroscopy (LIBS) and neural networks (NN)
algorithm. The method has been applied to identify 40 bacterial strains i.e. Escherichia coli (Ec),
Pseudomonas aeruginosa (Pa), Klebsiella pneumoniae (Kp), Salmonella typhimurium (St), Salmonella
pullorum (Sp) and Salmonella salamae (Ss). The bacterial samples analyzed included strains isolated
from clinical samples and constructed in laboratory. The strains differed from each other in mutations
as a result of their resistance to one or more antibiotics. Kp, Ec and Pa strains showed multidrug
antibiotic resistance and multiple genes mutations, whereas St, Sp and Ss were resistant to
kanamycin and differed in only one gene.

LIBS is a non-microbiological technique which has been used in various studies to deal with
rapid bacterial identification based on the elemental composition of bacterial cells [1-4]. In a previous
study by our group [4], LIBS/NN has shown to be a promising methodology to classify and predict
bacterial samples at genus level. This work is an extension of the previous study in order to
investigate the application of LIBS/NN to discriminate different antibiotic resistant strains of same
bacterial species and address its use as a rapid potential diagnostic methodology. The objective was
to determine if genetic variations between bacterial strains of the same bacterial species, even when
there is a difference in only one gene, generate sufficient or significant changes in their atomic
composition which can be detected by LIBS/NN method in order to achieve their identification and
discrimination. Single shot LIBS measurements combined with supervised neural network method
were sufficient for a clear identification and classification of bacterial strains differing in multiple and
even single mutation. Identification of strains with such minute differences i.e. even a single gene
shows the high capacity of the proposed methodology. The results demonstrate the potential of this
method to be used for continuous monitoring of the bacterial infections and identify pathogenic
bacteria at an early stage of infection, which can be significant towards an early treatment of the
infections.
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Fluorite (or fluorspar) is a mineral composed of calcium fluoride (CaF,) that is mainly used for the
production of hydrofluoric acid, which is the principal feedstock for the vast majority of fluorine related
chemicals. Other uses of this mineral include the production of aluminum fluoride, iron and steel
casting, manufacture of abrasives compounds, welding items and high quality optical elements
manufacturing [1]. The measurement of the mineral purity in the processing of the fluorite ore is a key
point in mining industry. Therefore, the development of robust, fast, simple and cheap analytical
methods to evaluate the composition of the fluorite ores is highly demanded.

Approaches for fluorine chemical determination, such ion selective electrode, atomic absorption
spectroscopy, as ICP-OES and ICP-MS, show great analytical potential but require the samples to be
dissolved [2]. Direct solid analysis methods, such as neutron activation techniques, could be employed
[3]. However, these methods involve radioactive installations where samples are bombarded by
neutrons and gamma photons are measured from the radioactive products. As an alternative, LIBS

(Laser Induced Breakdown Spectroscopy) is a powerful and versatile analytical technique that
provides fast, in-situ analysis with minimum sample preparation requirements [4].

It is possible to determine fluorine mass-content as an indirect indicator of the fluorite concentration in
ore powdered samples. In this sense, fluorine detection with LIBS is usually carried out in a helium
atmosphere in order to enhance the emission signal from the F(l) elemental line at 685.6 nm [5].

In this work, it is presented a complementary LIBS analytical methodology to measure the
concentration of fluorite samples in air atmosphere, avoiding in this way the use of helium and
simplifying the experimental set-up. This method is based on combining the LIBS spectral
measurement of the emission signals from CaF molecular bands and those from minor analyte
elemental lines (e.g. Si(l) and Mg(l)). It is shown that the use of this approach significantly improve the
guantitative analysis of fluorite ores, in terms of analysis time, accuracy and precision.
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Analytical techniques able to perform spatially resolved analysis are highly demanded in the surface
analysis and material science fields. Laser-induced plasma spectroscopy (LIPS) can furnish
information on the surface and in-depth distribution of the constituent elements of a sample at the
micrometric level. In this sense, 2D and 3D compositional maps, tomographic analyses and depth
profiles can be performed in air at atmospheric pressure without the need of an auxiliary ion beam [1].
No or minimal sample preparation is required, and the analysis of any sample without restrictions on
the size or conductive nature can be performed in a matter of seconds. Despite plasma spectroscopy
has some advantages over other surface techniques, the development of high-technology and
complex materials has impelled the improvement and tweak of LIPS technique for mapping purposes.

In this work, several strategies are explored to address the compositional mapping of samples of
different complexity and nature which cannot be analyzed by conventional LIPS. One of these
strategies consists, in the case of specimens with complex shape, of a laser displacement sensor
employed to maintain both a constant laser fluence, as well as to keep an invariable distance between
the light collection system and the sample surface during the LIPS measurements [2]. In order to
illustrate the instrumental modifications and methodology changes which are evaluated in this work,
samples of different nature, metallic alloys of non-flat shapes [3], ceramic coatings with concentration
gradient and biological specimens of interest in fields like quality control and failure inspection,
manufacture industry and environment, between others, will be characterized.
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Figure 1. 3D LIPS chemical map of Mn on the surface of an engine valve.
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MIR-FIR spectroscopy in one step —wide range infrared
technology

C. Villar Pascual?® G. Zachmann®.
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The extension of the mid IR towards the far IR spectral range below 400 cm™ is of general
interest for molecular vibrational analysis for inorganic and organometallic chemistry, for geological,
pharmaceutical, and physical applications, polymorphs and crystallinity analysis as well as for matric
isolation spectroscopy.

The achievable spectral range of an FTIR spectrometer is defined by the intersection of the
efficiency ranges of the used source, beam splitter, and detector. The lower limit of the spectral range
is very dependent upon the beam splitter, and is typically limited to 350 cm™. To extend the spectral
range further into the far IR and THz spectral ranges one or more additional far IR beam splitters and
detectors are required and because of this the user has to pause the measurement and as needed
manually open the spectrometer optics bench.

Now available for the first time is the Bruker VERTEX FM wide range infrared technology for
VERTEX 70 and 70v FT-IR spectrometers which combines two Bruker innovative optic components
the wide range MIR-FIR beam splitter [1] and the wide range DLaTGS detector. The VERTEX FM
option [2] enables in connection with the standard IR source the spectral range from 6000 cm™ down
to ca. 50 cm™ in one step for all types of transmittance, reflectance and ATR measurements. Utilizing
the external water cooled mercury arc high power lamp the spectral range can be ultimately extended
down to 10 cm™.
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The accurate elemental analysis at low concentrations levels using the ICP-MS technique can be
challenging for some elements when meassurements have to be done in variable matrices. Results in
these conditions can be influenced by other ions in the plasma even when some of them are at low
concentrations, as double charged isotopes, noble gases impurities in the plasma argon flow, or
poliatomic species.

Recent developments on ICP-MS triple quadrupole technologies allowed us to use collision-reaction
cells capable to work very efectively with reactive gases in MS/MS mode though a better control of the
reaction processes inside the cell. The mass filtering done though the first and third quadupoles
controlling the entrance and exit of the collision-reaction cell improves the efficiency of the
interference removal, specially in reaction mode, in a way that can not be matched by any single
quadrupole instrument, removing interferences that even high resolution instruments can not handle in
some applications.

In this communication we show examples for accurate Se determinations in environmental, geological,
and food samples using on-line isotope dilution and reaction gases in MS/MS mode in a single set of
instrumental conditions. We also show accurate meassuraments for *°I and **I/**'I ratios in
environmental samples as those performed for evaluation and control of contamination resulted from
nuclear weapons testing and accidental releases from nuclear power plants and spent nuclear fuel
reprocessing plants.
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The use of quantum dots (QDs) for the development of sensors is one of the most promising fields of
nanotechnology today. Their fluorescence efficiency is sensitive to the presence and nature of
adsorbates at their surface. Therefore, molecular recognition at the surface of QDs can be used in the
development of fluorescent-based sensors [1]. For this purpose, cyclodextrins (n-CDs), one of the best
host molecules, have been selected to QDs surface modification for vanillin determination.

In the n-cyclodextrin modified QDs procedure, the hydrophobic pockets of the cyclodextrin molecules
interact with the aliphatic chains of the trioctylphosphine oxide (TOPO) present on the nanoparticle
surface from the QDs synthesis. Nevertheless, the immobilized cyclodextrins retain their capability of
engaging molecular recognition. Their cavity-shaped cyclic phenol molecules are capable of forming
host-guest complexes with a variety of organic molecules. Cyclodextrins coating ensures the high
emission efficiency and the smaller size of QDs and provides selectivity. Thus, this work reports an
optical sensor for vanillin in food samples using CdSe/ZnS (QDs) modified by B-cyclodextrin (B-CD).
This vanillin-sensor is based on the selective host-guest interaction between vanillin and - CD. The
procedure for the synthesis of B-cyclodextrin-CdSe/ZnS (B-CD-QDs) complex has been optimized,
and its fluorescent characteristics have been also reported. It was found that the interaction between
vanillin and - CD-QDs complex produced the quenching of the original fluorescence of 3-CD-QDs,
according to the Stern-Volmer equation. The mechanism of interaction is discussed.

The potential application of the proposed method using the designed sensor for determination of
vanillin in food samples has been demonstrated. Recoveries obtained were in the 91-111% range.
Detection limits of 1 mg L™, lineal range between 2 - 20 mg L™ and precision (% RSD) of 1.12% for
five replicates of 4.1 mgL™ vanillin solution were obtained as analytical performance characteristics.

This approach is simple and sensitive and opens up new possibilities for developing analytical method
using QDs for the detection of additives in foods, as it is the case for vanillin.
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Beer, together with water and tee, is the one of the most popular drinks in the world and the alcoholic
beverage most widely consumed nowadays as well. Beer ageing during storage may strongly affect
the quality and taste of this beverage therefore maintenance of the quality of beer from the production
to the consumption stages is one of the main concerns in the brewing industry. The formation of
volatile carbonyl compounds has been correlated with beer ageing [1,2] as these compounds have a
great flavor potential. In this respect, furfural has been identified as one of the main markers of flavor
instability. This compound is formed during the Maillard reactions and its concentration increases
substantially with the storage time.

Current methods for the analysis of furfural in beer involve gas-liquid chromatography (GC) or liquid
chromatography (LC) with mass spectrometry (MS) detection after a clean-up and preconcentration
steps by liquid-liquid or solid-phase extraction (SPE). These techniques are time consuming and
require specialized personnel and instrumentation therefore; there is a great demand for fast, cheap
and reliable sensors that can be used in situ at the brewery plants to control beer ageing during
storage.

The present contribution reports the development of fiber-optic based colorimetric sensors for the
determination of furfural and its application to the evaluation of ale beers ageing [3]. Selective
methacrylate-based polymeric layers were prepared in the form of thin films (0.5 mm). In the presence
of furfural, a pink-colored derivative is formed, as a result of the condensation reaction of the reactive
aniline groups in the polymer and the target aldehyde [4]. The product absorbs at 537 nm and the
signal change was monitored using a portable fiber optic spectrometer. Several parameters
influencing assay performance have been optimized to improve sensor sensitivity including: polymer
composition and thickness, reagents concentrations, reaction time, and effect of the ethanol content in
the samples. In the optimized conditions the sensors provided a linear response range from 39 to 500
po/L with a detection limit of 12 pg/L, improving the performance of established methods for the
detection of this compound. Sensor selectivity has been assessed measuring the cross-reactivity of
the polymeric films to other volatile aldehydes that have been detected during beer ageing including,
hydroxymethylfurfural, 2-methyl-propanal, hexanal, benzaldehyde, phenylacetaldehyde, trans-2-
nonenal and acetaldehyde.

The usefulness of this approach for furfural analysis has been demonstrated by its application to the
analysis of ale beer samples with different storage times. A linear correlation between the
concentration of the aldehyde and the time elapsed since beer production of has been obtained. The
results have been validated by HPLC-DAD. The developed sensor has proven to be a very useful and
cost-effective device for the control of beer quality and can be easily implemented at the brewery
plants.
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Determination of technological maturity of grapes and total
phenolic compounds of grape skins in red and white cultivars
during ripening by near infrared hyperspectral image: A preliminary
approach
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Grape harvest time is one of the most fundamental aspects that have influence on the future of wine
quality. A number of factors have influence on this decision, among them technological and phenolic
maturity of grape, especially grape skins phenolic maturity. Technological maturity is mainly connected
with sugar concentration, titratable acidity and pH. The sugar concentration determines the potential
alcoholic strength. The titratable acidity and pH help to control the wine quality and colour. Phenolic
maturity shows the ripeness degree for the skins, pulp and seeds taking into account its phenolic
composition [1,2].

Hyperspectral images of intact grapes during ripening were recorded using a near infrared
hyperspectral imaging system (900 - 1700 nm). Spectral data have been correlated with grape skin
total phenolic concentration, sugar concentration, titratable acidity and pH by modified partial least
squares regression (MPLS) using a number of spectral pre-treatments and different sets of calibration.
The obtained results (RSQ and SEP respectively) for the global model of red and white grape samples
were: 0.89 and 1.23 mg g™ of grape skin for total phenolic concentration, 0.99 and 1.37 °Brix for sugar
concentration, 0.98 and 3.88 g L™ for titratable acidity and for pH 0.94 and 0.12. Moreover, separate
calibration models for red and white grape samples were also developed and better results were
obtained for the red grape model. The obtained results present a good potential for a fast and
reasonably inexpensive screening of these parameters in intact grapes and therefore, for a fast control
of technological and phenolic maturity [3].
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S. Armenta’, S. Garrigues®, M. de la Guardia®, J. Brassier®, M. Alcala?, M. Blanco®.

(1) Department of Analytical Chemistry, Research Building, University of Valencia, 50th Dr. Moliner St., 46100
Burjassot, Valencia, Spain (sergio.armenta@uv.es)

(2) Department of Chemistry, Faculty of Sciences, Universitat Autonoma de Barcelona, 08193 Bellaterra,
Barcelona, Spain.

Drug abuse remains a significant public health issue worldwide. In many European countries,
amphetamines, including ecstasy, is the second most commonly used illicit substance after cannabis
[1]. Ecstasy refers to synthetic substances that are chemically related to amphetamines, but which
differ to some extent in their effects, being the best-known member of the ecstasy group the 3,4-
methylenedioxy-methamphetamine (MDMA).

It can be assessed that the main objectives of drug-of-abuse testing are the detection, identification,
and/or deterrence of substance abuse or misuse. Drug testing has been conducted primarily on blood
and urine, but, recently, there is a high interest in their replacement by alternative biological
specimens which can be collected using noninvasive sampling techniques, such as saliva.

We propose the use of two analytical technologies based on different chemical principles, sequentially
or in combination, to accomplish fast and accurate detection, identification and semi-quantification of
MDMA from saliva samples. It is expected an improvement of on-site drug testing by the application of
two analytical methods of categories A and B of the Scientific Working Group for the Analysis of
Seized Drugs [2] such as infrared spectroscopy (IR) and ion mobility spectrometry (IMS). The order of
the analytical methodologies in the aforementioned sequence is fixed taking into consideration the
high sensitivity of the IMS to identify positive samples combined to the high selectivity of the IR
procedure to confirm positive results (see Figure 1).

Different sample pretreatment strategies, including direct analysis, protein precipitation, micro liquid-
liquid extraction (ULLE) and solid phase extraction (SPE) have been evaluated for MDMA extraction
from saliva samples. Using the most appropriate measurement conditions, the analytical features of
merit of the methodology, such as precision, accuracy, limit of detection (LOD) and identification (LOI),
recoveries and the effect of potential interferents on the MDMA signals were established.

The proposed two tier method was
applied to the identification of
MDMA in saliva of different
individuals, non-consumers and
consumers, providing comparable
results with those obtained by a
reference procedure and indicating
possibility to distinguish between
consumers and those who
consumed MDMA.

Positive Double

iva EEE) VS mmmp ) IR mmm) Positive
. l _JL l M
Nega%LJVegative the

Figure 1. Scheme of the proposed procedure for the double
Acknowledgements confirmation of MDMA in saliva samples.
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Evaluation of confocal Raman spectroscopy to identify gunshot
residue particles
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When a weapon is fired a set of burned and unburned particles, called gunshot residues (GSR) are
transferred to the shooter, the weapon, the victim, or the surrounding environment. Therefore, the
ability to unequivocally identify a GSR is a very important and crucial part of crime scene investigation.
Nowadays, the method of choice for analyzing GSR is Scanning Electron Microscopy with Energy
Dispersive X-ray spectroscopy (SEM-EDS). However, this technique has a limitation in the GSR
identification of the new “lead-free” or “nontoxic” ammunition. This fact has led to a search for
complementary techniques of SEM-EDS in order to obtain additional information.

In this work, Raman spectroscopy is proposed as a fast and complementary tool for the analysis of
GSR and its potential was evaluated by determining the memory effect of the weapon. First, six
different types of ammunition were fired at short distances into cloth targets, and the Raman spectra
produced by the GSR were measured and compared with the spectra from the unfired gunpowder
ammunition. Surprisingly, the GSR spectra showed high similarity to the spectra of their corresponding
unfired ammunition, and discrimination between two types of ammunition was easily performed on the
basis of their stabilizers. Additionally, other substances that might be found on the victim’s, shooter’s
or suspect’s clothes and might be confused with GSR, such as sand, dried blood, or black ink from a
common ballpoint pen, were analyzed to test the discrimination capability of the Raman technique [1].
Second, the memory effect of the weapon was studied by analyzing the GSR particles from
ammunition with the stabilizer ethyl centralite (EC) after previously firing cartridges of ammunition with
diphenylamine (DPA) [2]. The results obtained suggested that the memory effect of the weapon has
not a significant influence when the organic analysis of macroscopic GSR on targets by Raman
spectroscopy is performed. These results are essential to establish a link between GSR found and the
ammunition fired.

These findings suggest that Raman spectroscopy is a good complementary analytical technique to
SEM-EDS for the analysis of GSR, especially to deal with the analysis of lead-free ammunition.
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assessment in human plasma by HPLC-MS/MS
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Molecularly imprinted polymers (MIP) for selective cocaine recognition were packed inside a
polypropylene membrane, and the protected MIP was then used for pre-concentrating cocaine and
metabolites (benzoylecgonine and cocaethylene) from human plasma before high performance liquid
chromatography — tandem mass spectrometry (HPLC-MS/MS). MIP synthesis was performed by the
precipitation method (N, atmosphere, constant stirring at 40 rpm, 60°C for 24 hours) using cocaine as
a template, ethylene dimethacrylate (EDMA) as a monomer, divynilbenzene (DVB) as a cross-linker,
and 2-2'-azoisobutyronitrile (AIBN) as an initiator. Variables affecting the MIP-MIMSPE (batch mode,
50 mg MIP) process were fully studied. Optimum loading (retention) conditions were: plasma (5 mL)
pH adjustment at 5.5 (sodium dihydrogen phosphate/sodium hydroxide buffer), and mechanical
stirring at 150 rpm at 40°C for 10 minutes. Target elution was performed with 5 mL of hexane/2-
propanol/ammonium hydroxide 72:20:8 under ultrasounds irradiation for 5 minutes. The eluates were
further N, evaporated to dryness, and the residue re-dissolved in 100 pL of mobile phase (2 mM
ammonium acetate methanol). A pre-concentration factor of 50 was achieved.

HPLC-MS/MS targets separation/detection was achieved under a gradient elution which involves two
mobile phases: agueous 2 mM ammonium acetate, pH 7.5 (A) and 2 mM ammonium acetate
methanol (B). The flow rate (Phenomenex Kinetex C18 column) was set at 0.20 mL min, and the
gradient program consisted of 0% A for 0.5 minutes, followed by a 1 minute ramp until 30% A, 2.5
minutes ramp until 0% A, and 1 minute hold at 0% A. The developed method was fully validated and
applied to several plasma samples.
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Determination of lidocaine in urine at low ppm levels using
dispersive microextraction and attenuated total reflectance-Fourier
transform infrared measurements of dry films

A. Sdnchez-lllana, D. Pérez-Guaita, S. Garrigues and M. de la Guardia.
Department of Analytical Chemistry, University of Valencia, 50 Dr. Moliner Street, research building. 46100
Burjassot, Valencia, Spain. E-mail: illana@alumni.uv.es

IR spectra provide valuable information about biological systems and can be obtained with
compactable and affordable instruments, and requiring minimum treatment of samples. Nevertheless,
the lack of sensitivity of this technique hampers its use in the determination of drugs in clinical fluids,
where those exogenous compounds are normally present at very low concentration levels. Taking
lidocaine as a target molecule, in this work we introduced a methodology for determining drugs in
urine samples using IR spectroscopy. The lack of sensitivity of the IR was compensated with the
combination of an effective and straightforward dispersive liquid-liquid micro-extraction and the
measurement of the dry film of the organic extracts through attenuated total reflectance (ATR) (see
Figure). The method developed improves the sensitivity by eliminating the solvent and
preconcentrating the analyte in the surface of the ATR crystal. Urine samples were taken from 15
volunteers and 9 samples were spiked at 6 concentration levels ranging from 0 to 33 mg L™ Although
univariate calibration provides a good adjust (see Figure), when different urine matrices are compared
there are a significant spectral interference, and it is necessary to employ multivariate calibration
strategy. Multivariate models based on partial least squares regression and science based calibration
were performed and validated with a separated set of spiked urine samples from other patients,
obtaining ratio prediction to deviation (RPD) values higher than 3.5. The limit of detection values
obtained were 0.4 mg L™ for the univariate calibration and 1.7 mg L™ for a reliable multivariate
calibration. Therefore, the procedure is limited to only medium and high levels of lidocaine, but serves
as an untargeted, fast and versatile screening tool which maintains all the advantages of the
widespread application of the IR spectroscopy to the clinical analysis; such as simplicity,
compactability and minimum use of reagents and solvents.
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Figure: Univariate calibration of lidocaine by ATR-FTIR after extraction. (A) Dried film ATR-FTIR spectra of spiked lidocaine
samples and blanks and (B) the univariate calibration curve obtained for a urine sample spiked with different concentrations of
lidocaine (from 0 mg L™ to 30 mg LY.
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Supercontinuum fiber lasers: White light with laser brightness. A
new tool for advanced spectroscopy
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VIS and NIR - range Broadband Spectroscopy (e.g. Optical Absorption Spectroscopy, Inspection of
fiber optic components or Hyperspectral Imaging) relies on incandescent and fluorescent lamps as
optical sources. Limitations of these sources (such as thermal influence on the sample, low capacity of
penetration, low fluence on illumination of small samples, low spatial coherence, size and positioning
rigidity with respect to sample) might be overcome with laser sources. However, lasers are usually
monochromatic, hence a set of different lasers at specific wavelengths are required to cover a broad
spectrum. Supercontinuum fiber lasers overcome this limitation: they deliver an ultrabroadband white-
light spectrum (covering simultaneously up to a range from 400 nm to 2400 nm) in a singlemode beam
with the properties of spatial coherence, directionality and brightness of a laser. Consequently they are
often called “white lasers”.

Supercontinuum generation is the formation of broad continuous spectra by propagation of high peak
power pulses through nonlinear media. First observed in 1970 [1], the efficiency of its generation has
been dramatically enhanced in the last years by the use of photonic crystal fibers [2] as nonlinear
media, to the point that supercontinuum lasers are nowadays available commercially with affordable
prices.

In this communication a revision of supercontinuum generation techniques and their application in
different spectroscopic techniques will be presented. A new method for noninvasive inspection of
whole dried fruit nuts by hyperspectral analysis using a FYLASC500 Supercontinuum Laser will be
presented as a case of success.
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Fig.1. Left: Spectrum of a Supercontinuum Laser FYLASC500 model, spectral power density (mW/nm) versus
wavelength (nm). Left (Inset): Diffraction pattern of the supercontinuum laser spot after passing through a 2D
diffraction grating, demonstrating the spatial coherence nature of its white light as well as continuity of its spectral
components. Right: Experimental setup for noninvasive inspection of whole dried fruit nuts by hyperspectral
analysis using a FYLASC500 Supercontinuum Laser.
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Time-resolved spectroscopy using streak cameras
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Streak Cameras are one of the fastest instruments in measuring the variation of a light pulse’s
intensity over time. This unique feature on top of their imaging capability have made them extremely
suitable and precise for the study of dynamic processes in materials by means of spectroscopic
technigues when used with a spectrometer.

Therefore a streak camera setup is a complex set of instruments which need to be precisely
synchronized in order to obtain the best time-resolution, which depending on the camera type can be
down to the femtosecond range.

In this talk | will briefly introduce streak camera technology and give a detailed description of the
different items a streak system needs. An overview of the different streak camera types will be
presented. Besides an example of a possible configuration for performing Time-resolved spectroscopy
measurements will be described.
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AFM for high resolution and high speed chemical imaging and first
fully-integrated Raman imaging + Scanning electron microscope
(RISE)
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Knowledge about the morphology and chemical composition of heterogeneous materials on a sub-
micrometer scale is crucial for the development of new material properties for highly specified
applications. Such materials can either have mono-atomic flat surfaces or a roughness of several
hundred micrometers or millimeter. In the past two decades, AFM (atomic force microscopy) was one
of the main techniques used to characterize the morphology of nano-materials spread on nanometer-
flat substrates. From AFM images it is possible to gain information about the physical dimensions of
the material on the nanometer scale, without additional information about their chemical composition,
crystallinity or stress state. On the other hand, Raman spectroscopy is known to be used to
unequivocally determine the chemical composition of a material. By combining the chemical sensitive
Raman spectroscopy with high resolution confocal optical microscopy, the analyzed material volume
can be reduced below 0.02 um3, thus leading to the ability to acquire Raman images with diffraction
limited resolution from very flat surfaces. The combination of confocal Raman microscopy with Atomic
Force Microscopy (AFM) is a breakthrough in microscopy. Using such a combination, the high spatial
and topographical resolution obtained with an AFM can be directly linked to the chemical information
provided by confocal Raman spectroscopy.

RISE Microscopy is a novel correlative microscopy technique that combines confocal Raman Imaging
and Scanning Electron (RISE) Microscopy within one integrated microscope system. A nhew dimension
in imaging: ultra-structural SEM complemented with chemical compound information and molecular
Raman imaging.

Fig. 1 - (A) SEM image of a graphene sample. (B) Color-coded confocal Raman image. The colors
display the graphene layers and wrinkles. Image parameters: 20 ym x 20 ym, 150 x 150 pixels =
22,500 spectra, integration time: 0.05 s/spectrum. (C) SEM image overlaid with the confocal Raman
image.
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Scientific disciplines like Food Chemistry, Geochemistry, environmental sciences and Paleontology
are not only interested in the total concentration of an element but also in the isotope ratio of either
two or more isotopes of the same element or isotopes of different elements. In principle three
instrumental ICP-MS solutions exist: Quadrupole based ICP-MS, single collector magnetic sector field
ICP-MS and multicollector magnetic sector field ICP-MS. General assumption is that precision and
accuracy for isotope ratio measurements increases with complexity of technology used. In this work
we will present data with the improved performance of new Single Quadrupole ICPMS systems,
Bruker Aurora ELITE which allow isotope ratio determination with excellent sensitivity, speed and
stability.

The sensitivity of an ICP-MS is an indispensable performance characteristic and will enable the
instrument to achieve highest isotope ratio precisions even at low, down to single digit ppt levels. High
sensitivity is on one hand important to measure isotope ratios with high precision despite of low
concentrations, and/or to measure large isotope ratios to achieve high precision for low abundant
isotopes. Beside the stability of an instrument and the precision of the detector calibration the
abundance sensitivity is an important parameter for the accuracy of isotope ratio determinations. This
is especially important for minor isotopes in the presence of neighbouring intense ion beams.

The presentation will discuss the figures of merit of a high sensitivity quadrupole ICP-MS, and will
demonstrate the capability for different isotope ratios determinations with emphasize on large isotope
ratios. At this point the possibility to use Q-ICPMS more affordable systems for this application will
open the use of isotope ratio determination to classical and new applications fields, being affordable
for many labs in a routine basis.
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Molecularly imprinted polymer based — solid phase extraction for
mercury speciation in seawater by HPLC-ICP-MS
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A molecularly imprinted polymer (MIP) based — solid phase extraction (SPE) has been optimized for
assessing traces of inorganic mercury (ng+), methyl mercury (CHsHg") and ethyl mercury
(CHsCH,Hg") in surface seawater samples. The polymeric material was synthesized by the
precipitation method using CHs;Hg" as a template, phenobarbital as a non-vinylated monomer,
methacrylic acid (MAA) as a vinylated monomer, ethylene dimethacrylate (EDMA) as a cross-linker,
and 2-2'-azoisobutyronitrile (AIBN) as an initiator. Variables affecting the MIP-SPE (column mode, 250
mg MIP) process were fully studied. Optimum loading (retention) conditions were: sample pH
adjustment (ammonium chloride / ammonium hydroxide buffer) 8.0, and loading flow rate of 2 mL min’
! Elution was performed with 4 mL of a water/2-mercaptoethanol/methanol 84.2:0.8:15 (pH 3.0)
mixture. A pre-concentration factor of 25 was achieved (sample volume of 100 mL).

Mercury species separation/detection was performed by high performance liquid chromatography
coupled to inductively coupled plasma — mass spectrometry (HPLC-ICP-MS). Separation was
achieved under isocratic conditions (0.70 mL min™ as a flow rate; water/2-mercaptoethanol/methanol
89.6:0.4:10 pH 2.5 as a mobile phase) by using a Phenomenex Kinetex C18 column. The three
mercury species were resolved in 5 minutes (retention times of 2.151, 1.61, and 4.257 min for Hg2+,
CH3Hg", and CH;CH,Hg", respectively). The developed method was fully validated and applied to
several surface seawater samples. Inorganic mercury and methyl mercury were the major mercury
species quantified in the analyzed surface seawaters.

Acknowledgements

The authors wish to thank the Secretaria de Estado de |+D+i — Ministerio de Economia y Competitividad (Project
number CTQ2012-38091-C02-02) for financial support.

60



0-25

First insights into mercury speciation in aguatic plants using
coupled techniques based on gas chromatography and atomic
fluorescence detection
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Mercury (Hg) is a global pollutant that negatively impacts human health and the environment. One of
the major problems related to Hg is the production of the highly toxic organomercury compounds
(such as monomethylmercury, MeHg) in the aquatic environment and its possibility of bioaccumulation
and biomagnification along the aquatic food chain. It is commonly accepted that fish and seafood are
the main sources of MeHg exposure to humans. Nevertheless, recent studies revealed that plants
such as rice are the major source of MeHg intake from food in part of the population from Asia.

In this sense, the knowledge of speciation and partitioning of toxic metals such as Hg becomes crucial
for the better understanding of Hg species accumulation and transformation pathways in plants.
However, few studies have been focused on metal speciation in this matrix and little information is
available about Hg species distribution in plants. So far, certified methods for extraction of Hg species
in environmental matrixes do not include specific procedures for plants and even less considering the
differences related to the type of plant material (i.e. ligneous, macrophyte, algae, etc.). Thus, MeHg
concentrations in plants reported in previous studies are likely to be underestimated since no
quantitative MeHg extraction from plants could be achieved. Accordingly, the development of a
validated methodology for Hg speciation in plants which enables to detect Hg species in low
concentrations and to control MeHg artifact generation becomes a challenge due to the different
analytical drawbacks especially related to the non-quantitative extraction of Hg species from the plant.
Therefore, the aim of this work has been to develop a quantitative method for MeHg analysis in plants
using a hyphenated technique based on gas chromatography coupled to atomic fluorescence
detection after closed-vessel microwave heating extraction and derivatization of Hg species by
ethylation. The influence of different parameters related to both extraction (such as type and
concentration of extractant agent, irradiation temperature and time) and derivatization (volume of
extract used for derivatization, concentration of ethylating reagent) have been evaluated using not only
field samples spiked with MeHg but also certified reference materials. Hence, the application of this
methodology will enable having a better estimation of Hg species accumulation and transformations in
plants for risk assessment.
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lon mobility spectrometry has become an area of increasing research activity as denoted by the
growing number of publications resorting to techniques based on the velocity of gas-phase ions in an
electric field [1] to classify chemical substances. There are three main approaches using ion mobility in
gas phase as the separation principle, typically known as lon Mobility Spectrometry (IMS), Differential
Mobility Spectrometry (DMS) and Differential Mobility Analysis (DMA), the newest one.

Although ion mobility was initially conceived for the detection of volatile organic compounds (VOCs),
chemical warfare agents, and explosives [2], innovative applications have been appearing along the
last years in areas as diverse as proteomics and environmental analysis [3]. Its coupling with ion
sources such as electrospray ionization, matrix assisted laser desorption ionization, or different types
of discharges, has contributed to extend the applications of the techniques which use electric mobility
as separation principle.

Several discharges have been used as ionization sources for IMS. The first introduced was the corona
discharge (CD). Its advantages versus the most traditional ion sources used in IMS are the lack of
radioactive elements (like the ®*Ni ionization source) and the broader range of ionizable molecules
compared to UV-photoionization sources. Corona discharges have been applied to several types of
compounds: aliphatic and aromatic hydrocarbons, explosives, alkaloids, and alcohols among others.
An alternative to CD are atmospheric pressure glow discharges (APGD), like that known as helium
flowing atmospheric-pressure afterglow (FAPA). These discharges offer similar characteristics to CDs
in terms of range of ionizable compounds, but with higher electron densities which presumably
improve ionization efficiency compared to CDs. The FAPA-APGD used in the present work generates
a rich variety of reactant ions that are able to ionize the analyte; this fact implies the appearance of
multiple peaks in the spectra. In this context, the aim of this work is to evaluate an atmospheric
pressure glow discharge with this specific design (FAPA) for VOCs analysis by DMA[4].
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Whereas nanomaterials are playing an increasing role in many fields, the knowledge about their
potential impact on human health and the environment as well as the development of regulations and
legislation for their control is being outpaced. It is recognized that innovative analytical approaches are
necessary for monitoring the presence of nanomaterials in environmental and biological media,
assessing their potential impact and supporting regulations. In this context, Analytical Chemistry is
facing new challenges by regarding nanomaterials as analytes and not just as samples. In comparison
with conventional analytes, the metrology of nanomaterials involves not only their detection and
guantification but also their physicochemical characterization. One of the first challenges arises from
the solid-state properties of nanomaterials. In addition to their chemical composition, a number of
physical properties can be used for their characterization, which includes size, shape, surface charge,
or surface area.

In the context of regulations, the recommendation on the definition of nanomaterials published by the
European Commission is a paradigm of the situation described above. The definition states that:
“Nanomaterial means a natural, incidental or manufactured material containing particles, in an
unbound state or as an aggregate or as an agglomerate and where, for 50% or more of the particles in
the number size distribution, one or more external dimensions is in the size range 1 nm-100 nm”. The
correct implementation of this definition requires appropriated analytical methods that are able to
determine the number size distribution of particles at least in the 1-100 nm size range. At present,
there is no single technique able to fulfil satisfactorily and routinely this regulatory definition.

On the other hand, the role of Analytical Environmental Nanosciences is key to the understanding the
mobility, bioavailability and toxicity of nanomaterials themselves and their possible association with
other chemicals too. These studies can be focused to engineered or natural nanomaterials

An outstanding example of natural materials is the femtoplankton which plays an important role in the
ocean’s carbon cycle. It is responsible for about half the photosynthetic fixation of carbon (primary
production) on Earth, and it is a primary producer of dissolved organic matter (DOM) in oceans.

We are going to present a new analytical methodological platform for characterizing engineered and
natural nanomaterials according to their chemical composition, size and shape with combined
separation and spectroscopic techniques trough the work developed in two coordinated CTQ projects
(2009, and 2012) of the analytical groups from University of Zaragoza and University of Santiago de
Compostela
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The chronology of laser ablation - from the first photons reaching the sample to the end of all the
transient effects on the surface - occurs in less than a few microseconds. Regardless the final process
taking place (from sample discoloration to plasma formation), the early stages of ablation process
acquire a relevant role for describing and understanding the parameters and physicochemical
constants implied in the subsequent processes. Laser-plasma interactions under nanosecond pulses,
impairs the visualization of such early processes. However, their absence during ultrafast ablation
allows the following of the dynamic of ablation and the possibility of performing deeper studies on the
physical and spectroscopic characteristics of materials.

A femtosecond-resolved phase-change microscope, based on a conventional pump-probe setup has
been designed, constructed and evaluated. The instrument allows the recording of wavelength-
specific images and optical emission spectra with temporal and spatial resolution. To achieve this, the
amplified pulse from a Ti:Sa laser (35 fs, 4 mJ/pulse) is splited into two branches. The pump beam,
centered at 800 nm, is focussed to the sample with an angle of incidence of 45°. The probe beam is
frequency doubled to obtain emission at 400 nm, and shines the sample surface after being focussed
through a 20x microscope objective at the same position of the pump probe, but at normal incidence.
The light reflected from the sample travels back across a microscope. A dichroic mirror rejects the 800
nm component from the reflected light, and sends the rest of the spectral components to a CMOS
camera. Different band-pass filter allows the obtention of wavelength-selective images. The pump and
probe branches can be independently adjusted in energy and polarization angle. The use of two
independent linear stages with retroreflectors, allow precision in the delay of 30 fs.

The temporal evolution of the surface reflectivity of silicon is shown in the image, where the temporal
scale indicates the time delay between the pump and probe laser. In all the situations, a single pulse is
observed. The origin and dynamics of the patterns observed, as well as the implications of such
structures will be commented.

Figure 1. Temporal evolution after femtosecond laser irradiation at 150 pJ on a silicon sample
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Cinnamic acid and its hydroxylated derivatives, present in most fruits and vegetables, display a huge
variety of biological functions such as antioxidant capacity (through their radical scavenging activity),
anti-inflammatory action and carcinogenesis modulation [1]. Furthermore the capacity to form
complexes with metal ions, therefore reducing their toxicity, is another recognised ability of these
compounds, strictly related to their biological activities [2]. Therefore, the assessment of the way in
which they coordinate metal ions, and the structure of the complexes formed, arises as an important
issue regardingthe understanding of their ability to act as scavengers of potentially toxic species.
Within this scope, a Raman study of the copper(ll) complexes of cinnamic acid, and its hydroxylated
derivative caffeic acid, was undertaken, with particular emphasis on the assessment of the functional
groups that coordinate the Cu(ll) cation (carboxyl vs. hydroxyl).

Cu(ll) complexes of cinnamic and caffeic acids (the latter contaning a catechol group) were
synthesised and analysed by Raman spectroscopy. A complete assignment of the spectra was carried
out, both for the complexes and the phenolic acids, in the light of the corresponding calculated
wavenumbers. These were obtained at the Density Functional Theory level, with resort to the B3LYP
hybrid functional and Pople basis sets, using the Gaussian 03 package [3]. In order to accurately
evaluate the structure of the complexes, a complete conformational analysis was also performed for
the different possible geometries, as well as for the free ligands, and the corresponding frequencies
were predicted for all the minimum energy conformations.

For phenolic acids containing a catechol group, such as caffeic acid, it was verified that the Cu(ll)
complex is formed either through the carboxylic group or the hydroxylated moiety, while for cinnamic
acid metal coordination can only occur via the carboxylate.
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Nanocrystalline titanium dioxide materials are attracting much attention worldwide due to their
potential applications in environmental protection, solar energy conversion, nonlinear optics, and
heterogeneous photocatalysis[l]. The reduction of the band gap of these materials, enabling the
absorption in the visible range, is of prime importance for improving their efficiency. Two main
strategies, i.e. doping and partial reduction of Ti(IV), are the available alternatives up to date. Herein it
is present a new synthetic strategy for the obtention of novel titania materials via crystal disruption,
with photocatalytic activities up to 100% better than the bare titania. These photoactive materials have
been prepared by co-condensation of a titanium precursor, TBOT, with several adequate organic
compounds (4,6-dihydroxypyrimidine (DHP) and p-phenylenediamine (PPD)) or a ruthenium complex,
in mild conditions and in absence of surfactant.” This new strategy allows the homogeneous
incorporation of organic and metallic moieties (disruptors) within the crystal structure of titania. By
using PDD and the Ru complex as disruptors, two titanias have been obtained with a remarkable
reduction of its band gap, exhibiting outstanding photocatalytic activity under visible light.
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One of the most productive activities we are developing is the study of the optical properties of
organometallic and coordination gold containing complexes. During the last years, our efforts have

been addressed to the synthesis and study of gold-heterometal complexes displaying "weak"

intermetallic interactions. Thus, we have been successful in obtaining complexes displaying
unsupported interactions with a great structural diversity with different compositions as, for instance,
gold(l) and silver(l), thallium(l), bismuth(lll) and, lately, mercury(ll) [1-2]. Previously, we carried out
quenching experiments of naphthalene fluorescence with the complex [{Hg(CsFs).{Au(CsFs)PMes}],
resulting in a static quench in which the complex formation model suited well [3]. This result is
interpreted in terms of that the presence of gold in the molecule give rise to an orientation of the rings,
due to the short metallophilic interaction, and therefore allowing the naphtalene approach to the
mercury center and promoting the quench.

In this comunication we show a next step, which is the intoduction of a gold center in a complex with
probed quenching abilities and study of the role of gold in the quenching experiment. To do that we
chose the complex [Hgs(CgF4)s], previously tested by other groups and proposed as naphthalene
fluorescence quencher through a static quenching mechanism. Starting from this compound we
prepared another complex built with two trimers of formula NBu,[Hgs(CsF4)s][AuUHg,(CeF4)s], and we
carried out quenching. We found a static quenching process, with a different mechanism. Other
fluorophores tested as biphenyl or pyrene confirm a novel quench model with long range efectivity.

Acknowledgements
This work was supported by the DGI Project (MINECO)/FEDER (CTQ2010-20500-C02-02). D. Pascual thanks
the C.A.R. for a grant.

References
[1] J. M. Lépez-de-Luzuriaga, M. Monge, M. E. Olmos, D. Pascual, T. Lasanta. Amalgamating at the molecular

level. A study of the strong closed-shell Au(l)---Hg(ll) interaction. Chem. Commun. 47 (2011) 6795.

[2] J. M. Lépez-de-Luzuriaga, M. Monge, M. E. Olmos, D. Pascual. Experimental and Theoretical Comparison of
the Metallophilicity between d*°-d™® Au'-Hg" and d®~d*® Au"-Hg" Interactions. Inorg. Chem. 53 (2014) 1275.

[3] T. Lasanta, J. M. Lopez-de-Luzuriaga, M. Monge, M. E. Olmos, D. Pascual. Experimental and Theoretical
Evidence of the Existence of Gold(l)---Mercury(ll) Interactions in Solution through Fluorescence-Quenching
Measurements. Chem. Eur. J. 19 (2013) 4754.

67



0-32

Insights into the coordination chemistry in the system [Zn(l-
Lac)(H,0),]" from DFT, NBO and QTAIM: Structure / vibrational
spectra relationship

M.C. Ramirez Avi, A.A. Marquez Garcia, F. Partal Urefa.
University of Jaén, Department of Physical and Analytical Chemistry, Campus Las Lagunillas, 23071 Jaén
(Spain), mcra0007 @red.ujaen.es.

a-Hydroxycarboxylic acids are ubiquitous in nature, playing a key role in many biological processes,
as Krebs (citrate, isocitrate and malate) and Cori (lactate) cycles and in the active transport of metals
across cell membranes. For example, Zn** cation complexed with citrate anion is transported by
Bacillus subtilis and Pseudomonas fluorescens. On the other hand, they and their derivatives are
widely used in pharmacy, cosmetics, production of food and other general chemical fields. In addition,
small anions of them are able to behave as more complex natural ligands [1]. However, the
coordination chemistry of such complexes are relatively poorly understood [2,3].

In the present work, we study as a model the [Zn(l-Lac)(H;0),]" complex (with coordination number
fixed at 4 [4,5] and two coordination patterns, see figure).

[ !_
: 4 e ':' __,-"“"'-' A thorough analysis of the conformational landscape is
H2 f” A a_.:E-"_____ carried out at DFT level [6]. A previous conformational
g HG o “@H: analysis is done at the MM level. In order to test the
e " ‘"'.:.... influence of the functional in the number and molecular
» structure of predicted conformers, all the obtained
Nalen v OO conformers were optimized using two well-known global-

hybrid GGA (B3LYP and B3PW91), two global-hybrid
meta-GGA (M06 and M06-2X) and three long-range corrected hybrid (0B97, ®B97X and wB97X-D)
ones. In all cases, the basis set chosen was the LACVP+** (LANL2DZ ECP for Zn plus 6-31+G(d,p)
for the rest of elements) [7]. Those calculations were carried out using Spartan08 [8].

In order to test the influence of taking into account solvent effects in predicted structures and
vibrational spectra, conformers from B3LYP, M06-2X and ®B97X-D were newly optimized with the 6-
311++G(2d,2p) basis set and IEF-PCM, C-PCM and SMD solvent continuum models. Gaussian09
software [10] was used for this task. The characterization of the different bonding types in the
complexes is carried out applying NBO analysis [10] and QTAIM [11]. NPA charges are used to study
the metal-ligand charge transfer.
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The weathering steel is a special kind of steel that was designed for its exposure outdoors. It is a high
strength-low alloy steel which, due to the development of a protective rust layer, resists to the
weathering phenomenon [1]. However, it is well known that the presence of some pollutants in high
concentrations can degrade the structure reducing its characteristic protective ability and its lifetime
[2]. Moreover, it has been reported that the presence of some atmospheric particles on the surface of
the steel can affect to the normal development of the protective rust layer. For instance, silicate matter
induces the retard of the transformation of the active form of iron oxyhidroxide (lepidocrocite, y-
FeOOH) into the passive form (goethite, a-FeOOH) [3] and therefore, the passivation of the rust layer.
This passivation is crucial for the protection function of this layer. In this work, several weathering steel
sculptures exposed to the urban atmosphere of Bilbao city (Northern Spain) have been analyzed by
means of SCA (Structural Chemical Analyzer) in order to detect the deposited atmospheric material
and to characterize it. This technique is based on the combination of micro-Raman spectroscopy and
Scanning Electron Microscopy/Energy Dispersive X-Ray Spectroscopy (SEM-EDS), and it allows the
characterization of the particles elementally and molecularly simultaneously. In this way, several kind
of silicates and aluminosilicates have been identified on the steel surface. In addition, other
atmospheric particles such as calcite, charcoal, chromium rich particles, etc have been identified. This
technique also makes easier the assessment of the marine airborne impact on the steel surface by
SEM-EDS images. Finally, several compounds coming from the reaction of the steel and the
deposited particles with the acid gases of the atmosphere of Bilbao city have been observed. The
presence of all these compounds can affect to the normal evolution of the protective rust layer and
even, they can also react with the raw material damaging it seriously. Taking all this into account, it
can be affirmed that for this kind of samples and for the mentioned aim, the choice of this technique
has been very successful.
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Mauveine was the first synthetic organic dyestuff to be manufactured industrially. William Henry Perkin
discovered this purple dye by chance when trying to synthesize quinine, the only known remedy for
malaria. Perkin’'s synthesis of mauve and the establishment of a factory to in 1862 to produce it
commercially mark the beginnings of the modern dye industry [1]. The main components of mauveine
are mauveine A and B; other components such as mauveine B2 and C were also discovered in 2007
[2].

In this study we endeavoured to study the Raman and SERS spectra of the dye and its components in
order to determine their interaction with Ag nanoparticles. Ordinary Raman and Surface-enhanced
Raman Scattering (SERS) spectroscopies are well established techniques for the analysis of artists’
pigments and dyes [3]. DFT (Density Functional Theory) calculations of the four mauveine molecules
were carried out to aid in the assignments of the vibrational normal modes.

The Raman spectrum of mauve was recorded on a gold mirror at 633 nm. No Raman spectra of the
mauveine molecules could be obtained. The SERS (Surface-Enhanced Raman Spectroscopy)
measurements of the dye were carried out in a water/methanol solution by the use of Ag nanoparticles
prepared by reduction with trisodium citrate [4]. However, the SERS spectra of the mauveine
molecules were obtained directly on a TLC (Thin Layer Chromatography) plate. A previous separation
of the different components of the dye was needed before the acquisition of the SERS spectra [5].
DFT calculations were carried out using the B3LYP/6-31+G* basis set. The geometry of the mauveine
molecules was optimized and the Raman spectra were simulated.

Some differences the between the Raman and SERS spectra of mauve were found. Thus, a chemical
interaction between the dye and the Ag nanoparticles was concluded.
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Today there is a growing interest in the development of functional foods, which are those able to
provide beneficial effects on health, in addition to their nutritional or energetic values. Usually these
products are traditional foods enriched with one or several components promoting beneficial effect on
human health.

Lutein is a yellow natural pigment of the carotenoid family that is selectively accumulated in different
parts of the human eye, and is especially abundant at the centre of the human eye retina (macula),
displaying important biological activities (i.e. antioxidant, blue light filter). The interest in lutein (macular
pigment) has recently increased on the basis of different studies suggesting the protective effect
resulting from an adequate intake of this pigment in the prevention and evolution of human-
degenerative eye diseases (i.e. age-related macular degeneration, cataracts and maculopathy) [1,2].
The estimated daily lutein uptake by eating fruits and vegetables (1.5 mg/day) is not enough to reach
the recommended value (6 mg/day). Therefore, for risk groups (elderly population) and people in
general it would be important an adequate lutein intake through functional foods.

In the present paper, we describe the stability of virgin olive oils (VOOSs) enriched with lutein obtained
from the microalga Scenedesmus almeriensis using a previously described methodology [3]. Different
varieties of VOOs have been enriched with lutein extract (5 mg/ml) obtaining a new functional food
which seems a suitable conduction medium to provide this antioxidant to human organism in order to
prevent eye diseases. In this sense, we have obtained VOOs enriched between 0.1 and 0.21 mg
lutein/ml oil. This concentration range allows administering the daily-recommended lutein intake taking
into account the estimated VOOs average consumption (30 ml per habitant and day).

We focus on the stability of a set of 10 VOOs as a function of three main degradation variables (time,
temperature and light exposure) considering lutein-enriched VOOSs in comparison with control VOOs
(oils without antioxidant added). As it is well known, oil stability depends on chemical composition,
which can be tracked using spectrophotometric color determinations. So, we used an application-
based approach, employing the CIELAB color space rather than the analysis of transmittance spectra
to assess the observed color changes (AE*;,). The results obtained were different depending on
VOOs utilized but, in all cases, the VOOs enriched with lutein were more stable than the control ones.
These results show that lutein-enriched VOOs could be successfully used like functional foods with
additional health properties as an alternative way in the fight against some specific human
degenerative diseases.
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Spices and herbs like tea are widely used to season food, as medicinal plants, and also in
pharmacy, cosmetology and perfumes. Thus, a quality control is required in order to ensure the
identity, purity and content, thus guaranteeing the safe consumption of these products, avoiding the
presence of heavy metals, agrochemicals or microbial contaminants [1].

Nowadays, there is an increasing demand for multielemental analysis of plants on a routine basis
and following the green trends when developing new methods, i.e.: i) use of low sample mass; ii) use
of low amounts of reagents; iii) rapidity and iv) safety of the procedure. Ultrasound-assisted extraction
(UAE) [2] in combination with total reflection X-ray fluorescence (TXRF) [3] is proposed as a fast and
simple method for multielemental analysis (P, K, Ca, Cr, Mn, Fe, Ni, Cu, Zn and Pb) of plants (Fig. 1).
Different extractant media (acids and oxidants) and sonication times were tried. A mixture of diluted
HNO; + HCI + HF was selected as the preferred option for the achievement of complete extractions.
Accurate and precise results can be reached in most cases with a high sample throughput.

The proposed analytical approach was applied to unknown seasoning, aromatic and medicinal
plants. Since different parts of plants may have different properties, unambiguous identification of the
commercial plant preparation is required for quality control. Plant classification has been reported in
accordance with the origin, the family and the anatomical part of the plant. The discrimination on the
basis of the anatomical part of the medicinal plant (flower, leaves, fruits, herbs, barks and roots) is
important because an specific part of a medicinal plant is used for culinary or therapeutic (it contains
the active principle) purposes. In this work, linear discriminant analysis was applied to discern the
anatomical part of commercial plant preparations (i.e., flower, leaf, and fruit) available for consumers.
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Figure 1. Scheme of the erhployed procedure.
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The system of quality assurance to control fraud and preserve the Protected Denomination of
Origin (PDO) and special characteristics of wines is regulated by law [1]. The amount and relative
proportion of the mineral elements as Mg, Ca, K and Na in red wine depends on several factors such
as the vineyard, grape type, climate, water availability and quality, soil type and the way in which the
wine is elaborated and stored [2,3].

In this work, a quick and cost effective method based on Laser Induced Breakdown
Spectroscopy (LIBS) and Neural Networks (NN) has been developed and applied to the identification
of the PDO and quality control of red wines. Instant identification of the samples is achieved using a
spectral library, which was obtained by analysis of representative samples using a single laser pulse
and treatment by NN. The samples used belonged to the most important Spanish PDOs. The results
obtained allow the identification of the red wines tested with a certainty of above 98%. Single-shot
measurements were enough for clear identification of the samples. The method can be developed for
automatic real time, fast, reliable and robust measurements and the system can be packed into
portable system.
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Stilbenoids are polyphenolic phytoalexins produced by plants as defence substances against stress.
Due to their antioxidant activity, they have a wide range of beneficial effects, including anticancer, anti-
inflammatory, and anti-microbial. These compounds have been found in several plants, although the
highest concentrations are reached in grapes and derived products, such as wine [1].

A simple and highly sensitive procedure based on the combination of stir bar sorptive extraction
coupled and gas chromatography-mass spectrometry by means of a thermal desorption unit (SBSE-
TD-GC-MS) has been proposed for the first time for the simultaneous determination in wine samples
of the cis/trans isomers of the three more representative stilbenoids: resveratrol, piceatannol and
oxyresveratrol [2]. Vines synthesize trans-stilbenols in response to stress situations whereas cis-
isomers are produced during the wine making process [3].

For the quantification of the cis-isomers, a novel and very effective procedure for the generation of the
standards, in which isomerization takes place by irradiation of the corresponding trans-species once
they have been preconcentrated on the SBSE extraction phase, has been employed. This
isomerization procedure has been compared with that using direct UV irradiation of the trans-isomers
solution, showing great advantages.

So as to improve the extraction efficiency and the chromatographic response of the studied
compounds, an acetylation derivatization step has been included prior to SBSE extraction. Different
factors affecting this derivatization reaction as well as other parameter related with the SBSE
extraction and the subsequent thermal desorption steps, were investigated using multivariate
optimization based on Plackett-Burman designs.

Quantification of the samples was carried out against aqueous standards, using bisphenol F as
internal standard. Repeatability, expressed as relative standard deviation of 10 successive analyses
was between 5 and 9%, confirming the high precision attained under the optimized conditions.
Satisfactory recovery values of between 79 and 109% were obtained for spiked samples in the 0.2-1.0
Mg L™ concentration range, depending on the compound.

The method was employed for the analysis of 15 wine samples (white, rosé and red), being trans-
resveratrol the most abundant, with concentrations in the range 3-230 pug LY, depending on the type of
wine.
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Goat milk has a lower lactose content in comparison to bovine milk, making it more suitable for
individuals with lactase deficit. Furthermore, it also has a lower content of the aS1-casein protein
fraction, one of the main allergens in bovine milk [1]. Quality and food safety of goat milk cheese
greatly depends on the initial microbial contamination in the goat milk used for its manufacture. The
Near Infrared Technology (NIR) has been proved to be an useful tool to detect microorganisms in
food matrices [2]. Therefore, the objective of this study was to investigate the potential of NIR
spectroscopy, as rapid, non-destructive and reliable method for quantification of microbial load in goat
milk.

The procedure consisted of collecting milk samples from different milk producers in Zuheros
(Cordoba, Spain), which is a region devoted to produce different milk product, specially different
varieties of cheese. Then, samples were incubated at different temperatures (5, 10 and 15 °C) and
microbial concentration changes were measured over time by plate count method as reference
method and NIR technique based on diffuse reflectance integrating sphere in a region 1100 — 2500
nm. Thickness of the sample was 0.5 mm. Different models were compared on 50 samples in range
3.7-8.6 log CFU/mI. Final predictive models were developed based on continuum regression, and
parameters were set in a two-stage optimization procedure.

Models developed for the different temperatures showed good performance to predict bacterial
contamination in goat milk over time. In order to estimate the prediction capacity of the model, Mean
Square Error were computed on independent validation set, obtaining a value of 0.5 log CFU/ml which
evidenced the great accuracy obtained by the model. This value is quite similar to the typical error
associated with the reference method used in this study. In addition, this method allows determination
of microbial load in real time, with a similar accuracy which enables to take corrective measures
immediately when high microbial load is detected in milk samples. In conclusions, results in this work
suggest NIR technology as a suitable method for rapid detection of bacterial contamination, improving
efficiency of the production process and food safety of this commodity.
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It is known that many compounds as aldehydes, organic acids, volatile organic compounds (VOC's),
etc. are emitted during the cooking process in a domestic oven. Some of them are odorous, providing
the cook useful information of the state of the roasted food. But there are also hazardous compounds
that can pollute the air of the kitchen/room where the oven is located [1]. For that reason, in recent
years there has been an increase in the studies about these emissions in order to prevent negative
effects on the health and to provide safe home and workplace environments [2]. Many of the methods
used in the determinations of these compounds are based on chromatographic techniques, for batch
measurements, or inespecific methods prone to interferences.

In this work, we propose to continuously monitoring the cooking by UV-VIS-NIR absorption
spectroscopy in order to get information about the evolution of the process in real time. Besides, since
our oven is supplied with a self-cleaning program we have also monitored the pyrolysis cycle during
which all the remains of roasted food are burnt at higher temperatures and transformed into ashes.
The final objective is the development of an optical sensor to prevent unpleasant or burnt odours.

For this purpose we have implemented several systems in different locations of the oven:

1.- A UV-VIS-NIR Diode Array Spectrometer adapted with a cylindrical quartz cuvette. In this
case all the vapours that come from inside the oven cavity are collected by a piping and directed to the
cuvette. This method allows to get a wider and precise information of the process.

2.- A scattering sensor device located at the end of the extraction piping that works at different
wavelengths. In this case, we obtain information about the particles that are generated.

3.- A portable fiber optic system coupled to a CCD spectrometer placed at the bottom part of
the door where the vapours are extracted. The compounds that are detected in this location can be
different from the ones inside the oven owing to the decrease in the temperature

4.- A polyaniline sensor film (PANI) situated in the optical path of the fiber optics. We can
evaluate if there is a change in the pH of the vapours.

We present the main results obtained.
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The most active area of food nanoscience is packaging, where nanoparticles are easily incorporated
into polymers to produce functional materials that contribute to extend and improve food life time [1].
Among them, silver nanoparticles (AgNPs) are the most frequently used due to their recognised
antimicrobial properties [2]. However, their environmental fate and final impact on human health is still
widely unknown.

In this work, silver migration from commercial food containers was studied according to the European
Regulation 10/2011. Several experimental parameters affected silver release: food simulant,
temperature, exposition time and sampled bag area. Results demonstrated a significant AgNP
migration into aqueous and acidic food simulants. The amount of silver migrated increased with
storage time and temperature, although in general, AQNPs showed a low tendency to migrate into
food simulants (17 ng/g). However, the food simulant did not seem to be a real outstanding variable
for long term storage, which is probably a significant finding to be considered in risk assessment
studies.

AF4-ICP-MS was used to confirm the presence of AgNPs in the investigated simulants. The low limit
of detection achieved (0.4 pg/L) allowed identification of AQNPs and their size characterization (40-60
nm). Finally, SEM-EDX analysis, of both the extracts and the raw material, suggested a transformation
of the AgNPs during migration assays due to association with other ligands, such as chlorine and
sulfur, present in the original containers. These transformations could modify AgNPs properties and
toxicity and, therefore, it would be essential to evaluate their potential risks for humans and the
environment.
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Elements, such as iron, calcium, magnesium, copper or silicon are required by living organisms or
have a role in health. These minerals are usually obtained through diet and its deficiency in food may
cause many diseases, such as anaemia. In order to compensate the deficiencies of these macro and
trace elements in the human diet, multivitamin -multimineral dietary formulations with different
compositions are available.

Analytical methodologies that permit the determination of these elements directly in the sample,
without pretreatment steps, increase the speed of analysis and reduce the risk of contamination and
loss of volatile analytes of the samples. In addition, these methods are considered analytical
approaches more environmentally-friendly than the traditional methodologies based on the digestion
of solid samples. High-resolution continuum source atomic absorption spectrometry (HR-CS AAS)
provides significant advantages in comparison to traditional line source AAS, such as improved
capabilities to the detection and correction of spectral interferences from the matrix sample, as well as
the possibility of simultaneous multi-element determination. In addition, it is possible to decrease the
sensitivity to the required levels and therefore expand the working range without the need to carry out
additional measurements, by recording the absorption only at the line wings [1-3].

This work aims to explore the possibilities of HR-CS AAS using flame and graphite furnace atomizers
for the fast and direct determination of essential elements in food and dietary supplements. To achieve
this purpose, measurement parameters such as selection of the absorption line, burner height, flame
composition or temperature program of the graphite furnace are optimized. The presence of molecular
interferences are evaluated and corrected. Owing to the expected high content of these elements in
some samples, the use of less sensitive lines and the approach of side pixel registration have been
also evaluated. The principal analytical figures of merit are estimated and then the methodology is
used to determine these elements in commercial samples.
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The interest in using natural products with therapeutic properties as additives has increased in recent
years. Chlorogenic acid (CQAs) and caffeoylquinic acids are naturally present in herbs, which are
usually used as additive in feed industry due to their health-promoting properties. CQAs have been
shown to possess a multitude of preservative and pharmacological activities, such as antioxidant,
antiviral, antibacterial, anti-inflammatory, reduction of the relative risk of cardiovascular disease and
diabetes type 2, antispasmodic activities, inhibition of the mutagenicity of carcinogenic compounds,
etc. [1].

In this communication, CQAs determination in three sources (feed, feed additive, herbal extract) using
a novel method based on Focused Ultrasound Solid-Liquid Extraction (FUSLE) followed by Ultra-high
Performance Liquid Chromatography (UPLC) coupled to quadrupole-time of flight mass spectrometry
is presented.

First, chromatographic separation and mass detection conditions were studied and optimised for both,
mono- and di- caffeoylquinic acids. The selected UPLC conditions allowed the isolation of the CQAs
isomers in only seven minutes. The optimisation of QToF parameters for the mass 353.09 (mono-
CQAs) and 515.12 (di-CQAs) provided a signal increase that improved method sensitivity.

Second, FUSLE variables such as extraction solvent, power and time were optimised by a central
composite design. Under optimal conditions, FUSLE extraction was performed with 8 mL of 80:20
methanol:water for 20 seconds at a power of 60%. Only two extraction steps were found necessary to
recover analytes quantitatively.

Sensitivity, linearity, accuracy and precision were also established. Matrix effect was studied for each
batch. Matrix effects were not detected for mono-CQAs, whereas the 1,3-dicaffeoylquinic signal was
strongly decreased due to ionization suppression in presence of matrix components; so the
guantification by standard addition was mandatory for the determination of di-caffeoylquinic acids.

Finally, the method was applied to the analysis of feed, feed additives and herbal extracts. In all
samples, 5-caffeoylquinic acid (chlorogenic acid) were the predominant CQAs, followed by 4-
caffeoylquinic acid, 3-caffeoylquinic acid and 1,3-dicaffeoyl quinic acid.

The method developed in the present study allows an efficient determination of CQAs with good
recovery rates. Therefore, it may be used for screening of raw material and for process and quality
control in the feed industry.
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The objective of this study was to evaluate the use of Vis/NIR spectroscopy as a non-destructive
method to estimate some quality parameters during the ripening process of Prunus avium ‘Chelan’
sweet cherries.

In this experiment, 282 cherries were collected from a commercial orchard in La Almunia de Dofa
Godina (Zaragoza). Vis/NIR spectra were kept from samples picked up every 2 days during 2 weeks.
In the same fruits, soluble solids contents (SSC) and firmness were measured by traditional
destructive methods. Spectra from intact cherries were measured with a Multispec reflectance
modular equipment (range: 400-1060 nm).

PLS calibration methods were used to create the statistical model to predict SSC and firmness [1].
Good results were obtained when PLS calibration was applied. The r,” values obtained were 0.73 for
firmness and 0.94 for SSC, which are higher than other reported in the literature for the same
commodity [2, 3].
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The determination of very low concentrations of cadmium is nowadays of relevance since this element
is highly toxic to animals, plants and humans, and accumulates in different organs. The concentrations
currently found in foods and environmental samples are extremely low so that they may even be
below the detection limit of the most sensitive analytical techniques. This difficulty can be overcome
taking advantage of the present knowledge of microextraction techniques, that allow the analytes to be
preconcentrated thus obtaining solutions that can be measured by means of technigues commonly
present in the analytical laboratory. Sometimes the microextraction stage is carried out by using a
neutral complex with a suitable organic reagent. This is the case of ammonium pyrrolidine
dithiocarbamate (APDC) that has been used for the extraction of metals with different microextraction
methodologies [1-2]: ionic liquids, solid phase with activated carbon, organic solvents, ultrasonic
emulsification, flow systems and hollow fibers. The extraction of the neutral Cd-APDC complex with
supramolecular systems has already been proposed (decanoic acid plus tetrahydrofuran [3] or octyl
ether and phenol polyethylene glycol [4]). In these cases the final measurement was carried out by
using flame atomic absorption spectrometry after a dilution stage to increase the volume of the extract,
and thus render the introduction into the flame atomizer possible. Consequently, the preconcentration
factors were low (22 and 48), respectively.

In the work here presented, silver nanoparticles (AgNPs) are used together with APDC in the
presence of Triton X-114 [5] in such a way the neutral Cd-APDC complex is extracted into the
surfactant-rich phase obtained by cloud point extraction (CPE). The experimental data clearly show
that NAgPs are essential in order the total extraction of the metallic complex to be achieved. The
optimal experimental conditions to rapidly obtain the CPE of the complex are studied. The final
measurement is carried out by electrothermal atomization atomic absorption spectrometry (ETAAS).
Thus, since the extract is directly injected into the atomizer without the need for a dilution stage, a high
sensitivity is achieved. A very high preconcentration factor (close to 1000) is obtained which, in
addition to the low detection limit inherent to ETAAS, results in a highly sensitive procedure. The
procedure optimized is applied to the preconcentration and determination of cadmium in water, wine
and beer samples with a detection limit of 1 ng L™.
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Continous intake of small Pb amounts has a negative impact on human health. Foods are the main
sources of this element for humans and, as a consequence, several international organization has
regulated maximum allowed levels of this element [1]. Wine is a widely consumed beverage around
the world with significant Pb levels. The source of Pb in wine is mainly related to atmospheric
precipitation, pesticides and materials used in production, transport and storage [2].

Lead analysis is usually performed by means of spectroscopic techniques such as Graphite Atomic
Absorption Spectrometry (GFAAS) and Inductively Coupled Plasma Mass Spectrometry (ICP-MS) due
ot its lower limits of detection [3]. However, results are strongly affected by the ocurrence of both
spectral and non-spectral interferences. To mitigate wine matrix effects, several sample pre-treatment
strategies such as dilution or acid digestion has been employed. Alternatively, liquid-liquid extraction
[4] and solid phase extraction [5] has also been recommended to separate the analyte from the matrix
and improve limits of detection. Nonetheless, these methodologies suffers from several shortcomings:
(i) use of toxic solvents; (ii) high solvent consumption; (iii) high residue generation; (iv) labour
intensive; (v) volume changes (i.e. swelling or shrinking) on the sorbent material; and, (vi) deactivation
of the surface and/or loss of functional groups. In order to make the extraction/preconcentration step
greener, miniaturized extraction techniques (e.g. dispersive liquid-liquid microextraction, DLLME) and
the use of ionic liquids has been recomended instead [6,7]. However, the use of these methodologies
for trace and ultra-trace analysis in food and beverages has been limited.

The goal of this work is to develop a new methodology for Pb determination in wine by means GFAAS
after a extraction/preconcentration procedure based on the simultaneous use of DLLME and ionic
liquids (1-butyl-3-methylimidazolium hexafluorophosphate). To this end, the influence of extractant
volume, dispersant, pH and ionic strenght on Pb detection has been investigated.
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Grape seeds constitute a small part of the berry, but they affect extensively the sensory properties of
wine. Their phenolic compounds are responsible of these properties and they change in a qualitative
and quantitative manner during ripening [1,2]. The most representative of them in grape seeds,
flavanols, include flavan-3-ol monomers (catechin, epicatechin and epicatechin gallate) and
procyanidins, which are polymers comprised of flavan-3-ol terminal and extension subunits [3].
Phenolic composition of grapes depends on multiple factors, including climate, variety, soil, and
degree of ripeness, being this phenolic maturity decisive for the production of quality red wines. In
order to control the features of wines, the condition of seeds is becoming an important factor for
deciding the moment of harvesting by winemakers. Sensory analysis is not easy to carry out and
chemical analysis needs lengthy procedures, reagents, and it is destructive and time-consuming.

In the present work, near infrared hiperespectral imaging has been used to determine flavanols in
seeds of red (cv. Tempranillo) and white (cv. Zalema) grapes (Vitis vinifera L.). As reference
measurements, the flavanol content was estimated using the p-dimethylaminocinnamaldehyde
(DMACA) method [4]. Not only total flavanol content was evaluated but also the quantity of flavanols
that would be extracted into the wine during winemaking. A like-wine model solution was used for this
purpose. Calibrations were performed by partial least squares regression and they provide coefficients
of determination R®=0.73 for total flavanol content and R*=0.85 for predicting flavanols extracted with
model solution. Values up to R?=0.88 were reached when cultivars were considered individually.
Though it is not yet a substitute for conventional chemical analysis, it arises as an attractive alternative
due to its simplicity and quickness. By establishing the variables that affects each cultivar, this could
become a reference method to assess the chemical characteristics of grape seeds during maturation,
being very useful for vine growers and wineries [5].
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Characteristic vector method has been applied in a number of studies to the reconstitution of visible
spectra [1-4]. In the present study red grape absorbance spectra in the near infrared region have been
reconstituted using characteristic vectors. For this purpose, 99 Tempranillo and Syrah grape samples
were collected and their spectra were recorded using a near infrared hyperspectral system (900 —
1700 nm). To develop characteristic vector analysis, experimental spectra were split into three equal
regions and 1, 2, 3 and 4 wavelengths were selected for each region. In this way, spectra were
reconstituted from 3, 6, 9 and 12 characteristic vectors respectively.

The goodness of this reconstitution method was tested using the method described by Nogales-Bueno
et al. [5]. This method use near infrared hyperspectral imaging to develop calibration models in order
to predict total phenolic concentration in grape skins and sugar concentration, titratable acidity and pH
in grape must. Original and reconstituted spectra (from 3, 6, 9 and 12 vectors) were used to develop
calibration models and the aforementioned parameters were predicted. It was found similar Standard
Error of Prediction (SEP) for calibration models developed using experimental and reconstituted
spectra from 12 characteristic vectors. However, higher SEP values were obtained using the
reconstituted spectra from 9, 6 and 3 characteristic vectors.

In conclusion, characteristic vector analysis allows to reconstitute near infrared spectra using only a
few wavelengths and the reconstituted spectra keep almost all spectral information. To our knowledge,
this is the first time that the aforesaid method has been applied to near infrared spectra.
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Phenolics are secondary metabolites which present important roles in the plant kingdom [1, 2]. Among
them, anthocyanidins are responsible for tissue pigmentation and provide colours that range from
reddish to purplish ones [1]. Grapes are a non-climateric fruit that follow three growing phases and
contain several phenolic compounds, which include anthocyanins in the case of red cultivars.
Anthocyanins are responsible for the colour of red wines and their interactions with other phenolic
compounds largely determine the colour changes observed during ageing [3-5].

The potential of near infrared hyperspectral imaging to determine anthocyanins in intact grape has
been evaluated. The hyperspectral images of intact grapes during ripening were recorded using a
near infrared hyperspectral imaging covering the spectral range between 900 and 1700 nm.
Reference values of anthocyanins were obtained by HPLC-DAD. A number of spectral pre-treatments
and different mask development strategies were studied. Calibrations were performed by modified
partial least squares regression (MPLS) and present a good potential (RSQ of 0.86 and SEP values of
2.62 and 3.05 mg g'1 of grape skin for non-acylated and total anthocyanins respectively) for a fast and
reasonably inexpensive screening of these compounds in intact grapes [6].
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Cocoa, i.e., the fatty bean of Theobroma cacao L., is among the top most commercially cultivated
cash crops for many countries worldwide (above 40 million people depend upon cocoa for their
livelihood). In addition, cocoa bean is becoming a very interesting product because its numerous
health benefits. World cocoa producer countries are located in West Africa (lvory Coast, Ghana,
Nigeria and Cameroon), Central and South America (Brazil, Mexico, Colombia, Ecuador and
Dominican Republic) and Asia (Indonesia and Malaysia).

The origin of cocoa bean has become an extremely relevant issue because it determines the chemical
and organoleptic properties of its derivate products (chocolates, cocoa beverages and confectionary
products) as recognized by consumers and food industry [1-3]. As a consequence, the geographical
origin determines the cocoa bean price. Traceability of cocoa bean quality is, therefore, an essential
activity for controlling fraud and accidental or deliberate mislabelling and adulteration.

A wide variety of analytical methods have been reported for determining the geographical origin of
foods [4]. Among them, GC [5], MS [6] or electronic tongue technology [7] have been applied to
determine the geographical origin of cocoa beans. It is well known that the content of selected
elements in foods clearly reflects the geographical origin of food samples. Nevertheless, in spite of its
analytical advantages, the use of elemental analysis techniques has not been reported for this
purpose in cocoa bean samples. In addition, information on the elemental composition of cocoa beans
is relatively scarce. Recently, a rapid and inexpensive method based on the use of FT-Raman
spectroscopy has been successfully applied for determining the origin of palm date (Phoenix
dactylifera L.) samples [8].

The purpose of the present study is to develop different analytical methods based on the use of
spectrometric techniques (i.e., Inductively Coupled Plasma Mass Spectrometry and Raman
spectroscopy) to identify cocoa beans from different geographical origins. To this end, twenty three
cocoa bean samples from different countries (i.e., Belize, Bolivia, Dominican Republic, Ecuador,
Ghana, Madagascar, Nicaragua, Papua New Guinea, Peru and Venezuelan) and varieties (i.e.,
Criollo, Trinatario and Forastero) were analysed by means of Inductively Coupled Plasma Mass
Spectrometry and Raman Spectroscopy. Principal component analysis was used to predict cluster
trends.
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Since its discovery, Nuclear Magnetic Resonance (NMR) spectroscopy has not ceased to experience
an increase in their use and applications. Chemical structure elucidations and medical diagnostic have
been important scopes for NMR. In the last years its use in the detection, quantification and checking
of metabolites has been significantly improved and this fact has favored a relevant growth in the
implementation of this spectroscopy technique in grape derived products research [1].

Pauli and co-workers set up the methodology of quantification by "H NMR spectroscopy in different
complex matrix [2] and our research group developed its use for monitoring and controlling biological
processes such as the alcoholic and malolactic fermentations of wine [3].

In this work, we focused on the evolution of polyphenol compounds along the vinification process.
Catechin, gallic acid and resveratrol were monitored and quantified by *H NMR spectroscopy during
the alcoholic and malolactic fermentations and oak barrel aging.

The samples were collected from Bodegas Altanza. To ensure the traceability of the wine, three tanks
through alcoholic fermentation, two in malolactic fermentation and several barrels in the oak barrel
aging were explored. The quantification method used was the external standard developed in wine by
our research group [3].

The time-course evolution of these compounds along the wine production process was tracked
perfectly by this technique. With this work we have demonstrated the enormous potential of 'H NMR
spectroscopy as a tool for monitoring and controlling polyphenols evolution during the vinification and
the oak barrel aging processes.
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The work addresses the development of a new methodology, which could then be implemented in
biosensors, for the analysis of a series of neurotransmitters, especially serotonin and dopamine. It will
be presented the auto-indicating properties of Monoaminoxidase type A (MAOA) and their use to
determine serotonin, as model substance, and those of Tyrosinase or Laccase (two Cu containing
enzymes) which will be used for dopamine determination.

The fluorescent properties of FAD in flavoenzymes have been used in previous works for the
determination of different analytes [1]. During this type of enzymatic reactions, FAD is reduced to
FAD.H, (less fluorescent), which is finally re-oxidated to FAD by oxygen. These properties have been
used for serotonin oxidation by MAOA (Monomine oxidase-A, a flavoenzyme) in combination with an
O, sensitive fluorophore (Ru salt). The following figure shows the fluorescence profiles of the FAD-
MAOA (Aexc=450 nm; Ae,=520 nm) and the Ru salt (Aeyc=450 nm; A;,,=600 nm) during the enzymatic
reaction with serotonin (7.5-10° M; pH=7.4)
After analyte addition, the initial fuorescence of FAD (F)
is kept constant over the first seconds of reaction, then
the intensity increase slowly to a higher value (F.). In
order to understand the mechanism, the concentration of
dissolved O, has been monitorized through the
fluorescence changes of the Ru salt. After analyte adition,
the initial fluorescence of Ru increases due to the
consumption of O, which finally decreases to the initial
value. Despite no changes in the FAD fluorescence
A o —r—h during the beginning of the reaction, this result confirms
the reduction of FAD and the later re-oxidation process.
The differences between the initial and the final
fluorescence of FAD could be due to a mixture of the FAD/FAD.H, forms in MAOA. Currently,
additional studies for method optimization are being developed.

In the case of dopamine it has been studied both, the autoindicating optical properties of Tyrosinase
and Laccase [2] which intrinsic absorption signals change during the enzymatic reaction. However,
only in the case of working with Laccase at pH=4.5, it has beeing possible to determine dopamine in
the range from 2.5-10° to 2.5-10* M. When studing the enzymatic reaction at pH=6.0, the changes on
the intrinsic properties of the enzyme are weakly observed, due to the product formation (which
absorbs at 470 nm). In order to increase the sensibility of the determination, Laccase is beeing
immobilised in a polyacrylamide film as the base of a biosensor film which will allow to continuous
follow the enzymatic reaction based on the changes of the absorption signal of the enzyme.
Preliminary studies of the fluorescence signal of Lac and Tyr are also being developed.
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Oxidative stress conditions — disruption of the homeostatic balance between free radical generation
and the production of natural antioxidants — are recognised to be directly linked to damage in
numerous cell targets (DNA, lipids, proteins) which can finally result in severe diseases, such as
cardiovascular and neurodegenerative disorders, or cancer. Phytochemicals, although not considered
as essential nutrients, may act as effective chemopreventive agents towards unwanted oxidative
processes, due to their well-recognised antioxidant capacity [1-4].

The development of novel and more efficient chemotherapeutic or chemopreventive agents requires,
apart from a thorough characterisation of the compound, methodologies capable of yielding
information at the cellular and sub-cellular level, for an accurate understanding of the pharmacokinetic
and pharmacodynamic profiles, which are pivotal in improving efficacy and limiting potential side
effects. Vibrational microspectroscopy (infrared and Raman) is one of the few techniques available
nowadays with high sensitivity, non-invasiveness and real-time molecular imaging capability without
the need for contrast agents or dyes. The interplay between vibrational microscopic imaging and
spectra-structure correlation yields quantitative and readily comprehensible information even for
inhomogeneous biological samples. Raman microspectroscopy, in particular, with negligible
interference from water and very high spatial resolution, constitutes an unmatched approach for
probing cellular environments and monitor a compound’s in vitro bioavailability and biodistribution
after administration [5-7].

This study reports a microRaman investigation of the impact of a dietary antioxidant — quercetin — on
the cellular chemical fingerprint, the lipids being the main cellular metabolite affected by interference
with this flavone.

The human amelanotic melanoma cell line A375 was used, for a concentration of quercetin equal to
30 uM and an incubation time of 48 h (according to previous studies by the team [3]). Several
experimental conditions were tested in order to attain the following optimised protocol: cells were fixed
in 4% formalin in PBS after 4 days of seeding, and placed onto 2% gelatin-covered quartz disks (g 20
mm) for Raman analysis.

The Raman spectra were obtained at room temperature, in a Jobin-Yvon T64000 Raman system
(focal distance 0.640 m, aperture f/7.5) with a direct configuration, equipped with an holographic
grating of 1800 grooves.mm'1 and a BH-2 Olympus microscope with a 60X water immersion objective
(work distance 1.00 mm). The detection system was a liquid nitrogen cooled non-intensified 1024x256
pixel (1") Charge Coupled Device (CCD) chip, the entrance slit having been set to 200 um. The 514.5
nm line of an Ar" laser in backscattering geometry was used as the excitation radiation, providing ca.
15 mW at the sample position. Spectra were acquired for 45 different sites in each sample, in the 600-
1800 cm™ interval, with an integration time of 120 s and 2 scans per run.
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NIR offers multiple advantages for serum analysis, permitting a fast and direct determination of
several parameters simultaneously, with low sample handling and without the need of reagents during
the measurement step. The aim of this work was to provide an evaluation of this technique in a real
world scale, for the simultaneous determination of several parameters and based on a considerable
number of samples. Direct near infrared (NIR) absorbance measurements were used to determine the
concentration of clinical parameters in human serum that are required in routine biochemical tests.
Total protein, albumin, total cholesterol, high-density lipoprotein (HDL cholesterol), low-density
lipoprotein (LDL cholesterol), and very low-density lipoprotein (VLDL cholesterol), triglycerides, urea
and glucose were determined in 447 serum samples obtained randomly from the clinical laboratory of
the University Hospital Doctor Peset in Valencia (Spain). NIR spectra from 12500 to 4000 cm™
obtained with a 1 mm optical path length were evaluated by using partial least squares regression
models (PLS) built from the spectra of samples with known concentrations provided by the hospital.
Root mean square error cross validation (RMSECV) was used for selecting the number of factors,
spectral regions and spectra pre-processing considered to build the models, that were evaluated from
their prediction capability using the relative root mean square error of prediction (RRMSEP) of a series
of around 30 independent samples, not used for the calibration. For some analytes such as total
protein, albumin, total cholesterol and triglycerides, errors obtained were 2.3, 4.4, 5.1, 6.2 %
respectively, evidencing that the proposed methodology could compete with the enzymatic reference
methodologies. However in the case of urea, glucose, HDL and LDL, average errors obtained were
16.0, 16.2, 18.0 and 11.0% respectively, and therefore NIR methodology proposed is limited as a
screening tool. With the use of a considerable number of samples for calibration, this study confirms
that the proposed green and cost-effective methodology is ready for scaling up from the bench to the
real world.
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Figure: NIR spectrum of a serum sample obtained using empty flow cell as background (A) and some serum absorption spectra
after water subtraction (B). Insert: The setting and the cell employed for NIR spectra acquisition.
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ABSTRACT

Our study on As and heavy metal contamination, bioavailability, bioaccesibility, As speciation of more
toxic species, and action of local microorganisms on As species transformation, has been centralized
on a little area of Chiu Chiu region of Chile, where vegetables are grown for consumption by the
indigenous population. In this study, we have chosen to address: i) the bioavailability of the As and
other heavy metals such as Cr, Cu, Pb, Mn and Cd contained in impacted soil and sediments through
labile, reduced, oxidized and residual fractions, ii) the total As and heavy metals content in the edible
and non-edible parts of carrots, beets and quinoa growing in the area where soil samples were taken,
and where the indigenous population live, iii) the As bioaccesibility from edible parts of these
vegetables under "in vitro" digestion process, iv) determination of inorganic As and its main methylated
forms in the edible parts of vegetables; v) As speciation in the extracts from “in vitro” digestion of these
vegetables and vi) action of microorganisms in transformation of As species. These studies provide a
clearer understanding on the impact that As has in this contaminated region. Wherever possible, the
results obtained from these studies have been compared with those obtained from reference
materials, to validate the methodology employed, and/or with analogous non stressed samples.
Advanced analytical techniques for chemical extraction such as ultrasound probes, microwave
extraction, and multielement or specific analytical techniques such as LC-ICP-MS, ESI-MS, etc. have
been used.
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high-performance liquid chromatography inductively coupled
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High performance liquid chromatography coupled to inductively coupled plasma — mass spectrometry
(HPLC-ICP-MS) was used to separate and detect arsenical species (arsenite, As(lll); arsenate, As(V);
monomethylarsonic acid, MMA; dimethylarsinic acid, DMA; arsenobetaine, AsB; trimethylarsine oxide,
TMAO; and arsenocholine, AsC) in human urine. Arsenical species separation was achieved by a pH-
gradient anion exchange HPLC method in a single chromatographic with two mobile phases (Milli-Q
water / methanol, 98:2; 80 mM aqueous nitric acid / methanol, 98:2, pH 1.8). The mobile phase flow
rate was set at 1.35 ml min™. DMA, AsB and MMA were the major As species quantified in the urine
samples. In addition, several unknown and artifacts As species were also identified and characterized
by HPLC coupled to mass spectrometry (HPLC-MS). Accuracy of the developed procedure was
tested by analyzing the NIST 2669 (Arsenic Species in Frozen Human Urine) certified reference
material, which offers certified contents for all arsenic species. The developed arsenic speciation
method was also applied to several human urine samples.
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Determination of thiametoxam by a multicommutated flow-through
optosensor based on photochemically induced fluorescence
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The determination of thiametoxam, a widely known neonicotinoid pesticide, by a
multicommutated optosensing device implemented with photochemically induced fluorescence (PIF) is
reported. The combination of both methodologies allows, on one hand a quick on-line
photodegradation of thiametoxam, and on the other hand, the preconcentration, quantification and
desorption of the fluorescent photoproduct generated on a suitable support placed in a commercial
flow cell.

Although fluorescence has found a significant application as the basis for the analysis of
pesticides with many different strategies, up to date, the fluorimetric determination of thiametoxam has
not been reported. As this compound is a non-fluorescent pesticide, its fluorimetric determination will
need a previous derivatization step. The generation of fluorophores form non-fluorescent analytes by
UV irradiation presents inherent advantages over ordinary chemical reactions such as quicker reaction
rate, less chemical involved and smaller dilution factor. The combination of multicommutation with PIF
is usually carried out with UV light and measuring the fluorescence of one of the photodegradation
products generated. To our best knowledge, no photochemical reaction has been reported to date for
the quantitative determination of thiametoxam.

The completely automated optosensor is based on the use of three-way solenoid valves
conveniently operated by means of a home-made multicommutation software written in Java
language. On the other hand, the use of an active solid support placed inside the flow cell of the
system allows the retention of the analyte and its continuous monitoring at 358/411 nm (Aexc/Aems
respectively). This methodology, combines advantages such as simplicity, high sensibility and high
selectivity. The optosensor will be applied to the determination of thiametoxam in the industry of food.
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Identification and discrimination of bones remains by laser
inducted breakdown spectroscopy and neuronal networks
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Many methods are used in Disaster Victim Identification (DVI) to deal with the forensic cases. The
identification process involves a multidisciplinary group of experts and techniques, i.e. fingerprint
analysis, forensic pathology, forensic odontology and DNA analysis. When the bodies are non-
decomposed the methods used in DVI include physiognomic data analysis such as scars or marks,
personal effects, matching of fingerprints and dentition pattern [1-3]. In approximately 42% of cases,
common methods for human identification are not sufficient, due to the lack of ante-mortem data and
body decomposition. In such cases, DNA identification is required [4,5] which provides the opportunity
to identify unknown human remains by a comparative analysis with relatives[6]. However, when the
number of remains is high as in natural disasters, accidents and mass burial sites, the identification by
DNA poses a high temporal and economic cost. Also, the contamination and degradation of the
sample makes the DNA extraction process more difficult.

A new methodology that provides simple, direct, cost-effective and non-invasive method based on
Laser Induced Breakdown Spectroscopy (LIBS) has been developed. A comparative study was done
to classify the remains using two methods; relations between the elements (Mg/Ca; Na/Ca) that
constitute the bones and Neural Networks (NN) bone classification.

Several studies demonstrate that trace elements in bones may provide complementary information to
associate bone fragments or discriminate between individuals [7]. In our investigation we demonstrate
that the elemental ratios were not sufficient to separate commingled human remains in mass burial
sites, but it could be a complementary method that provides information to discriminate with NN.
Result obtained on twenty five bones from five individuals, collected from a local graveyard located in
Segovia (Spain) will be presented and discussed.
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pairwise comparisons
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A methodology on the analysis of glass samples through LA-ICP-MS has been recovered from the
literature and subjected to intra-laboratory validation with forensic purposes. Samples studied have
been collected from real forensic caseworks, inter-laboratory test samples, blind samples and a NIST
certified reference material (float glass).

In addition to quality controls in each sequence of samples analyzed,, tests which guarantee both the
proper status of the instrument and the correct precision of the method have been also used. Besides,
the detection limits (LODs) have been estimated. A protocol to normalize the data treatment with the
aim of obtaining reliable conclusions for the forensic expert inform when comparing forensic glass
samples, has been developed. Graphic representations to see at a glance are proposed for enabling
non experts in forensic sciences to understand the results; this may be very useful for presenting the
scientific evidence in court.

The main difference between this forensic methodology and a classic quantitative method relies on the
fact that the first one is focused on the characterization of samples by pairwise comparisons. The
objective of the established methodology lies not in achieving traceable quantitative results but
obtaining comparable results with high confidence levels in order to avoid mistakes in criminal cases.
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guantum dot — molecularly imprinted polymers for fluorescence
detection of cocaine and analogues in urine
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A novel method has been developed for cocaine and metabolites (benzoylecgonine, BEC; and
ecgonine methyl ester, EME) assessment based on the quenching of fluorescence emission from Mn-
doped ZnS quantum dots (QDs) — molecularly imprinted polymer (MIP) by cocaine and analogues.
Mn-doped ZnS QDs were synthesized in inert atmosphere followed by polyethileneglycol (PEG)
modification under ultrasounds irradiation (37 kHz). After PEG-QDs isolation by centrifugation, and
oven drying, molecularly imprinted polymerization (precipitation method) was performed by using
cocaine as a template, ethylene dimethacrylate (EDMA) as a monomer, divinyloenzene (DBV) as a
cross-linker, and 2-2'-azoisobutyronitrile (AIBN) as an initiator. The PEG-QD-MIP material was further
characterized by X-ray diffraction spectrometry, IR spectrometry, and electronic microscopy.

Under optimum conditions [excitation wavelength of 296 nm, emission wavelength of 590 nm, 100 mg
PEG-QD-MIP, pH 5.5 (sodium dihidrogen phosphate/disodium hydrogen phosphate buffer), and 15
min as delay time before fluorescence measurement], the calibration graph was linear up to 1 mg "
for cocaine, 5 mg I* for BEC, and 1.5 mg I* for EME. The measured Stern-Volmer constants were
0.066, 0.032, and 0.039 for cocaine, BEC and EME, respectively. The imprinting effect was tested by
synthesizing PEG-QD-NIP (polymerization in absence of cocaine as a template), and quenching
phenomena was not observed up to 3.0 mg I* for cocaine, BEC and EME. These findings proved
specific interaction between targets (cocaine, BEC and EME) and the prepared PEG-QD-MIP
nanoparticles. In addition, cross-reactivity experiments by measuring the fluorescence quenching
when mixing PEG-QD-MIP (PEG-QD-NIP) with other drugs of abuse / metabolites such as morphine,
codeine, and 6-monoacethylmorphine (heroin abuse), and A°-tetrahydrocannabinol, 11-hydroxy-A®-
tetrahydrocannabinol, cannabidiol, and cannabinol (cannabis abuse), showed the selective recognition
for cocaine and analogues by the prepared nanomaterial.

The limit of detection (S/N=3) was 0.09 mg I*, which is a concentration lower than 0.15 mg "
proposed by the European Workplace Drug Testing Society and by the American Substances Abuse
and Mental Health Services Administration as a cut-off level for cocaine in urine.
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Mercury is considered as one of the most hazardous pollutants and it is present in the environment in
several different forms. Therefore, it is important to monitor Hg levels in aquatic ecosystems as a
potential source of contamination [1]. Among other methods, the fluorescence based chemosensors
represent a simple but sensitive technique for fast controlling Hg in many samples, and turn-on
responses are preferred due to enhanced sensitivity and the ubiquitous nature of fluorescence
quenching. Although the number of examples of molecular probes reported for Hg is high, there are
only few examples of probes immobilized in solid supports that concern Hg * detection [2].

The use of a spirocyclic phenylthiosemicarbazide Rhodamine 6G derivative (FC1) for Hg*
determination in water and fish samples [3], and its innmobilization into poly(2-hydroxyethyl
methacrylate-co-methyl methacrylate) [4] was previously reported.

This Communication describes a highly selective Hg”'-sensing microfibre mat based on the
encapsulation of FC1 into polymeric microfibres produced by electrospinning.

The Hg** selective microfiore mat posses very high specific surface and excellent mechanical
properties, as it is easily manipulated and it has high mechanical strength, high consistency and high
flexibility. In addition, it is highly hydrophilic but insoluble in agueous media as well as in nonpolar
solvents. Furthermore, the encapsulated FC1 preserves its sensmg ability, displaying intense turn-on
fluorescence in the presence of mercury (Il). It responds to Hg concentrations in water between 0.4
and 4 pM, with a detection limit of 0.1 pM Hg which is 2.6 times better than those of the same
chemodosimeter immobilized into a classical polymeric sensing film [4]. Finally, the response time of
the proposed mat is 15 min, which is lower than the response time provides by FC1-classical
polymeric sensing film (50 min). Therefore, it is possible to conclude that the use of electrospinning
increases the sensitivity and decreases the response time in the use of FC1 to determine Hg”".To test
the predictive ability of the microfiber sensing mat, two water samples were evaluated with satisfactory
results, by measuring the fluorescence at A /Aern = 540/562 nm: one sample of tap drinking water from
the city of Granada and one mineralized water sample commercialized in Spain.
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Brominated diphenyl ethers (BDEs) are part of brominated flame retardants that have been widely
used since the early 1970s. These compounds have been classified as persistent organic pollutants
(POPs). BDE toxicity stems from their adverse effects on the endocrine system, particularly thyroid
hormone regulation and neurodevelopment [1]. The analysis of BDEs in sewage sludge is important to
provide information about chemical pollution in the aqueous environment and the risk associated with
the reutilisation of sewage sludge as bio-solids for land application. However, it is a difficult task due to
the complexity of the matrix and wide of variety of compounds which can act as interference in the
analysis.

MicroExtraction by Packed Solvents (MEPS), introduced by M. Abdel-Rehim [2], is a miniaturized
solid-phase extraction connected on-line with LC or GC. Approximately 1-2 mg of the solid packing
material (C2, C8, C18, Silica, molecular imprinted polymers (MIPs), etc.) are inserted into a syringe
(100-250uL) between the barrel and the needle as a cartridge. For the extraction, the sample is
pumped up and down through the cartridge by an autosampler. MEPS technique allows the
simultaneous enrichment of target analytes, the clean-up of the sample and the transfer of target
analytes to a solvent that can be injected into the GC. As it is a miniaturized and completely
automated technique, the MEPS based methods are faster, simpler and they consume lower solvent
volume than the classic sample preparation techniques (SPE, liquid extraction, etc.).

In this work, the development, optimisation and validation of a selective pressurised liquid extraction
(sPLE), followed by MEPS and GC-MSMS for the determination of BDEs in sewage sludge is
described. The influence of MEPS factors affecting the extraction, such as elution volume, elution
speed, injection speed, extraction speed, number of draw-eject cycles, number of drying cycles, were
optimized. Also, the absence of carry over effects was checked.

MEPS before GC-MSMS analysis provides a sensitivity enhancement, resulting in a decrease of
detection limits, below 0.4 ng g'l dw, significantly lower than those previously reported for the
determination of BDEs in sewage sludge. Besides, it provides automated extract clean-up that
improves detection and protects GC-MS from dirt. Good relative standard deviation values below 10%
and recovery values between 92 and 102% were. Finally, the analysis of several sewage sludge
samples of La Rioja showed levels of total BDEs between 53.9 and 76.8 ng g*, similar to those
previously reported in Sweden and Mexico.
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Scorodite (FeAsSO,4-2H,0) often occurs as a secondary mineral in oxidized waste rocks and mine
tailings rich in arsenopyrite. With a low dissolution rate, scorodite is considered one of the least
soluble arsenate phases in many mine tailing systems.

However, under strongly acid conditions, scorodite dissolves congruently releasing equimolar
concentrations of As and Fe, while at pH higher than 6, it does incongruently, releasing free Fe(lll) that
readily precipitates as colloid-size Fe oxyhydroxide phases. Arsenate ions released from scorodite
dissolution can subsequently be sorbed onto the surface of the iron phases. Since congruent or
incongruent scorodite dissolution depends on pH, the main objective of this work was to study
scorodite dissolution at different pH values and leaching time conditions in order to characterize the
dissolution products and thus assess the potential role of the resulting iron phases as As scavengers
in natural systems. It is necessary to know the molecular-scale nature and the stability of the As-Fe
interactions to predict the environmental impact of these As-colloid associations.

Because of the high reactivity of natural nanoparticles attributed to their large surface area, high
mobility and electrochemical stability, the mobilization of contaminants associated to nanoparticles
present in weathering-dominated acid mine locations has been emphasized as an important spreading
mechanism. Colloidal fraction from mine waste rocks, sediments and soil samples impacted by mine
activities can be isolated through centrifugation and subsequently characterized using three
complementary techniques: Single nanoparticle detection, extended X-ray absorption fine structure
(EXAFS) and transmission electron microscopy (TEM). In single particle detection, the atoms of the
analyte (i.e. a nanoparticle) produce a flash of gaseous ions when it is introduced into the ICP. This
phenomenon is measured as a single pulse by the detector. The number of counts of this single pulse
is related to the quantity of analyte atoms in the nanoparticle, and the frequency of the pulses is
proportional to the number concentration of nanoparticles [1]. Due to the different behaviours of
dissolved species, single particle detection using ICP-MS allows for the selective determination of
dissolved arsenic and scorodite nanoparticles. The X-ray absorption near edge structure (XANES) is
sensitive to the valence state of the atom, whereas the extended X-ray absorption fine structure
(EXAFS) provides quantitative information on the distances between absorbing and surrounding
atoms, and their relative disorder. Lastly, transmission electron microscopy is useful to validate the
results from single detection in addition to provide complementary information about the physical and
chemical characteristics of the samples.

The coordination of these powerful analytical techniques has proved effective for studying the
interaction of contaminant elements in the media.
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A method for the determination of essential (Fe, Cu, Zn, Co, Mn, Mo, Ni, V) and toxic (Al, As, Pb, Cd,
Cr) trace elements in seawater has been developed using the SeaFAST2 (Perkin Elmer, Norwalk,
USA) preconcentration system coupled to ICP-MS. Samples were desalinated, and most of the
elements were preconcentrated using the iminodiacetate column, except for Al, As y Cr. Hiperpur or
Hiperpur-Plus reagents were used to avoid the contamination problems.

A study was performed to evaluate the influence of the sample matrix during the calibration. The
slopes of the calibrations graphs using different matrixes (ultrapure water, acidified ultrapure water,
3% NaCl, acidified 3% NaCl, seawater and acidified seawater) were compared. Significant differences
were found (test t, 95% confidence level) among the slopes, and therefore acidified seawater was
selected to perform the calibrations. The introduction of several internal standards (Y, Rh, In) did not
improve the results or the linearity of the calibration graphs. Mn was analyzed using the direct mode
and the preconcentration mode. The preconcentration factor was 92 (slope ratio between the
calibration obtained in preconcentration and direct mode).

The limits of detection were: 1,70 ugl™ (A*), 0,12 pgl™(Cr*?),0,14 pgl™ (Mn®?), 0,26 ugl™(As™), 0,015
pgl'1 (Mogs),0,022 ugl'l (V51), 0,26 ugl'1 (Fe54), 0,09 9pgl'l(FeSG), 0,012 pgl'1 (preconcentrated Mn55),
0,079 ugl™ (Ni*®), 0,074 ugl™ (Ni*®), 0,0009 ugl™ (Co™), 0,21 pgl™ ch63), 0,25 ugl™* (cu®), 5,75 pgl™*
(zn®*), 4,09 gl (zn*), 0,005 pgl™ (Cd*™) and 0,075 pgl* (Pb*®). The limit of detection for Mn
decreased 12 times using the preconcentration system.

The method showed a good precision with relative standard deviations lower than 5% (n=10). The
accuracy was evaluated using the certified reference materials NASS-4 (ocean water), SLEW-3
(estuarine water) and TM 23.3 (lake water). The analytical recovery was also calculated with average
levels of approximately 100% for all the elements studied.

The developed method was applied to the determination in real samples from the Galician coast.
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The use of recycled material is currently booming because it is a good alternative to reduce wastes
and the natural resources explotation, and thus, the environmental impact. A material that is often
reused is the steel slag, which is a by-product comes from the steel-making process. In the steel
manufacture through Electric Arc Furnace (EAF) are firstly generated black slag and secondly white
slag. White slag is mainly used as constituent of the cement, and the black one is generally employed
as filler in different layers of roads [1]. In spite of these uses, slag has compounds that could be
harmful to the environment where it has been used; and it also has characteristics not very suitable to
the construction field, such as its volumetric instability due to its content of expansive compounds like
free lime, free MgO, sulphates, iron oxides, etc., which depending on their concentration, in presence
of water suffer a change of volume. This could result in loss of efficacy and durability [2, 3].

In this work it has been analysed two types of steel slag (black and white). They were collected from
two different forest tracks of the Basque Country (Northern Spain), where they were used as filler
approximately 15 and 30 years ago respectively, with the purpose of improving the access to that
area. The aim of this study was to determine their elemental and molecular composition to know the
possible impact of the slag towards the environment (rivers, soil, etc.) in a real location. For this
purpose, it was used Raman Spectroscopy, X- Ray Diffraction and Scanning Electron Microscope
coupled to Energy-Dispersive X-Ray Spectroscopy (SEM-EDS) to analyse the slag samples.

Black slag was mainly characterized by iron oxides, such as magnetite (Fe;0,4), hematite (a-Fe,03),
goethite (a-FeOOH), etc. Also, it was identified calcite (CaCOs), magnesioferrite (MgFe,0y),
portlandite (Ca (OH),), quartz (SiO,), larnite (B-Ca,SiO,4), hashemite (BaCrOy,), etc. However, white
slag presented a composition less heterogeneous, it was recognized fewer compounds: calcite
(CaCO0s3), quartz (SiO,) and mullite (AlgSi,O13). Hence, it could be observed the evolution of some
compounds with hydration processes. For instance, Ca (OH), was formed in the slag because of the
transition of CaO (compound that is present in the slag when it leaves the furnace [1]) by hydration.
This would be indicating the change of volume in this type of material, and it might affect the structure
of the forest track road. On the other hand, it was also recognized compounds such as BaCrQOy,, which
could be harmful to the environment. In addition, all this information could be supported by SEM
images and EDS analysis, that allowed us to observe the correlations between elements.

Acknowledgements

L. Gébmez-Nubla and J. Aramendia are grateful to the University of the Basque Country (UPV/EHU) for their pre-
doctoral and post-doctoral fellowships respectively. Technical and human support provided by the Raman-
LASPEA Laboratory of the SGlker (UPV/EHU, MICINN, GV/EJ, ERDF and ESF) is gratefully acknowledged.

References

[1] IHOBE, S. A. Libro Blanco para la minimizacién de residuos y emisiones, Servicio Central de Publicaciones
del Gobierno Vasco, Vitoria-Gasteiz, 1999.

[2] M. Frias Rojas, M.I. Sdnchez de Rojas. Chemical assessment of the electric arc furnace slag as construction
material: Expansive compounds. Cement Concrete Res. 34 (2004) 1881.

[3] E. Vazquez Ramonich, M.barra. Reactivity and expansion of electric arc furnace slag in their

application in construction. Mater Construcc. 51 (2001) 137.

103



P032

Application of a molecularly imprinted polymer for mercury
preconcentration in water samples

R. Rodriguez-Fernandez', E. Pefia-Vazquez', P. Bermejo-Barrera’.

(1) Departamento de Quimica Analitica, Nutricion y Bromatologia, Facultad de Quimica

Universidad de Santiago de Compostela, Av. das Ciencias s/n, Santiago de Compostela, A Corufa, 15782,
roi.rodriguez@usc.es

The proliferation of industrial activity in recent decades has led to a significant increase in the
presence of mercury in natural environments. This is particularly problematic, because Hg can be
accumulated in the food chain, and once assimilated by the body, is highly toxic at very low
concentrations, acting as a potent neurotoxin, and also affecting the cardiovascular and immune
systems [1]. Of all the methods for extraction and determination of mercury, the solid phase extraction
using molecularly imprinted polymers (MIP- SPE) as highly selective sorbents, allows us to analyze
low concentrations of the species of interest and the interference removal [2-3].

In this work a molecularly imprinted polymer (MIP) for the preconcentration of mercury in water
samples was used. The MIP was previously developed for the determination of mercury and
methylmercury in seafood samples. For the polymer synthesis, a methylmercury chloride template
was employed, in addition to phenobarbital as ligand, methacrylic acid as monomer and ethylene
glycol dimethacrylate as crosslinker. The influence of some parameters (pH of the sample,
composition of the eluent, load and elution flow rates) was studied to optimize mercury extraction.
Aqueous samples buffered at pH 8 were preconcentrated using solid phase extraction cartridges with
300 mg of packaged MIP. Working at a load flow of 0.5 mL-min™ and eluting with thiourea 1M in 1M
HCI at the same flow, we were able to determine 50 ng-L™ concentrations using cold vapor generation
coupled to optical emission spectroscopy - inductively coupled plasma (CV-CP-OES).
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The quantification of liquid solutions with arsenic and chrome can be obtained by Inductively Coupled
Plasma Atomic Emission Spectroscopy (ICP-AES), although it is necessary the setup method based
on certain parameters. One of the most important parameters is the wavelength for analysing. The
wavelengths most commonly used for arsenic are 189.042 nm, 193.759 nm, 197.206 nm and 228.810
nm and for chrome are 206.150 nm, 205.550 nm and 267.720 nm. In the measures of water samples
polluted with As and Cr firstly, it is necessary to eliminate the wavelengths that have high interference
with items that are easily found in the matrix as Al, Fe and Si. Due to this elements present high
solubility in water from the sediments that make up the stream bed where the water flows. Some of the
wavelengths that have interferences are 193.759 nm and 197.206 nm for arsenic and 205.550 nm for
chrome [1].

Also, the stabilization and delayed sampling times are required parameters. Thus, it has been proved
that arsenic is entrained for lows times, while for higher readout times than 40 seconds between
replicas, the drag is inexistent. This delay and stabilization time in the case of chrome is not necessary
because it does not remain in the system, so it is plausible to measure a blank directly after a
concentrated sample with a normal cleaning, about 20 seconds.

The radiofrequency power is necessarily around 1.35-1.40 kW for As, because it requires high power
to overcome the ionization potential of As ions. In contrast, if this power was lower, around 1.00 kW,
the problem would be that the measure would not be real because not all the arsenic ions would be
measured completely. Yet, for elements with lower ionization potential such as Cr, the plasma power
does not need to be high; due to the Cr measurements can be carried out with 1.20 kW.

In addition, it is important to perform the measurements with two different methods to verify that the
results are reliable and also, because with ICP-AES just is possible to measure total arsenic and
chrome but not the concentration of the species with different oxidation states. Not to mention that it is
essential to discern between the oxidation states of arsenic and chromium in water, due to both As(lll)
and Cr(VI) are even more toxics than As(V) and Cr(lll). UV-Visible Spectroscopy is used for analysing
As(V) and Cr(VI).

So, to quantify As(V) in water, the technique of UV-Visible Spectroscopy is used by the combination of
two methods described by Murphy and Riley [2] and by Lenoble et al. [3]. The sample preparation for
the analysis of As(V) was performed with the use of a mixture of reagents added to each sample. The
UV-Visible Spectroscopy could also measure total arsenic thereof. For that, it is required a KMnO,
solution intended to oxidize all species of arsenic. As(V) forms a blue solution and its concentration
was calculated from absorbance at 884 nm.

In the case of Cr(VI) its concentration was detected by diphenyl carbazide method [4], because it
forms a pink complex in the presence of Cr(VI) ions in acidic solutions. The concentration of Cr(VI)
was calculated at 540 nm.

The results obtained in the determination of total arsenic by both techniques were reproducible, so is
plausible performing the measures for total arsenic using ICP-AES and UV-Visible Spectroscopy.
Also, the results of total chromium concentration obtained by ICP-AES were comparable with those by
Atomic Absorption Spectrometry.
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This paper is about ceramic materials and coverings recovered during the excavations carried out
since 2011 in the Iberian oppidum of Puente Tablas (Jaén) and dated between the sixth and third
centuries b. C. In particular, we have analyzed the white and red wall coverings in several rooms of
the sanctuary area, and the black and red ceramic decorations from the palatial structure, the
sanctuary and the main gate of the site

The analyzes performed have focused on the study of the mineral and elemental composition
of the materials selected using instrumental techniques such as micro Raman spectroscopy (MRS), X-
ray diffraction (XRD ) and X-ray fluorescence (XRF) . These techniques have proven their
effectiveness in the analysis of materials Iberian period [1,2,3] . The results obtained allowed the
identification of hematite as responsible for the red color, gypsum for the manufacture of white
coverings, and various manganese oxides as the origin of black color in ceramic vessels.

Beyond the specifics results, information obtained leads to a better understanding of the work
processes involved in the development of the decorations, on the selection of raw materials and
contributes to the historical reconstruction of the archaeological site.
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It is widely accepted that, in the field of art and archaeology, the material analysis requires usually the
use of portable instrumentation. In this way, the valuable objects will not have to be moved from their
place of storage/exhibition, achieving a minimum intervention on them. Furthermore, the transport of
objects/materials from museums involves the emission of licences and bureaucracy. The Naples
National Archaeological Museum (MANN) possesses a wide collection of bowls containing pigments
used for the creation of Pompeian wall paintings (Figure 1). The opportunity to analyze, by portable
spectroscopic instrumentation, the raw material used for the paintings was unique, since pure
pigments and not mixtures would be easier identified and the artist’s palette could be straightforward
reconstructed.

These pigments were analyzed by three portable spectrometers: two Raman spectrometers
(BeWTEKyc.,, USA), one using the 785 nm and the other the 532nm excitation laser, and an Energy
Dispersive X-ray Fluorescence (ED-XRF) spectrometer (Innov-X, Alpha SeriesR, Innov-X Systems
Inc., USA). In this way, the molecular and elemental characterization was achieved.

The presence of typical Pompeian
pigments was confirmed by Raman,
such as Pompeian blue, goethite and
hematite [1, 2]. Moreover, the ED-XRF
analysis was focused in the detection
of the minor and trace elements. This
information could be proven essential,
since the impurities of the raw material
could give significant information about
the nature and origin of the pigments.

These data could be used from
archaeologists, art historians, etc. in
order to understand better the Romans
cultural level, trades and commercial
relations with other people, etc.

Figure 1: Bowls with various pigments (MANN).

Acknowledgements

The authors would like to thank the Soprintendenza Speciale per i Beni Archeologici di Napoli e Pompeii, for the
permissions to perform our field studies at MANN (2010, 2011 and 2012 expeditions). This work was financially
supported by the projects DEMBUMIES (ref.BIA2011-28148), funded by MINECO, and Global Change and
Heritage (ref. UFI11-26), funded by the University of the Basque Country (UPV-EHU).

References

[1] 1. Aliatis, D. Bersani, E. Campani, A. Casoli, P. P. Lottici, S. Mantovana and |.-G. Marino. Pigments used in
Roman wall paintings in the Vesuvian area. J Raman Spec (2009) 1537.

[2] R. Piovesan, R. Siddall, C. Mazzoli, L. Nodari, The Temple of Venus (Pompeii): a study of the pigments and
painting techniques, J Archaeol Sci (2011) 2633.

107



P0O36

The solution to the unanswered questions in cultural heritage
analysis around the Raman spectroscopy spectra of CaSO,4-H,0
system compounds

N. Prieto-Taboada, O. GOémez-Laserna, |. Martinez-Arkarazo, M. A. Olazabal, J. M.

Madariaga.
Department of Analytical Chemistry, University of the Basque Country, (UPV/EHU), Barrio Sarriena s/n, 48940,
Leioa, Spain. Email*: nagore.prieto@ehu.es

Anhydrite (CaSO,), commonly found in the Cultural Heritage bibliography, is identified by its main
Raman band at 1017 cm™ [1] and it is one of the most important compound related to the building
material decaying by the action of the atmospheric acid gases. However, there exist incongruences
around this compound because it could be also related to the main Raman band at 1025 cm™ [2]. This
contradiction goes beyond to the natural evolution of the research as it prevalence in the latest works
leading difficulties for new researches [3]. Moreover, this band is share with other compounds usually
found in this field and the identification of one of other is crucial for the correct evaluation of the state
of Built Heritage [4].

For that reason, this works claims to clarify once and for all, the Raman spectra of the different phases
of CaS0Oy4-H,0 system, which are based on different rehydration-hydration states, through an analysis
of the bibliography and Raman spectroscopy thermodynamic studies.

In this sense, the main responsible for the incongruence problems found in the literature is associated
with an incomplete or incorrect definition of the system. Due to this fact, the studies are not well
focused and the correct conclusion could not be achieved. Based on an accurate definition of the
whole  system, which is composed by at |least five different compounds
(CaS0,4-2H,0/CaS0,4-0.5H,0/y-CasS0,4/B-CasS0O,/a-CaSO,), thermodynamic and  spectroscopic
studies of gypsum were carried out by the use of a Renishaw InVia confocal microRaman
spectrometer (514 nm) coupled to a high temperature stage TS1500 Linkam Scientific Instrument.
Thanks to the development of different tests under variable temperatures and the simultaneous
measurement of the Raman spectra, the different spectrum of each compound were obtained. It is
need to mention that, the key of the incongruences found were the consequence of the existence of
three different anhydrites with different structure each one and therefore, with a different Raman
spectra. In this way, the main Raman band at 1017 cm™ it was always related to f-CaSO, or insoluble
anhydrite, which is the phase of the anhydrite mineral. In contrast, the Raman band at 1025 cm™itis a
metastable compound called soluble anhydrite or y-CaSO,. It must be highlighted that these phases
are sensitive to phase transformation by laser power, depending on the studied matrix. Finally, the
main Raman bands of CaSO,-H,O system were identified at 1008-1015-1025-1017-1017 cm™
respectively, ending this work with the contradictions found in literature.
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Glazing, vaporization and spalling, process can produce over an irradiated surface with a high power
laser beam. When power density of the irradiating laser beam is high enough to raise surface
temperature beyond the glass transition temperature, a glassy surface layer is formed. However, if
surface temperatures are below those (melting point), vaporization of water can produce on the
material surface. Due to small difusivity of water vapour, its transport is hindered and an over-pressure
is attained producing its decay (spalling) [1].

Hydraulic building materials used as modern Cultural Heritage, i.e mortar, concrete, etc, have about 4-
10% bounded water. After irradiation with the CW CO, laser, water vapour spread out in a
vaporization front reacting with the CaO present in the sample and producing Ca(OH),, besides a
glassy surface [2].

This present work describes the distribution of the portlandite over the surface of the sample and the
mineralogical composition of the glassy material. Both Micro-Raman and Raman mapping have been
used for structural studies.

The irradiation was carried out with a CW (Synrad Firestar t80, Mukilteo, WA) CO, laser operating at a
wavelength of 10.591 Im, 10P(20) CO, laser line. The laser output was kept at 8, W as measured with
a Synrad PW-250 (Mukilteo, WA) power meter. The laser beam was focused by means of a NaCl lens
of 10 cm focal length. Irradiation time was 5 seconds.

Raman spectra were collected with a Renishaw Raman Invia Spectrometer, equipped with a CCD
camera, using 532 nm (Nd:YAG) excitation line. The laser on the sample was 5 mW and the
integration time was 10 seconds. For mapping measurements, an area of 80 um x 80 um was chosen
in the internal part of the glass. The step size was 5 pm with an individual grid size of 25 pmz.
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In the present work the outcome of the desalination treatment applied on a medieval gilded spur (XIlII
century) recovered from the excavations in Erefiozar castle ruins (Basque Country, Spain) are
investigated. This artifact was characterized by a high concentration of chlorine which is generally very
harmful to the iron made archaeological findings causing the formation of akaganeite (B-FeOOH).[1]
The tubular structure of this compound compromises the compactness of the corrosion layer leading
to the formation of fractures and loss of material. In this sense, the cross section of some corrosion
fragments detached after the desalination process in which the spur was subjected were analyzed
with the aim of studying the penetration as well as the efficiency of the treatment.

To achieve this aim an energy dispersive spectrometer (EDS) on a EVO40 scanning electron
microscope (SEM) was used in order to characterize the elemental composition. Furthermore the
Raman imaging realized with an inVia Renishaw confocal microRaman spectrometer (785 cm™
excitation laser) helped to understand the distribution of the iron corrosion phases.

The analysis showed that the samples presented a stratification characterized by the superimposition
of several corrosion phases. The most internal layer was composed of magnetite (Fe;O4) which
presence was favored by the limited presence of oxygen. On the other hand, the external layer, more
in contact with the external environment, allowed the formation of goethite (a-FeOOH). Raman
imaging also made possible the identification of three akaganeite layers at different depths. Among
them, the most superficial one was the only layer highlighting the absence of chlorine and the joint
presence of lepidocrocite (y-FeOOH).

This information suggests that the treatment used for this spur was able to extract the Cl only
superficially. Furthermore, the presence of lepidocrocite suggests that the absence of chlorine caused
the partial phase transformation of akaganeite into a more stable compound.[2]

To conclude, this investigation project shows that in some cases one of the most used desalination
treatment ensures positive effects only superficially. For this reason, even though outwardly the
objects appears to be well preserved, the lack of stabilization of the innermost corrosion leaves the
way open to a further degradations of the artifacts, which can lead to new fractures and detachments.
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Terpenes are a large class of organic compounds that are widely used as fragrance in cosmetics.
Usually, terpenes are related to allergenic reactions [1], so the commercialization of free-fragrance
cosmetics has increased notably in the last years in order to diminish possible allergies. Nevertheless,
some of them contain fragrance chemicals in low amounts (<0.001% (w/w) in leave-on cosmetics or
0.01% (w/w) if these are rinsed off) [2] and it is not required to indicate these concentrations in the
labels. For this reason, the analytical control of terpenes even in fragrance-free cosmetics in a simple
and rapid way is desirable on a routine basis. In this sense, screening methods, which provides a
binary yes/no response, are suitable for this purpose.

In this work, a fast screening of terpenes based on the combination of a liquid-liquid microextraction
approach and micro-fluorospectrometry is developed [3]. The use of headspace single-drop
microextraction (HS-SDME) allows obtaining a miniaturized, rapid and simple assay with a minimum
consumption of sample and reagents [4].

A drop containing bovine serum albumin with fluorescein is used as optical probe. The fluorescence is
quenched by the presence of terpenes. Under optimal conditions, similar slopes of calibration curves
were obtained for all of the terpenes tested, and procedural detection limits were in the range of 0.49-
0.87 pg/g. Among terpenes usually present in cosmetics, citronellol was selected as representative
conventional standard for calibration purposes. Repeatability, expressed as relative standard
deviation, was 4% (N=6), whereas the reproducibility was 6% (N=3). Moreover, a large enrichment
factor (408) was achieved using citronellol as representative compound. The unreliability region of the
proposed method was 0.0006—0.0012% (w/w) as citronellol concentration, by using a cut-off value of
0.001% (w/w) to avoid having false negatives.
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Determination of metals in biomarkers is an efficient approach for environmental assessment of
metal pollution. Metallothioneins (MTs) in aquatic organisms are considered to be attractive
biomarkers for the assessment of metal pollution in the marine environment. [1]

In general, determination of metals bound to MTs entails three stages: cytosol preparation, MTs
separation and measurement of metal contents in the corresponding fraction. Cytosol preparation is
generally tedious and lengthy. [2] Usually, preparation of cytosol includes cutting/homogenization,
centrifugation, thermal treatment and further centrifugation in order to eliminate proteins with high
molecular weight. Apart from being tedious and time consuming, the main problems of conventional
procedures for cytosol preparation arise from the cutting/homogenization step, because the contact
with air during the process can increase tissue oxidation as well as contamination risks.

In order to overcome these disadvantages and simplify the process, a new cytosol preparation
based on indirect sonication by means of a cup-horn sonoreactor for the determination of Cd and Cu
bound to MTs in mussel tissue is developed. [3] The cavitation phenomenon promotes cellular
disruption and thus, cytosols can be easily obtained. In addition, indirect sonication diminishes the risk
of contamination.

Variables influencing the procedure of ultrasound-assisted cytosol preparation are studied: Tris-HCI
buffer concentration, pH, sample mass, sonication time and sonication amplitude. Under optimal
experimental conditions, only 20 mg of tissue are necessary for cytosol preparation. The heating step
used in conventional procedures for cytosol preparation can be removed, because propagation of
ultrasound energy through the liquid medium causes heating of the sample, thus reaching a
temperature up to 65°C following sonication.

An acid ultrasound-assisted extraction procedure with diluted acid is also used for determining total
Cd and Cu in mussel tissues.

The new proposed approach for cytosol preparation is combined with liquid chromatography for
MTs separation followed by determination by inductively coupled plasma-mass spectrometry gICP—
MS). With this methodology, the limits of detection (LODs) for metal bound to MTs are 0,17 ng g~ and
4,93 ng g'1 for Cd and Cu, respectively. LODs for total metal determination are 0,10 ng g'l and 2,74 ng
g'1 for Cd and Cu respectively.

The proposed methodology for determining Cu and Cd bound to MTs allows simplifying and
shortening the sample pretreatment procedure. It also entails the elimination of the heating treatment
and some centrifugation steps included in conventional procedures. In addition, six samples can be
simultaneously processed, thereby enhancing sample throughput. The novel methodology could
encourage many environmental studies for assessment of metal pollution.
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During the cooking process there are several chemical reactions than produce a complex mixture of
compounds. These compounds are able to generate an autoignition process, to present high toxicity
and carcinogens, and most of them have unpleasant odours. For these reasons, during the last
decades several authors have studied these processes with the purpose of improving the knowledge
and to contribute with new and different solutions.

In these sense, our research group has developed [1] new methodologies for continuous monitoring
the UV-VIS or IR spectroscopic signal of the volatile organic compounds (VOCs) generated when
heating edible oils.

Thanks to these methodologies, it has been carried out different studies at lab scale in order to obtain
the release profile of VOCs in ideal conditions. Besides lab scale studies, it has been carried out
different studies with a lab prototype (Fig.1) in order to reproduce real conditions during cooking
process and validate previous results.

After VOC characterization, it has been developed and optimized several optical sensors able to
detect and monitor VOCs. These sensors are based on scattering effect (Fig. 2), UV-Vis and M-IR
molecular absorption.

Finally, these sensors have been tested at real scale conditions in a Pyrolysis room (Fig. 3). During
these studies, it has been proved that the sensors are able to solve one of the problems generated
during the cooking process (i.e. autoignition of edible oils), apart from to characterize the point at
which edible oils starts to decompose.

L
Figure 1. Lab prototype Figure 2. Example of developed sensor. Figure 3. Testing sensor at real scale conditions
Multi-wave scattering sensor
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In a previous work [1], our research group has designed a fluorometric sensor for glucose using
glucose oxidase chemically modified with a fluorescein derivative (GOx-FS). The methodology of the
determination is based on the alteration of the fluorescence intensity of the FS during the enzymatic
reaction with glucose, which is related to the concentration of this analyte. Taking this in mind and with
the purpose of developing a sensor for glucose determination in biological samples, lanthanides-
doped fluorohafnate glasses [2] have been employed.

In this work, we present an alternative approach for glucose sensing, which minimizes the
autofluorescence background of the biological matrix of samples. The biosensor combines the
fluorescence of GOx-FS and the upconversion luminescence of Tm**, Yb®* doped fluorohafnate
glasses (UC glasses), which are capable of emitting light in the visible range upon near-infrared laser
excitation (980 nm). The upconversion emission can be used for the excitation of the GOx-FS
immobilized in a polyacrylamide film.

The GOx-FS film together with the UC glass was placed in a homemade flow cell, which was
incorporated in a FIA system (flow injection analysis), for the fluorescence measurements. Figure 1
shows how the fluorescence intensity changes at FS emission wavelength for 1 mL of different
concentration of glucose. Area and height values of the peaks can be used as calibration parameters.
A linear relationship was observed from 5.7 to 14 mM of glucose.

1.3+
o i
.-E 14 . d ’ o
= -]
E a Fig.1: Variation in fluorescence intensity of the sensor
z | & 1 with glucose concentration (mM): (a) 4.6, (b) 5.7, (c) 6.8,
ot (d) 8.0, (e) 9.1, (f) 11, (g) 14
B ey
] 006 40006 G000 BOOD A00DD

Timals

The results obtained demonstrate that the combination of the upconverting luminescence of doped
glasses and the optical properties of GOx-FS allow the determination of glucose using near-infrared
laser excitation. Moreover, the methodology could be easily extended to other biochemical analytes
(cholesterol, choline...) by the use of the corresponding enzymes.
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Cocaine is an alkaloid derived from coca leaves (erythroxylum coca, erythroxylum novogranatense),
being one of the most worldwide used illicit drugs. After cannabis, it is the most popular drug of abuse
in Europe. It has local anesthetic action, but above all, it is a potent central nervous system stimulant
that elicits a state of increased alertness and euphoria, being its action similar to those of
amphetamine but of shorter duration [1].

Diagnosis of cocaine consumption has interest in rehabilitation, overdose and judicial processes,
epidemiological studies and sports.

Drug of abuse tests for cocaine are usually based on benzoilecgonine (BZE) determination, which is
the major cocaine metabolite in the human body, but has no effect on person ¢humans? [2]. This
metabolite can remain and can be detected up to 36 hours after cocaine consumption. Thus, a
positive result indicates that the individual has consumed cocaine but does not give us information
about whether he is or not under its effects.

Cocaine quantification can also be useful in pharmacokinetic studies and in the analysis of very recent
intake, a positive result in this spectrophotometric immunosensor for the determination of cocaine

indicates that the individual is under the influence of the drug.

All processes involving immunosensor have been optimized: antibody immobilization on magnetic
beads (MBs), competition, signal transduction and sample treatments.

The developed immunosensor has the following analytical properties:
e good sensitivity with low detection limit: (Inh1g)immunosensor 1-42 NG mL? in urine, 1.00 ng mL™ in
saliva and 0.09 ng mL™ in human serum samples;
e good reproducibility: 5-6% DSR in four measurements;
e high selectivity: cross-reactivity with BZE lower than 1.6%;
e rapid analysis: it allows the determination of more than six samples in approximately 3 hours.

This analytical method has been validated with recovery assays, obtaining recovery values of 88.7-
92.4% for urine samples, 86.3-117.3% for saliva samples and 86.9-92.5% for human serum samples.
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Ochratoxin A (OTA) is a mycotoxin produced by Aspergillus y Penicillium fungi with nephrotoxic,
teratogenic, carcinogenic, and immunotoxic activity in human and animals.
OTA frequently occurs in foodstuffs like cereals, coffee beans, nuts, licorice, raisins, cocoa, wine and
there is a very strictly control and mycotoxin regulations at the EU [1] and over the world. The
maximum allowed contents of OTA are at low ng/g levels.
We have developed a sensitive, rapid and cheap spectrophotometric immunosensor.
This immunosensor is based on magnetic beads (MBs) which are used as monoclonal antibody
biorecognition surface.The use of MBs greatly improves the performance of the immunological
reaction increasing the biorecognition surface and a faster immunoassay kinetics because MBs are in
suspension.
All steps are performed on an ELISA plate except the antibody immobilization on the MBs.
Different parameters as quantity of monoclonal antibody, type and quantity of MBs, conjugate dilution
(OTA-HRP), incubation and competition temperature and incubation and competition time have been
optimized.
The developed immunosensor has the following analytical properties:

e good sensitivity with low detection limit: (INh10)immunosensor 1.14 Ng ML (0.35 ng g™ in wheat

and 0.17 ng mL™" in wine samples);

e good reproducibility: 6-7% DSR in four measurements;

e high selectivity: cross-reactivity with other mycotoxins (DON or FB1) is lower than 1.7%;

e rapid analysis: it allows the determination of more than four samples in approximately 2 hours.

This analytical method has been validated through: (i) the interpolation of certified reference materials
like TR-O100 and MYC-0880 (wheat flour), obtaining errors of -9.4% and 3% respectively; (ii) analysis
of real samples and comparison with official analysis methodology, high-performance liquid
chromatography with fluorescent detection (HPLC-FLD) and commercial spectrophotometric ELISA
kit; (iii) recovery assays, obtaining recovery values of 90.1% for wheat flour and 85.7-88.2 for samples
of different wines.
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The fumonisin B1 (FB1) is a mycotoxin present in different types of food, mainly in cereals and cereal
derivatives. This mycotoxin is considered as a carcinogen by the International Agency for Research on
Cancer (IARC) classified in group 2B. FB1 levels in food are legislated by European Union [1], the
permitted levels ranging from 200 to 4000 ng.g'l depending on the type of food. Due to the great
importance of mycotoxins in food contamination, the Spanish and European legislation are demanding
in recent years an exhaustive control.

“Rapid tests” for food analysis have been increasingly demanded by analytical community, especially
during the last decade. The term “rapid” is usually assigned to a method after comparison with the
respective reference method. For example, if the reference method needs one working week to yield a
result, an alternative method may be called rapid even if it requires three working days. For mycotoxin
analysis, there are other features commonly attributed to rapid tests: these methods should also be
more simple (easy to perform) and cheaper than, for example, chromatographic methods.

Since we started to research for the determination of FB1 about 2 years ago, we have used a variety
of specific antibodies (monoclonal and polyclonal) to develop spectrophotometric immunosensors. The
best selectivity and sensitivity were obtained with a monoclonal antibody highly specific and selective
to FB1, which has low cross reactivity with other mycotoxins such as ochratoxin A (OTA) or
deoxynivalenol (DON) that can be present in the same samples and produce a synergistic effect.

A very sensitive competitive magnetic spectrophotometric immunosensor was developed using
magnetic microparticles (MBs) as solid surface to carry out the immobilization of biorecognition
element and competition-incubation steps. After competition and washings, enzymatic reaction takes
place between the substrate and the enzyme HRP-peroxidase. The best analytical properties were
obtained working with TMB substrate.

The developed immunosensor allows a quick and sensitive determination of FB1 in food samples in
validated applications comparing with high-performance liquid chromatography with fluorescence
detection official methods, under the concentrations allowed by the very restrictive European Union
legislation. The best analytical properties and the fastest protocol of analysis were obtained working
with a time for the overall FB1 determination about 30 min.

In this case a limit of detection of 6 pg.kg™ was obtained, an ECs, value near to 1.20 ng.ml™, and a
relative error of 6.4% when the results obtained were compared when the concentration in a certified
reference material of FB1 (TR-FC-433).
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Deoxynivalenol (DON) is a frequent and very toxic mycotoxin that commonly contaminates cereal-
based foods worldwide. DON is produced by certain Fusarium species that frequently contamine corn,
wheat, oats, barley, rice, and other grains in the field or during storage. The exposure risk to human is
directly through foods of plant origin (cereal grains) or indirectly through foods of animal origin (kidney,
liver, milk, eggs).

Due to the great importance of mycotoxins in food contamination, the Spanish and European
legislation are demanding in recent years an exhaustive control. Maximum permissible concentrations
of DON for different foods are between 200 and 1750 pg.Kg™* and the tolerable daily intake is 1 pg.Kg’
! body weight [1].

Analytical procedures for trichothecene mycotoxins usually differ in extraction procedures, clean-up,
and final analytical steps, depending on which trichothecene is actually determined. A variety of
extraction procedures have been reported in bibliography depending on the analytical techniques used
in DON determination, such as gas-chromatography (GC), high-performance liquid chromatography
(HPLC) or immunoassays.

In this report, a method for DON determination with a spectrophotometric immunosensor was
evaluated and improved. This work proposes a direct competitive immunosensor where we immobilize
the biorecognition element and then the competitive reaction takes place between DON and DON-
HRP. Enzymatic reaction takes place between the substrate and the enzyme HRP-peroxidase. We
have optimized the different parameters and variables with the technique ELISA.

The best analytical properties and the fastest protocol of analysis were obtained working with a time
for the overall DON determination is about 60 min.In this case a limit of detection of 5.3 ug.kg'1 was
obtained, an ECg, value near to 10 ng.ml'1 and a relative error of 3.6 % when the results obtained
were compared when the concentration in a certified reference material of DON (TR-D100).
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The research group where this study takes place has extensive experience in the use of fluorescence

of flavoenzymes, both intrinsic (tryptophan and flavin wavelengths) as extrinsic in the visible area

(fluorophore with the enzyme), for the determination of different analytes (choline, cholesterol,
(1]

glucose...)"".

A further step in the development of this methodology is to couple several enzymatic reactions

increasing the number of substances to determine. Our study is based on the sequence of reactions

shown below (1).

Phospholipase C Alkaline Phosphatase Choline Oxidase
Phosphatidylcholine W Choline Phosphate W} Choline W Betaine + H,0, (1)

For all cases, the fluorescence variation of the choline oxidase (ChOx) enzyme is measured when it
reacts with choline (Cho) released in previous reactions of hydrolysis:

a.- choline phosphate (ChoP) with the alkaline phosphatase (AP) enzyme®.
b.- phosphatidylcholine (PC) with the action of the Phospholipase C (PLC) and AP enzymes.

All of them, analytes with biological interest (as part of plasma cell membranes in our body).

Kinetic measurements have been developed in a plate reader, using a minimum volume of sample
and finding the optimal working conditions. Also ChoP and Cho have been determined in a real
sample, such as infant formula. In order to overcome matrix effects, the method has been designed
using FAD fluorescence. To quantify both substrates present in the sample, a sequential addition of
enzymes will take place.

In this way, this methodology is implemented in optical sensors, to determine biological substances
that contain Cho, in particular ChoP. ChOx enzyme has to be labeled with a fluorophore in order to
measure in visible region so an exhaustive study was made to choose the label. Likewise, studies of
enzyme immobilization, ChOx and AP, both of them together, have been conducted on support in
polyacrylamide gel, forming a sensor film, with the main advantage of not having to use new enzyme
for each test, regenerating in each reaction which is already immobilized. The best reaction conditions
for the analytes determination have been studied (enzyme concentration, measurement wavelength,
sample injection time and flow).

This methodology has been applied to the determination of Cho and ChoP in real samples.
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A chemical sensor is a device which responds to a particular analyte in a selective way through a
chemical reaction and can be used for the qualitative or quantitative determination of the analyte.[1]
For a specific example, a sensor is concerned with detecting and measuring a certain chemical
substance or a set of related chemicals. Among the plethora of sensors reported in literature, devices
based on optical properties have received considerable attention due to their simplicity, high sensitivity
and spatial and temporal resolution.[2] Different techniques such as absorption spectroscopy,
fluorescence spectroscopy, luminescence spectroscopy, internal reflection spectroscopy, surface
plasmon spectroscopy and light scattering have been used to determine analytes of interest. For
instance, visible absorption spectroscopy has been used in the measurement of pH with different dyes
and fluorescent reagents are useful in the detection of halides and cations.[3]

In this contribution we present the variation of the optical properties on new hydrazone derivatives
(Figure 1) in response to different modifications in the medium. Specifically, the effect of solvent,
polarity, concentration and pH will be considered. In addition, the capabilities of these compounds as
metal sensors will be explored.
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Figure 1. General structure of hydrazones and variation in optical properties with acid presence.
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In the last decade, there has been an increasing public interest to detect the presence of
antimicrobials in the environment as uncontrolled antibiotic levels may lead to bacterial resistance in
ecosystems. In particular, pharmaceutical waste containing fluoroquinolones (FQs), a group of
antibiotics widely used in treatments for human and veterinary use, has been detected in aquatic
systems.

Analytical methods based on electrochemiluminescence (ECL) measurements are particularly
attractive for environmental analysis due to its high sensitivity, wide range of linearity and the relatively
simple instrumentation required.

In this work, different luminescent complexes of Ru(ll) such as tris(1,10-phenanthroline)ruthenium(ll),
among others, have been used to determine FQs. The presence of co-reactants with electron-
donating groups tends to increase the ECL, which makes the tertiary amines present in some FQs,
such as enrofloxacin (ENRO), more effective than other reductants. Formation of the (triplet) excited
state of the Ru(ll) complex, responsible for the ECL emission, occurs by electron transfer from the
reductive group present in the FQs to the ground state Ru(lll) species.

We have described previously an ECL method in solution for the analysis of ENRO in natural waters
. . 2+ . . . .

using a solution of [Ru(phen);]”" as luminescent reagent [1]. This presentation will report on the

development of ECL sensors based on immobilized Ru(ll) complexes. This approach allows a

significant decrease in reagent consumption, allows signal amplification, simplifies the required

instrumentation, and facilitates miniaturization.

The Ru(ll) complex has been immobilized by covalent or non-covalent interactions onto screen-printed
electrodes based on gold or carbon nanotubes. Several immobilization strategies have been explored
including the formation of self-assembled monolayers (SAM), via thiol or amino groups, or using
functionalized silica nanoparticles (NPs) doped with the luminescent dye. Modifications of the
electrode surface after functionalization have been characterized by transmission electron microscopy
(TEM) and confocal fluorescence microscopy.

Different variables affecting the sensor performance for ENRO monitoring have been optimized,
namely, the immobilization time of NPs on electrode surface, the oxidation potential, the solution pH
and the reagents concentration using cyclic voltamperometry and luminescence emission.

The different sensing surfaces have been compared in terms of ECL signal amplification, stability,
reusability and response time to achieving the best analytical performance.
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Heat Transfer fluid (HTF) is commonly used in thermosolar plants. Despite the fact that this HTF is
thermically stable, it is necessary to assess and control if there is any possibility that this HTF exposed
at high temperatures (around 400 °C) and overheated in continuous cycles in the thermosolar plant
could change its initial composition. These possible variations in the initial formulation of the product
and the probable generation of other compounds (benzene and phenol among others) require of quick
and portable instruments such as lon Mobility Spectrometry (IMS) for quality control. In this work,
different ionisation sources (UV or tritium) were used to study which one is more suitable to monitor
the lifecycle of HTF. Once the most appropriate ionisation source was chosen, two different
chromatographic columns: multicapilar column (MCC) or gas chromatography column (GC) were
tested to assess if it is possible to identify the degradation products present in used HTF sample. A
method was optimized and proposed to measure the HTF after certain time of using it in a thermosolar
plant.

IMS is a reliable, rapid, portable and inexpensive technique that can be useful for process control. The
potential capabilities of this powerful tool in workplace monitoring make it attractive to be considered in
environmental field. The results obtained by analysing HTF with IMS were compared with the one
obtained with Gas Chromatography (GC) and Near Infrared Spectroscopy (NIR). Not so much
differences in the raw and used HTF fingerprint were appreciated with GC or NIR but different profiles
were obtained when both types of HTF samples were analysis by IMS. Therefore, it seems that IMS is
a promising technique for quality control of HTF in a thermosolar plant.
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Digital Image-based methods, in particular Digital Image Colorimetry —DIC- [1] could be considered
as a new type of analytical methodology . It uses easily captured digital images, with cameras, web-
cams, hand scanners, or also by the very expanded smart telephones [2], to produce, in a ready
procedure, feasible analytical results at low cost. The equipment is based in Complementary Metal-
Oxide Semiconductors (CMOS) or Charge Coupled Detectors (CCD) that could provide fast Red
Green Blue basic colors of direct of indirect chromogenic systems.

With this type of systems, analytical results could be implemented for rapid surveillance in fields with
high demand of analysis in semi-quantitative determinations but also in critical and currently needs in
quantitative control of bio-clinical test [3]. The strategic function of these methods has been
recognized by the most important chemical manufacturers. ISO has also recognized the importance of
the ready-to use named methods, in particular in environmental analysis, and has issued an important
guide.

A principal and open point, regarding the analytical applicability of digital image —based methods is the
selection of the instrumental variable. Individual RGB basic colors but also others alternatives could be
proposed.

In this work, the analytical meaning of different chromatic parameters was studied by multivariable
statistical procedures. Principal component analysis and Fourier Transform evidenced the influence of
different factors. Thus, variance of a digital image could be interpreted in terms of analytical variables
of high potential, while other side- parasite effects could be detected but tailored to a minimum.
Therefore, more than 95% of the total variance of a digital image could be analytically employed while
the influence of other parasite effects could be drastically reduced

It could be demonstrated that the influence of different conditions were of high relevance. Thus,
selection of illumination conditions and color detection could provide significant improvement in both
selectivity and sensitivity of analytical determinations. Also, the image capture conditions could be
relevant in the color variance. Two chromogenic system based in colored reaction between Ca(ll) and
common dyes were elected as representative case for the evaluation purpose.

Finally they were applied in practical Ca determinations in real sample food, milk, and environmental
samples: water calcium hardness . Results were compared and validated by alternative techniques of
atomic spectroscopy: flame absorption and ICP-emission.
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Nitric acid and hypochlorous acid are species of atmospheric relevance [1,2]:
CIONO,(g)+H,0(s)— HOCI(g)+HNO3(s)
Molecular clusters containing water and these two

acidic species are studied using several
theoretical techniques, with especial emphasis on
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clusters, respectively. The calculated electron
densities yield values typical of hydrogen bonded
species. Atomic charges are calculated using three different methods, namely Mulliken, Natural Bond
Order, and Bader. The predicted spectra present large variations in wavenumber and intensity of the
main bands, which could be used to identify specific aggregates among complex spectra (see Figure).
Finally, the HOCI clusters studied here are compared with similar aggregates containing HCI [3]. The
weaker acid favors a higher degree of proton sharing in HNO3.

Wavenumber {cm)
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The chemistry of heteropolynuclear extended supramolecular systems built by secondary interactions
has attracted physicists’ and chemists’ interest in recent years. This is mainly due to the particular
characteristics of the chemical bonding in these systems and to the physical and chemical properties
associated with them [1]. In particular, the luminescence observed in these compounds seems to be
closely related to the presence of metal---metal interactions, which have in many cases been
implicated in these optical properties [2].

On the other hand, it is well known that S-donor polydentate ligands with different numbers of donor
atoms can be employed for their coordination to closed-shell metal centers. This leads to the synthesis
of metallic derivatives with different coordination environments, nuclearity and dimensionality [3].

Taking into account this precedents, we decided to study the reactivity of the basic gold(l) species
[Au(CsCls),] against the acid salt Ag(OCIO3) in presence of S-donor polydentate ligand [9]aneS; in
different solvents. Thus, we obtained two different isomers of stoichiometry [{Au(CsCls),}Ag([9]aneS3)],
depending on the solvent, dichloromethane or tetrahydrofuran, which show different luminescence.

In summary, this work includes a study of the optical properties of both isomers, as well as TD-DFT
theoretical calculations that were carried out to determine the origin of the luminescence.
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The formation and survival of molecules in extraterrestrial environments is a subject of considerable
interest to the astronomical community [1]. In particular, to know how organic molecules withstand the
conditions of high radiation flux and low temperature found in the surface layers of many solar system
objects is very valuable in astrobiology. In this contribution we will discuss our results on the stability of
glycine in various analogues of interstellar grains made of carbonaceous materials with and without
ice mantels. In particular we investigate the effect of bombardment with UV photons (120-200 nm) or
with 2 keV electrons, pretending to simulate the effects of cosmic rays present in different regions of
the interstellar media. The evolution of the samples is monitored with infrared spectroscopy.

We use radiofrequency discharges of CH, mixed with other gases for the generation of different types
of hydrogenated amorphous carbon (HAC), taken as dust analogues in this work. Glycine layers were
grown by vapour deposition on an infrared transparent substrate [2].

Films of HAC were found to be stable under UV photon and electron bombardment. High fluences of
photons and electrons, of the order of 10'° cm™, were needed for a film depletion of a few per cent. UV
photons were energetically more effective than electrons for depletion and led to a certain
dehydrogenation of the HAC samples, whereas electrons, with a smaller penetration depth, led
seemingly to a gradual erosion with no appreciable changes in the hydrocarbon structure. The rates of
change observed may be relevant over the lifetime of a diffuse cloud, but cannot account for the rapid
changes in hydrocarbon IR bands during the evolution of some proto-planetary nebulae.

Glycine samples under the same photon and electron fluxes decay at a much faster rate, but tend
usually to an equilibrium value different from zero, especially at low temperatures. Reversible
reactions re-forming glycine, or the build-up of less transparent products, could explain this behaviour.
CO, and methylamine were identified as UV photoproducts. Electron irradiation led to a gradual
disappearance of the glycine layers, also with formation of CO,. No other reaction products were
clearly identified. From an energetic point of view, 2 keV electrons are less efficient than UV photons
and, according to literature data, much less efficient than MeV protons for the destruction of glycine.
The use of keV electrons to simulate effects of cosmic rays on analogues of interstellar grains should
be taken with care, due to the low penetration depths of electrons in many samples of interest.
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Isonicotinic (IN) acid is one of the three monocarboxilic derivatives of pyridine in which the acid group
is located in para-position of the heterocyclic ring. It is a weak acid (pK,=4.86) and therefore, it is not
completely ionized in neutral aqueous solutions, being the zwitterion and the anion the majority
chemical species at neutral pH. In acidic solutions (pK;=1.84) the pyridinic nitrogen atom can be
protonated yielding a third chemical species with positive charge [1].

In addition, IN acid shows two functional centres that can interact with the silver metallic surface such
as the carboxilate group and the aromatic nitrogen atom. Therefore, the analysis of the SERS spectra
of IN has been focused on identifying the chemical species adsorbed on the silver surface and its
centre of interaction by considering the participation of a photoinduced charge-transfer (CT)
mechanism in each particular SERS record as we have previously detected in the SERS of pyridine
derivatives [2].

SERS spectra of the IN acid (5x10'3 M) have been recorded on silver at electrode potentials ranging
from 0.00 up to -1.00 V and at different pH by using 0.1 M Na,SO, aqueous solution as electrolyte.
The figure shows the SERS recorded at basic pH. The experimental set up is described elsewhere
and the excitation line of 514.5 nm wavelength was used. [2]. The detection of the presence of CT
processes, which are similar to resonance Raman, requires to carry out quantum mechanical
calculations [2].

A simple Ag,-IN model for the surface complex involving two

Veoo 8%{ silver atoms with the IN linked through two possible groups
o] to the metal, Ag,-N(IN) and Ag,-O,(IN), has been taken into
3 account.

Time-dependent density functional theory (TDDFT) has
been employed in order to identify the CT states of the
studied [Ag,-IN] systems at the MO6HF/LanL2DZ level of
calculation. After that, the intensities of the theoretical
SERS-CT spectra have been calculated by independent
mode displaced harmonic oscillator (IMDHO) method.
The results yield that the isonicotinate ion adsorbs on silver
at any pH with an almost perpendicular orientation with
respect to the metallic surface, given that the carboxilate
- band is observed in all SERS spectra and only bands
assigned to totally symmetric modes are enhanced. The
vibrational frequency does not shift in the whole electrode
™ potential range and therefore, a reorientation of the
isonicotinate with the electrode potential is discarded.
The calculated SERS-CT spectra predict the enhancement
| of the 8arring stretching band recorded at 1600 cm™ in
T B a0 00 10 1200 180 agreement with the experimental results what demonstrates
Raman Shift (cm?) once again the participation of resonant CT processes in
SERS of pyridine derivatives.
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Compounds with well-defined gold-germanium and gold-tin bonds and their photophysical properties
have remained scarcely explored. In fact, there are only a few gold—germanium [la—b] or gold—tin
compounds [2] and only the absorption spectra of [(PPh3);Au-SnCl;] has been reported [3].

With the main goal of luminescence studies, we have carried out the synthesis of compounds with Au-
M (M = Ge (a), Sn (b)) bonds of the general formula [LsAu-MCl;] (L = MesP (1), Me,PhP (2), MePh,P
(3) and PhsP (4)). While complexes 3a,b and 4a,b show luminescence, 1a,b and 2a,b do not.

This study allows us to compare the influence of both Au(l) and Sn(ll) or Ge (Il) in their luminescent
properties. The combination of the tricoordinated [Au(PR3)s]* fragment and the anionic [MCl;] moiety,
both intense phosphors in the 509-535 nm range, produces a new type of phosphorescent red
emitters, whose lifetimes are in the microseconds range. In the case of tin a emission band is
observed owing to the combination of a first-order excited state Jahn—Teller effect at Au(l) and a
second-order Jahn—Teller effect at the [SnCls] unit [4]. This combination produces a large distortion of
the molecule in the T1 state, as observed through correlated ab initio calculations. However, with the
germanium two emission bands are observed corresponding to two different triplet excited states
leading to a different structural distortion in these excited states.

e

We have used the theoretical predictions as a guide to examine experimentally whether the
luminescence energy can be tuned by varying the steric bulk of phosphines and metals.

For this, we have also carried out with DFT calculations to study the structural distortion for these
complexes in the triplet excited state from which the luminescent emission occurs. The study of the
electronic structure of the frontier orbitals of the ground state and the first triplet state provides
information about the type of electronic transition origin of the optical behavior.
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Terpyridine Au(l) and Au(lll) organometallic compounds: Redox and
photophysical properties.
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Aromatic N-donor ligands have been used as one of the more versatile ligands in coordination
chemistry. Lately, apart from the intrinsic interest in the structural characteristics of complexes bearing
these ligands, recent studies have shown a rich photophysical behaviour in Au(l) and Au(lll)
complexes containing them.[1] [2]

Among the N-donor substrates that can act as ligands towards Au(l) and Au(lll) centers without the
presence of additional functional groups, terpyridine constitutes a very interesting molecule since it
could be used to induce both photophysical and redox properties in both oxidation states for gold and,
from a structural point of view examples of mono-, bi- or tridentate terpyridine coordination are
known.[3]

In this communication we report the synthesis, spectroscopic characterization and study of the
photophysical properties of gold(l) and gold(lll) organometallic compounds. The behaviour in solution
of these species and the redox interconversion between Au(l) and Au(lll) oxidation states has been
spectroscopically studied. The interpretation of the photoluminescent properties of this type of
complexes is also discussed (see Figure).

Dissociation on solution of complex [Au(CsFs)(terpy)] characterized through *°F and *H l\h?

\_ T T T J
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1H-indazoles are good candidates to study phenomena of molecular association and spontaneous
resolution of chiral compounds [1]. Thus, because the 1H-indazoles can crystallize forming dimers,
trimers or catemers [2,3], depending on their structure and the phase where they are, the difficulty of
the experimental analysis of the structure of the family of 1H-indazoles is clear. This lead to
contemplate several questions: How can we determine the presence of different structures of a given
molecular species if they change according to the phase? Could these different structures be present
in the same phase simultaneously? How can they be determined? In order to shed light on these
guestions, we outline a very complete strategy by using different techniques of vibrational
spectroscopy sensitive (VCD) and not sensitive (IR, FarlR and Raman) to the chirality together with
guantum chemical calculations. In particular, in this communication we study the 2-propil-1H-
bencimidazol compound (see figure 1) with the use of the methodology explained.

Figure 1. Molecular structure of 2-propil-1H-bencimidazol and the two types of helixes in which its catemers can

crystallize.
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When sugars do not seem sugars, where is the carbonyl?
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Carbohydrates of general formula C,H,,0, with n = 2 are the most abundant organic compounds on
earth by mass, with a string of relevant functions as energy storage, metabolic intermediates and
structural building blocks [1].

The biochemically important interconversion of aldoses and ketoses is presumed to take place via 1,2-
enediol or 1,2-enediolate intermediates, but such intermediates have never been isolated as stable
entities [2]. In particular, glycolaldehyde (hydroxyacetaldehyde) exists in equilibrium with its enediol
form in acid and alkaline media (see figure 1) [3]. The current work was undertaken in an attempt to
detect the presence of the 1,2-enediol structure of the glycolaldehyde molecule. To reach this goal, we
added different amounts of NaOH and HCI to fresh prepared water solutions of glycolaldehyde. The
Raman spectra of these solutions were recorded according to the time for four days. Surprisingly, the
bands that could be associated with the presence of the enediol species were changing, namely, the
bands associated with the C=0 str., C=C str., CH, sciss. and HCO bend. vibrational modes.

In addition, all the experimental spectra were analyzed with the help of quantum chemical calculations.
Explicit molecules of water were taken into account to study the behaviour of the glycolaldehyde in
water solution. Besides, theoretical studies using NaOH and HCI as catalysts were carried out. DFT
and ab initio calculations were performed to simulate the catalysis and to get accurate structures and
relative energies.

Figure 1. Molecular structures of the glycolaldehyde and its enediol form.
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The structure of the aliphatic amino acids, the building blocks of the proteins, has caused a growing
interest since some years ago [1]. They have been analysed by means of many different techniques in
order to get relevant information about their structures and their biological functions. The study of their
behaviour in water is of major interest, because it is the natural medium for biological molecules [2,3].

In this work, the behaviour in water at different pH of L-valine has been analysed both experimentally
and theoretically. The studied pH values were: 6.00 (zwitterionic species, see figure 1), 1.00
(protonated species) and 13.00 (deprotonated species). We carried out a vibrational study using non-
chiroptical techniques (IR-Raman) and chiroptical techniques (VCD) complemented with quantum
chemical calculations. Our strategy was dual: i) The performance of hybrid density functionals, B3LYP
and M062X, and the ab initio MP2 method, with the same 6-311++G(d,p) basis set, in order to
characterize the relative energies and structures of an extensive set of conformers of L-valine. On the
one hand, the presence of water was included with the IEF-PCM implicit solvation model at the levels
of theory mentioned previously. On the other hand, explicit and implicit solvation models were
performed at the same time at the M062X/6-311++G(d,p) level of theory. ii) The analysis of vibrational
spectroscopy experiments has been accomplished with both sensitive techniques to chirality (VCD)
and non sensitive ones (IR, including MIR and FIR, and Raman), especially in aqueous solution. The
comparison between theory and experiment is reasonable, which allows us to conclude the presence
of the most stable set of conformers according to the pH. Moreover, for the first time, the chiroptical
response of L-valine has been studied in aqueous solution. Finally, the analysis of low frequency
region with the IR and Raman techniques has been very important in order to understand the
conformational preference of zwitterionic species.

Figure 1. Molecular structure of the most stable zwitterion of L-valine and its theoretical VCD spectra.
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Insights into the structure / vibrational spectra relationship of the
system [Ca(l-Lac)(H,0),]" from DFT, NBO and QTAIM
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a-Hydroxycarboxylic acids are ubiquitous in nature, playing a key role in many biological processes,
as Krebs (citrate, isocitrate and malate) and Cori (lactate) cycles and in the active transport of metals
across cell membranes. For example, Ca®* cation is transported complexed with citrate anion by
Bacillus subtilis, Enterococcus faecalis, Streptomyces coelicolor, Pseudomonas fluorescens and
Corynebacterium glutamicum. On the other hand, they and their derivatives are widely used in
pharmacy, cosmetics, production of food and other general chemical fields. In addition, small anions of
them are able to behave as more complex natural ligands [1]. However, the coordination chemistry of
such complexes are relatively poorly understood [2,3].

In the present work, we study as a model the [Ca(l-Lac)(H,0),]" complex (with coordination number
fixed at 4 [4,5] and two coordination patterns, see figure).

iy "
—X W 9. " A thorough analysis of the conformational landscape is
Ha B 4 f__.?':-"'..__ carried out at DFT level [6]. A previous conformational
o HO O "9 analysis is done at the MM level. In order to test the
P . influence of the functional in the number and molecular
: structure of predicted conformers, all the obtained
« 0,0 £ 0.0 conformers were optimized using two well-known global-

hybrid GGA (B3LYP and B3PW91), two global-hybrid
meta-GGA (M06 and M06-2X) and three long-range corrected hybrid (mB97, ®B97X and ®B97X-D)
ones. In all cases, the basis set chosen was the LACVP+** (LANL2DZ ECP for Ca plus 6-31+G(d,p)
for the rest of elements) [7]. Those calculations were carried out using Spartan08 [8].

In order to test the influence of taking into account solvent effects in predicted structures and
vibrational spectra, conformers from B3LYP, M06-2X and ®B97X-D were newly optimized with the 6-
311++G(2d,2p) basis set and IEF-PCM, C-PCM and SMD solvent continuum models. Gaussian09
software [10] was used for this task. The characterization of the different bonding types in the
complexes is carried out applying NBO analysis [10] and QTAIM [11]. NPA charges are used to study
the metal-ligand charge transfer.
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SERS of 4-aminothiophenol (4-ATP) adsorbed on Ag and Pt
nanoparticles: Photochemical transformation or chemical
enhancement?
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SAMs based on aromatic thiols have been vastly studied. Aminothiophenols (ATPs) are
frequently studied as SERS probe molecules and particularly the 4-ATP (is often used as molecular
junction and building block in SAMs.. The formation of organic monolayers by self-assembly is
directed by a specific interaction between a terminal functional group and the surface, in this case the
bond formed between the thiol sulphur and the metal. A huge amount of work has been reported
about the 4-ATP adsorbed on Ag and Au due to same specific behaviour under certain experimental
circumstances. The SERS spectra from the self-asembled monolayer of 4-ATP on Ag and Au are
significantly different from the normal Raman spectrum of the molecule in the solid state. In normal
Raman spectrum only bands that correspond to completely symmetric a, vibrations are observed, but
in its SERS spectrum, non-a;-type bands are also present (1142, 1390 and 1432 cm™). However, The
SERS from thiophenol on these metals are substantially the same as the normal Raman spectrum. It
was first speculated [1, 2] that the alteration of the spectrum of 4-ATP can be due to the contribution of
the CT mechanism of enhancement, as a consequence of the alteration of electronic sates of
thiophenol by the introduction of an NH, group on the benzene ring. Alternatively, it is shown, based
on the spectral similarity of 4-ATP and 4,4-DMAB (4,4’-Dimercaptoazobenzene), that the non-a;-type
bands correspond to N=N stretching vibrations of 4,4-DMAB produced from 4-ATP via a catalytic
coupling reaction [3]. In our knowledge no studies have been done with Pt-group metals that are
generally accepted to be weak electromagnetic enhancing metals under conditions of visible
wavelength excitation unlike silver, so we report in this work a comparative SERS spectroscopy study
using silver and platinum nanoparticles.
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SERS spectra of a self-assembled monolayer of 4-ATP on Pt and Ag nanoparticles at (A) -0.5 V and
(B) -0.9 V vs AgCl/Ag (test solution 0.1 M NaClO, + 10 M 4-ATP) and (C) normal Raman spectrum of
the solid 4-ATP.
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Detailed laboratory and DFT calculated far and mid-IR spectroscopy
of phyllosilicates
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The spectra of hydrated and non-hydrated common phyllosilicates is studied in the mid- and far-IR
regions, and by quantum-chemical calculations based on density-functional theory (DFT). Most of the
natural phyllosilicate samples were obtained from the Iberian Peninsula. Samples were prepared as
KBr pellets for the mid-IR and deposited on an Al substrate for the far-IR. Spectra were recorded at
room temperature with a Vertex70 Bruker FTIR with MCT detector with spectral resolution of 4.0 cm™
DFT calculations for bulk geometry optimization and infrared spectra were carried out using the
CASTEP code [1] implemented in Materials Studio 7.1. The Fig. 1a) shows the theoretical model for
bentonite (Ca/Na montmorillonite) that fits the experimental lattice parameters and atomic
arrangement taken from XRD data [2]. Similar agreement is found for the other phyllosilicates under
study, namely Biotite, Bentonite, Talc, Kaolinite, Smectite and Palygorskite.

The theoretically calculated IR spectra at 0 GPa of pressure clarify the wide peaks and uncertainties of
the experimental spectra of the different phyllosilicates with special emphasis in the far-IR region. The
comparison between theoretical and experimental spectra for bentonite is shown in Figl.b. The
calculated frequencies agree reasonably well with the measurements. The calculation results show
the animation of the displacement of every atom for each vibrational mode in the unit cell.
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Fig 1. Double hydrated Bentonite (Ca/Na montmorillonite) atomic optimized structure (left) and IR
(experimental and theoretical) IR spectrum (right) of a bentonite from Colorado (USA).
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Although polyamine crystals were found in human seminal liquid by Leeuwenhoek about 300 hundred
years ago, only very recently has the biological importance of these compounds been acknowledged.
In fact, 1,2-diaminoethane (H,N(CH;),NH,) and 1,3-diaminopropane (H,N(CH,)sNH,), as well as 1,4-
diaminobutane (putrescine, H,N(CH,)4NH,), are precursors of the biogenic tri- and tetramines:
spermidine (H,N(CH;)sNH(CH,)4NH;) and spermine (H,N(CH;)sNH(CH,)4;NH(CH,)sNH,), that play key
physiological functions. Changes in their biological levels produce modifications in cellular proliferation
and differentiation, in DNA replication and also in the proliferation of healthy and neoplastic cells [1].
Up to this date, several studies have reported different biological functions for 1,3-diaminopropane,
namely: regulator of ornithine decarboxylase (ODC) activity [2], protein aggregation surpressor [3],
and carcinogen biomarker [4]. However, the exact nature of the mechanisms involved, at a molecular
level, is still unknown, which highlights the relevance of gathering detailed structural information on
this compound, in order to understand its paramount biochemical role. Actually, few structural and
spectroscopic studies have been performed for this system and even these are limited to narrow
regions of the vibrational spectra [5-7]. Moreover, at physiological conditions biogenic amines exist as
polycations, i.e., in their full protonated form, which renders the study of their amonium salts of the
utmost importance.

This communication reports a combined experimental and theoretical study of [H3NCH2CH2CH2NH3]2+,
in the solid state. A complete assignment was carried out, using all the vibrational spectroscopy
techniques: FTIR, Raman and Inelastic Neutron Scattering (INS), for both the hydrogenated and the
N-deuterated samples.

DFT simulations of the corresponding vibrational pattern, using the mPW1PW functional and the 6-
31G* basis set functions, were performed and compared with the experimental data.
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alkaloids: (-)-S-nicotine, (-)-S-cotinine and (+)-R-anabasine.
Theoretical calculations and experimental insights
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(-)-S-nicotine is the main alkaloid present in tobacco leaves (~90%), and it is its main psychoactive
ingredient responsible for producing strong tobacco smoking addiction (one of the most widespread
causes of premature death, among other disseases). [1] Moreover, nicotine has been proved to act as
a potent agonist of the nicotinic acetylcholine receptor (nNAChR) and have been identified as
therapeutic target for the treatment of numerous illnesses including Parkinson, Tourette’s symdrome,
anxiety, cognitive and attention deficits and smoke addiction. [2] One of the lesser alkaloid in tobacco
leaves: anabasine (~0.5%), is also relevant due to the fact that N-H compounds are generally rather
more actives than N-methyl ones (e.g. anabasine is ten times more active than nicotine). [3]
Furthermore, the minor alkaloidal tobacco constituent: (-)-S-cotinine, has been shown to be the most
abundant (-)-S-nicotine metabolite after administration of nicotine and has a much longer half-life. [4]
For these reasons, we thought that a deep understanding of molecular, electronic structure, and
conformational preference of these systems and related compounds, is undoubtedly essential to
elucidate the structure and function of receptors and for the subsequent design of new drugs.
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Figure 1. Molecular structure of (a) (-)-S-nicotine, (b) (-)-S-cotinine and (c) (+)-R-anabasine molecules.

Here we present a thorough analysis of the conformational landscape (using MM and DFT
calculations) of the mentioned chiral tobacco alkaloids and a comprehensive study of their molecular
structure in gas-phase and in solution. For the theoretical modeling of the systems studied, two hybrid
DFT functionals have been used, namely the widespread B3LYP and the so-called B3PW91, in
conjunction with the 6-311++G** and aug-cc-pVTZ basis sets. The conformational preference of
energetically reachable conformers has been justified by means of the analysis of their electronic
strucutures according to the NBO methodology.

Experimental data from vibrational spectroscopy techniques, both sensitive (i.e. vibrational circular
dichroism, VCD) and non-sensitive to chirality (IR and Raman) have been used to validate the
theoretical models.
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One of the main principles of the conformational analysis states that the substituents in a cyclohexane
ring tend to adopt equatorial rather than axial positions, mainly due to steric reasons. [1] Nevertheless,
it has been observed that polar groups with lone electron pairs (such as -OMe, -OAc, -Cl, etc.) in six-
membered heterocycles show a preference to adopt the axial position, being this phenomenon known
as anomeric effect. According to the electrostatic theory, this tendency is the result of destabilizing
interactions between the dipole moments of the bonds adjacent to the endocyclic heteroatom (or
anomeric center, atom Y in the figure below). This dipole-dipole interaction is attenuated when the
polar substituents adopt axial disposition. On the other hand, the hyperconjugative model propose that
the stabilization of the axial conformers is due to the stabilizing electronic delocalization established
between the antiperiplanar lone pair orbital on the endocyclic heteroatom (Y) and the o* antibonding
orbital of the C-X bond.
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Figure 1. Schematic representation of dipole-dipole interactions of polar bonds in a hypothetical substituted
heterocyclic compound. Axial/equatorial conformational preference.

The molecule (2R,3R,5R,6R)-5,6-dimethoxy-5,6-dimethyl-1,4-dioxane-2,3-dicarboxylate is an
excellent paradigm to study the mentioned effect, since the carbon atoms adjacent to the endocyclic
oxygen atoms are substituted by —OMe groups. All the possible molecular conformations for this
system can be distributed in four general groups, depending on the orientation of the ring side groups,
namely: all axial, all equatorial, MeO axiall COOMe equatorial, and MeO equatorial/ COOMe axial,
whose stability order (hence their populations) will be controlled mainly by the anomeric effect (among
other steric or electrostatic effects).
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Figure2. Molecular structure (2R,3R,5R,6R)-5,6-dimethoxy-5,6-dimethyl-1,4-dioxane-2,3-dicarboxylate molecule.

In this work a thorough conformational analysis of the system has been performed by means of MM
(MMFF and SYBYL force fields) and DFT calculations (B3LYP and M062X). The relative stabilities of
the energetically accessible conformers have been justified in terms of their electronic structure using
the NBO methodology, which explain the stability of axial structures instead of equatorial in gas phase.
The effect of increasing solvent polarity over the conformational mixture composition in solution has
also been assessed using IEF-PCM calculations. IR, Raman and Vibrational Circular Dichroism (VCD)
spectral features observed confirmed the theoretical results, i.e., the so-called anomeric-favored
conformers are more populated in few polar or non-polar media.
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The so-called breathing mode of methane consists in an in-phase stretching and shrinking of all four
C-H bonds of this molecule. Because of its tetrahedral structure, the C atom and the charge
distribution remain undisturbed during the vibration, and no net dipole moment is generated. Thus, as
is well known, this vibrational mode is inactive in the infrared spectrum, although it is a very strong
feature in the Raman. In gas-phase methane or in a pure methane solid, this vibration is not seen in
the IR spectra. However, in low-temperature methane/water mixtures, like those generated to model
astrophysical ices, a small but distinguishable feature has been observed in IR spectra, at the
expected frequency of this vibration. Hodyss et al [1] were the first to report this observation, which
was subsequently confirmed by Galvez et al [2] (see figure). Although weak in general terms, the
strength of this anomalous band could be large enough to allow detection in astrophysical or
atmospheric field observations, thus providing a direct evidence of the presence of a form of methane
in direct interaction with water.

The IR inactivity of the breathing mode of methane is one of the firm foundations of vibrational
spectroscopy. The striking breakdown of this postulation justifies the study of this effect. A possible
way to tackle this problem is to construct theoretical models that mimic experimental samples and find
out if, and when, this activation is predicted. We will present in this communication our results for a
number of quantum chemical models for methane/water mixtures. The results turn out to be diverse,
ranging from no activation at all to the prediction of some very strong features in specific cases.
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In the search of new therapeutic agents for treatment of cancer, proteins involved in the cell growth
and division cycle are increasingly important [1]. Camptothecin (CPT) is a potent anti-tumour agent
due to its ability to inhibit topoisomerase |, but it presents the handicap of its chemical stability.
Luotonin A (LA) behaves as a selective topoisomerase inhibitor, however it shows better chemical and
toxicological features than camptothecin. CPT and LA present a notable native fluorescence and
exhibit peculiar acid-base properties in excited state [2]. Natural and chemically modified cyclodextrins
(CDs), are valuable nanocarriers for controlling the release rate of drugs and thus enhance their
bioavailability and therapeutic efficiency [3]. With the aim to enhance their bioavailability, the
complexes of CPT and LA with beta-CD and HP-beta-CD were synthesized and characterized.
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Figure 1: Titration curves obtained for free luotonin A and their inclusion complexes. Protonation reaction of luotonin A

Proton transfer reactions of free drug and their inclusion complexes were used initially as models to
study the protection of CPT LA in CD cavities. The titration of aqueous solutions of free drugs with
HCIO, causes the protonation of the basic nitrogens on CPT and LA, but in the case of the inclusion
complexes, the volume of HCIO, required for the protonation of both molecules was significantly
higher, and it is not possible to shift the acid-base equilibria to the protonated forms. These
observations show that the complexation not only increases the hydro-solubility of LA and CPT, but
also protects the guest molecules. In the case of CPT this result is particularly relevant because the
formation of the inclusion complexes increases its stability. Thus in the case of aqueous alkaline
solutions of CPT, the lactone moiety is easily opened to the corresponding carboxylate form, while in
the case of the inclusion complexes, this undesirable reaction is diminished. The behaviour is
discussed in connection with the nature of the CD and the geometry of the complexes.
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Controlling the photoluminescence properties of luminescent materials based on transition-metal
complexes by external stimuli is currently attracting widespread interest due to their possibilities to
obtain photofunctional materials. Among various luminescence and colour changes in response to
external stimuli, vapochromism, vapoluminescence, mechanochromism and thermochromism occur in
some solid-state materials based on various metal coordination compounds [1,2]. External stimuli
cause variations in metallophilic contacts, n"'r stacking or H-bonding interactions, although for some
polymetallic systems, metal-ligand coordination/decoordination has also demonstrated.

Following our interest on luminescent materials based on different attractive interactions between pt"
fragments and the borderline closed-shell Pb* ion [3,4], we report here a series of new luminescent
trinuclear Pt,Pb clusters [{Pt(CsF5)(C"N)}.Pb(SpyR-5),] [C*"N = benzoquinolyl (bzq), phenylpyridyl
(ppy); R = H 3, 5; CF; 4, 6] and different solvate forms obtained under different crystallization
conditions. These clusters and their solvates have been characterized by spectroscopic, X-ray
crystallography and luminescence studies. Benzoquinolyl complexes 3 and 4 display selective
vapoluminescent properties (and also vapochromic properties in 4) to vapours of several donor
solvents (see Figure). Phenylpyridinyl derivatives 5 and 6 do not show vapoluminescent response, but
6 shows different emissions after treatment with different solvents. Interestingly, complex 6 exhibits
reversible and naked-eye perceivable mechanical stimuli-responsive colour and luminescence
changes. In these clusters, vapour- and mechanical grinding-triggered colour and luminescence
switches are most likely correlated to the versatility of the coordination of the Pb" centre, modified by
7' stacking interactions.
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Design of new drug delivery systems is, nowadays, one of the most important topics in research fields.
It is necessary that medicine molecules arrive to disease tissues like “magic bullets” without interacting
with healthy cells thus optimizing their effectiveness and avoiding secondary effects that are to a large
extent undesirable. Nanomedicine has revealed a very useful tool to achieve these goals. In this
sense formation of drug complexes with host molecules can serve as vehicle to transport molecules
directly or to include in multi-step drug delivery systems.

Cyclodextrins and calixarenes are synthetic receptors able to form inclusion complexes but they
present several disadvantages associated to their low solubility except on strongly acid water solutions
and the difficulty to introduce any functional group. As an alternative in supramolecular chemistry,
cucurbiturils constitutes a new family of molecules with important characteristics to develop [1]. They
have a highly symmetrical and rigid structure with two identical openings and possess a hydrophobic
defined internal cavity hindered by carbonyl groups which line two rims able to host cationic forms.

In this work we present the characterization of several complexes formed by cucurbiturils and the non-
steroidal anti-inflammatory drugs (NSAIDs) piroxicam (PX), indomethacin (IM) and ketorolac (KT). All
the three molecules present an acid-base equilibrium and while PX and IM are poorly soluble in water
KT exhibit high solubility. None of these extremes are desirable for the release of the drug. In the case
of PX and IM complexation increases the solubility and in the case of KT transportation into the host
molecule avoids the loss of effectiveness caused by its binding to other molecules found in their way
to disease tissues. Our results show that PX and IM form complexes with cucurbit[8]uril while KT does
it with cucurbit[7]uril. We have used the corresponding adequate spectroscopic techniques for every
case: UV to obtain the Job’s plot; 'H NMR, and fluorescence lifetime to detect the presence of
complexes and steady-state fluorescence to obtain the binding constant.

Complexes have been studied also in silver colloids, using our previous experience on pure drugs [2],
with the purpose of design more complicate systems able to include recognition molecules and to use
the properties of localized surface plasmon resonances obtaining enhanced spectroscopies, SERS
and SEF.

These studies provide preliminary results necessary to use these complexes in biotechnology and
biomedicine.
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Silver nanoparticles (Ag NPs) constitute one of the most important inorganic materials in the quest for
antimicrobial agents used against multi-drug resistant bacteria. An increasing number of studies in this
field has been reported in the last years, specially focused on the synthetic design of new forms of
silver nanomaterials and the study of their antimicrobial activity. These include hybrid inorganic silver
nanomaterials in which the nanoparticles are supported or embedded in inorganic substrates such as
TiO,, hydroxyapatite, SiO,, ZnO, Fe;0,, etc. or hybrid organic substrates such as hydrogels, organic
polymers or copolymers, etc.[1]

One of the key factors in the design of the new nanomaterials is the control of the silver content in the
substrate of choice. Thus, the development of new methods for the determination of silver content
and, therefore, its direct relationship with the bacteriostatic or bactericidal effect exerted by the
nanomaterial, is a field of research of increasing interest.

In this communication, a method based on microwave-assisted digestion and flame atomic absorption
spectroscopy to determine the total silver content in nanomaterials is presented. We have chosen
several types of nanomaterials synthesized in our group for the determination of their silver content
including polymer coated silver nanoparticles or aluminosilicate-based silver nanomaterials (see
Figure) [2,3]
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Figure 1. Transmission Electron Microscopy micrographs of polyvinylpyrrolidone-coated Ag NPs (left)
and Ag NPs grafted at the surface of aluminosilicate nanotubes (right).

The variables affecting the microwave-assisted digestion process, such as, solvent mixture,
temperature and time were studied for the different types of substrates bonding AgNPs, by both
univariate and experimental design approaches. Once the digestion conditions were optimised, the
method was characterised in terms of sensitivity, accuracy and precision. Finally, the content of silver
in different nanomaterials was determined.
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The study of the hazards of engineered nanoparticles (ENPs) is mainly done by applying standard
toxicology tests used for bulk forms of the same materials. However, ENPs posses new properties,
mainly linked to their size, but also to other physical and chemical parameters. Furthermore, these
properties can be altered by the medium used to suspend or disperse the ENPs. The correct
interpretation of the toxicological results requires then, a proper characterization of the ENPs. The
physical and chemical parameters for characterizing nanomaterials in toxicological studies should
include at least the particle size/size distribution, agglomeration state/aggregation, overall
composition, and surface-related parameters. In addition, some overarching considerations should be
taken into account, such as its stability, including the material release through dissolution and the
context/media.

In vitro cell-based assay systems are an important tool in the field of toxicology. The considerations
mentioned above with respect to how the nanomaterial behaves in the test system are especially
important for in vitro systems given the strong interactions that ENPs may suffer with culture media.
As speciation strongly affects the bioavailability of nanoparticles, it is important to develop proper
methods to characterize the transformation of these nanoparticles.

In this work, a methodology based on Asymmetric Flow Field-Flow Fractionation (AsFIFFF) coupled
with UV-Vis absorption spectrometry and ICP mass spectrometry (ICPMS) has been developed and
applied to the study of silver nanoparticles (AgNPs) and dissolved species of silver in culture media
and cells used in cytotoxicity tests. The effect of a nano-silver based product (protein stabilized silver
nanoparticles ca. 15 nm average diameter) on human hepatoma (HepG2) cell viability has been
studied. UV-Vis absorption spectrometry provided information about the nature (organic vs.
nanoparticle) of the eluted species, whereas the silver was monitored by ICPMS.

AgNPs associated with the cultured HepG2 cells were also identified by AsFIFFF, after applying a
solubilisation process based on the use of tetramethylammonium hydroxide (TMAH) and Triton X-100.
These results have been confirmed by transmission electronic microscopy (TEM) analysis of the
fractions collected from the AsFIFFF. The effect of AQNPs on HepG2 cells has been compared to that
caused by silver(l) as AgNOs under the same conditions.
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Due to their biocidal properties, silver nanoparticles have been used in number of several applications,
such as paints, food storage containers, water treatments and environmental remediation [1]. This
widespread use can result, directly or indirectly, in the incorporation of silver nanoparticles to human
being and other living organisms, as well as aquatic systems, which, together with the lack of
knowledge about their fate, behaviour and toxic effect, has led to a growing concern in the scientific
community about the environmental impact of silver nanoparticles.

The precise mechanisms for silver, and in particular silver released from nanoparticles,
bioaccumulation and biotransformation processes are still not fully understood. The studies reported in
the literature have not explored so far silver transformation in living organisms at the molecular level. It
must be also pointed out that many studies were carried our using poorly characterized nanoparticles
which makes their results difficult to interpret.

Therefore, research focused on silver containing bio-molecules resulting from the silver nanoparticle
oxidation is of high interest for the assessment of the bioaccumulation and biotransformation
mechanisms and thus the toxicological impact of silver. Currently, the study of bioavailability and
toxicity of silver nanoparticles in model mammals, are becoming one of the hot research topics in the
field of analytical science [2].

In this work, the distribution of silver in rat organs from in vivo assays with rats treated orally with a
commercial silver-based nanomaterial has been studied through a methodology based on acid
digestion followed by ICPMS analysis.

Moreover, silver containing bio-molecules in cytosols from liver and kidney tissues from in vivo rats
and in vitro human hepatome cells, treated with the commercial silver-based nanomaterial have been
identified by using separation techniques and ICPMS detection.
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Nanotechnology has rapidly grown in the last decades, with a number of engineered nanomaterials
(ENMSs) being increasingly developed and commercialized. As new ENMs are more and more used in
daily life, concerns about their widespread release to the environment are being raised by regulators,
workers and consumers [1]. Once in the environment, ENMs and resulting nanoparticles interact with
living beings in diverse ways. Nanotoxicology deals with the study of the ENMs hazards, while little is
known about the role played by their particular physical-chemical properties in determining their toxic
effect. Due to their nano size, ENMs possess new properties that may result into different toxicity
patterns relative to their bulk counterparts. Full characterization of ENMs is crucial to identify the
properties responsible for the ENMs toxic effects.

CeO, nanoparticles (NPs) are commercialized as fuel additive for diesel engines to improve burning
efficiency of engine carbon deposits. The strong oxidising capacity of CeO, makes it an excellent
product for reducing the emission of greenhouse gases and particulate number, as well as for
diminishing fuel consumption [2]. While the use of CeO, NPs contributes to a reduction of soot
nanoparticles especially rich in diesel engine exhaust, there is a lack of understanding of the intrinsic
toxicity of the CeO, NPs emitted in the exhaust.

Here, we propose to apply a series of analytical techniques to physical-chemically characterize CeO,
NPs in relation to key properties such as particle size/size distribution, shape,
agglomeration/aggregation state, oxidation state or surface chemistry. The analytical platform will
combine size fractionation (Field Flow Fractionation) with spectroscopic (Inductively Coupled Plasma
— Mass Spectrometry, and UV-VIS Spectroscopy) and microscopic (Transmission Electron
Microscopy) techniques to exhaustively characterize the size and stability of CeO, NPs [3].
Electrochemical techniques (Voltammetry of Immobilized Particles) [4] will also be employed for
detection and quantification purposes, as well as for determining oxidation state of cerium in the CeO,
NPs, which affects its reactivity and toxicity. A comparative study of bulk CeO, NPs and those emitted
from the combustion of CeO,-dopped diesel is envisioned to assess the effect of physical-chemical
changes during combustion on the NPs toxicity.
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Nanomaterials are at the foremost periphery of the swiftly developing field of commercial exploration
of nanotechnology. The advent of nanotechnology has accelerated the evolution of materials with
many exceptional size-dependent properties for use in several biological and medical applications.
Owing to the high surface to volume ratio, nanoparticles (NPs) are highly reactive. However, the
knowledge about the effects of Nps on biological systems and their potential toxicity is very limited yet.
Exposure to nanomaterials for humans may be accidental, for example occupational exposure, or
intentional, for example in the use of nano-enabled consumer products. Hence, there is an urgent
need to understand the mechanisms of NPs on biological system interaction.

When NPs reach a biological fluid, immediately interact with and are covered by fluid proteins. These
proteins form a so-called “protein corona” which is considered to consist of two different components:
the “hard” corona (the fraction of proteins which are bound to the surface) and the “soft corona” (the
proteins which are in exchange with surrounding proteins). There are many factors influencing the
detailed nature of the NP biomolecule corona, with NP size, shape, surface charge, and solubility all
playing a role in the interaction of the NPs with proteins. It is necessary to know the properties and
composition of the protein corona in order to predict possible immunological and toxicologically
relevant reactions or to elucidate the mechanisms which determine uptake and mediate accumulation
in organs.

Silver nanoparticles (Ag NPs) have been incorporated as antibacterial/antifugal agents in medical
devices, textile engineering, water treatment, and have been integrated into the surfaces of many
household appliances and food storage container.

In this study the influence of different parameters concerning AgNP-protein corona formation and
evolution has been evaluated. Some of these parameters are: time evolution of the protein corona, NP
concentration, NP size, NP coating, protein concentration and formation of hard and soft corona.
Different AgNPs standards, a commercial sample (Collargol) and two proteins, albumin and
transferring (major proteins in blood serum), were used for the study. Based on our previous research
[1], different electrophoretic methods have been applied for AgQNP-proteins corona characterization.
Investigations for successful detection of Ag forms by LA-ICP-MS have been carried out. The
formation of AgNP-proteins corona formation was also investigated by UV-VIS Molecular Absorption
Spectroscopy.
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Bioanalysis often require labeling of biochemical compounds for detection. Although mass
spectrometry techniques offer a label-less method of detection, however, they are expensive and
cannot be easily applied for fast screening tests or in-live studies. Alternatively, other widely used
bioanalytical techniques, such as those based on detection of isotopes, enzyme-linked
chromophore/fluorophores, chemiluminescence and bioluminescence are among the methods that
could require appropriate analyte labelling.

In this context, functional luminescent quantum dots (QDs), as a new generation of high-value optical
labels, have been also applied for molecular detection [1]. The great potential of such novel optical
labels has paved the way to the development of new biomolecule assays with unprecedented
analytical performance characteristics, related to sensitivity, multiplexing capability, sample
throughput, cost effectiveness and ease of use.

It should be considered that the success or failure in the use of the QDs in these applications is largely
determined by the ability to bioconjugate such nanoparticles to specific recognition elements, such as
aptamers or antibodies, a mandatory previous step for the successful development of new bioassay
and bioanalytical applications based on biolabeling and bioimaging. Actually, despite recent progress
in the use of QDs for bioanalytical applications, there is still an urgent need for effective procedures for
QDs bioconjugates purification and characterization, in order to further facilitate reliable quantitative
bioassays.

In this communication, a novel concept based on the combination of asymmetric field flow
fractionation nanoparticles separation coupled on-line with molecular spectroscopy (fluorescence) and
elemental (inductively coupled plasma-mass spectroscopy, ICP-MS) detection is proposed as a
diagnostic tool to control the quality of water-solubilized CdSe/ZnS QDs bioconjugated to antibodies.
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The intentional introduction of transition metal impurities in semiconductor nanocrystals (doped
quantum dots, d-dots) is an attractive approach for tuning quantum dot photoluminescence emission.
Particularly, doping ZnS quantum dots with Mn** (Mn:ZnS QDs) results in a phosphorescence-type
emission, attributed to the incorporation of manganese ions within the nanocrystal structure. Mn:ZnS
QDs photoluminescence properties offer both, large Stokes shifts and longer lifetimes (as compared to
more traditional fluorescent QDs) [1]. In this way, general problems in biological and biomedical
luminescence applications related to high autofluorescence backgrounds (affecting significantly to the
analytical sensitivity and selectivity) could be minimised or perhaps avoided. Metal-doped ZnS
nanoparticles, exhibiting a phosphorescence-like emission, have a great potential for biochemical
applications, although no conclusive information on their eventual cytotoxicity is available.

Herein, a systematic study on the interaction of water-soluble Mn**-doped ZnS quantum dots (Mn:ZnS
QDs), surface stabilized with cysteine molecules, using as in vitro model mouse embryonic fibroblast,
NIH3T3, cells has been carried out.

After incubating cells with different amounts of Mn:ZnS QDs at different exposure times, cellular
uptake and quantum dots localization were assessed. In all cases, quantitative values for the
nanoparticle uptake by the cells were given.

Different complementary analytical techniques have been employed and values obtained were
correlated with microscope images in which the uptake of the particles by the cells has been also
investigated. Data obtained suggest intracellular localization of the QDs but outside of the cell nucleus.

Moreover, the morphology of the NIH3T3 cells has not been affected by the presence of high levels of
QDs in the culture media. However, after rather long exposure times cellular damage has been
observed for high concentrations of the Mn:ZnS QDs.
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In recent years, plasmonic cloaking has received considerable attention as a mechanism to
dramatically reduce the electromagnetic scattering cross section of an object [1]. Considering
available technologies, the use of metalic nanowires (NW) is suited for many optics and
optoelectronics applications [2,3]. In this work [4] NWs coated with a high permittivity dielectric are
proposed as means to strongly reduce the light scattering of the conducting NW (Fig. 1), rendering
them transparent at infrared wavelengths of interest in optical spectroscopy. We find appropriate
parameters to reduce the scattering efficiency of hybrid metal dielectric NW by up to three orders of
magnitude as compared with the scattering efficiency of the homogeneous metallic NW. The
bandwidth of the transparent region entirely covers the near IR telecommunications range. Although
this effect is optimum at normal incidence and for a given polarization, rigorous theoretical and
numerical calculations reveal that transparency is robust against changes in polarization and angle of
incidence. A wealth of applications based on metal-NWs may benefit from such invisibility.

I —— - s —— "N
'_ m o
=l e——
‘- Lgpm .‘u .0 1 | oo
- A |
- ]l B ——
[—— J— I ——————————— A0

Fig. 1. (a) Map of the electric field along the cylinder axis direction at a wavelength of A = 1550 nm for TM
polarized waves for an ensemble of bare Ag Nws (R = 13.6 nm) distributed randomly within a slab of 4 ym by 1.5
um. (b) Electric field map corresponding to the same arrangement of (a). The scattering units in this case are
Ag@Si core-shell NWs (Rcore = 13.6 nm, Rshell = 45 nm), the filling fraction of the arrangement is 16%.
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The number of different types of Surface-enhanced Raman Scattering (SERS) substrates available for
experimentation is increasing at high speed. New alternatives are introduced and explored every year
in the literature including both novel nano-particles in solution as well as self-assembled or engineered
structures with different levels of control over their optical properties. In this work silver nanopattern
obtained by the nano-sphere lithography approach was prepared and characterized by AFM. This
method basically exploits the regular patterns formed by self-assembly of dielectric (polystyrene, PS)
nano-spheres on a surface upon drying. The evaporation of a silver film on top of the array can be
followed by the lift-off of the nano-spheres themselves in which case an array of interstitial sites is left
on the surface [1-2] (Fig. 1). We have observed in the AFM images that the shape of the nanopatterns
is regular but the surface is rough and they are homogeneously distributed with dimensions in the sub-
wavelength range.

Figure 1. AFM images of PS nano-spheres (1x1um)(a) and silver nanopatterns (0.6x0.6um) (b).

S8l

SERS properties of this substrate were examined by usmg thlophenol (TP) as molecular probe
through the preparation of self-assembled monolayer (SAM) by dipping the substrates for 1h in 0.1mM
solution of TP in CH,CI, at the temperature of 25°C. Samples were subsequently rinsed with solutions
solvents and dried before scanning.
The surface interaction of this molecule has been studied by several groups and the most significant
Raman change after the adsorption is the disappearance of the S-H stretching mode at about 2566
m™ in the SERS spectrum and indicating that an Ag-S bond has been formed [3]. The reproducibility
on different areas of this substrate has been analyzed by using this molecular probe concluding that a
fairly homogeneous distribution of the SERS intensity is observed (Fig. 2) which is a prerequisite for
applications as ultrasensitive sensing assemblies.
Figure 2. Raman mapping of TP on silver nanopatterns and related Raman spectra.
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In the field of science, the study of marine molluscs is currently a field of great importance because it
has been found that these compounds in nanoscale may exhibit some very interesting mechanical
properties for application in the field of industry in their possible applications in the design of protective
armor for human, or for automotive cars safer chassis industry. Understand the fundamentals of the
design of natural armor systems like shells, can help engineers to develop similar systems for men
and women who work in dangerous situations, like soldiers or policemen. We have the previous
notions that the military research center at MIT nanotechnology scientists are working to define the
structures and mechanisms characteristic of shells and molluscs in nanoscale. In this paper,
nanoscale morphology Bivalve mollusk from the Peruvian Sea Scallop is studied. The sample was
collected at Vegueta beach, located in the province of Huaura, department of Lima. Because the
position of its rings, the shellfish is commonly known as scallops or "conchas de abanico”. For
chemical analysis, the technique of X-ray fluorescence (XRF) was used, while for the mineralogical
analysis was performed using X-ray Diffraction (XRD). FRX analysis detected the presence of calcium
as the major chemical element in the sample composition. XRD analysis revealed the presence of
calcium carbonate as the main mineralogical phase in the sample. The average crystallite size of the
calcium carbonate obtained by the Scherrer formula is 200 nm. Morphological analysis and grain
shape was performed using Scanning Electron Microscopy (SEM), it was observed in the same
structures a grain size approximate of 150 nm thickness 400 nm. Although calcium carbonate is very
fragile and brittle structure, that forms in the shells of shellfish increases your strength , and research
shows how much harder could be built and protective materials , made with synthetic compounds that
mimic biology . These compounds could be used both in armor or vests for people like car bodies or
wings of airplanes as mentioned above. The results obtained in this work are compared with those of
other molluscs reported by other authors. Also in a later paper aims study from these seashells the
estimation for the temperature of the sea. This study is made possible by Mass Spectroscopy.
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Raman spectroscopy has found its place in pharmaceutical analysis because it is non-destructive,
requires minimal sample preparation and gives clear, easily interpretable, spectra. These spectra can
be used subsequently for different objectives, the most common being the quantitation of the active
principal ingredient (API) in a pharmaceutical dosage form. The intensity of Raman is proportional to
the amount of the Raman scatterer present in the sample. Even though its sensitivity is not very high,
several works have reported the quantitative determination of APl in low dosage pharmaceuticals (< 2
% wiw) [1].

The assessment of the uniformity of content is a key indicator for the evaluation of how the
manufacturing process has evolved. Even though the current European Pharmacopoeia only
considers necessary the uniformity test in the context of differences between single doses (intact
tablets), it is clear that the uniformity of API distribution in a tablet is critical in case of tablets that can
be split in fractions.

Sintrom® is the most used anticoagulant in Spain. It is commercialized in two different dosage units
containing 1 mg and 4 mg acenocoumarol per tablet. Sintrom 4 mg® is bear marked with a cross
suggesting its division in quarters. Since this kind of anticoagulant has a very narrow therapeutic
window, the therapeutic dose has to be fixed for each patient, doing analytical controls with frequency,
every week at the beginning, and every month afterwards. One of the strategies to fix the dose for
each patient consists in dividing the tablets, as the prescribed dose should be taken only once a day

2],

In this communication we report a study about the quantification and homogeneity of acenocoumarol
distribution for the two presentations of Sintrom® using Raman backscattering spectroscopy. First, a
multivariate calibration procedure has been developed using a mixed calibration sample set. This
method has proved to be a competitive procedure for the determination of the uniformity content of
single doses. Later, it has been applied to the quantification of API distribution in the quarters of the
intact tablets. Also, a semi-quantitative procedure, based on the measurement of the area of an
acenocoumarol peak, has been developed. Performances of both procedures are compared and
discussed in terms of precision and robustness .
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Additives such as stabilizers, antioxidants, UV-protectors, slip agents, etc. are added to polyethylene
films and other polymers in order to preserve and improve their properties. Likewise the amount of
these additives must be determined for quality and regulatory reasons.

In this communication a fast and simple method to determine several additives in plastic polymers
based on focused ultrasonic solid-liquid extraction (FUSLE) and ultra high performance liquid
chromatography (UHPLC) coupled to an UV detector and quadrupole-time of flight mass spectrometry
(QTOF-MS/MS) detector is presented.

The selected analytes were separated in a C18 column and detected at a wavelength of 280 nm and
by mass spectrometry in positive ESI ion mode. Several mobile phases, such as water:methanol and
water:ACN were tested. The use of formic acid and buffers like ammonium formate and sodium
formate were also tested.

This is the first time that FUSLE is used to determine additives in polymers. The optimum solvent
extraction was selected by univariate analysis. After that, the main FUSLE factors affecting the
extraction efficiency (solvent volume, extraction time and ultrasonic irradiation power) were studied by
means of a central composite design. Finally, the number of extraction cycles necessary for complete
extraction was established.

The FUSLE-UHPLC-UV-(Q-TOF)MS/MS method was validated in terms of sensibility, intermediate
precision and accuracy. In addition, FUSLE results were compared to those of PLE in terms of
extraction efficiency, rate and cost. Finally, the whole method was applied to the analysis of different
polymeric samples.
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ABTS (2,2 -azinobis(3-ethylbenzothiazoline-6-sulfonic acid) is extensively employed to evaluate the free radical
trapping capacity of antioxidant compounds and complex mixtures such as biological fluids or foods [1], when it is
incubated in presence of a free radical source in the so-called Trolox equivalent antioxidant capacity (TEAC)
assay. This assay is performed by using a colorimetric experiment, where ABTS is previously oxidized by sodium
persulfate to get the radical cation ABTS*" [2], giving rise to an intense absorbance at 734 nm. In this work we
report the formation of the radical cation in the presence of star-shaped silver nanoparticles (AgNS) [3]. ABTS*"
was characterized by surface-enhanced Raman scattering (SERS) and detected at trace concentrations (2 uM).
The ABTS*'/AgNS system is proposed here as a reliable substrate to test the antioxidant activity of various
compounds. This approach is based on the high sensitivity of plasmonic nanostars for SERS detection of trace
amount of studied molecules and can serve as an alternative method to the TEAC test.
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Figure 1: Scheme of a redox process occurring on the silver nanoparticle surface when a neutral ABTS molecule
is localized in the electrical double layer surrounding silver surface.

Figure 1 shows the proposed scheme of a redox process that occurs in the vicinity of nanoparticle surface. When
ABTS " is close to the NP surface it is possible to detect the ABTS " by fingerprint SERS bands of this molecule.
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Field radiometry based on high spectral capacity of spectroradiometers is an alternative to the high-
cost direct or destructive measurements for monitoring agricultural vegetation. This technique has not
scale restrictions (i.e., remote sensing) and, unlike the laboratory experiments, it reflects the actual
conditions of the plants and their environment. Parameters related with phenology, status and
physiognomy either at leaf, plant or canopy level can potentially be estimated and monitored using
measurements of the reflected energy in the visible and near infrared spectrum range. In this work,
hyperspectral indices derived from combination of reflectance measurements were proposed for
estimating biophysical parameters of vines plants. A vineyard of 100 has of Vitis vinifera L. cv.
Tempranillo was studied in the Castilla y Ledn region of Spain (41.18° N, 5.21° W, 717 m a.s.l.). The
vines are trellised to a vertical shoot position and equispaced 1.5 m. Seventeen sampling points were
selected within the vineyard. Two vines at each side of these sampling points were monitored during
the complete growing season of 2013. The biophysical parameters that have been controlled in these
34 vines were Leaf Area Index (LAI), chlorophyll relative content, and vegetation water content (VWC),
all of them estimated at leaf and plant level. LAl and VWC were directly estimated trough destructive
measurements, and chlorophyll was measured by means of a Minolta SPAD-502. The spectral
measurements were taken with a spectroradiometer Ocean Optics USB4000, with a spectral range of
500-1100 nm and spectral resolution of 0.21 nm. Both direct and indirect measurements were
acquired approximately every 20-30 days at noon (5 measurements in total) along the vineyard
growing season.

Several hyperspectral indices have been used in this work, related with canopy structure and vigour
(Normalized Difference Vegetation Index, NDVI; Soil-Adjusted Vegetation Index, SAVI), pigments
(Photochemical Reflectance Index, PRI; Transformed Chlorophyll Absorption in Reflectance Index,
TCARI; Chlorophyll Normalized Difference Index, CNDI; Greennes index; and two Carotenoids
indices, CAR), and water status (Water Index, W1).

Correlation among LAI, VWC and chlorophyll measurements with hyperspectral indices was
established and evaluated. Soil moisture observations were also included in the comparisons.
Regarding the coefficient of correlation (R) between vine parameters and hyperspectral indices, non
significant correlations were obtained with the NDVI as well as poor results in terms of R from the
carotenoids and the Greeness indices. Even though, good results were found for SAVI, TCARI, PRI
and CNDI indices for LAl, VWC and chlorophyll characterization, with a high number of significant
correlations (R>0.60), specially for the SAVI. Detailed results will be presented at the conference.

The results suggested that field radiometry might provide valuable information to predict growing vine
attributes. Hyperspectral indices SAVI, TCARI, PRI and CNDI provided reliable estimates of vine
canopy vigour parameters such as LAI, VWC and chlorophyll.
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Luminescent Pt(ll) cyclometalated complexes have attracted great interest in recent years because
they have shown extraordinary potential in highly efficient organic light-emitting diodes (OLED)
devices, as molecular sensors, in biological labeling and photocatalysis. However, the
photoluminescence properties of Pt(IV) complexes have received a very limited attention, which
contrasts with the extensive luminescence studies carried out on complexes of other d° ions, such as
Re(l), Ru(ll), Os(l1) and Ir(ll1).

In the last years, our research group has published several articles related to luminescent mono and
polymetallic Pt(Il) materials, studying the influence of the cyclometalated ligands and coligands [1,2].
Recently, we have described some Pt(IV) derivatives obtained from oxidative reactions to Pt(ll)
compounds, but they have resulted to be non-emissive [3].

Following our interest in Pt(IV) chemistry and in luminescent materials, in this communication we
present new cyclometalated compounds of Pt(ll) and Pt(IV) with C¢Fs as coligand.The derivatives
containing two N-heterocyclic ligands [cis-Pt(CgFs),(HC”N-kN),] (type A) (HCAN = 2-(2'-
thienyl)pyridine  (Hthpy), 2-phenylbenzo[d]thiazole (Hbt), 2-phenylquinoline (Hpg) and 7,8-
benzo[h]quinoline (Hbzqg)) envolve in drastic conditions to the monocyclometalated complexes
[Pt(CM"N-kC,N)(HC"N-kN)(C¢Fs)] (type B). The bis-cyclometalated Pt(IV) derivatives (type C) are
obtained by oxidation from the species type B.

Spectroscopic studies have showed that the emissive properties depends on the type of
cyclometalated ligand, the coordination mode and the Pt oxidation state. The emitting states in
complexes type A and C have metal-perturbed intraligand character, whereas in the type B, the
emission is mainly asigned to mixed intraligand/metal-to-ligand charge transfer (3IL/3MLCT)
transitions.
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The experimental uncertainty generated when fluorescent measurements are being acquired
(spectrofluorometers and CCDs) include three different sources [1]: (a) background current, including
dark current and non-uniformity [2]; (b) shot noise, a consequence of the variability in the number of
photons arriving at detector per unit of time, and (c) flicker noise, mainly due to fluctuations generated
in the radiation source. The (a) effect depends upon the detector temperature, but not upon the signal
extent; the (b) and (c) effects do not depend upon the temperature but they do depend upon the
number of photons arriving at the detector (the signal, Is). The signal/noise ratio (S/N) is related to
uncertainty in a way that can be expressed as:

S/N = s )
K2 K21 + kgl 2

Where the terms in the denominator correspond to (a), (b) and (c) effects respectively. The values of
ki, ko and ks can be used as parameters to assess the performance of the analytical instrument used
for measurements. To calculate ki, k; and k; a number of consecutive measurements (say 20-30) on a
luminescent species can, for instance, be obtained and then mean (ls) and standard deviation
(uncertainty, N) can be evaluated. The procedure can be repeated for solutions containing different
concentrations of the luminescent species and a plot of S/N vs Is can be made; from it a non-linear
regression of S/N on Is according to equation (1) may allow the values of ki, k, and ks; however, the
precision of these values can be improved if regression lines with a lower number of parameters can
be obtained. When chemical systems that do not need excitation source are used no flicker noise is
involved. Equation (1) will then have just two terms (ki + k,°ls) because ksls® has no sense and only
k; and k, will have to be adjusted.

Phosphors (once they are activated) and chemiluminiscent reactions meet these conditions, but they
are approaching equilibrium and transient signals are generated, so measurements (20-30) must be
taken in a very short period of time. Only in these conditions any change in the signal can only be
charged to uncertainty and not to the absolute value of the signal, which does not change significantly.
The present communication deals with this kind of measurements. A green phosphor from
www.inteligentes.org and a chemiluminiscent reaction with luminol have been used in both a
Shimadzu RF-540 Spectrofluorometer and charge-coupled devices (from Ocean Optics) with a
configuration for fluorescence measurements. The data calculated are compared with those obtained
with fluorescent solutions when equation (1) is applied.
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lon mobility spectrometry (IMS) is a technique that separates gas phase ions at ambient pressure,
when those ions pass through a drift tube under the influence an electric field. The ions are separated
according to their mobility constant (K). The mobility constant depends of their mass/charge relation,
shape and size. The main advantages of IMS are the high sensitivity and fast data-acquisition. [1] In
addition, the minimal solvent consumption and the low waste generation convert IMS in to a low cost
analytical technique.

Linear alcohols ethoxylates (AE) is the most common non-ionic surfactants used for the manufacturing
of detergents and industrial clinical product. AE molecules present a hydrophobic part (hydrocarbon
chain) and a hydrophilic part (ethylene oxide groups). Usually, AE samples contain mixtures of several
products (different hydrocarbon length chain and number of ethylene oxide groups). The development
of analytical methods is not easy, because of the complex mixture of the samples and the lack of
reference standards for all the AE. It is important to determine the number of hydrophobic carbons and
the number of ethylene oxide units since the product properties depends on them. Typically,
chromatographic techniques coupled with mass spectrometry are used for the characterization of AE.

(2]

The aim of this work is to fully characterize the linear alcohol ethoxylates mixtures using ion mobility
spectrometry (IMS). We want to determine the number of hydrophobic carbons and ethylene oxides
units for every individual AE under study, and, evaluate the relationship between the mobility constant
(Ko) and the molecular weight of the AE among the homologous series. Therewith, it is possible to
classify the different molecules according to the number of carbons and ethylene oxide units.
Moreover, a multiple linear regression (MLR) is calculated where an empirical relationship is obtained
between the inverse of mobility constant (1/Ky) and the number of carbons in the alkyl chain and the
number of ethylene oxide units.
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Since its discovery, the green fluorescent protein (GFP) has shown an impressive potential in many
different scientific fields from organic chemistry to biological imaging.[1] In this contribution we present
the photophysical behaviour of several compounds based on the GFP chromophore structure (Figure
1).

Figure 1. Synthesized family of fluorescent GFP-chromophore analogs.

The fluorescence properties of these compounds depend directly on their structure, so we have tested
the fluorescence emission of different GFP derivatives changing the three moieties showed in Figure 1
getting different emission wavelengths.[2]

Also we have tested these compounds as fluorescent probes in PC-3 human prostate cancer cell lines
with image techniques (Figure 2).

contrasts de fxse L

Figure 2. A) Bright-field images of PC-3 human prostate cancer cells stained with a GFP-chromophore
analogue; B) fluorescence image; C) merged image.
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Abstract. the 1:1 CH3CN:BCl3complex was prepared by reacting equimolecular quantities of CH3-CN
and BCI3 and was characterized by UV, IR, 1H-NMR, 13C-NMR, mass spectroscopy and elemental
analysis.

Pyrolysis of CH3;CN:BCl; at ca 900-1000°C over C powder generates novel graphitic BxCyNz
nanotubes and nanofibres. In these experiments the metal particles play an important role in the
growth since nanotube formation appears to occur at the metal surface. High resolution electron
microscopy ( HRTEM) and electron energy loss spectroscopy (EELS) studies suggest that the
stoichiometry of the filaments ca..[ BC,N,]n.

The pyrolysis was carried out in a two-stage furnace system fitted with temperature controllers
CH,CN:BCl; (ca.100-200 mg) was placed in one end of a quartz tube ( 6 mm O.D and 60 cm in
length) located in the first furnace.

Cobalt powder (Al drich 99.9 umm particle size) in a quartz boat (6 cm length) was placed in the
second furnace.

Residues (CNTs) scraped from the tube wall in the second furnace were analyssed by HRTEM and
EELS [1].

Applications:

a) With engeering aeronautics

Figure 1.Scheme of the parts of Figure 2. E-skin in the left and how is supposed to be used in the right
the Space elevator

b) With medicine: Artificial Muscles

A new type of artificial muscle made from carbon nanotubes has been developed by reasearchers in
the US. The muscles flex when electrically charged and can expand to 220% of their original lenhgt in
a matter of miliseconds
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Impact glasses are natural silica-rich melts produced by impact events of a meteorite or comet on any
geographically area on the earth. These impact products are thrown away from the impact site and
usually named with their location of their origin. Impact melt composition depends on target lithology,
so target rock composition plays an important role on the characteristics of the impact product.
Different types of impact melts such as Darwin glass, moldavite, Libyan Desert glass, etc. have been
found around the world.

Libian Desert Glass (LDG) fragments are scattered in the Western Desert of Egypt, near Libyan
border. LDGs are irregular yellow pieces with brownish inclusions that are estimated to be 28.5 million
years old [1]. Another interesting type of impact melt is Darwin glass located on the West coast of
Tasmania (Australia) and was formed at 800ka [2].

In the present work, two different types of glasses (LDGs and Darwin glass) from the Meteorites
Collection of the Basque Country University (UPV/EHU) were analyzed combining different techniques
as Raman Spectroscopy and image, Scanning Electron Microscopy/Energy Dispersive X-Ray
Spectroscopy (SEM-EDS) and micro-Energy Dispersive X-Ray Fluorescence (U-EDXRF) in order to
identify the elemental and molecular composition of the matrix, inclusions and bubbles of both
enigmatic materials.

The LDG external matrix is composed by mainly Si, and little amounts of K, Ti, Ca, V, Mn, Fe and Sr.
Regarding to the molecular composition of the superficial matrix, by means of Raman spectroscopy it
was recognized three distinct Raman spectra according to the different crystallization of silica. The
outer inclusions are defined by the high concentration of Al, Ca and Si. According to mineral phases, it
was noticed that corundum and natrite only appeared in the outer inclusions. The inner inclusions as
well as the inner matrix were able to be analyzed after slicing the samples. In the inner matrix, Fe, Sr
and Ti presented higher signal than in the surface. In the inner inclusions, calcite, anhydrite, hematite,
limonite, anatase and gypsum were encountered by Raman spectroscopy, as well as in the superficial
inclusions. Rutile was only found in the inner inclusions. Finally, it could be observed cavities as
bubbles in most of the LDGs analyzed. Over these bubbles were realized an analysis by image
Raman with the 532 and 785 nm excitation laser and it was observed a different composition between
matrix and bubbles. In the case of the Darwin glass different elemental content were observed due to
the flux texture but they were silica rich. It was characteristic the occurrence of vesicular textures filled
with sedimentary materials.
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Speleothems (mineral deposits formed in caves such as stalagmites and stalactites) are being
investigated for the reconstruction of past climate change. Most speleothems consist of calcium
carbonate, with variable amounts of trace elements such as Mn, Mg, Fe and Sr. Changes in these
elements through the stratigraphy of the speleothem can be used to reconstruct past climate, as they
are controlled by environmental factors occurring outside the cave, such as temperature and rainfall
[1-2]. As some speleothems can be precisely dated by radiometric methods and because they show
an internal microstratigraphy [3] consisting in most favourable cases of micrometre-scale annual
growth bands [4] these deposits allow the construction of high-resolution series of climate variability.
Laser Inducted Breakdown Spectroscopy (LIBS) provides enough analytical sensitivity to the most
abundant trace elements from micro and macro samples of CaCO;, and is remarkably fast and
affordable in front of other techniques.

A longitudinal section of a stalagmite from Kaite cave (N Spain) has been analyzed by LIBS at a
resolution of 500 um (getting more than 2300 analyses) with minimal sample preparation. The Mg/Ca
and Sr/Ca ratios in the calcite, usually considered as good climate proxies, were chosen for this study.
Both ratios show significant changes, which can be interpreted in terms of paleoclimate. Mg/Ca ratio is
sensible to temperature [1], whereas the changes in Sr/Ca could be related to rainfall [1]. Lateral
continuity, replicability and repeatability tests were done in order to validate the methodology.

Acknowledge

The study was partially funded by Project CGL2010-21499-BTE. We thank the Junta de Castilla y
Leon for permissions for working in Kaite (Ojo Guarefia Natural Monument). The collaboration of the
Grupo Espeleolégico Edelweiss is also greatly acknowledged.

References

[1] I J. Fairchild, A. Borsato, A. F. Tooth, S. Frisia, C. J. Hawkesworth, Y. Huang, F. McDermott, y B. Spiro,
«Controls on trace element (Sr—Mg) compositions of carbonate cave waters: implications for speleothem
climatic records», Chem. Geol., vol. 166, n.° 3-4, pp. 255-269, may 2000.

[2] 1. J. Fairchild, C. L. Smith, A. Baker, L. Fuller, C. Spétl, D. Mattey, F. McDermott, y E.I.M.F., «Modification
and preservation of environmental signals in speleothems», Earth-Sci. Rev., vol. 75, n.° 1-4, pp. 105-153,
mar. 2006.

[3] J. Martin-Chivelet, M. B. Mufioz-Garcia, A. |. Ortega, J. Cruz-Martinez, A. Garralon, y M. J. Turrero,
«Speleothem microstratigraphy: some clues for paleoclimate series reconstruction at centennial to decadal
scales», Ciénc. Terra, vol. 18, n.° 0, jul. 2013.

[4] A. Baker, C. Smith, C. Jex, I. Fairchild, D. Genty, y L. Fuller, «Annually laminated speleothems: a review»,
Int. J. Speleal., vol. 37, n.° 3, ene. 2008.

163



P092

Time evolution of the infrared laser ablation plasma plume of SiO

L. Diaz", J. J. Camacho?, J. P. Cid?and J.M.L. Poyato®
1) Instituto de Estructura de la Materia, CFMAC, CSIC, Spain. luis.diaz@csic.es
2) Departamento de Quimica-Fisica Aplicada.. U. A. M. Madrid. Spain

The optical emission spectroscopy of the ablation plume from a material is a useful tool to study the
dynamics of species formed in this process [1]. Ablation of silicon monoxide targets permits the
synthesis of films with different properties and structures. After CO, laser ablation of SiO targets,
formation of Si nanocrystals takes place on the SiO surface [2]. A better understanding of the
mechanisms of the SiO laser ablation plume, can provide control on the properties of the final
deposition products. In this work the Laser Induced Breakdown Spectroscopy (LIBS) was applied to
study the time dependence of different parameters that define the plasma plume. This plume was rich
in atomic, strongly ionized and molecular excited species as Sil, Sill, Silll, SilV, Ol, Oll, Olll, OIV or
SiO. Stark-broadened profiles of some lines of Sill were used for calculate the electronic density, ne,
the ionization degree was also stimated. Time of Flight (TOF) measurement of some plasma species
allowed to calculate the time evolution of such species as well as the time dependence on their
velocity distribution. Plsama plume inage and 2D spectral image were taken to undestand the
temporal behaviour.
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Laser-induced breakdown spectroscopy (LIBS) is a powerful optical emission analytical tool capable
of sampling solids, liquids and gases for research and industrial applications[1]. A pulsed high-power
laser is used to ablate a piece of the sample and excite it till plasma state. The optical emission from
the relaxation of excited species within the plasma yields information regarding the composition of the
material under test. Moreover, LIBS enables the study of some parameters regarding the fundamental
point of view: electron temperature T, and number density Ne. This is feasible since some
assumptions can be made, such as the existence of local thermodynamic equilibrium (LTE) conditions
and optically thin plasma. Even though the plasma parameters rapidly change during the
measurement time due to its expansion, the plasmas fulfil LTE conditions.

In this communication we report some results on wavelength and time resolved measurements of the
optical emissions in a plasma induced by both, Nd-Yag and CO, pulsed-laser on the target surface of
an aluminium 2024 alloy. The composition of this alloy allows the analysis of emission lines from
atomic and ionic species of Al, Mg, Cu and Mn. This study was made in both medium vacuum
conditions and atmospheric pressure of air. In these conditions, vibrational bands sequence of AlO is
observed. The time dependence and velocity distributions of space-integrated emission of some
excited species are registered thanks to time-resolved optical emission spectroscopy and imaging
techniques. Intensities of some species were used for determining electron temperature and their
Stark-broadened profiles were employed to calculate electron density as described in previous
papers[2-3]. Some important differences in the obtained spectra are observed because of different
characteristics between Nd-Yag and CO, pulsed laser. The plasma spectrum obtained using CO, laser
shows more lines, due to ionic species, than the plasma spectrum obtained using Nd-Yag laser. On
the other hand, the imaging and time-resolved combined techniques allow the identification of some
low-intensity lines, which are hidden in the integrated spectrum.
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The underlying physics of laser ablation remains incompletely understood due to complex laser-target
and laser-plasma interactions, plasma expansion and confinement, plasma condensation interaction
processes.

The experimental setup and equipment used has been described elsewhere [1]. The laser beam form
a transversely excited atmospheric (TEA) CO, pulsed-laser was focused onto a CaO target. The laser
induced plasma was imaged 1:1 onto the entrance slit of different spectrometers. For time-resolved
measurements, the detectors are synchronized with the trigger of the laser pulse. A Dove prism was
inserted between to lenses into the observation optical path for rotating n/2 rad the plasma image for
recording 2D spectral images.

The spatio-temporal evolution of the calcium oxide plasma produced by a high-power pulsed TEA-CO,
laser has been investigated using optical emission spectroscopy (OES) and imaging methods. The
emission observed in the plasma region is mainly due to electronic relaxation of excited Ca, Ca*, Ca*",
0, O" and CaOH fragments. Time-integrated and time-resolved two-dimensional OES plasma profiles
were recorded as function of emitted wavelength and distance from the target. The temperature
measurements have been performed by Boltzmann diagram method. The temporal behaviour of
specific emission lines of the species was characterized. The results show faster decays for
continuum and Ca2+ species than for Ca+ and Ca. The Stark broadening of isolated calcium emission
lines was employed for deducting the electron densities.
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Some highly sensitive spectroscopic techniques demand tunable Single Longitudinal Mode (SLM)
laser radiation not provided by standard commercial products. In particular some laser aided plasma
diagnostics techniques, like those based on two-photon excitation of the 1S-3S/D transition of
hydrogen isotopes, require nanosecond UV-laser radiation (200 nm — 300 nm) with some megawatt
power in a spectral bandwidth down to 0.5 GHz, frequency tuning with pulse-to-pulse fluctuations
below 0.1 GHz and absolute frequency stabilization. As a result of our experience in sensitive
spectroscopic techniques and lasers suitable for plasma diagnostics, our group had developed a
pulsed UV laser spectrometer fulfilling those requirements. The laser system is based on a similar
modular concept as the laser at 243 nm working in our laboratory for the 1S-2S hydrogen transition
[1].

Pumped by the second harmonic of a commercial SLM Q-switched Nd:YAG laser, the solid state
UV laser spectrometer consists of a seeded KTP (KTiOPO,) OPO (Optical Parametric Oscillator),
Titanium Sapphire (Ti:Sa) amplifiers and UV conversion via stepwise sum frequency generation (SFG)
using BBO (3-BaB,0O,) crystals. The following description explains the details of the UV laser
spectrometer.

The seeded KTP-OPO is pumped with a small fraction of the second harmonic of the Nd:YAG
laser and the seed beam is provided by a commercial tunable SLM CW diode laser. SLM operation of
the OPO is achieved, when the frequencies of the seed beam and the created opto-parametric
radiation are identical and well centered on a resonance mode frequency of the cavity. The cavity
length control is provided by mounting the out-coupling mirror on a translator stage that allows the
variation of the cavity length with nanometer precision. Excellent frequency control is achieved when
the OPO is tuned by moving the out-coupling mirror and the seed laser is kept locked on the central
cavity mode. The pulse energy of the OPO output at 820 nm is about 1 mJ with 4 ns pulse duration,
and the nanometer translation stage provides a tuning range of about 50 GHz.

The OPO pulse is amplified in two Ti:Sa crystals pumped with the main fraction of the second
harmonic of the Nd:YAG laser. The first Ti:Sa crystal provides six pass amplification while the second
crystal serves as two pass amplifier, generating pulse energies of about 60 mJ.

Finally, in order to obtain the best conversion efficiency, the 820 nm radiation is converted into
the deep UV by stepwise SFG via Second (SHG), Third (THG) and Fourth Harmonic Generation
(FHG) using three BBO crystals. The resulting radiation at 205 nm has up to 5 mJ pulse energy in
about 4 ns and a spectral bandwidth around 300 MHz.

The excellent scan linearity and spectral bandwidth of the laser radiation at 205 nm, as
demanded for plasma diagnostic, has been demonstrated by measuring Doppler free the hyperfine
structure of the 1S-3S/3D transition of atomic hydrogen in an optogalvanic cell.
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Glow discharges (GD) are being used as atomization/excitation/ionization sources for different
techniques in the area of analytical spectrochemistry. First, glow discharge optical emission
spectroscopy (GD-OES) gained interest for direct bulk solid analysis, and later on, as surface analysis
technique, especially due to the high depth resolution (in ranges of nm) and multi-elemental
quantitative information within a very short time (sputtering rates are of pum min™) that can be obtained.
However, its lateral resolution of elemental information is really poor due to the sputtering process of
the solid sample surface to produce sample atomization, depends on the inner diameter of the anode
used in Grimm-type glow discharge sources (typically 4 mm).

However, more than once it has been demonstrated that useful laterally resolved information can be
obtained within the sputtered area of the sample while operating the GD under pulsed conditions. As
an example, Webb et al. [1] demonstrated through the analysis of a nickel - chromium alloy substrate
with a solid copper inclusion by pulsed powered GD, the spatial resolution was greatly improved
compared to when using direct-current powering. Running the discharge in continuous mode gives
time to the sputtered analytes to diffuse throughout the whole plasma resulting in emission far from the
original position and, thus, causing a loss in surface spatial information. Also, it was found that the
lateral resolution is strongly affected by gas pressure and both the pulse width and frequency.

This means that in principle it would be possible for the GD lamp to accommodate very large samples
making it possible to carry out ultra-fast 3D elemental mapping, opening the way for a whole new
range of possibilities and applications. The real-life impact of this technique has already been shown
by Gamez et al. through the elemental mapping of separated protein mixtures of blotting membranes
and photographic film sample targets [2,3], as well as the coupling of the GD to a push-broom
hyperspectral imaging system using a pulsed dc source [4]. The aim of the present study is to perform
two dimensional surface elemental mapping of thin films employing pulsed radiofrequency. The effects
of operating parameters of the glow discharge and detection system on the achievable spatial
resolution are also investigated.
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Laser induced breakdown spectroscopy (LIBS) is widely employed for solid elemental analysis due to
their important advantages such as little or no sample preparation, high sample throughput,
applicability to almost all materials, and high spatial resolution (~um), allowing analysis of small
selected areas; As drawbacks it can be pointed out the low depth resolution, currently limited to a few
hundred nanometers and the matrix effects to carry out quantitative analysis. To overcome this matrix
effects it is possible to de-couple the excitation/ionization processes from the atomization by using a
secondary source.

On the other hand, glow discharge (GD) devices are typically used as primary spectrochemical
sources for direct solid elemental analysis with very interesting properties, such as high depth
resolution (~nm), fast sputtering rate (in the order of um/min), multi-element capabilities or low matrix
effects although the lateral resolution achievable is rather low (1-4 mm). However it has been scarcely
used as a secondary source with laser ablation techniques. In this approach, the laser would
transform solid samples into gas phase that could be efficiently excited by the glow discharge.

In this line, Tarik and Glnter have explored the combination LA-GD [1] coupled to mass spectrometry,
showing its capability as a molecular analytical technique by analyzing organic compounds. On the
other hand Wagatsuma [2] and Tereszuschuk et. al. [3] have shown the capability of improving the
analytical signals when a LA-GD-OES system is employed.

In this work, a comparison between LIBS and LA-GD-OES is carried out using He and Ar as plasma
gases and a Si wafer as sample. For this purpose, an ablation chamber which includes two faced
electrodes to generate the discharge has been designed and built; the distance between the sample
surface and the electrodes can be modified to achieve the highest boost of the LA plasma and the gas
flow path has been optimized to carry the ablated material towards the electrodes. The resulting
enhancements when the discharge is on as well as the images of the whole plasma region under the
different conditions studied will be shown.
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Coincident detection is of interest to get as much information as possible about transient events
occurring in laser induced plasmas. The present work is focused on coincident ion-photon detection of
laser plasmas of high-energy organic compounds (TNT and DNT) in condensed phase irradiated with
UV laser pulses using an advanced instrument for simultaneous monitoring of both type of chemical
species generated. These compounds presented a similar fragmentation pattern in time-of-flight mass
spectra in the low-mass region and analogous features in emission LIBS spectra. The optical emission
spectrum is acquired from atoms, atomic ions and diatomic molecules, whereas the mass spectrum
derives from fragment ions of the molecule. These fragments result from direct ionization or may be
formed through indirect pathways. Fluence-resolved experiments showed the evolution of the main
optical-mass signals in the acquired spectra for a limited energetic range, showing the different stages
of lifetime of plasma: the rising thresholds and extinction of the different atomic and molecular studied
species, besides the breakage of the aromatic ring and the later excitation of ionic species at higher
fluence level. A good agreement between the trends of the emission and mass atomic species (H, C,
N and O) was found out, indicating a high correlation between both processes in the time and
energetic scales. As for molecular species, the observed trends were different for diatomic ion signals
(24C2+ and 26CN+/C2H2+) and emission of molecular bands C, and CN mainly due to differences in the
energetic regime of excitation and ionization processes.
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Our communication is focused on the influence of the pulse width in the laser-matter interaction during
laser ablation of solid materials. The experiments were performed with an 80 MHz, 100 nJ, 400 fs Ti-
Saphire oscillator, amplified to produce an output of 3,5 mJ at 35 fs and a maximum repletion rate of 1
KHz. Modifications in the stretcher-compressor have allowed the continuous selection of amplified
pulses in the range between 35 fs to 4 ps. The pulses are subjected to measurements in the
autocorrelation, spectral bandwidth and energy per pulse. A 0.5 m focal-length spectrograph fitted with
an intensified CCD or fast single-channel detectors is used to determine the time constants, to
establish the fluence threshold, and to record multi-channel spectra from the generated plasmas.
Additionally, morphological characterization making use of optical and electron microscopy were
performed.

The effect of the longer laser pulses in the laser-matter interaction - particularly in the extension of the
heat-affected zone - and its implication in depth-profiling studies was also checked. For such purpose,
a layered sample with a defined structure was analyzed by laser-induced breakdown spectroscopy
under different pulse widths conditions. The effect on the averaged ablation rate, depth resolution and
layer mixing will be commented.
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The recent progress made in developing laser-induced breakdown spectroscopy (LIBS) has
transformed this technique from an elemental analysis method to one that can be applied for the
analysis of complex biological material or clinical specimens. The LIBS method has gained a
reputation as a flexible and convenient technique for rapidly identification of unknown materials
(chemical, biological or explosive). The plasma generated by LIBS technique on muscle tissue
samples [1] was investigated using two high-power pulsed lasers (transverse excitation atmospheric
CO, and Nd:YAG lasers). A remarkable fact is the no influence of the laser wavelength on the
observed spectral lines and molecular bands. The emission of the plasma shows excited neutral Na,
K, C, Mg, H, N and O atoms, ionized C*, C**, Mg", N* and O" species and molecular band systems of
CN(B’Z" — X°Z"), Cy(d’My — a’M,), CH(A*A — X°M), NH(A’M — X*%) and OH(A’A — X°TT). For the
assignment of the atomic/ionic lines we used the information tabulated in NIST [2]. The molecular
bands were compared with the LIBS experiments obtained in our laboratory on different samples [3-6].
We focus our attention on the dynamics of the muscle tissue laser induced plasma species expanding
into air (atmospheric pressure) or into vacuum (air pressures of 0.8 and 0.01 Pa). In conventional one
dimensional optical emission spectroscopy (OES) studies, various plasma-plume segments were
selected along the plume expansion axis and averaged over line-of-sight. This setup was easily
transformed to a two-dimensional (2D) OES setup [7] by inserting a Dove prism between the focusing
and collimating lenses. Time-integrated and time-resolved 2D OES plasma profiles were recorded as
a function of emitted wavelength and distance from the target. Different plasma parameters such as
velocities, temperatures and electron densities were evaluated using OES. The temporal behaviour of
specific lines of atomic/ionic lines was characterized.
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Laser Induced Plasma Spectroscopy (LIPS), or Laser-induced breakdown spectroscopy (LIBS), has
been used for elemental analysis of a wide variety of materials since its introduction in the 1960s.
LIPS uses a high-power laser pulses focused on a target to obtain a plasma which emits light.
Collection of the plasmas light, followed by spectral dispersion and detection permits identification and
guantification of the elements present in the sample using their spectral lines. This technique has been
successfully tested for the on-line evaluation of P, Mg, Fe, Al, and Si in phosphate ores and of ash
content in coal.

The detection of chlorine is interesting for process analysis, environmental or geological exploration
(including Mars missions). Process analytical applications are found e.g. in the pharmaceutical, steel,
polymer, recycling, mining industry and recently in the material of civil engineering [1-3]. Determination
of Clin concrete and other contruction materials is important for knowing the erosion state of these
materials [4].

Our group have demostrated the utilities of LIP spectrocopy for the Cl detection in minerals sample:
pure Cl, KCl and NaCl. The main objective of this preliminary work is the study of the applicability of
these results for chlorine detection mixed in cement samples.

Different cement samples were prepared with various NaCl concentrations from no-salt to saturated
salt sample. In the high NaCl concentrated different atomic lines have been detected that correspond
to the CI-I spectrum and that can be used to the determination of this element in the cement: 725'7
nm, 771'8 nm, 808'7 nm, 837'6 nm, etc. By its isolate character the 837,594 nm seems to be an
appropriated choice for this detection.

The oxygen of the air reacts with the excited states of Cl and in consequence the intensity of spectral
lines of these elements decreases. In order to avoid this problem, the measurements were made with
a controlled atmosphere. The spectrum of air atmosphere was compared on on controlled atmosphere
of He.

An important parameter for the Cl detection with LIPS is the pressure of this atmosphere. Using a
vacuum pump on-line with the reactor, the pressure is varied from 0.1 to 1000 mb. The optima
pressure, corresponding a highest intensity of 837.6 nm Cl-I line, is obtained for a value lower than
atmospheric one, about 100 mbar.
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A versatile flow-through multi-optosensor system is proposed for the separation and
spectrofluorimetric determination of mixtures of four widely used pesticides, carbendazim,
thiabendazole, carbaryl and o-phenilphenol at pgl'l levels in fruits. The flow system is based on the on-
line preconcentration and separation of the pesticides on a solid sensing microzone, followed by the
sequential measurement of their native fluorescence, monitored the multi- wavelength detection at
279/335, 304/380, 270/324 and 245/337 nm/nm for carbendazim, thiabendazole, carbaryl and o-
phenilphenol, respectively; and later desorption of them from the flow-cell using aqueous acetonitrile
mixtures as carrier and eluent solutions.

The separation of the pesticides is based on the temporary immobilization of the analytes on
a solid support located in the same flow-cell, just above the irradiation area, due to the different
retention/desorption kinetics of the analytes when they interact with the C,4 silica gel microbeads in
the cell. Therefore, both separation and determination are integrated in the flow-cell of a
spectrofluorimetric detector that allows a multi-wavelength detection, so considerably simplifying the
manifold and the procedure. In addition, the use of Sequential Injection Analysis provides a high
degree of automation and minimum wastes generation.
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A flow-through optosensor based on the integration of solid-phase spectroscopic detection
implemented with photochemically-induced fluorescence (PIF) is described for the determination of
clothianidin (a non-fluorescent neonicotinoid insecticide) through multicommutated method. The
pesticide is injected in the carrier/eluting stream (0.0075 mol I CH;COOH/CH;COONa, pH=4.8) and
flows to a home-made photoreactor, which consists of a PTFE tubing loosely coiled around a low
pressure mercury lamp (8W, 254 nm) without any cooling device, because no significant heating is
observed. There, the photochemical reaction takes place in slightly acid medium (pH 4.0-4.8) and
after this, the fluorescent photoproduct flows to a Hellma 176.752-QS flow cell (internal volume 25 pl,
optical length 1.5 mm) which is packed with Sephadex SP C-25 and where it is continuously
monitored (Aex= 357 nm and A¢,= 418 nm).

The effect of different physicochemical and Multicommutated Flow Injection Analysis (MCFIA)
parameters were optimised, including the irradiation time, flow rate, photoreactor length, solid support,
nature and pH of the carrier/eluting solution and sample, and ionic strength. The described sensor will
be applied to the determination of the pesticide in real samples of the food industry.
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