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Tuesday, 19th July  
 
19:00-21:00   Registration  
 
20:30-21:00  Welcome cocktail  
 

Wednesday, 20th July  
 

09:00-09:30  Opening 
 
   Plenary lecture 
   Chair: Luis Fermín Capitán Vallvey 

 
9:30-10:15  PL-1: D. Diamond 

Rethinking biochemical sensing – biomimetic fluidics based on 

stimuli-responsive materials 
 
 Oral communications (I): Advances in instrumental and 

methodological analysis (I) 

 Chairs: Manuel Hernández Córdoba and Sergio Armenta 
  
10:15-10:30 O-01: D. Gallart, L. Elbal, S. Armenta, M. de la Guardia 

Passive exposure to nicotine from e-cigarettes 
 

10:30-10:45 O-02: F. Laborda, I. Abad-Álvaro, E. Bolea, E. Peña-Vázquez,  

P. Bermejo-Barrera, J.R. Castillo   
Analysis of nanomaterials by fast scanning single particle ICP-MS: A 
user's manual 
 

10:45-11:00  O-03: C. Álvarez-Llamas, J. Pisonero, N. Bordel 
Quantification of fluorine traces in solid samples using CaF molecular 
emission bands in atmospheric air LIBS 

 
11:00-11:15  O-04: M. García, M. A. Aguirre, A. Canals 

As, Hg and Se determination in gasoline samples by on-line chemical 
vapor generation using a Flow Blurring® multiple nebulizer in ICP-OES 

 
11-15:11-45  Coffee break 
 

   Invited lecture 
   Chair: Ángel López Molinero 
    
11:45-12:15  IN-1: R. Martínez-Máñez 

Chromo-fluorogenic optical probes 

 

12:15- 13:45  Poster session 
 
13:45-15:30  Lunch break 
 
   Plenary lecture 
   Chair: Teodomiro López Navarrete 
 

15:30-16:15  PL-2: V. G. Baonza 
Extreme Spectroscopy 

 
 Oral communications (II): Advances in instrumental and 

methodological analysis (II) 
Chairs: María Teresa Tena Vázquez and María Paz Sevilla Sierra 

 

16:15-16:30  O-05: L. Ripoll, M. Hidalgo, A. Canals 
Electrospray pyrolysis deposition followed by laser-induced 
breakdown spectroscopy: a new method for trace elemental analysis 
in liquid samples 
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16:30-16:45  O-06: P. Purohit, F. J. Fortes, J. J. Laserna 

OC-OT-LIBS: A novel approach to the chemical characterization of 
single particles 
 

16:45-17:00 O-07: J. M. Vadillo, I. M. Carrasco-García, M. López-Claros,  
J. J. Laserna 
Femtosecond time-resolved phase-change microscopy and ablation 
threshold calculations to understand ultrafast laser ablation 

 
17:00-17:15  O-08: S. Medina, J. M. Vadillo, J. J. Laserna 

Femtosecond laser ionization time-of-flight mass spectrometry of 
size-sorted aerosolated matter 

 
17:15-17:45  Coffee break 

 

 Oral communications (III): Environmental analysis, sensors and 
imaging techniques  
Chairs: Concepción Pérez Conde and Carlos Bendicho Hernández 

 
17:45-18:00 O-09: J. Anzano, D. Paules, R. Mur, R. J. Lasheras, M. Escudero, 

J. del Valle, O. Tapia, S. Hamida, E. Gaspar, J. Cajal, C. Bello,  

J. Casas, S. Sangüesa, F Bayo, P. González-Blasco, A. Calvo,  
J. Cáceres, S. Moncayo, J. Anwar, A. Dar   
Analytical Potential of Laser Induced Breakdown Spectroscopy in 
Environmental Studies 
 

18:00-18:15 O-10: M. M. Erenas, A. Martínez-Olmos, N. López-Ruiz,  
I. de Orbe-Payá, A. J. Palma, L. F. Capitán-Vallvey 

HF RFID label for simultaneous oxygen, ammonia, carbon dioxide and 
humidity determination 

 
18:15-18:30 O-11: E. Benito-Peña, F. Salis, A. B. Descalzo, M. C. Moreno-Bondi, 

G. Orellana 
Immunoassay for immunosuppressant drugs using conjugated 

strongly near-infrared fluorescent magnetic nanoparticles 
 
18:30-18:45  O-12: A. López-Molinero, P. Berlin 

The lighting Influence in Digital Image Based methods 
 

18:45-19:30  Meeting the Experts 
 

20:00   Alicante city guided tour 
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Thursday, 21st July  
 

   Plenary lecture 
   Chair: José Manuel Costa Fernández 
 
09:00-09:45  PL-3: L. B. Oddershede 

Optical manipulation and applications of HOT nanoparticles 
 
   Invited lecture 

Chair: José Miguel Vadillo 
 

09:45-10:15 IN-2: M. T. Fernández-Argüelles, N. Vasimalai, M. Prado, B. Espiña, 
L. Diéguez, V. Vilas, K. Böhme, K. Zagorovsky, W. Chan   

Bioanalytical strategies based on nanoparticles 
 

   Oral communications (IV): Nanoparticles (I) 
Chairs: María Rosa López Ramírez and Pilar Bermejo Barrera 

 
10:15-10:30  O-13: A. I. López-Lorente, P. Wang, B. Mizaikoff 

In-situ formation of bare gold nanoparticles for surface enhanced 

infrared spectroscopic studies on bovine serum albumin 
 

10:30-10:45 O-14: D. R. Abujetas, R. Paniagua-Domínguez, A. D. Van Dam, 
B. J. M. Brenny, A. Polman, J. Gómez Rivas, J. A. Sánchez-Gil 
Optical Spectroscopy of Semiconductor Nanowires: Tailoring Light 
Harvesting and Emission at the Nanoescale 

 
10:45-11:00 O-15: M. Berenguel, A. Salinas, B. Fernández, C. S. Martínez,  

J. Alonso, L. F. Capitán-Vallvey, M. Puyol 

Microfluidic Hydrothermal Synthesis of Highly Luminescent Carbon 
Dots 
 

11:00-11:15 O-16: J. M. Costa-Fernández, M. Menéndez-Miranda, D. Bouzas-

Ramos, A. Sanz-Medel 
Field-flow fractionation coupled to different detectors as a tool for the 
characterization of engineered nanoparticles 

 
11:15-11:45  Coffee break 
 
   Invited lecture 

Chair: Luís Batista de Carvalho 
    
11:45-12:15  IN-3: P. D. Vaz, C. D. Nunes, C. I. Fernandes, A. Bento, S. Rudic 

Looking inside catalysts through neutrons 

 
12:15-13:45  Poster session 

 
13:45-15:30  Lunch break 
 
   Invited lecture 

Chair: Rafael Escribano 
    
15:30-16:00  IN-4: E. Moreno, R. Martín-Doménech, G. M. Muñoz-Caro   

UV irradiation of H2O:CO:NH3 ice analog mixtures 
 
   Oral communications (V): Nanoparticles (II) 

Chairs: Belén Maté Naya and María Cruz Moreno Bondi 
 
16:00-16:15  O-17: M. M. Gómez-Gómez, K. Ramos, L. Ramos 

Characterization and quantification of silver nanoparticles in chicken 

meat subjected to in-vitro human gastrointestinal digestion using 
single particle ICP-MS 
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16:15-16:30 O-18: D. Bouzas-Ramos, M. Menéndez-Miranda, Z. Gajdosechova, 

E. Krupp, J. Feldmann, J. R. Encinar, J. M. Costa-Fernández, A. Sanz-
Medel 
Use of a pool of spectroscopic tools for the determination of the 
nanoparticle concentration and ligand density of engineered water-
soluble HgSe nanoparticles 

 
16:30-16:45 O-19: M. Menéndez-Miranda, J. M. Costa-Fernández, J. Ruiz, 

A. Sanz-Medel, W. J. Parak, C. Carrillo-Carrion 
Determination of the ratio of fluorophore/nanoparticle for 
fluorescence-labelled nanoparticles 

 
16:45-17:00  O-20: S. López, N. Rodríguez, R. Serrano, R. C. Rodríguez, A. Ríos 

Gold nanoparticles and dissolved gold species determination in 

culture medium and cells by coupled hydrodynamic separation 

techniques to ICP-MS 
 
17:00-17:30  Coffee break 
 
   Vendor session and other oral communications (VI):  

Chairs: María Teresa Fernández Argüelles and Elena Moreno 

Atahonero 
 
17:30-17:45  O-21: M. L. Fernández-Sánchez, R. González de Vega, J. Pisonero, 

N. Eiró, F. J. Vizoso, A. Sanz-Medel 
Mapping of Zn and MMP-11 in breast tissues by LA-MS 

 
17:45-18:00 O-22: A. Lobato, M. Cáceres, L. Bonales, O. R. Montoro, M. Taravillo, 

V. G. Baonza 
Anomalies in the structure of liquid water under pressure and 

temperature as revealed by Raman Spectroscopy 
 
18:00-18:15 O-23: R. Santos, S. Wünscher, H. Gleisner, R. Chemnitzer 

Analysis of REE in basalt, cement, shale, rock and stream sediment 

CRMS by ICP-QMS 
 
18:15-18:30 O-24: M. Yamanaka, T. Itagaki, S. Wilbur, S. Nunez, H. Goenaga-

Infante, N. Kovachev 
New frontiers in very small size nanoparticle analysis: Triple 
quadrupole ICP-MS (ICP-MS QQQ) for single nanoparticle detection of 
SiO2 and Au materials 

 
18:30-19:30  Societies meeting 
 

20:30   Conference dinner 
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Friday, 22nd July  
 

   Plenary lecture 
   Chair: João P. C. A. Prates Ramalho 
 
09:00-09:45  PL-4: D. M. Bassani 

Spectroscopy of supramolecular species: How organisation affects 
electronic transitions in self-assembled molecular systems 

 
 Oral communications (VII): Speciation, food science and historic and 

artistic heritage 
Chairs: Antonio Moreda Piñeiro and Isela Lavilla 
 

09:45-10:00  O-25: F. A. Esteve-Turrillas, S. Armenta, M. de la Guardia 
Low cost extraction in Analytical Chemistry. What else? 

 
10:00-10:15 O-26: A. I. Corps-Ricardo, F. J. Guzmán-Bernardo, M. Zougagh, 

R. C. Rodríguez-Martín-Doimeadios, A. Ríos-Castro 
Monitoring of polycyclic aromatic hydrocarbons in water by magnetic 
solid phase extraction based on magnetic nanoparticles coated with 

multi-walled carbon nanotubes 
 

10:15-10:30 O-27: M. Jiménez-Moreno, M. Jiménez-Moreno, G. P. F. Arrifano, 
M. E. Crespo-López, R. C. Rodríguez-Martín-Doimeadios 
Fast and simultaneous mercury speciation analysis in hair samples by 
gas chromatography coupled to atomic fluorescence spectroscopy 

 
10:30-10:45 O-28: J. M. Hernández-Hierro, J. Nogales-Bueno, B. Baca-Bocanegra, 

F. J. Rodríguez-Pulido, F. J. Heredia 

Use of near infrared hyperspectral tools for the screening of 
extractable polyphenols in red grape skins 
 

10:45-11:00 O-29: J. A. Tuñón, A. Sánchez, D. J. Parras, M. Montejo, 

P. Vandenabeele, M. O. Rodríguez, C. Rísquez, A. Martínez, 
M. P. G. Rodríguez 
Analysis and evolution of black decoration in ceramics of the Iberians 
by MRS and EDXRF 
 

11:00-11:15  O-30: M. López-Claros, F. J. Fortes, S. Guirado, J. J. Laserna 
LIBS in cultural heritage: recognition and identification of objects in 

an underwater archaeological shipwreck 
 
11:15-11:45   Coffee break 
 

 Oral communications (VIII): Molecular synthesis and characterization 
and other topics 

Chairs: María Vega Cañamares and Maria Paula Marques 
 
11:45- 12:00 O-31: S. F. Prazeres, F. Ortega, I. A. Pavel, A. Pasc, N. Canilho, 

C. García-Ruiz, G. Montalvo   
Vibrational spectroscopy applied to the study of β-galactosidase-silica 
support interactions 

 

12:00-12:15 O-32: G. Molpeceres, M. Jiménez-Redondo, V. Timón, M. A. Moreno, 
V. J. Herrero, R. Escribano, B. Maté, I. Tanarro 
Modelling and irradiation experiments of cosmic dust analogues 

 
12:15-12:30  O-33: M. Martín-Garrido, S. Martínez-Ramírez  

Calcium Silicate Hydrate Synthesis 

 

12:30-12:45  O-34: M. Moreno-Oliva, J. T. López-Navarrete 
Ultrafast transient absorption spectroscopy: principles and 
applications 



Scientific Program 

XXV RNE – IX CIE | 16 

12:45-13:00 O-35: M. Abidi, S. López-Bernabeu, F. Huerta, F. Montilla, S. B. 

Hentati, E. Morallón 
In situ spectroelectrochemical techniques to the characterization of 
polyaniline derivatives  

 
13:00-14:00 Closing ceremony and conference awards 

Best poster prize, awarded by SEQA  
Best oral presentation prize, awarded by SEQA 

Best oral presentation prize, awarded by Inycom 
Best poster prize, awarded by Agilent Technologies 
“Francisco Álvarez 2016” prize, awarded by SEA 
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Rethinking Biochemical Sensing - Biomimetic Fluidics based 
on Stimuli-Responsive Materials 

 

L. Florea, W. Francis, A. Dunne, A. BenAzouz, S. Coleman, D. Bruen, D. Diamond*. 
Insight Centre for Data Analytics, National Centre for Sensor Research, School of Chemical Sciences, 
Dublin City University, Dublin 9, Ireland. 
*dermot.diamond@dcu.ie 
 

Since the initial breakthroughs in the 1960’s and 70’s that led to the development of the glucose 
biosensor, the oxygen electrode, ion-selective electrodes, and electrochemical/optochemical 
diagnostic devices, the vision of very reliable, affordable chemical sensors and bio-sensors 
capable of functioning autonomously for long periods of time (years) remains unrealized. This is 
despite massive investment in research and the publication of many thousands of papers in the 
literature. It is over 40 years since the first papers proposing the concept of the artificial pancreas, 
by combining glucose monitoring with an insulin pump1. Yet even now, there is no chemical 
sensor/biosensor that can function reliably inside the body for more than a few days, and such is 
the gap in what can be delivered (days), and what is required (years) for implantable devices, it 
is not surprising that in health diagnostics, the overwhelmingly dominant paradigm for reliable 
measurements is still single use disposable sensors. Realising disruptive improvements in 
chem/bio-sensing platforms capable of long-term independent operation requires a step-back and 
rethinking of strategies, and considering solutions suggested by nature and materials science, 
rather than incremental improvements in existing approaches2.   
Through recent developments in 3D fabrication technologies in recent years, we can now build 
and characterize much more sophisticated 3D platforms than was previously possible. We can 
create regions of differing polarity and hydrophobicity, mix passive and binding behaviours, and 
regions of differing flexibility/rigidity, hardness/softness. In addition, we can integrate materials 
that can switch between these characteristics, enabling the creation of biomimetic microfluidic 
building blocks that exhibit photoswitchable characteristics such as programmed microvehicle 
movement (chemotaxis), switchable binding and release, switchable actuation (e.g. valving), and 
photodetection. These building blocks can be in turn integrated into microfluidic systems with 
hitherto unsurpassed functionalities that can contribute to bridging the gap between what is 
required for many applications, and what we can currently deliver3. The transition from the current 
paradigm from engineering inspired 2D fluidics to bioinspired 3D fluids is a major milestone in the 
evolution of microfluidics. Another lesson we can learn from biofluidics is that the entire system is 
active. Currently, the only role of the substrate in a microfluidic chip is to define the channels. In 
biology, the channel walls have a very active role, as has the surrounding tissue. Walls can sense, 
and respond e.g. open pores and release active agents such as functionalised 
micro/nanoparticles, vesicles, droplets). Implementation of these disruptive concepts may open 
the way to biochemical sensing systems with performance characteristics far beyond that of 
current devices. A key development will be the integration of biomimetic functions like self-
diagnosis of condition and self-repair capabilities to extend their useful lifetime4. 
 
References 
[1] Albisser, A. M.; Leibel, B. S.; Ewart, T. G.; Davidovac, Z.; Botz, C. K.; Zingg, W.; Schipper, H.; Gander, 
R. Clinical Control of Diabetes by the Artificial Pancreas. Diabetes 1974, 23 (5), 397–404. 
[2] Diamond, D.; Byrne, R.; Lopez, F. B.; Cleary, J.; Maher, D.; Healy, J.; Fay, C.; Kim, J.; Lau, K.-T. 

Biomimetics and Materials with Multiple Personalities - The Foundation of Next Generation Molecular 
Sensing Devices. In 2010 IEEE SENSORS; IEEE Sensors; IEEE, 2010; pp 1079–1082. 
[3] Benito-Lopez, F.; Byrne, R.; Răduţă, A. M.; Vrana, N. E.; McGuinness, G.; Diamond, D. Ionogel-Based 
Light-Actuated Valves for Controlling Liquid Flow in Micro-Fluidic Manifolds. Lab Chip 2010, 10 (2), 195–

201. 
[4] Florea, L.; Wagner, K.; Wagner, P.; Wallace, G. G.; Benito-Lopez, F.; Officer, D. L.; Diamond, D. Photo-
Chemopropulsion - Light-Stimulated Movement of Microdroplets. Adv. Mater. 2014, 26 (43), 7339–7345. 
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Extreme Spectroscopy  
 

V. G. Baonza. 
Universidad Complutense de Madrid e Instituto de GeoCiencias IGEO (UCM-CSIC), Ciudad Universitaria 
S/N, 28040-Madrid, Spain. 
vgbaonza@ucm.es 
 

Spectroscopy plays a prevalent role for studying a wide range of phenomena promoted by the 
application of extreme pressures and/or temperatures. Novel phase transitions, structural 
transformations and chemical reactivity [1] are among the most exciting phenomena to be probed 
using both vibrational and absorption/emission spectroscopies. 
In this talk, we focus our analysis on water-related [2] and carbon-based [3] related 
materials/systems, due to their implications in physics and chemistry, geological and biological 
processes, and materials science. We shall put emphasis on the particular suitability of Raman 
spectroscoscopy coupled to diamond anvil cell devices [1] to interpret the physico-chemical 
changes induced by pressure and temperature on these prototypical systems.  
Examples covering the last two decades [1-3] will be used to illustrate the current opportunities 
offered by the spectroscopic methods under extreme conditions in many scitific fields.  
 
Acknowledgements 

The results presented here have been funded by MICINN/MINECO under several past and active 
(CSD2007-00045/MAT2015-71070-REDC, CTQ2015-67755-C02-01-R) projects, and several PFU and FPU 
grants.  
 
References 
[1] V. G. Baonza et al., J. Chem. Phys. 124, 044508 (2005); J. Chem. Phys. 121, 11156 (2004); J. Raman 
Spectrosc. 34, 264 (2003); V. G. Baonza, High Press. Res.18, 379 (2000).    
[2] A. Arencibia et al., J. Chem. Phys. 123, 214502 (2005); Phys. Rev. Lett. 89, 195504 (2002); V. G. Baonza, 

F. Rull, J. Dubessy, Raman Spectroscopy of Gases, Water and other Geological Fluids, EMU Notes on 
Mineralogy, Ch. 8., European Mineralogical Union (2012).  
[3] M. Peña-Alvarez et al., Faraday Discuss. 173, 157 (2014); Angew. Chem. Intl. Ed. 53, 7033 (2014); J. 
Phys. Chem. C, 118, 25132 (2014); Del Corro et al., Phys. Rev. B 85, 033407 (2012); Carbon 50 (2012); 
Nano Lett. 8, 2215 (2008). 
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Optical manipulation and applications of HOT nanoparticles 
 

L. B. Oddershede. 
Niels Bohr Institute, University of Copenhagen, Blegdamsvej 17, 2100 Copenhagen, Denmark. 
oddershede@nbi.dk 
 

A tightly focused laser beam can trap and manipulate individual metallic nanoparticles both in 
liquid [1] and in air [2]. Not only the position, but also the orientation of a single nanoparticle can 
be controlled and such precise optical control of metallic nanoparticles has huge potential, e.g., 
for aerotaxy, for nano-architectural purposes or for amplifying spectroscopic signals. Due to their 
plasmonic properties, metallic nanoparticles will absorb part of the incident light and the energy 
will be released as heat into their local surroundings. The heating associated with resonant 
irradiation of metallic nanoparticles can be extreme. Moreover, this heating of an irradiated 
nanoparticle cannot be theoretically predicted, as the precise focal intensity distribution on the 
nanoscale is unknown and typically highly aberrated [3]. We developed a novel membrane-based 
assay to directly quantify the absorbance and temperature profile of an individual irradiated 
metallic nanoparticle and show how the temperature depends on laser power and particle size, 
shape, orientation and composition [4,5]. Laser induced heating of metallic nanoparticles can be 
advantageously used in a controlled manner, for instance to fuse membranes and cargos of two 
selected giant unilamellar vesicles [6]. Another promising application of these hot metallic 
nanoparticles is within cancer therapy, where novel results show that laser irradiated metallic 
nanoparticles can be used to mediate targeted drug delivery and for photothermal tumor 
treatment.  
 
References 
[1] P.M. Hansen, V.K. Bhatia, and L.B. Oddershede, Nano Letters, 5, 1937-1942 (2005). 
[2] L. Jauffred, S.M-R. Taheri, R. Schmitt, H. Linke, and L.B. Oddershede, Nano Letters, 15, 4713-4719 

(2015). 
[3] A. Kyrsting, P.M. Bendix, and L.B. Oddershede, Nano Letters, 13, 31-35 (2013).  
[4] P.M. Bendix, S.N.S. Reihani, and L.B. Oddershede, ACS Nano, 4, 2256-2262 (2010). 
[5] H. Ma, P. Tian, J. Pello, P.M. Bendix, and L.B. Oddershede, Nano Letters, 14, 612-619 (2014). 
[6] A. Rørvig-Lund, A. Bahadori, S. Semsey, P.M. Bendix, and L.B. Oddershede, Nano Letters, 15, 4183-

4188 (2015). 
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Spectrscopy of supramolecular species: How organisation 
affects electronic transitions in self-assembled molecular 
systems 

 

D. M. Bassani. 
Inst. of Molecular Sciences, Univ. of Bordeaux. 
dario.bassani@u-bordeaux.fr 
 

The rational design of supramolecular structures endowed with tunable electronic properties is a 
cornerstone towards bridging the bottom-up and top-down approach to molecule-based 
electronics.[1,2] With this in mind, we investigate the use of molecular recognition motifs to direct 
the formation of selected architectures possessing unique ground- and excited-state electronic 
properties. Several examples of this approach, including the spontaneous generation of highly 
emissive organic nano-spheres (Fig. 1) and the formation of fullerene double cables (Fig. 2) will 
be presented.[3,4] A unique property of this material, that we have dubbed photopolism, is the 
capability of undergoing a photoinduced switch in the polarization emission. The process is 
diffraction-limited, and can be used to write information on single crystals that can be read-out 
from the polarization component of the emitted light (Fig. 3). 

 

 
 
References 
[1] Chem. Soc. Rev. 2014, 43, 4179. 
[2] NPG Asia Mat. 2014, 6, e116. 
[3] ACS Nano, 2016, 10, 998; Macromolecules 2013, 46, 1591. 
[4] Angew. Chem. Int. Ed. 2011, 50, 9584; Phys. Chem. Chem. Phys. 2012, 14, 8859. 
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Chromo-fluorogenic optical probes 
 

R. Martínez-Máñez. 
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The development of new molecular systems for the detection of anions, cations, or neutral 
molecules has gained importance in the last years due to the importance of detecting target 
species in environmental and biological samples. In this filed designed receptors are able to 
transform, upon coordination, host-guest interactions into a measurable signal which allows 
analyte recognition and sensing. In particular optical outputs are attractive because it is possible 
to use low-cost and widely extended instrumentation [1].                   
Moreover, apart from the traditional design and synthesis of sometimes complex hosts, enhanced 
selectivity can be achieved by using selected probes coupled to inorganic supports.[2,3] This 
procedure has proved useful for the detection of analytes for which no functional receptor group 
is available or selectivity is hard to achieve with conventional synthetic methods.                                                     
Selected examples toward the development of classical chromo-fluorogenic probes and sensory 
materials that use a combination of nanotechnology and supramolecular recognition principles 
will be shown.[4] In this later case the design strategies in most cases involve synergisms of bio- 
concepts and nanoscale inorganic supports which create functional sensing systems showing 
enhanced functions and properties. 
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Recent developments in nanotechnology have led to a new generation of high-value optical 
probes that are being exploited in order to overcome the limitations of traditional dyes and 
fluorophores. Their great potential has allowed the development of new analytical assays with 
unprecedented analytical performance characteristics, related to sensitivity, multiplexing 
capability, sample throughput, cost-effectiveness and ease of use.  
The high specific surface area of nanoparticles, and the possible functionalization with different 
biochemical moieties as peptides, DNA sequences, antibodies or aptamers, make them suitable 
as platform for the detection of a range of relevant analytes. Hence, nanoparticles with excellent 
optical properties are being used in a wide variety of research areas including food and 
environmental analysis, medicine, bioimaging, proteomic and genomic studies, etc. 
This presentation aims to show recent applications of different types of nanoparticles based on 
changes on their optical properties. Among the various types of nanoparticles that are being 
explored in the nanobiotechnology area, gold nanoparticles are highly appealing, because 
besides their physicochemical properties derived from the localized surface plasmon resonance, 
they present advantages such as well-known synthesis and functionalization with a different 
biomolecules. Thus, applications on early infectious disease diagnosis, food adulteration 
detection and environmental analysis will be presented. Moreover, fluorescent carbon dots are 
emerging as promissing nanoparticles due to excellent photoluminescent properties, poor 
photobleaching, low toxicity and good biocompatibility. Application of food-based carbon dots for 
the study of in-vitro cancer growth inhibition and bioimaging will be also presented. 
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Vibrational spectroscopy is a very powerful and useful tool to address several issues across 
several fields of research. In the specific case of heterogeneous catalysis this becomes even 
more important given the complexity of the systems under study, which not rare times are defying. 
In this context, Diffuse Reflectance Infrared Fourier Transform (DRIFT) and Raman spectroscopy 
are widely available and well-understood techniques for studies of heterogeneous catalysts [1]. 
Despite this, vibrational spectroscopy can also be performed very efficiently using neutron 
techniques. Inelastic Neutron Scattering (INS) Spectroscopy can be seen as a complementary 
technique to Infrared and Raman techniques. In a similar way to Raman, INS relies on scattered 
neutrons by the atomic nuclei. The scattering intensity depends on the incoherent inelastic 
scattering cross section and the amplitude of vibration. While both of these quantities are large 
for protium, they are relatively small for all remaining nuclei; as such the scattered intensity is 
dominated by hydrogen motion.  
In this talk some examples of the use of INS applied to heterogeneous catalysis will be presented, 
stressing out its capabilities and limitations as well.   
The present focus of research is on styrene oxidation mediated by Mo-based heterogeneous 
catalysts (Fig 1) that can yield selectively styrene oxide or benzaldehyde as products [2-4]. INS 
(combined with DRIFT when appropriate) allows gaining insights on possible mechanistic 
proposals by assessing not only the adsorbed species at the catalyst’s surface (Fig. 2) [5], but 
also by providing information about how a given reagent interacts with the catalyst’s surface in 
oxidation catalysis.  
 

  
Fig. 1 – SEM image of a Mo heterogeneous 

catalyst 

Fig. 2 – INS spectra of Mo heterogeneous catalyst 

used in styrene oxidation. 
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Dense molecular clouds in the interstellar medium (ISM) have densities of 104-106 particles cm-3 
and temperatures as low as 10 K in the interior owing to shielding from UV radiation. Dust grains 
in dense clouds, less than 1 micron in size, accrete ice mantles, with estimated thicknesses of 
hundredths of a micron, composed mainly of H2O, and other species like CO, CH3OH, CO2, and 
NH3 [1,2]. Cosmic rays are able to penetrate into the cloud and produce UV photons by excitation 
of molecular hydrogen (known as the ̈ secondary UV field¨, about 103-104 photons cm-2 s-1). Some 
studies indicate that the energy deposited in ice mantles by secondary UV photons is about 10 
times larger than the energy deposited directly by cosmic rays [3]. The accretion and desorption 
processes of gas molecules on cold grains play an important role in the evolution of dense clouds 
and circumstellar regions around YSOs, see e.g. Bisschop et al. (2006) [4].  
Not only there are species such as H2O, CO, CO2, NH3 in the ISM, but also organic molecules of 
considerable complexity were observed in dark interstellar clouds and in localized regions of hot 
cores, protoplanetary nebulae and disks, and circumstellar envelopes [5]. In particular, there exist 
significant abundances of large partly hydrogen-saturated molecules, many of them being of 
prebiotic interest [6]. These species challenge the completeness of the standard ion-neutral 
scheme in interstellar chemistry, suggesting that reactions on dust grains are involved in their 
formation.  
Various combinations of ice mixtures (containing generally H2O, CO, CH3OH, CO2, CH4 and NH3) 
were previously irradiated in laboratory simulations. We report our results on UV irradiation of 
H2O:CO:NH3 ice analog mixtures using the ISAC set-up to explore the reaction pathways leading 
to formation of complex organic molecules, among them are amino acids, carboxylic acids and 
N-heterocycles. 
The ultra-high vacuum conditions of ISAC with a base pressure around 4 × 10−11 mbar, the 
equivalent of a particle density that falls within the dense cloud values, drastically reduce 
background water contamination, allowing the study of processes on a clean ice surface like 
photodesorption and a more efficient monitoring of low-abundance photoproducts in the 
experiments [7]. 
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A procedure, based on ion mobility spectrometry (IMS) after liquid-liquid microextraction (LLME), 
has been successfully used for the determination of passive exposure to nicotine from cigarette 
and e-cigarette smoking. Nicotine has been determined in exhaled breath and oral fluids of both, 
active and passive smokers and vapers (Figure 1). The exposure studies, made in closed 
environments, evidenced that the exhaled breath after smoking conventional blend cigarette 
provides nicotine levels of the order of 220 ng per puff, in the case of experienced smokers, being 
exhaled only 32 ng in the case of e-cigarettes. Regarding passive exposure to nicotine, a set of 
16 non-smokers oral fluids were sampled before and after smoking/vaping exposition at 30 
minutes intervals. Exposition to blend class A cigarettes, rolling tobacco and two different e-
cigarette devices were evaluated and compared. The nicotine content in oral fluids of non-
smokers exposed to conventional yellow blend tobacco presented higher concentrations, from 24 
to 111 µg L-1, than those obtained after exposition to e-cigarettes, varied from 7 to 16 µg L-1. 
Nicotine levels of oral fluids of non-smokers exposed to rolling tobacco, from 18 to 56 µg L-1, 
provide an intermediate situation between classical cigarettes and e-cigarettes exposition. On the 
other hand, the oral fluid nicotine content in active traditional tobacco smokers and e-cigarette 
vapers was monitored at 30 min intervals during a smoking session. The nicotine concentration 
immediately increased after smoking and, after that, decreased due to the absorption, dilution 
and metabolization processes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The developed procedure provided a comparable accuracy to that of a reference methodology 
based on gas chromatography- mass spectrometry (GC-MS) [1] for the analysis for spiked oral 
fluid samples. The precision of the procedure, expressed as relative standard deviation (RSD), 
ranged from 2 to 4 % for spiked oral fluid samples at 40 and 75 µg L-1 nicotine. 
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Figure 1. Averaged nicotine content, expressed as µg L-1, in oral fluids of 

active and passive smokers/vapers  



Oral presentation  O-02 
 

XXV RNE – IX CIE | 30 

Analysis of nanomaterials by fast scanning single particle 
ICP-MS: A user's manual 

 

F. Laborda1*, I. Abad-Álvaro1, E. Bolea1, E. Peña-Vázquez2, P. Bermejo-Barrera2, 
J. R. Castillo1. 
1Group of Analytical Spectroscopy and Sensors (GEAS). Institute of Environmental Sciences (IUCA). 
University of Zaragoza, Pedro Cerbuna 12, 50009, Zaragoza (Spain).  
2Group of Trace Elements, Spectroscopy and Speciation (GETEE). Department of Analytical Chemistry, 
Nutrition and Bromatology. University of Santiago de Compostela, Avda. Das Ciencias, s/n, 15782, 
Santiago de Compostela (Spain). 
*flaborda@unizar.es 

 

Inductively coupled plasma mass spectrometry (ICP-MS) is an atomic spectrometric technique 
used routinely for the determination of total element contents at ultra-trace levels. Alternatively, 
the technique can be used in the mode called single particle detection (SP-ICP-MS). By using 
this ICP-MS mode, inorganic nanoparticles and dissolved forms can be detected and quantified 
without any previous separation with number concentration detection limits of 1000 particles mL- 1 
(part-per-trillion levels and below); additionally, nanoparticles can also be size characterized down 
to 10-20 nm size [1]. 
In single particle detection mode, when one nanoparticle is introduced into the plasma, a pack of 
gaseous ions is generated, being measured as a single pulse by the detector. The number of 
pulses is proportional to the number concentration of nanoparticles, whereas the intensity of each 
pulse is proportional to the number of atoms in the nanoparticle, hence to the mass of element 
and the size of the nanoparticle if its composition, shape and density are known. Detection of 
individual nanoparticle involves working at nanoparticle number concentrations low enough (ca. 
108 nanoparticles L-1 or lower) and data acquisition frequency high enough (ca. 100 Hz o higher) 
in order to get a linear relationship between number of pulses and nanoparticle number 
concentration.   
The packet of ions generated by a single nanoparticle has a length of about 500 µs. Until very 
recently, available quadrupole ICP-MS instruments could just work with reading times in the range 
of milliseconds (recommended reading times: 3-10 ms), what means that ion packs are recorded 
as single pulses. However, the last generation of ICP-MS instruments are featured with fast 
scanning quadrupoles (data acquisition frequencies up to 100 kHz), with reading times in the 
range of microseconds (10-100 µs). Under these conditions, ion packets are recorded as single 
transient signals. The use of fast scanning quadrupoles involves a number of features when 
working in SP-ICP-MS, namely more than one isotope can be measured in a nanoparticle, 
detection of dissolved species is limited and the precision of the results can be improved. 
A comparative study by using conventional and fast scanning SP-ICP-MS will be presented, 
evaluating the performance of this novel SP-ICP-MS mode. The study carried out shows that 
users must select number concentrations properly, depending on the scanning mode, to get 
results of the highest quality. 
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There is a great interest in the development and improvement of different analytical methods for 
fast, accurate and precise quantitative detection of fluorine and fluoride compounds, both in 
industrial or scientific applications. Fluorine and fluoride compounds are employed in fire 
extinguishers, pharmaceutical and agrochemical products, dental care products, polymers, etc.[1] 
Spectroscopic detection of fluorine in solid samples, and in particular using Laser-Induced 
Breakdown Spectroscopy (LIBS), is a challenging task due to the low excitation efficiency of this 
element. Helium atmosphere LIBS might be used to increase the signal-to-background ratio of 
fluorine atomic lines in the infrared spectral region (680-710 nm) [2] [3]. Alternatively, the 
measurement of molecular compounds formed in the LIBS plasma might be used to indirectly 
detect fluorine [4], [5]. 
In this work, the detection of CaF molecular emission bands is investigated to improve the 
analytical capabilities of atmospheric air LIBS for the determination of fluorine traces in solid 
samples. In a first step, it was investigated the quantification capabilities of LIBS in powdered 
samples with calcium content. In particular, Cu matrix samples containing different fluorine 
concentration (between 50 and 600 µg/g), and variable amounts of Ca, are used to demonstrate 
linear relationships between CaF emission signal and F concentration. Limits of detection for 
fluorine are improved by more than 1 order of magnitude using CaF emission bands versus F 
atomic lines, in atmospheric-air LIBS. Furthermore, a toothpaste powder sample is used to 
validate this analytical method. For the analysis of fluorine in calcium-free samples, it was also 
investigated the possibility of using an in-line external source of Ca to form the CaF molecular 
band. 
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Conventional liquid sample introduction systems in ICP-based techniques, as pneumatic 
nebulization, present many limitations due to their low transport efficiency. In other to overcome 
these limitations, analytes are derivatized into the proper volatile specie and then are introduced 
into the plasma. This procedure requires a suitable batch or flow system for promoting chemical 
reactions to generate volatile species. In the present work, a simple methodology for on-line 
chemical vapor generation directly into the spray chamber is described. By this way, the analyte 
transport efficiency is improved and consequently, the sensitivity. The aim is to evaluate this new 
methodology for the analysis of arsenic, mercury and selenium as model analytes in organic 
samples (i.e., gasoline samples). For this purpose, a multiple nebulizer based on Flow Blurring® 
technology is used [1]. The nebulizer includes three independent nebulization units: one of them 
is used for sample or standards introduction and the remaining two are used for introducing the 
reagents needed for volatile species generation (i.e., acid and reducing agent) [2]. Using the 
proposed sample introduction system, the use of complex FIA systems, typically used for this 
purpose, is avoided.  
The chemical vapor generation system was optimized in order to obtain the highest sensitivity 
using a multivariate approach. The optimization has been done in two steps: (i) a preliminary 
evaluation using a Plackett-Burman factorial design of all variables, in order to know the significant 
ones, and (ii) a circumscribed central composite design to assess the optimal experimental 
conditions for chemical vapor generation. Under optimum conditions, the applicability of the 
analytical method in ICP-OES was studied by determining arsenic, mercury and selenium in 
spiked commercial gasoline samples.  
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Since its introduction, LIBS has found a large number of useful applications in the field of 
elemental analysis, mainly due to the special features characterizing the technique. LIBS analysis 
only needs optical access to the sample by means of a tightly focused laser beam, which allows 
just a very small quantity of sample to be directly analyzed without the need of sample 
preparation. This fact, together with the small size of the instrumentation, makes LIBS ideal for in 
situ and on line applications on practically any kind of sample. However, in spite of its huge 
potential, the low sensitivity of LIBS when compared with other conventional techniques 
constitutes its most important limitation for (ultra)trace elemental analysis, especially when liquid 
samples are the target. 
The limitation in sensitivity and reproducibility of LIBS analysis of liquid matrices has been 
frequently surmounted with the aid of a sample preparation procedure that, in many cases, consist 
on the conversion of the liquid sample to a solid matrix by a simple drying process. This approach 
avoids the experimental difficulties usually associated with LIBS analysis of liquids and lead to an 
increase in the analyte concentration in the generated solid residue, therefore improving both 
sensitivity and reproducibility. Still, for these sample preparation procedures to be considered fully 
useful, they should be fast and easy to automate and integrate with the LIBS detection system, 
in order to maintain the on-line and in situ capabilities characterizing this technique. 
In this work, a simple sample preparation procedure based on electrospray pyrolysis deposition 
is presented. Electrospray is produced by applying a strong electric field to a liquid sample 
passing through a capillary tube. The charged liquid in the capillary nozzle becomes unstable as 
it is forced to hold more and more charge, breaking in a mist of highly charged droplets, which 
prevents their coagulation and promotes self-dispersion. The generated droplets are attracted to 
a grounded heated substrate, where they settle and dry, generating a homogeneous solid layer 
that can be easily analyzed by LIBS. 
In order to evaluate the viability of the proposed procedure, different experimental parameters 
affecting the morphology of the generated solid residue were studied and optimized. Under 
optimum conditions, analytical figures of merit for the analysis of several metals in aqueous 
samples were obtained. Results show that electrospray pyrolysis deposition could be a useful 
method for overcoming LIBS limitations in liquid analysis, providing a fast and automated sample 
preparation procedure to improve sensitivity and reproducibility of LIBS analysis of liquid samples. 
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Spectral identification of individual micro- and nano-sized particles by the sequential intervention 
of optical catapulting, optical trapping and laser-induced breakdown spectroscopy is presented1. 
The three techniques are used for different purposes. Optical catapulting (OC) serves to put the 
particulate material under inspection in aerosol form2-4. Optical trapping (OT) permits the isolation 
and manipulation of individual particles from the aerosol, which are subsequently analyzed by 
laser-induced breakdown spectroscopy (LIBS). Once catapulted, the dynamics of particle 
trapping depends on the laser beam characteristics (power and intensity gradient) and on the 
particle properties (size, mass and shape). Particles are stably trapped in air at atmospheric 
pressure and can be conveniently manipulated for a precise positioning for LIBS analysis. The 
spectra acquired from the individually trapped particles permit a straightforward identification of 
the inspected material.  
The current work focuses on the development of a procedure for simultaneously acquiring dual 
information about the particle under study via LIBS and time-resolved plasma images by taking 
advantage of the aforementioned features of the OC-OT-LIBS instrument to align the multiple 
lines in a simple yet highly accurate way. The plasma imaging does not only further reinforce the 
spectral data, but also allows a better comprehension of the chemical and physical processes 
involved during laser-particle interaction. Also, a thorough determination of the optimal excitation 
conditions generating the most information out of each laser event was run along the 
determination of parameters such as the width of the optical trap, its stability as a function of the 
laser power and the laser wavelength. The extreme sensibility of the presented OC-OT-LIBS 
technology allows a detection power of attograms for single/individual particle analysis.  
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Ultrashort laser pulses have proven to be a powerful tool for the solids spectroscopy. The 
particular coupling of energy and high peak power enabled by ultrashort laser pulses facilitates 
energy coupling inside materials by multi-photon or tunneling ionization mechanisms. From the 
analytical point of view, ultrashort laser ablation opens new possibilities due to the significantly 
different properties when compared with their nanosecond counterpart, where the concurrence of 
photochemical and photothermal processes taking place during the photon absorption govern the 
process. During nanosecond ablation the incoming laser beam and the expanding plasma 
interact, impairing the visualization of the different phenomena occurring until mass transfer 
occurs. Such hidden events are on the basis of the physics governing the ablation process and 
are in close contact with analytical techniques as LIBS, LIMS, MALDI or LA-ICP. 
The present communication details the design, construction and evaluation of a microscope with 
time-resolved imaging capabilities. With such instrument, femtosecond-resolved micrographies 
of the surface of samples exposed to ultrashort laser pulses are obtained, allowing the dynamic 
observation of the phase-change during subthreshold laser-matter interaction. The results 

presented demonstrates the appearance of 
dynamic Newton rings at the surface of the 
sample that corresponds to the formation of a thin 
laser-induced surface layer resulting in 
constructive and destructive interference of the 
light reflected from the surface with the light 
reflected from the layer interface (see figure 
inserted). Additionally, accurate calculation of the 
ablation thresholds required in different materials 
and pure elements will allow to demonstrate the 
existence or not of matrix effects that condition 
the selective appearance of specific elements in 
the expanding plume. 
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There are few doubts about the increasing interest in aerosol characterization. Particles with 
aerodynamic diameters in the low micrometer range can be transported by suspension for long 
distances and represent an important risk for health due to their easy breathability. In addition, 
the riskiness of this material not only depends on its size, but also on its chemical composition. 
For this reason, the availability of analytical tools to correlate particles sizes and its chemical 
components is fundamental in order to know and prevent human and ecological impact of such 
pollutants. 
Laser Ionization Time-of-Flight Mass Spectrometry (LI-TOF-MS) exhibits important advantages 
for such task due to the limited sample pretreatment, and the easy data interpretation. On top of 
that, the use of lasers as ionization probes brings the opportunity of localized analysis, and makes 
possible obtaining different mass spectra at selected laser energies, allowing the operation under 
gentle or hard ionization conditions. 
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There are only few techniques which match with Laser Induced Breakdown Spectroscopy, (LIBS), 
in its advantages like speed, accuracy, precision, possibility of on-site analysis and no or little 
effort for sample preparation. That is why it has been successfully employed for the qualitative as 
well as quantitative characterization of various types of samples. By using Nd: YAG pulsed laser 
we analyzed a number of geological, environmental and food samples chiefly for metal analysis. 
During this work it has been noticed that matrix has a pronounced effect on determination of 
analyte. Calibration curves for metal ions obtained in different matrixes showed different slopes. 
We are working extensively to investigate this issue in detail.  
One environmental problem, which Southern Europe facing now a days is presence of particulate 
matter in air. This particulate matter is mainly composed the fine dust particles from African 
Sahara which are transported to Europe through different routes. This particulate matter, 
consisting of mineral particles of very small size cause a variety of adverse effects on visibility, 
climate, ecosystems and human health. In this context, the development of in-situ measurement 
technologies for speciation and complete analysis of atmospheric particulate is a demand of time. 
LIBS can provide a satisfactory solution in this regard. It is non-destructive and fast analytical 
technique which can provide precise and accurate results in minimum possible time. In this regard 
we employed Laser Induced Breakdown Spectroscopy for the qualitative and quantitative analysis 
of natural and irradiated diatomite. This natural rock is used as a filtration aid, mild abrasive in 
products such as metal polishes, adsorbent for liquids, and porous support for chemical catalysts. 
The morphology studies and microstructure of this material has also been investigated by Field 
Emission Scanning Electron Microscopy (FESEM).  
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Intelligent packaging as an extension of the communication function of traditional packaging is 
based on its ability to sense, detect, or record external or internal changes in the product’s 
environment. One of the types of intelligent packaging is based on measuring the headspace of 
the packaging as an indicative marker of the quality and/or safety of the packed food. The 
parameters used to detect the status of the packed food are the content in different gases 
depending on the packed product. The most usual gases are oxygen (0.5-2%), carbon dioxide 
(5-20%), ammonia (< 15 mg/L in fish) and finally humidity (around 85% for cut fruits and 
vegetables). 
In this work we present a flexible HF RFID label [1] for the optical determination of the four gases 
above mentioned. The HF RFID tag is designed and screen printed on a flexible substrate 
containing on one side all the electronic components needed: one white LED and four digital 
colour detectors to perform the optical measurement; a microcontroller, and a RFID chip, as it is 
presented in Figure 1. On the other side of the flexible substrate, and located opposite to the 
colour detectors, four membranes sensitive to the presence of oxygen, carbon dioxide, ammonia 
and humidity are placed. This RFID tag can operate in passive mode, with no external battery, 
powering from the RF interrogation signal of the reader.  
The chemistry selected for the determination of the gases can be classified in two different groups: 
quenching of luminescence of immobilized Pd(II) meso-tetra (pentafluorophenyl) porphine 
complex for oxygen and change in colour for the rest of gases. Namely membranes containing 
pH indicators for carbon dioxide and ammonia and methylene blue membrane for humidity. The 
luminescence quenching by oxygen is quantified using the red coordinate of the RGB colour 
space whereas for the other three membranes for the determination of ammonia, carbon dioxide 
and ammonia the change in colour measured by the H parameter of the HSV colour space is 
used. 
 

 
 

Figure 1. HF RFID tag 
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Tacrolimus (FK506) is a hydrophobic macrolide lactone produced by Streptomyces tsukubaensis 
and is widely used as immunosuppressant after organ transplantation. The free fraction of this 
drug in serum (1–2%) correlates with its accumulation in blood cells. Taking into account its 
narrow therapeutic window, semicontinuous monitoring of FK506 in transplanted patients will be 
most helpful to boost its therapeutic efficiency and avoid potential adverse effects. In this context, 
optical immunosensors could achieve the required quantification of FK506 and its metabolites in 
plasma thanks to its intrinsic high sensitivity and selectivity. 
The use of luminescent magnetic nanoparticles (NPs) as labels could allow a significant 
improvement of the bioassay sensitivity and facilitate sample handling [1].  
The nanoparticles we have used are ca. 300 nm polystyrene beads decorated with magnetic 
ferrite nanograins (8-10 nm). For conferring fluorescent properties, these magnetic beads have 
been doped with novel BODIPY dyes prepared in our laboratory. Boron-dipyrromethene 
(BODIPY) dyes are fluorophores well known for the tuneability of their very bright emission, 
photostability and their versatile chemistry [2,3]. On the negative side, they display a small Stokes 
shiftFor working with serum samples and minimize autofluorescence, we prepared a BODIPY dye 

with a -extended structure that shows an absorption maximum at 641 nm and emission at >650 

nm, with a fluorescence quantum yield of 0.64 (in ethanol). Bioconjugation of the analytes or the 
antibodies can be performed through the –COOH groups available on the surface of the magnetic 
nanoparticles. 
The power of our approach has been demonstrated by the development of a heterogeneous 
fluorescence magnetic immunoassay to detect FK506. The latter provides a very low limit of 
detection (1.8 ng/mL) and IC50 (13 ng/mL), together with a wide dynamic range (3.6 – 37 ng/mL) 
that fits the therapeutic requirements. Moreover, this strategy is superior to other conventional 
methods thanks to the improved signal-to-noise ratio obtained by the use of the novel NPs. 
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The Calcium content, in pharmaceutical formulations for osteoporosis disease treatment, has ben 
determined by a new method of digital images captured with a portable camera.  
The method was based in the formation of a red-orange complex with the reagent Glioxal bis(2-
hydroxyAnil) [1]. This chromatic study was addressed to evaluate the influence of the ligthing 
color.  
Chemometric methods of ANOVA and Multivariate Analysis were applied to characterize the 
chromaticity. They allowed to evaluate and model the influence of lighting color but also other 
experimental factors, such as the camera, and other practical conditions. 
Thus it was demonstrated that, even in very casual conditions and white ligthing, the analytical 
potential of this method, and in the RGB color space, was characterized by: the analyte as the 
most influent factor which deals with the 84% of chromatic variance. And at the same time, It 
demonstrated low influence of external factors: camera and the method conditions  
The change to a green illumination increased the total chromatic variance of he chromogenic 
system at level of 250%. And also, and more important, in these conditions the analyte might 
justify the 95% of chromatic variance. In these conditions, the camera and the method effects 
lowered their influences from 16% to 5% of the total chromatic variance.  
The analytical performance, after the ligthing change, White-> green, showed a sensitivity 
increase in the order of 70%, given as the slope of the linear calibration. The LD and LQ were 
diminished 6%. The linear calibration increaed ts peformance and presented a lower value in the 
standard deviation of residuals. 
Multivariate analysis allowed to characterized the color behavior. The reduction and projection of 
basic RGB color to PC1 and PC2 principal components showed only significant colors. Thus, it 
was demonstrated that with White lighting: G and B were confunded and consequently the color 
was dominated by only two components. However, with green illuminant all colors were significant 
and may be differentiated.  
The best performance with green ligthing and detection of the G reflected color allowed to obtain 
the following data of merit: limit of detection was in the order of 0.4 mg/l; the linear range was 
obeyed up to 15 mg/l Ca(II); the reproducibility was lower than 4%, as % rsd, for 6 mg/l Ca (II).  
In the previous best conditions, the method may be applied for a ready determination of Ca in 
pharmaceutical pills. The results were statistically compared with FAAS and the declared content. 
At 95% of confidence differentes were not significant. Consequently the method could be said as 
free of systematic errors. 
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Mid-infrared (MIR) spectroscopy investigates the interaction of MIR photons with molecules via 
the excitation of vibrational and rotational modes with inherent molecular selectivity, thus 
providing an ideal platform for optical sensing applications including the analysis of proteins. The 
characteristic mid-infrared signature of proteins includes bands that predominantly arise from 
vibrations within the peptide backbone such as the amide I and amide II features, among others. 
The amide I band (1600-1700 cm-1) is related to C=O stretching vibrations, whereas the amide II 

band (1500-1600 cm-1) is associated with CN stretching and NH in-plane bending 1. 
Surface enhanced infrared absorption spectroscopy (SEIRAS) using an attenuated total reflection 
(ATR) configuration has been used to analyze the protein bovine serum albumin (BSA) adsorbed 
onto bare gold nanoparticles (AuNPs). The bare gold nanoparticles forming the SEIRA-active 
substrate were synthesized in-situ inside the ATR compartment taking advantage of the stainless 
steel walls of the liquid cell acting as reducing agent, as previously demonstrated by our research 
team [2]. Thereby, a thin layer of AuNPs is deposited at the waveguide surface within the 
evanescent field. The in-situ formation of AuNPs at the substrate surface facilitates the 
preparation of a new SEIRA surface prior to each measurement, and the formation of AuNPs can 

be directly monitored via correspondingly enhanced water absorption bands 3.  
BSA has a high affinity towards gold nanoparticles due to external thiol functions available for 

conjugation to the AuNP surface 4. Consequently, SEIRA studies take advantage of the affinity 
of the protein to bare AuNPs present within the evanescent field at the ATR crystal. The 
absorbance of BSA on top of AuNPs deposited at the Si waveguide is distinctly enhanced vs. 
bare Si, thus improving the sensitivity of the detection. Furthermore, it was shown that the 
presence of an AuNPs layer does not affect the secondary structure of the protein. Measurements 
were carried out both in water and D2O, which conveniently shifts the strongly absorbing 
background of H2O from the spectral regime of interest for protein studies. Measurements at 
different protein concentrations were readily fitted to a Langmuir isotherm for quantification. 
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Dielectric and semiconductor nanostructures are becoming increasingly important as components 
in nanoscale integrated circuits and optoelectronic devices. Such resonant structures can exhibit 
complex interactions with light, controlling the wavelength, momentum and polarization of 
emission. Concretely, the directional/spectral optical response of nanowires (NWs) is a 
fundamental property that depends on the material, geometry and dimensions of the 
nanostructures and that needs to be considered in the design of NW optical devices [1, 2]. In this 
contribution, we investigate emission and absorption from finite semiconductor NWs, theoretically 
and experimentally (Fourier microscopy and cathodoluminescence polarimetry) demonstrating 
their behavior as optical absorbers [3, 4] and nanoantennas [5,6]. 
The description of light absorption at finite semiconductor NWs based on Mie (theory) resonances 
prevails over a wide angular range, however failing at grazing incidences where leaky/guided 
modes begin to play a relevant role [3]. Conversely, we have also demonstrated that directional 
emission of polarized light is governed by the Fabry-Perot-like guided/leaky mode resonances 
that mediate the emission process [5,6]. Our results show that semiconductor NWs can efficiently 
emit and absorb electromagnetic radiation in defined direction/polarization/frequency, providing a 
solid theoretical framework to tailor the NW response to electromagnetic radiation, relevant to the 
design of: broad band and broad angle nanowire-based solar cells and photodetectors; and 
lighting devices such as LEDs, nanolasers, or single-photon source. 
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Carbon dots (Cdots) have recently drawn great attention from the scientific community due to 
their excellent luminescent properties, high biocompatibility and low cost, compared to other 
luminescent nanomaterials [1]. These properties make Cdots suitable for a wide range of 
applications, such as (bio)sensing, bioimaging or nanomedicine [2]. 
The suitability of performing the direct carbonization of ascorbic acid in a heated microfluidic 
system was previously demonstrated, although low quantum yield Cdots were obtained [3]. In this 
sense, herein we present a ceramic microfluidic reactor for the synthesis of highly luminescent 
Cdots. The microreactor is fabricated using Low Temperature Co-fired Ceramics (LTCC), which 
enables the monolithic integration of both the fluidics and the heating systems. Moreover, we 
were able to monitor the reaction progress along the micromixer by using a thin ceramic layer that 
allowed the light to go through –although the bulk material is completely opaque– as well as seal 
the microreactor. The synthesis is based on a hydrothermal method and therefore a backpressure 
regulator was used in order to control the pressure inside the microsystem. Different reaction 
parameters have been studied, e.g. flow rates, temperature and pressure. The Cdots obtained 
exhibit a strong fluorescence emission band at around 450 nm.  
 
 
A B 

 
 

Figure 1. A) Normalized absorption and fluorescence spectra of the Cdots obtained. B) 
Microfluidic reactor during the synthesis. The increasing fluorescence along the mixer indicates 
the progress of the reaction. 
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The development of robust and sensitive bioanalytical applications of engineered nanoparticles 
(NPs) demands for analytical tools able to: characterize the nanoparticle core, guide the 
solubilization process and control the bioconjugation reaction of the nanoparticles to recognition 
units, such as antibodies and aptamers, which are specific for the target biomolecules of interest 
[1]. Traditional NP characterization techniques, such as UV-Vis, Fluorescence, Dynamic light 
Scattering (DLS) and Transmission Electron Microscopy (TEM) are typically used to get 
information about size, size distribution, NP concentration and hydrodynamic radius. However, 
sensitivity and information about NP composition in complex samples is very limited.  
Asymmetrical flow field-flow fractionation (AF4) is one of the most promising separation 
techniques able to achieve size-dependent separation of nanoscale particles ranging from <1 nm 
up to several μm [2]. Hybridation of the AF4 with different detectors could provide nanoparticle 
sizing and compositional analysis: information of great value to achieve a proper characterization 
of a nanoparticle colloidal solution. 
Here, on-line coupling of AF4 to fluorescence and ICP-MS detectors is proposed as a powerful 
diagnostic tool for control the quality of the product of the synthesis of quantum dots (QDs) 
nanoparticles. Besides, a strategy is presented for both, qualitative and quantitative assessment 
of the bioconjugation of CdSe/ZnS QDs to proteins based on the use of an optimized AF4 
separation. In particular, conjugation effectiveness between a “model” monoclonal IgG antibody 
(Ab) and CdSe/ZnS core-shell Quantum Dots (QDs), surface-coated with an amphiphilic polymer, 
has been monitored here by such hybrid technique. The hyphenated technique used provided 
nanoparticle size-based separation, elemental detection, and composition analysis capabilities 
that turned out to be instrumental in order to investigate in depth the Ab-QDs bioconjugation 
process [3].  
Moreover, the analytical strategy here proposed allowed us not only to clearly identify the 
bioconjugation reaction products but also to quantify nanoparticle: antibodies bioconjugation 
efficiency. This is a key issue in future development of analytical and bioanalytical 
photoluminescent QDs applications. 
 
References 
[1] Jose-Maria Montenegro, V. Grazu, A. Sukhanova, S. Agarwal, J. M. de la Fuente, I. Nabiev, A. Greiner, 
W. J. Parak, Adv. Drug Delivery Reviews, 65, 677 (2013). 
[2] A.J. Bednar, A.R. Poda, D.M. Mitrano, A.J. Kennedy, E.P. Gray, J.F. Ranville, C.A. Hayes, F.H. Crocker, 
A.J. Steevens, Talanta, 104, 140 (2013). 
[3] M. Menéndez-Miranda; J. Ruiz Encinar; J. M. Costa Fernandez, A. Sanz-Medel, Journal of 
Chromatography A, 1422, 247 (2015). 

 
 
 

 



Oral presentation  O-17 

XXV RNE – IX CIE | 45 

Characterization and quantification of silver nanoparticles in 
chicken meat during the in-vitro human gastrointestinal 
digestion by single particle ICP-MS 

 

K. Ramos1, L. Ramos2, M. M. Gómez-Gómez1,*. 
1Department of Analytical Chemistry, Faculty of Chemistry, Universidad Complutense de Madrid, Avenida 
Complutense s/n, 28040 Madrid, Spain.  
2Department of Instrumental Analysis and Environmental Chemistry, IQOG-CISC, Juan de la Cierva 3, 
28006 Madrid, Spain. 
*mmgomez@ucm.es 
 

Many food sectors are taking advance of the antibacterial properties of silver nanoparticles 
(AgNPs) to develop food supplements, animal feed products and packaging materials with 
improved properties. However, these new uses can result in their presence of AgNPs in food. 
Once AgNPs reach humans, their fate and possible transformation remains unclear. In this study, 
a chicken meat containing AgNPs (CRMs Nanolyse 14) [1] was used as a model matrix to study 
the fate of AgNPs upon oral ingestion following an in-vitro gastrointestinal digestion model. The 
behaviour of AgNPs standard solutions of 60 nm was evaluated in parallel. Sample preparation 
conditions were optimized to prevent AgNPs oxidation and/or aggregation. At each stage of the 
digestion process (salivary, gastric and intestinal) the total silver released from the tested sample 
and standard was determined by ICPMS. The presence of dissolved silver forms was evaluated 
by ultrafiltration and analysis of the filtrated. The presence of both AgNPs and dissolved silver 
was confirmed in the three extracts of both the 60 nm AgNPs standards and the chicken meat 
extracts by evaluation of the raw transient signal data obtained by single particle (SP)-ICPMS 
analysis [2]. AgNPs was characterized and quantified in terms of size distribution and particle 
number concentration. The studies show a silver released of 35% in the saliva extract, which 
increases to 54% and 57% in the case of the gastric and intestine stages, respectively. AgNPs in 
salivary extracts have a maximum size of 28-30 nm, but in the stomach and intestine extracts 
these value increased to 36-38 nm. The proposed methodology provided accurate information 
regarding silver speciation and AgNPs size distribution and number concentration in complex 
extracts, with minimum sample manipulation and involving short analysis time, which minimized 
the risk of AgNPs agglomeration and/or oxidation. 
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The toxicological antagonism between selenium (Se) and mercury (Hg) in animals has long been 
under comprehensive study up to the present day [1]. Nowadays it is well-known that the 
accumulation of Hg often accompanies Se accumulation at an equimolar ratio, often resulting in 
the formation of HgSe nanoparticles (NPs) in the tissues of biological organism. These NPs have 
been recognized as the ultimate product of mercury detoxification in biological systems [2]. 
However, the exact mechanism of their formation and distribution in animals is not understood 
and thus well-characterized engineered NPs would be invaluable to investigate such metabolic 
products. 
In this work, HgSe NPs were sonochemically synthesized and transferred for the first time to 
aqueous media using dihydrolipoic acid (DHLA) as nanoparticle capping ligand. A thorough 
characterization of the engineered HgSe NPs was carried out. Different complementary 
techniques, including high resolution-transmission electron microscopy (HR-TEM) and X-ray 
powder diffraction (XRD), provided information about the morphology and crystal structure of the 
NPs. X-ray photoelectron spectroscopy (XPS) and energy dispersive X-ray spectrometer (EDX) 
analysis were used in order to assess the chemical composition and purity of the same HgSe 
NPs. Moreover, fourier transform infrared spectroscopy (FT-IR), nuclear magnetic resonance 
(NMR), dynamic light scattering (DLS), zeta potential determinations and asymmetric flow field-
flow fractionation (AF4) coupled on-line to fluorescence and inductively coupled plasma-mass 
spectrometry (ICP-MS) confirmed that the DHLA ligands were bound onto the surface of the NPs 
making them stable in aqueous solutions. Fluorescence measurements evidenced that the 
engineered NPs exhibit a photoluminescence emission centred at 575 nm. 
Finally, the Se/Hg molar ratio of the NPs was accurately determined by ICP-MS. Such valuable 
information was used to precisely determine the nanoparticle concentration in aqueous solution 
(in terms of number of nanoparticles per unit volume) and the ligand density (in terms of number 
of DHLA molecules per nanoparticle). 
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Optical analysis based on fluorescence labelling has been extensively used for the selective 
tagging of a wide range of biomedical important targets or for sensing purposes. Fluorescent 
nanoparticles (NPs) offer interesting properties as labels, as they can be also used as active 
labels that change their properties upon changes in the environment, such as pH- or distance-
dependent fluorescence. In case NPs are not intrinsically fluorescent, they can be made 
fluorescent by attaching fluorophores to their volume and/or surface. Dye-labelled NPs can 
produce a highly amplified optical signal compared to a single dye molecule, as there are many 
dye molecule attached to each NP, providing a great improvement in analytical sensitivity. 
However, an appropriate control to quantify the fluorophore/NP ratio is required to succeed in the 
preparation of quantitative platforms matching the required application. Here a methodology to 
determine such parameter, the fluorophore/NP ratio, is presented. The methodology combines 
data obtained from UV/Vis absorption spectroscopy for determination of the dye concentration 
and inductively coupled plasma mass spectrometry (ICP–MS) analysis for determination of the 
NP concentration. To validate the approach, it has been applied to the analysis of different sets 
of fluorophore-NP conjugates prepared using diverse fluorescent dyes (i.e. fluorophores with 
different structures and emissions) and several types of NPs (i.e. PbS QDs, Au NPs and FePt 
NPs). The fluorophore-NP conjugates hereby were designed to incorporate the dye directly into 
an amphiphilic polymer coating. The developed methodology allows for quantification of 
fluorophore-NP coupling, and therefore, opens up the possibility of selecting controlled 
conjugates.  
 
Acknowledgements 

This work was supported by the European Commission (project FutureNanoNeeds to WJP). MMM 
acknowledges the Ph.D. grant (BP12-046) from Principado de Asturias (Spain). CCC acknowledges the 
Alexander von Humboldt Foundation for a PostDoc fellowship. We thank to Dr. Pablo del Pino and Mrs. 
Marta Gallego for assisting with the TEM imaging. 
 

 
 
 



Oral presentation   O-20 
 

XXV RNE – IX CIE | 48 

Gold nanoparticles and dissolved gold species determination 
in culture medium and cells by coupled hydrodynamic 
separation techniques to ICP-MS 

 

S. López-Sanz1,*, N. Rodríguez-Fariñas1, R. Serrano-Vargas2,  
R. C. Rodríguez-Martín-Doimeadios1, A. Ríos-Castro3.  
1Department of Analytical Chemistry and Food Technology, Environmental Sciences Institute (ICAM), 
University of Castilla-La Mancha, Avda. Carlos III s/n, 45071 Toledo, Spain. 
2Department of Inorganic Chemistry, Organic and Biochemistry, Faculty of Environmental Sciences and 
Biochemistry, University of Castilla-La Mancha, Avda. Carlos III s/n, 45071 Toledo, Spain. 
3Department of Analytical Chemistry and Food Technology, Faculty of Chemical Sciences and 
Technologies, University of Castilla-La Mancha, Avda. Camilo José Cela s/n, 13071 Ciudad Real, Spain. 
*sara.lopez@clm.es 
 

The use of gold nanoparticles (AuNPs) in different fields has rapidly grown in the last decades, 
but at the same time, there is also a growing concern about their potential toxicity on biological 
systems. Nanotoxicity test in vitro with cells are applied to evaluate this risk. Dynamic formation 
of protein coating around the NPs and liberation of ions may impact the biological response and 
the characterization of NPs in this media represents a challenging issue. For this purpose, the 
use of separation techniques (such as HPLC) coupled to specific detectors (such as UV-Vis and 
ICP-MS) is a promising option. Therefore, in this study a methodology has been developed for 
the characterization and identification of AuNPs and gold dissolved species (Au3+) in culture 
medium (DMEM) and HeLa cells used in nanotoxicity tests. The presence of the culture medium 
produces a shift towards larger hydrodynamic diameters, which suggests the formation of a 
protein corona. These results were confirmed in the analysis of cells and supernatants obtained 
from the nanotoxicity test with AuNPs and Au3+. Moreover, the AuNPs could suffer an oxidation 
process in the supernatants. Only a small amount of AuNPs and Au3+ standards was internalized 
by cells. To evaluate the biological impact of AuNPs, a classical viability assay onto HeLa cells 
was performed using cellular media DMEM in the presence of increasing dosage of AuNPs. The 
results showed that AuNPs exhibit a slight toxic effect. 
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The matrix metalloproteinases (MMPs) are a family of zinc-dependent endopeptidases. The main 
functions of this metalloproteinases are the degradation of the stromal connective tissue and 
basement membrane components]. In healthy tissues the activity of the metalloproteinases is 
regulated by specific endogenous tissue inhibitors (TIMPs). Recent data from model systems 
suggest that MMPs are involved in breast cancer (BC) initiation, invasion and metastasis[1]. 
Particularly, MMP-11 (Stromelysin-3) is expressed in stromal fibroblasts adjacent to epithelial 
tumor cells, and high levels of this metalloproteinase were associated with tumor progression and 
poor prognosis of BC [2]. Consequently, MMP-11 involved in these processes can be a candidate 
to be identified as new prognostic biomarker in BC. 
In other hand, several studies have shown that concentrations of essential trace elements (Fe, 
Cu, Zn and Ca), naturally present in breast tissues may be significantly increased in BC tissues.  
Bioimaging analytical techniques, based in laser ablation and mass spectrometry LA-MS, have 
been rapidly growing in biology and medicine for studies of biological systems to provide 
information of biomolecules and metals with lateral resolution at the micrometer scale. 
Elemental mass spectrometry based analytical methods (e.g. laser ablation inductively coupled 
plasma mass spectrometry, LA-ICP-MS) have been developed for bioimaging of essential trace 
metals (Ca, Fe, Cu and Zn) and no metals (S, P and Se) in biological tissues. Moreover, 
combinations of immunohistochemistry (IHC) assays with LA-ICP-MS technique and/or matrix-
assisted laser desorption/ionization mass spectrometry (MALDI-MS) have been widely applied 
for imaging and mapping of expression of protein biomarkers (MMPs, HER2, MUC-1) implicated 
in breast cancer with high sensitivity and high local resolution. 
The aim of this work is the development of new strategies based on LA-ICP-MS and/or MALDI-
MS to investigate the distribution of Zn and MMP-11 in normal and cancer breast tissues. The 
results obtained showed that the levels of Zn and MMP-11 in cancer breast tissues were 
significantly higher than those found in normal ones. The elemental and molecular spatial 
distributions were correlated with histological aspects in breast tissues. The results usefulness for 
diagnostic, prognostic and treatment purposes of breast cancer will be discussed. 
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Raman spectroscopy have been proved to be a suitable technique to study inter/intramolecular 
interactions and structural information [1]. Frequency changes of a given stretching vibration are 
directly related to the strengthening / weakening of those bonds involved with the molecular 
environment. On the other hand, hydrogen-bonding is responsible of the anomalous properties 
of water. Its rich phase diagram, the maxima and minima found in its thermodynamic response 
functions or the possible existence of two interconvertible species generally known as High 
Density Water and Low Density Water are only some examples of the outstanding properties of 
water, originated by this interaction [2]. Thus, the debate about the structure of water is still an 
open question. 
Here, we present a study of the pressure (up to 1 GPa) and temperature dependence (260-500 
K) of the Raman OH-stretching band of water. Assuming that this band can be split in five 
contributions, which depend on the different donor-acceptor character of the hydrogen bond [3], 
we are able to explain the changes on water structure with varying pressure and temperature. 
Our results reveal that pressure produces the collapse of the molecules of the second shell into 
the first shell of the water, whereas the temperature produces a unique sequential rupture of the 
hydrogen bonds. This analysis is in excellent agreement with the pressure analysis of the radial 
distribution function given by Soper et al. [4], whereas the temperature analysis reproduces the 
maximum density and it is consistent with the X-ray spectroscopy data, thus providing a global 
picture about the structure and anomalous behavior of liquid water. 
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Inductively Coupled Plasma – Mass Spectrometry (ICP-MS) is at the present time the most used 
instrumental method for rare earth elements (REE) quantification. Nevertheless, its applicability 
in the analysis of geological samples exhibits some constraints, since the accuracy of the data is 
largely dependent, both on complete sample dissolution and adequate correction of polyatomic 
species MO+ and MOH+. Within this method development, five geological reference materials, 
three from Geopt proficiency-testing program: HPT-1, OPC-1, SBC-1, and two from MC Chinese 
Reference Materials: GBW 7103 and GBW 7359, were employed to validate the options made 
for sample digestion and polyatomic corrections. The obtained analytical results for samples of 
different matrices demonstrate the applicability of this method and instrument in various 
geological studies such as petrology and mineralogy. The PlasmaQuant® MS Elite allows for a 
significant reduction of oxide / hydroxide levels in collision gas mode while achieving high 
sensitivity. This results in limits of detection of 0.1 to 2 ppt in the presence of Na2O2 matrix and 
allows for running the analysis of REE without pre-defined correction equations. It is therefore a 
perfect tool for the analysis of REE in different geological applications. 
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Nanomaterials are increasingly used in industrial processes, manufactured goods, medicines, 
and consumer products such as cosmetics, sunscreen, and food. The measurement of 
nanoparticles (NPs) is the focus of attention because the fate of NPs in the environment and the 
potential for toxic effects once absorbed into the body are not yet fully understood.  
ICP-MS is a well-established technique for measuring the elemental content of materials; the 
relatively recent development of Single Particle acquisition mode (spICP-MS) now provides a 
powerful method to characterize the NP content of a sample. 
However, the detection of very small nanoparticles (<20 nm) remains challenging for spICP-MS, 
due to the low signal generated from such particles. Particle mass decreases as the cube of the 
diameter, so a factor of 2 reduction in particle diameter (for example from 60 nm to 30 nm) results 
in an 8x reduction in mass and therefore signal.  
In addition, some nanoparticles are difficult to detect because of the inherent low sensitivity of the 
elements they are composed by, or due to the presence of strong polyatomic interferences. The 
Agilent 8900 Triple Quadrupole ICP-MS (ICP-QQQ) addresses these drawbacks due its 
background, high sensitivity and effective control of interferences with MS/MS, which ensure that 
even very small NPs can be easily distinguished from background signal. 
Au and SiO2 NPs were measured in spICP-MS mode using MS/MS on the Agilent 8900 ICP-
QQQ, equipped with Single Nanoparticle Application Module software. The capabilities of the 
instrument for the measurement of these materials will be shown and discussed. 
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Mercury (Hg) is a naturally occurring pollutant that affects human health, especially when it is in 
form of organic compounds. The main route of human exposure to Hg is the consumption of fish 
and seafood (where Hg is accumulated as the very important neurotoxin monomethylmercury, 
MeHg) but the inhalation of Hg vapour (mainly Hg0) is also important in mining areas. To evaluate 
the exposure of population to these Hg sources there are different approaches but hair is one of 
the best options for different reasons. It is known that hair samples are representative of 
cumulative exposure to Hg, the sampling is not invasive and the transport and conservation of 
the sample is easy. Therefore, analytical methods enabling the determination of different Hg 
species (mainly MeHg and inorganic Hg) in hair are necessary in order to assess potential Hg 
health risks. Traditional sample preparation procedures for Hg speciation in hair usually involve 
very tedious and time-consuming extraction procedures leading to potential errors such as artifact 
formation of Hg forms. Thus, this work was aimed to develop a fast and simple method for the 
simultaneous and quantitative determination of Hg species in hair samples. The extraction of Hg 
species by closed-vessel microwave extraction was carefully optimized evaluating different 
parameters, such as extracting agent, irradiation temperature, heating time or sample weight. The 
finally proposed methodology consists in an acidic (6 N nitric acid) microwave extraction and a 
subsequent analysis by gas chromatography coupled to atomic fluorescence detection after 
derivatization by ethylation. A preconcentration step using a nitrogen stream was also included 
when Hg species concentrations were not detectable. The procedural detection limits, after 
preconcentration, were 2.4 and 2.0 ng/g for MeHg and inorganic Hg, respectively. The optimized 
method was validated using the hair certified reference material ERM-DB001 obtaining MeHg 
(254±23 ng/g) and inorganic Hg (119±28 ng/g) concentrations in good agreement with the 
certified concentration for total Hg (365±28 ng/g) and the proposed value for MeHg (240 ng/g). 
An additional validation was also conducted by analysing real hair samples using the proposed 
method and an independent method which is based on the pyrolysis of the sample and provides 
information only about total Hg. The sum of Hg species obtained by the developed method were 
in excellent agreement with the total Hg concentration provided by the independent method. With 
the new proposed procedure a considerable reduction of the time of analysis was achieved 
compared to other methods giving information about individual Hg species. 
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The use of a Nespresso coffee machine for the pressurized extraction of polycyclic aromatic 
hydrocarbons (PAHs) in soils has been employed as a model for the evaluation of the exciting 
possibilities of this popular system. Nespresso devices works for coffee extraction at 72ºC and 19 
bars and, thus based on that we have evaluated the use of different acetonitrile:water mixtures 
and experimental conditions to do the complete extraction of PAHs from polluted soils. 
Preliminary studies on aged spiked samples evidenced that 75 mL of 40:60 acetonitrile:water 
mixtures are enough to do the complete extraction of 16 priority PAHs in a single step from 5 g of 
soil mixed with Spe-ed matrix hygroscopic dispersing agent and using a borosilicate filter to avoid 
sample losses. After extraction, PAHs were determined by liquid chromatography (LC) using 
molecular fluorescence detection (FD). The whole extraction process were made in 20 seconds 
and the chromatography time involved 25 minutes for each run. 
The method has been applied to the evaluation of the presence of PAHs in contaminated soils, 
sediments and road dusts and the accuracy was checked using two different certified reference 
materials.  
The limit of detection (LOD) of the developed procedure ranged between 2 and 128 µg kg-1 with 
relative standard deviation (RSD) values of the order of 5% at µg kg-1 concentration level. 
In short, the use of this system is a cheap and fast green alternative to the reference procedure 
which involves the use of 100 mL pure acetonitrile for 30 minutes in an ultrasound water bath. 
This study opens new possibilities for the laboratory use of the Nespresso coffee machines for 
the extraction of samples and additional works are in due course in our laboratory for food, 
industrial and environmental samples to do the determination of mineral elements and their 
chemical species and organic compounds like pesticides, pharmaceuticals and detergents. 
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Magnetic solid phase extraction (MSPE) is one of the emerging techniques for sample 
preparation. It avoids time-consuming and tedious on-column SPE procedures and it provides a 
rapid and simple analyte separation without the need for centrifugation or filtration steps [1]. This 
approach is especially interesting for the monitoring of organic pollutants in environmental 
samples. 
Polycyclic aromatic hydrocarbons (PAHs) are most worrying organic pollutants. These are 
hazardous chemical compounds due to their high toxicity, mutagenicity, carcinogenicity, 
persistency and bioaccumulation properties [2]. High performance liquid chromatography–
ultraviolet detection coupled to fluorescence detection (HPLC-FLD) is among the most used 
techniques for the PAHs determination in different environmental matrices. Concerning to sample 
preparation, because of their planar structure, PAHs can be adsorbed onto carbon nanotubes by 
means of a strong π-π interaction. 
In this work, we have used Fe3O4 magnetic nanoparticles coated with multi walled carbon 
nanotubes (MNP-MWCNT) as MSPE sorbent material for the determination of seven PAH 
congeners in water. The congeners monitored were naphthalene (NAPH), acenaphtene (ACE), 
fluorene (FLU), phenanthrene (PHEN), anthracene (ANTH), pyrene (PYR) and flouranthene 
(FLT). 
HPLC-FLD was used for the identification and quantification of the analytes. The separation was 
carried out in a Zorbax Eclipse PAH column (2.1 x 50 mm x 1.8 µm) and water:acetonitrile was 
used as mobile phase at 0.42 mL/min. The gradient was as follows: 40% acetonitrile (t=0 to 0.45 
min) and then increased to 100% (t = 6 min) for 3 min. After that, the mobile phase was returned 
to initial conditions in 0.5 min and kept for 3.5 min. The total run time was 13 min. Oven 
temperature was set at 25°C. The excitation wavelength was 260 nm and the emission 
wavelengths were 350 nm (NAPH, ACE, FLU and PHEN), 420 nm (ANTH, PYR) and 500 nm 
(FLT). The instrumental limits of detection and quantification were 0.01 – 0.73 μg/L and 0.04 – 
2.4 μg/L, respectively. 
The parameters affecting the sorption and desorption steps were optimized. After checking that 
the adsorption of the analytes was complete, the supernatant was separated from the MNP-
MWCNTs by means of an external magnet. The recovery studies showed values from 73 to 107 
%. The methodology was applied to several samples of synthetic water spiked with PAHs at 
different concentrations and containing different amounts of humic acids and ionic strength, with 
satisfactory results. 
ü 
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Red grapes (Vitis vinifera L.) contain about four grams of phenolic material per kilo. There is a 
substantial variation in the levels of phenolic compounds which depends on a number of factors 
including the variety of grape, high or low skin:volume ratio, growing region, climate, and growth 
conditions [1]. It is also really important to know the amount of these phenols that may be 
extracted from grapes to wine. Hyperspectral imaging is an emerging and rapid technique for non-
destructive food analysis usually carried out in either the visible-short near infrared or near 
infrared spectral regions [2]. 
Hyperspectral images of intact grapes were recorded at harvest time using a near infrared 
hyperspectral imaging system (900 - 1700 nm). Spectral data have been correlated with red grape 
skin extractable polyphenols (total phenolic, anthocyanins and flavanols) by modified partial least 
squares regression (MPLS) using a number of spectral pretreatments. The obtained results 
(coefficient of determination (RSQ) and standard error of prediction (SEP) respectively) for the 
developed models were: 0.82 and 0.92 mg g-1 of grape skin for extractable total phenolic content, 
0.79 and 0.63 mg g-1 of grape skin for extractable anthocyanin content, 0.82 and 0.45 mg g-1 of 
grape skin for extractable flavanol content [3]. The procedure reported here using near infrared 
hyperspectral imaging presents a good potential for a fast and reasonably inexpensive screening 
of the extractable polyphenolic compounds in intact grapes. In addition, the heterogeneity of 
extractable polyphenols within the same ripeness stage has been observed. This methodology 
allows sorting the berries according to their polyphenol extractable contents and then the same 
samples could be used in further studies for other destructive analyses or purposes. Furthermore, 
differences between Syrah and Tempranillo extractable polyphenols have been also found. 
Nonetheless, a comprehensive study should be made in order to evaluate factors, such as 
different production areas and grape varieties, in the complete development of these models. 
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The knowledge and dissemination of the culture of Iberians (Iron Age, south, east and north of 
the Iberian Peninsula, 6th-1st century B.C.) have experienced great progress within the last two 
decades, becoming one of the most important fields in the study of the Protohistory of the Iberian 
Peninsula. Aspects such as the processes of manufacturing and decoration of different kind of 
artifacts, and the choice of raw materials, including pigments, have focused our attention and 
have been the subject of detailed studies [1, 2, 3]. 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) and energy dispersive X-ray fluorescence 
(EDXRF). This work consists of the analysis of black decorated Iberian potteries from 10 
archaeological sites in the Spanish provinces of Jaen, Granada, Málaga and Ciudad Real. This 
selection of samples covers a long temporary range (6th-3rd ct. BC.), and several contexts 
(funerary, ritual, military and domestic). 
The origin and elaboration of black decoration in Iberian ceramics is here identified for the first 
time using MRS and EDXRF. A distinction must be made between black in oxidation firing pottery 
vs. black in reduction firing pottery. Once amorphous carbon was abandoned in 6th ct. BC., black 
decoration in oxidation firing, usually combined with red bands, was obtained from some kind of 
manganese oxide (jacobsite, hausmmanite, bixbyite).  
A second stage in the use of black decoration opens when use of manganese oxide is abandoned 
from the 4th ct. BC. From that period onwards, red and black combinations result from use of 
hematite and a double (oxidation and reduction) firing. This is why the Raman spectrum of black 
colour is magnetite. This type of decoration has a clear territorial meaning: it is characteristic of 
the eastern province of Jaen and the south of Ciudad Real in the third century B.C. 
All information obtained will be shared by means of on-line catalogue and database currently 
under development that will provide information on archaeological contexts, chemical 
composition, and details of the analytical methodology, also incorporating 3D models of the 
materials studied using 3D viewer on the Sketchfab website. 
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Nowadays, one of the most important areas of interest in archeology is the characterization of the 
submersed cultural heritage. Mediterranean Sea is rich in archaeological findings due to storms, 
accidents and naval battles since prehistoric times. Chemical analysis of submerged materials is 
an extremely valuable source of information on the origin and precedence of the wrecks, and also 
the raw materials employed during the manufacturing of the objects found in these sites. 
Nevertheless, sometimes it is not possible to extract the archaeological material from the marine 
environment due to size of the sample, the legislation or preservation purposes. In these cases, 
the in-situ analysis turns into the only alternative for obtaining information. In spite of this demand, 
no analytical techniques are available for the in-situ chemical characterization of underwater 
materials. 
The versatility of laser-induced breakdown spectroscopy (LIBS) has been successfully tested in 
oceanography 1. Advantages such as rapid and in situ analysis with no sample preparation make 
LIBS a suitable alternative for field measurements. To further exploit the inherent advantages of 
the technology, a mobile fiber-based LIBS platform capable of performing remote measurements 
up to 50 meters range has been designed for the recognition and identification of artworks in 
underwater archaeological shipwrecks. The LIBS prototype featured both single-pulse (SP-LIBS) 
and multi-pulse excitation (MP-LIBS) 2. The use of multi-pulse excitation allowed an increased 
laser beam energy (up to 95 mJ) transmitted through the optical fiber. This excitation mode results 
in an improved performance of the equipment in terms of extended range of analysis (to a depth 
of 50 m) and a broader variety of samples to be analyzed (i.e., rocks, marble, ceramics and 
concrete). In the present work, the design and construction considerations of the instrument are 
reported and its performance is discussed on the basis of the spectral response, the remote 
irradiance achieved upon the range of analysis and its influence on plasma properties, as well as 
the effect of the laser pulse duration and purge gas to the LIBS signal. Also, to check the reliability 
and reproducibility of the instrument for field analysis several robustness tests were performed 
outside the lab. Finally, the capability of this instrument was successfully demonstrated in an 
underwater archaeological shipwreck (San Pedro de Alcántara, Malaga). 
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The enzyme immobilization is attracting general scientific and industrial interest because of the 
improvements in the thermal and pH stability of the modern enzymes. Furthermore, the 
immobilization process facilitates their reuse. Different techniques, such as, small angle x-ray 
scattering (SAXS) and nitrogen adsorption can help to identify the presence of the enzyme 
adsorbed on the support material. However, it is still a challenge to study the interactions between 
the functional groups of the enzyme and the support. In this context, vibrational spectroscopy can 
play an important role, since reported studies showed that the interaction enzyme-support can be 
confirmed with the displacement and/or increment of some spectral bands‘ intensity, or the 
appearance of new ones.[1] 
The aim of this work was to use vibrational spectroscopy, specifically Infrared and Raman, to 
study the interaction between β-galactosidase (EC 3.2.1.23), an interesting enzyme in the 
production of low-lactose products, and a meso-macroporous silica support. The ATR-FTIR 
spectra showed the presence of the amide I at 1651 cm-1 (νC=O), and amide II at 1535 cm-1 (δN-
H), which are representative of the enzyme. Some displacement of the νSi-O-Si and νSi-OH 
bands, characteristic of silica support, also reinforced the interaction between β-galactosidase 
and the silica support. Regarding to the Raman spectra, they exhibited the amine band at 3060 
cm-1, and a broad band between 1710 and 1510 cm-1. In this range, it is possible to identify the 
amide band at 1670 and 1586 cm-1. It is extremely interesting the difference in this band 
conformation for different concentrations of immobilized enzyme. Afterwards, chemometric 
analysis (extended canonical variate analysis, ECVA) were carried out to inspect the variability of 
each sample with different enzyme concentration. The ECVA algorithm improves the canonical 
variate analysis (CVA) as a technique designed to emphasise the differences between data 
classes according to a statistical criterion. Interestingly, this method clearly identified the spectral 
difference among the raw silica particles and both low and high concentrations of immobilized 
enzyme.        
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Carbonaceous compounds are found in diverse astronomical media [1], many of them found in 
small dust grains. Mostly formed during the last stage of evolution of carbon rich stars, their 
skeleton is thought to be mainly composed of carbon and hydrogen [2]. They are thus 
characterized by several IR features which act as fingerprints of their presence, namely aliphatic, 
aromatic and olefinic functional groups [3]. 
The present study is devoted, from the theoretical and experimental point of view, to the study of 
structural and spectroscopic features of Hydrogenated Amorphous Carbon (HAC) whose 
absorptions have a very good degree of agreement with the astronomical observations.  
Ab initio calculations of a series of randomly packed Polycyclic Aromatic Hydrocarbons (PAH) 
derivatives (Fig 1) are performed in order to understand, in an atomistic context, the spectral 
profile of these species. Among other factors: amorphization, inhibition of bending modes and 
number of functional groups are considered in these calculations. Simulation cells are constructed 
using a Metropolis Montecarlo procedure. The level of theory chosen is Density Functional Theory 
(DFT) in its Generalized Gradient Approximation (GGA) formulation of the exchange and 
correlation energy using a plane wave expansion of the total electronic wave function. 
Irradiation experiments with high energy electrons (5 keV) are conducted in an attempt to obtain 
quantitative data on the rate of destruction of these materials under extraterrestrial conditions. 
Upon collision with the sample, high energy electrons produce a cascade of processes whose 
destruction effect is similar to the one measured for cosmic rays analogues (MeV protons). The 
samples are generated by Plasma Enhanced Chemical Vapour Deposition (PECVD) and the 
irradiation is monitored by IR spectroscopy, taking into special consideration the 3.4mm 
absorption band (Fig 2). 
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Figure 1: Amorphous cell containing three 

methylated derivatives of phenantrene. 

 

Figure 2: Decay of the CH aliphatic stretching 

region upon electron irradiation. 
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The main component of the binders present in the Cultural Heritage mortars is an amorphous 

hydrated calcium silicate (called C-S-H† gel) whose structure resembles that of the tobermorite 

and jenita minerals. However, while the C-S-H gel has no well-defined stoichiometry, the other 
two minerals are crystalline with a well-established chemical formula, Ca5Si6O16(OH)2·4H2O for 
tobermorite and Ca9Si6O18(OH)6·8H2O for jenite. Both minerals have a Ca/Si ratio of 0.83 and 1.5 
respectively. Instead, the gel C-S-H has a variable stoichiometry, presenting relations Ca/Si 
ranging from 0.5 to 2.1 [1]. 
The synthesis of the C-S-H gel can be done in different ways, which can influence the Ca/Si ratio 
and therefore their properties. In this work the C-S-H gel was synthesis by three methods: the 
double decomposition [2], hydrothermal [3] and mechanochemical [4]. The formation of the 
amorphous compound was monitored by Raman and Infrared Spectroscopy. Through thermal-
thermogravimetric analysis the percentage of the phases formed, gel C-S-H, calcite and 
amorphous carbonates in each synthesis was determined. The method of double decomposition 
leads to the formation of a larger amount of gel C-S-H at the same reaction time. 
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†Cement Chemistry Notation, C = CaO, S = SiO2, H = H2O. 
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The study of photophysical and photochemical processes crosses the interest of many fields of 
research in physics, chemistry and biology. In particular, the photophysical and photochemical 
reactions, after light absorption by a photosynthetic pigment-protein complex, are among the 
fastest events in biology, taking place on timescales ranging from tens of femtoseconds to a few 
nanoseconds. Among the experimental approaches developed for this purpose, the advent of 
ultrafast transient absorption spectroscopy has become a powerful and widely used 
technique.[1,2] 
Focusing on the process of photosynthesis, it relies upon the efficient absorption and conversion 
of the radiant energy from the Sun. Chlorophylls and carotenoids are the main players in the 
process. Photosynthetic pigments are typically arranged in a highly organized fashion to 
constitute antennas and reaction centers, supramolecular devices where light harvesting and 
charge separation take place. The very early steps in the photosynthetic process take place after 
the absorption of a photon by an antenna system, which harvests light and eventually delivers it 
to the reaction center. In order to compete with internal conversion, intersystem crossing, and 
fluorescence, which inevitably lead to energy loss, the energy and electron transfer processes 
that fix the excited-state energy in photosynthesis must be extremely fast. In order to investigate 
these events, ultrafast techniques down to a sub-100 fs resolution must be used. In this way, 
energy migration within the system as well as the formation of new chemical species such as 
charge-separated states can be tracked in real time. This can be achieved by making use of 
ultrafast transient absorption spectroscopy. 
The basic principles of this notable technique, instrumentation, and some recent applications to 
photosynthetic systems[3] will be described. 
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Several studies have been concerned with the mechanistic aspects of the electropolymerization 
of o-aminophenol. The synthesized poly(o-aminophenol), poly(OAP) shows a ladder structure 
with phenoxazine-type units [1, 2]. 
2-amino-4-tert-butylphenol monomer was polymerized from aqueous solution using either 
electrochemical or chemical oxidation procedures. In situ spectroscopic characterization 
techniques were employed to gain information on the chemical structure and redox behavior of 
the electroactive material obtained. A possible chemical structure of such material has been 
depicted in Fig. 1.  
 
 

 
 
 

Fig. 1. Representation of the reduced form of a poly(2-amino-4-tert-butylphenol) fragment, as 
derived from in situ spectroscopic results. 

 
The combination of electrochemical methods with in situ FTIR and in situ UV-vis spectroscopies 
strongly suggest that the chemical structure of poly(2-amino-4-tert-butylphenol) contains both 
phenoxazine rings and azo moieties. The former, which are more prevalent, arise from the usual 
para-coupling of aniline-derivative monomers [3], while the latter are probably stimulated by the 
presence of a voluminous alkyl group adjacent to the more reactive para- position. No significant 
structural differences were found between the chemically or electrochemically synthesized 
materials. 
 
Acknowledgements 

Financial support from the Spanish Ministerio de Economía y Competitividad and FEDER funds (MAT2013-
42007-P) and from the Generalitat Valenciana (PROMETEO2013/038) is gratefully acknowledged. M. Abidi 
thanks the Ministry of Higher Education and Scientific Research of Tunisia for funding her stay at the 
University of Alicante. 
 
References 
[1] H.J. Salavagione, J. Arias, P. Garces, E. Morallon, C. Barbero, J.L. Vazquez, J.Electroanal. Chem., 565, 

375–383 (2004). 
[2] H.J. Salavagione, J. Arias-Pardilla, J.M. Perez, J.L. Vazquez, E. Morallon, M.C. Miras, C. Barbero, J. 
Electroanal. Chem., 576, 139–145 (2005).   
[3] Y. Wei, R. Hariharan, S.A. Patel, Chemical and electrochemical copolymerization of aniline with alkyl 
ring-substituted anilines. Macromolecules, 23, 758–764 (1990).  



 

XXV RNE – IX CIE | 64 

  



 

XXV RNE – IX CIE | 65 

 

 

 

POSTER 

PRESENTATIONS 

Nanoparticles 
 



 

XXV RNE – IX CIE | 66 



Poster presentation  NP-01 
 

XXV RNE – IX CIE | 67 

Detection of Hg by total reflection X-ray fluorescence 
following photochemical generation of Hg vapor and trapping 
onto Pd nanoparticles 

 

C. Bendicho1,*, I. De La Calle1, V. Romero1, M. Gryglicka2, I. Lavilla1. 
1Departamento de Química Analítica y Alimentaria, Área de Química Analítica, Facultad de Química, 
Universidad de Vigo, Campus As Lagoas-Marcosende s/n, 36310 Vigo, Spain.  
2Department of Analytical Chemistry, Faculty of Chemistry, Maria Skłodowska-Curie University, Wydział 
Chemii UMCS w Lublinie pl. M. Curie-Skłodowskiej 2, 20-031 Lublin, Poland. 
*bendicho@uvigo.es 
 

The high toxicity of mercury (Hg) even at extremely low concentration makes it necessary the 
development of very sensitive methodologies for the preconcentration of this element. The 
maximum content of Hg established in drinking water by the European Commission and USEPA 
is 1 and 2 µg/L Hg, resp. [1, 2]. 
In recent years, nanomaterials have been introduced in sample preparation procedures due their 
attractive properties. One of the potential applications of noble metal nanoparticles is their use as 
sorbents of metal species due to their high specific surface area and sorption capacity. Hg can 
be efficiently retained onto noble metal nanoparticles as a result of amalgamation. Thus, we have 
developed a technique based on previous publications related with photochemical vapour 
generation and adapted for total reflection X-ray fluorescence (TXRF) analysis. Special attention 
has been paid to the challenges that pose the analysis of Hg by TXRF [3]. The main objective of 
this work lies in the improvement of detection capability for Hg by TXRF, overcoming the problem 
of Hg losses occurring typically due to volatilization. The method consists on the photogeneration 
of Hg vapor in the presence of a precursor and trapping onto quartz substrates previously coated 
with Pd nanoparticles. Size and morphology of the Pd NPs were studied by transmission electron 
microscopy (TEM). Pd nanoparticles were spherical-shaped with an average particle size of 3 
nm. Operation parameters in the continuous flow-photochemical vapor generation (CF-photo 
CVG) system were optimized. Acetic acid was chosen as precursor for reducing species. 
A trapping time of 30 min and an acetic acid concentration of 2 M were found as optimal for 
detection of Hg by TXRF. Under these conditions, the enrichment factor and the limit of detection 
achieved were 127 and 54 ng/L, respectively. The repeatability of the method (expressed as the 
relative standard deviation) for a Hg standard of 1 μg/L was 3 %. Recovery studies were 
performed in water samples spiked with 10 μg/L of Hg. Recoveries in the range of 96 - 101 % 
were obtained. The reported approach could open the door to on-site detection of Hg at sub-ppb 
level using a portable TXRF instrument. 
 

 
Figure 1. Scheme of the CF-photo CVG approach coupled to TXRF 
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Metal-organic frameworks (MOFs) are a relatively new class of materials that have received great 
interest due to their structural and topological diversity, as well as to the properties that arise from 
their structural features because the combination of metal centers and organic ligands provides 
fantastic possibilities for the construction of materials with various structure and functionality [1] 
In particular, the study of s-block-based MOFs hasn’t been explored in the field of MOFs, 
however, these metal centers are cheap, non-toxic, and essential in many biological processes, 
and their complexes have shown a wealth of interesting properties, ranging from catalysts to 
ferroelectrics. For these reasons, we decided to synthesize new MOFs by using potassium as 
metal center and to study some of the physical properties exhibited by these materials. In this 
work, we have synthesized a novel MOFs based on the perylene-3,4,9,10-tetracarboxylate linker 
and potassium as metallic center. We report the formation of this K-based MOF using 
conventional routes with water as solvent. This material displays intense photoluminescence 
properties in liquid and solid state at room temperature. What is more interesting, we have 
realized photoconductance measurements. To the best of our knowledge, this is the first example 
of 3D-MOF with this interesting octadentate ligand and one of the few examples of three-
dimensional potassium MOF materials. 
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The electrolyte plays an important role in electrochemical SERS experiments given that the 
overall intensity of the spectrum and the vibrational wavenumber of the enhanced bands can be 
affected. This is because the behavior of an adsorbate in the presence of different electrolytes is 
related to the relative strength of adsorption processes. The competitiveness established between 
the anions of the electrolyte and the molecules to diffuse from the bulk solution to the electrode 
surface has proved to be decisive in obtaining intense SERS spectra. It has been shown that 
SERS of aromatic acids such as benzoic acid and even aromatic alpha-amino acids as 
phenylacetic have stronger intensity when the most commonly used electrolyte in SERS, 
potassium chloride, is changed by sodium sulphate [1,2]. In addition, the type of electrolyte can 
also affect to the electrode potential to which the maximum relative intensity of the enhanced 
bands is reached, being able to determine the relative adsorption strength of each anion [3]. 
Moreover, the anions of the electrolyte seem to be also involved in the formation of ion pair with 
protonated and positively charged chemical species [4] favoring their adsorption on the metallic 
surface and thus giving SERS spectra.  
SERS spectra of pyridine has been recorded on a silver electrode in a potential range from 0.0 to 
-1.20 V with a saline solution, pyridine / KCl (0.1M / 0.1M), by using the 514.5 nm exciting line by 
us [5]. Under these experimental conditions, the maximum intensity of the enhanced 8a and 9a 
bands is reached at -0.75 V and -1.20 V, respectively, being the 9a band what dominates the 
spectrum at negative electrode potential. Although this behavior has been explained under a 
resonant charge transfer mechanism, the nature of the electronic resonance processes involved 
in the enhancement of each band is different. The 8a band is enhanced due to an electronic 
excitation between the ground and excited charge transfer electronic state of the metal-adsorbate 
surface complex, while the activity of the 9a band is due to a plasmon-like excitation taking into 
account an overall electronic structure of small metal clusters [6] which is able to selectively 
modify the relative intensities of specific SERS band. 
We intend now to record pyridine SERS spectra under the same experimental conditions but 
varying only the type of electrolyte in order to check how it affects the relative intensities and 
vibrational wavenumbers of the bands as well as the electrode potential to which the enhanced 
bands reach the maximum intensity. Different electrolytes like KCl, NaCl, KBr, NaBr and Na2SO4, 
have been selected in such way that allows us to compare SERS spectra in which changes only 
the cation or the anion of the electrolyte. From the analysis of all these SERS spectra, it can be 
concluded that no significant wavenumbers shifts have been detected, while the relative 
intensities of the bands and the electrode potential to which the maximum intensity is reached are 
slightly modified. NaBr electrolyte requieres more negative electrode potential in order to enhance 
the 8a and 9a bands and to resolve the 12 and 1 pair. 
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Silver nanoparticles exhibit Localized Surface Plasmon Resonances (LSPR) that are responsible 
of the enhanced spectroscopies (SERS and SEF) under several conditions. They present also 
anti-inflammatory effects and as additional advantage, they can act as drug nanocarriers 
adsorbing the pharmaceutical molecules on their surface. Consequently, a combination of drugs 
and silver nanoparticles will constitute an ideal system to include in multi-step drug delivery 

systems acting as “magic bullets” to achieve the disease cells.  
Piroxicam (PX), (4-hydroxy-2-methyl-N-(pyridin-2-yl)-2H-1,2-benzothiazine-3-carboxamide1,1-
dioxide), is a non-steroidal anti-inflammatory drug (NSAID) that has numerous applications as 
antipyretic or painkiller. It works by inhibiting the synthesis of prostaglandins which preserve the 
integrity of the stomach lining and maintain normal renal function in a compromised kidney, 
producing gastrointestinal side effects and serious skin reactions. This is the reason why the 
European Medicines Agency has restricted their uses from 2007. Thus, development of novel 
delivery systems which will permit targeted and controlled release of drugs will avoid several of 
those undesired complications. Before launching such a project it is necessary to characterize 
the physicochemical behavior of these systems in solution.  
From the point of view of chemistry PX is a complex molecule that presents an acid-base 
equilibrium with, at least, five species in equilibrium with different biomedical implications. In this 
work, we present the spectroscopic properties of three different systems:  
i) Raman and fluorescence of PX either in water at different pH values or in solvents with different 
polarities, and also its SERS and SEF characterization in gold and silver colloids, trying to imitate 
several physiological conditions. Our results [1] show that SERS spectra of PX in gold and 
silver colloids exhibit similar trends indicating same conformer and orientation of drug to 
both noble metal NPs. At acidic pH=1 bands of open anionic and zwiterionic conformers 
are identified. At pH´s in the range 2-4, bands dominating the spectra correspond to 
zwiterionic form with a relative parallel orientation of the aromatic moieties to the metal 
NPs surface. At pH=7 few and weak bands appear in the SERS spectrum, its analysis 
indicating the presence of the anionic form of PX differently oriented to the metal surface.  
ii) UV-visible, fluorescence and NMR of PX-cucurbituril systems. Our results indicate formation of 
complexes with CB8, at pH=4.0 and pH=2.0 where the drug is in its neutral and cationic form 
respectively. NMR data show only one group of signals, almost coincident for both pHs, what 
indicates similarity between both complexes formed. Absence of signals for protons from 
benzothiazine in the spectra obtained at pH=2 could be caused by the presence of a second host 
molecule in this environment of the guest as Job´s plots indicates. 
iii) SERS of PX-cucurbituril complexes adsorbed on silver nanoparticles. Predominant signal is 
related to the CB8, but can be also seen some peaks attributable to PX probably located near the 
rims as UV, fluorescence and NMR have previously indicate.  
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Omics researchers have reported many new potential biomarkers for early alarm diagnosis, for 
evaluating new therapies efficiency and to assess the prognosis of different cancers and 
diseases. Therefore, their absolute quantification at very low concentration levels in biological 
samples is a must for clinical decision-making allowing not only a prompt diagnosis but also 
monitoring the disease progression and evaluating therapeutic interventions. Ultrasensitive 
bioanalytical methods are thus urgently required to assess such biomarkers at ultralow levels in 
very complex samples such as fluids or tissues. 
In order to reach the required very low detection limits, deposition of gold and silver onto gold 
nanoparticles and clusters surface has been proposed as amplification strategy of the analytical 
signal [1]. Although gold nanoparticles are very attractive for bioanalytical applications, they are 
not fluorescent and luminescent signal is especially suited for optical imaging studies without the 
need of perform a biopsy for analytical detection. Metal nanoclusters have luminescent properties 
but fluorescent emission is affected by autofluorescence of biological media that produces a lack 
of sensitivity and selectivity. In this sense, phosphorescent QDs stands out for having very 
advantageous properties such as large separation between absorption and emission wavelength 
and long emission lifetime that allows time-gated detection in order to easily avoid 
autofluorescence of biological media. 
In this context, a Mn-doped ZnS quantum dots-based immunoassay platform is presented for 
highly sensitive detection of cancer biomarkers. Ultrahigh sensitivity is achieved through gold 
deposition on the surface of the nanoparticle tags acting as catalytic seeds, thus effectively 
amplifying the size of the metallic nanoparticles after the immunoassay and before the tag 
detection. Inductively Coupled Plasma Mass Spectrometry (ICP-MS) has been used as detection 
technique of the amplified labels due to its extremely sensitivity for metals, minimum matrix effects 
and multielemental and isotopic detection [2].  
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Nowadays, nanomaterials are used and applied in very different fields. This increases the interest 
on the determination of these materials in diverse matrices and samples. Among the reasons 
supporting this interest, the possible toxicity of such nanomaterials can be highlighted. Thus, as 
an alternative to expensive and specialized techniques and methods, the work presented here 
explores the application of a simple technique, such as UV-Vis spectrophotometry, to achieve the 
determination of copper nanoparticles (CuNPs). 
The method is based on the well-known ability of diethyldithiocarbamate (DDTC) to complex a 
variety of metallic ions, such as Cu(II). Moreover, the possible formation of a compound (some 
kind of “complex”) between CuNPs and DDTC is explored. That CuNPs-DDTC complex is formed 
just by adding DDTC solution to the sample, and exhibits an absorption band with a maximum at 
about 454 nm. The calibration line extents up to –at least- 60 µg/ml and the results of the validation 
studies performed suggest that the reliable determination of CuNPs is a real possibility. Finally, 
the application of the method to real samples is carried out. 
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Due to different, well-known, reasons, the interest on the determination of nanomaterials in quite 
different matrices and samples is increasing day by day. In this context, the development of 
analytical methods aimed at such determinations is always important. In addition, in view of the 
low concentrations at which those nanomaterials are present, the concentration power of the 
diverse approaches, as it is the case of cloud point extraction (CPE) procedures, is especially 
welcome. 
This work deals with the CPE of copper oxide nanoparticles (CuONPs) as a previous step to 
copper determination by GFAAS, using Zeeman effect background correction. 
The development of the CPE process, given the variety of factors likely to be considered, required 
a preliminary experimental design, from which the pH and the amount of surfactant (Triton X-114) 
were concluded to need a more careful investigation. Other factors, such as the possible addition 
of a salt to improve phase separation (usually recommended in the literature) or the incubation 
time and temperature revealed to be not significant. Therefore, the study of the best pH interval 
and amount of Triton X-114, as well as the adjustment of the GFAAS conditions enabled the 
proposal of a method that was finally applied to the determination of CuONPs in real water 
samples. 
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Optical properties and applications of π-conjugated molecules depend on their supramolecular 
ordering [1-4]. For instance, light emitting properties of π-conjugated molecules employed in 
OLEDs also strongly depend on the molecular packing. In solution, self-assembly of π-conjugated 
molecules used as fluorescent sensors can change their performance in biological systems as 
live cells [5]. Therefore, the understanding of the supramolecular interactions between individual 
π-conjugated molecules and the control of the molecular packing is crucial for the development 
of these applications [1,2].  
We have chosen the 1,3,5-tristyrylbenzene molecule with C3 symmetry as a model to shed light 
on the self-assembly of π-conjugated discotic molecules. A combined experimental and 
theoretical study on self-assembling processes of 1,3,5-tristyrylbenzene was carried out. UV-Vis 
absorption spectroscopy, stationary-state fluorescence spectroscopy, time-resolved fluorescence 
spectroscopy and dynamic light scattering spectroscopy were some of the techniques used in this 
study. Calculations at the TD-DFT level were employed to analyse the spectra of 1,3,5-
tristyrylbenzene and its aggregated states in solution. The supramolecular structure of 1,3,5-
tristyrylbenzene in solid phase was studied by means of transmission and scanning electron 
microscopies. 
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Figure 1. Molecular formula of 1,3,5-tristyrylbenzene 
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Alkylphenols (APs) are considered as environmentally persistent contaminants, and are classified 
as endocrine disrupting chemicals (EDCs) [1], being subjected to EU controls [2]. The use of 
industrial and waste waters for irrigation purposes may lead to the presence of these compounds 
as food contaminants, especially in fruits and vegetables. The exposure route for these chemicals 
in humans is mainly through water, although there is also some exposure through soil and foods 
[3].  
Magnetic nanoparticles of cobalt ferrite with oleic acid as the surfactant (CoFe2O4/oleic acid) were 
used as sorbent material for the determination of the APs, 4-tert-butylphenol (TBP), 4-
pentylphenol (PP), 4-hexylphenol (HP), 4-tert-octylphenol (TOP), octylphenol (OP), 4-
nonylphenol (NP), and the alkylphenol ethoxylates (APEOs), 4-tert-octylphenol monoethoxylate 
(TOP1EO), 4-tert-octylphenol diethoxylate (TOP2EO), 4-nonylphenol monoethoxylate (NP1EO) 
and 4-nonylphenol diethoxylate (NP2EO ) in fruit juices.  
The fruit juice was homogenized and centrifuged for 5 min at 3000 rpm. Then, 10 mL of fruit juice 
supernatant diluted to 25 mL with water and spiked at 80 ng mL−1 with a solution of 
benzo(k)fluoranthene (Bkf, internal standard) was added to 50 mg of CoFe2O4/oleic acid 
nanoparticles and shaked for 10 min at room temperature for the adsorption of APs and APEOs. 
Desorption was carried out with 3 mL of methanol by orbital shaking for 5 min. Finally, the extract 
was filtered and evaporated to dryness under an argon flow. The residue was reconstituted with 
100 µL of acetonitrile, and 30 µL was injected into the LC/MS in positive mode and 30 µL in 
negative mode. An Eclipse XDB-C18 (5 cm x 0.46 cm x 5 μm) analytical column was used. The 
mobile phase was a mixture of acetonitrile and 0.1 % (v/v) formic acid, operating under gradient 
elution with the optimized program being: an isocratic step with 55:45 acetonitrile:formic acid (v/v) 
for 3.5 min; a linear gradient to 70:30 (v/v) in 0.5 min, which was held for 1.5 min; a linear gradient 
to 80:20 (v/v) in 1.5 min, which was held for 13 min. The analytes eluted with retention times 
between 4.2 and 14.1 min corresponding to TBP and NP2EO, respectively, under a flow-rate of 
0.4 mL min-1.  
Electrospray-ion trap-tandem mass spectrometry (ESI-IT-MS/MS) was selected for ionization. 
TBP, PP and HP were not ionized using the ESI system and were detected by diode-array (DAD). 
OP, TOP and NP showed better sensitivity in negative mode, meanwhile maximum sensitivity for 
the ethoxylated APs was obtained operating in ion positive mode. Good sensitivity and selectivity 
were achieved when operating in the SRM mode, with two transitions for each compound.  
Detection limits were in the range 1.1 to 38 ng mL-1. The recoveries obtained were in the 91-119% 
range, with RSDs lower than 14%. Different fruit juice samples were analyzed to determine the 
AP content by the proposed method. The most frequently found compounds were TOP, NP and 
TOP1EO, which were present at very low concentrations. 
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The carbon dioxide levels inside meat packages can be used as indicator of freshness. If the CO2 
concentration changes during storage it is a clear indicator that bacteria are growing inside the 
container and / or the package is not well sealed and the modified atmosphere has been 
compromised. However, a non-destructive method for determining the CO2 concentration within 
the package has not, as yet, been reported.  
To this end, the objective of the SmartPack project is to exploit the development and integration 
of a CO2 sensor in meat packages using the imaging and communications capabilities of 
Smartphones for freshness detection.  
Optical CO2 sensors based on the acidity of this molecule, are normally solvent-based sensors, 
the drawback of this approach in the food packaging industry is due to the long-term instability of 
the sensors, arising from the quaternary ammonium hydroxides decomposition. However, in this 
project we avoid the use of these compounds. Water based sensors are prepared using meta 
cresol purple sodium salt as indicator, glycerol as plasticizer and sodium bicarbonate as buffer in 
a matrix of hydroxyethyl cellulose. In this way, the lifetime is increased and also this composition 
creates an easily printable ink. Moreover, ionic liquids have been included in the matrix making 
the sensor more selective to CO2 than other gases due to its higher solubility. 
This new water-based sensor has been characterised in terms of carbon dioxide sensitivity, 
dynamic response, and stability under different conditions.  
The sensor responds up to 100% of carbon dioxide. In Figure 1 can be observed the change in 
colour from 0 to 100% of CO2. Moreover, it has been demonstrated that the stability is much 
higher than the solvent-based sensors making them suitable for smart packaging application. 
The sensitive ink has been optimised and characterized using bench-top instrumentation. 
Moreover, the RGB and HSV readout of standard digital photographic cameras have been used 
as a simple imaging technique 
The next steps include testing of the printed sensors integrated in meat packages using a mobile 
phone application as a detector to progress the study towards the intended application as a smart 
packaging tool. 
 

 
 
Figure 1. Water based CO2 sensor colour variation at 100% Nitrogen and 100% CO2 

atmospheres. 
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Nowadays, there is a growing demand for high quality food products in the market. This is the 
case of wine vinegar, which is a product that is becoming more appreciated by the consumer for 
its organoleptic characteristics and versatility in modern cooking. In fact, some wine vinegars, 
traditionally linked to a certain geographical area, have been protected by the European Union 
with a legislative system known as “Protected Designation of Origin” (PDO), obtaining a protection 
of their specifications related to their chemical and sensory features, their production system as 
well as a certification [1]. In Andalucía, there are three types of wine vinegars protected by a PDO: 
“Vinagre de Jerez”, “Vinagre Condado de Huelva” and “Vinagre Montilla-Moriles”. All of them are 
produced by the so-called “criaderas y solera” ageing system which provides a remarkable 
complexity and organoleptic characteristics [2]. Within each PDO, there are different categories 
according to their ageing time in wood barrels. Thus, these vinegars have different prices in the 
market according to their quality, being the longer ageing time and hence, the higher cost of their 
production. In consequence, these products are more subjected to frauds [2]. In addition, the 
growing consumer demand as well as the increasing diversity of wine vinegars, has generated a 
need to characterize them and to ensure an adequate quality to demonstrate and defend their 
identity. For this purpose, there is an increasing need to develop rapid, inexpensive and effective 
analytical methods, as well as requiring low sample manipulation for the characterization of DOP 
wine vinegars. Fluorescence spectroscopy is emerging as a competitive technique for this 
purpose, since provides in a few seconds an excitation-emission landscape that may be used as 
a fingerprint of the vinegar. Multi-way analysis, specifically Parallel Factor Analysis (PARAFAC), 
is a powerful tool for simultaneous determination of fluorescent components, because they extract 
the most relevant information from the data and allow building robust models. Moreover, the 
information obtained by PARAFAC can be used to build robust and reliable classification and 
discrimination models (e.g. by using Support Vector Machines and Partial Least Squares-
Discriminant Analysis models). In this context, the aim of this work was to study the possibilities 
of multi-way fluorescence linked to PARAFAC and to classify the different Andalusian DOP wine 
vinegars. The results demonstrated that the use of the proposed analytical and chemometric tools 
are a perfect combination to extract relevant chemical information about the vinegars as well as 
to classify and discriminate them considering their corresponding DOP and the different ageing. 
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Some wine vinegars are traditionally linked to a certain geographical area, and the European 
Union protects them with a legal framework that provides the category of “Protected Designation 
of Origin” (PDO). These vinegars have high prices in the market due to their high quality, the long 
aging time and the high cost of their production. That explains that these products are vulnerable 
to frequent fraud [1]. In addition to that, the growing consumer demand as well as the increasing 
diversity of wine vinegars has raised a need to characterize them and to provide an adequate 
quality control to defend their identity. For this reason, new tools are required to fight against 
falsification or mislabeling.  
Fourier Transform mid infrared spectroscopy (FTIR), equipped with Attenuated Total Reflectance 
(ATR) has proven to be an appropriate method for the authentication of several liquid foods [2,3]. 
However, in regards to vinegar authentication, scarce research has been done to develop a 
method with a rapid technique, such as ATR-FTIR, to characterize vinegars belonging to different 
PDOs and different categories of aging time. 
For this purpose, new spectroscopy techniques such as ATR-FTIR has been used to investigate 
the potential of this technique as a rapid, cost-effective and non-destructive tool for vinegar 
characterization considering the three major PDO from Andalusia (“Jerez”, “Condado de Huelva” 
and “Montilla-Moriles”). Spectra from 84 wine vinegars belonging to the three PDO including 
different categories have been analyzed and compared in the infrared region of 4000-600 cm-1. 
The best wavelength regions for predicting the authenticity criteria were selected and a proper 
chemical explanation of the assignment was provided to help in the interpretation of results. 
Changes associated to aging and categories were observed in the bands located in the 
“fingerprint” region of the spectrum (1800-900 cm-1). These bands were assigned to certain 
specific compounds that increase during aging (e.g. alcohols, esters, ethers) or due to special 
compounds of Pedro Ximenez categories (e.g. sugars, furfural). The ability of these bands for 
assessing the aging and categories of PDOs was checked by Principal Component Analysis. This 
analysis revealed the importance of the region associated to acetic acid (1800-1680 and 1475-
1230 cm-1) and the bands at 1085, 1045 and 1015 cm-1, characteristics of ethanol, alcoholic and 
esters compounds. The advantages of this technology (e.g. fast, no-destructive methodology and 
no-sample preparation) would allow implementing this measurement as an additional control for 
PDO councils and producers to assess the authenticity of PDO, categories, and to monitor the 
aging process. 
 
Acknowledgements 

This work was supported by an FPU scholarship of the “Ministerio de Educación, Cultura y Deporte” (MECD, 
Spanish Government) and by the “Consejería de Economía, Innovación y Ciencia, Junta de Andalucía” 
under the project P12-AGR-1601. 
 
References 
[1] R. M. Callejón, J. M. Amigo, E. Pairo, S. Garmón, J. A. Ocaña, and M. L. Morales. Talanta, 88, 456–

462 (2012). 
[2] D. Dong, W. Zheng, L. Jiao, Y. Lang, and X. Zhao. Food Chem., 194, 95–100 (2016). 
[3] I. Gouvinhas, J. M. M. M. de Almeida, T. Carvalho, N. Machado, and A. I. R. N. a. Barros. Food Chem., 
174, 226–232 (2015). 



Poster presentation  AL-05 

XXV RNE – IX CIE | 81 

Front-face fluorescence spectroscopy for the monitoring of 
intact extra virgin olive oils 

 

I. Durán-Merás*, J. Dominguez-Manzano . 
Department of Analytical Chemistry and IACYS, University of Extremadura, 06006, Badajoz, Spain. 
*iduran@unex.es 
 

The application of fluorescence spectroscopy in food analysis has significantly increased because 
of its many advantages compared to other spectroscopic techniques: 100–1000 times better 
sensitivity [1], easy adaptation to on-line monitoring, little sample preparation, and rapid and 
relatively low-cost instrumentation and use. Food storage can deeply modify the intrinsic quality 
parameters of raw fresh products by destroying the natural bioactive and nutritional compounds 
or by generating neoformed compounds some of them being potentially health damaging. Rapid 
and non-destructive quality assessment methods are needed to objectivize the naturalness and 
authenticity of organic food. 
Fluorescence typical for phenolic compounds of olive oils was reported [2]. On the other hand the 
effect of the dilution on the total fluorescence spectrum of extra virgin olive oils, has been also 
reported [3]. Fluorescence spectroscopy of oil samples diluted in n-hexane was proposed for the 
monitoring of extra virgin olive oil during storage [4]. 
Front-face fluorescence technique give us the opportunity of use a non-destructive technique and 
the analysis of intact foods avoiding the changes interactions that may occur when samples are 
diluted. 
The intrinsic fluorescence of olive oils takes the advantage that it is possible obtaining 
spectroscopy images and use its evolution for evaluate the conditions during the storage. The 
purpose of this work is to use this signal as fingerprint of the olive oils and to facilitate monitoring 
of the oil quality only through images, without the need to assess or quantify other parameters. 
With the object to avoid that the signal from the fluorophores of interest lies close to, or on top of 
the Rayleigh scatter, two different spectroscopy images of intact extra virgin olive oils were 
obtained, one of them corresponding to tocopherols and phenols and the other corresponding to 
chlorophylls and pheophytins. The changes produced under different storage conditions were 
evaluated and in this sense variables such as the influence of UV-irradiation, exposure to sun-
light, and the effect of the temperature storage have been studied. 
The fluorescent profile of the tocopherols and phenols is principally affected by the UV-irradiation 
and by the temperature.  
The effect of sun-light is higher in the fluorescence image corresponding to pigments and it is 
negligible in the spectral range of tocopherols and phenols. 
 
Acknowledgements 

MEyC of Spain (CTQ2014-52309P) and Gobierno de Extremadura (GR15090-FQM003), co-financed by 
European FEDER funds. 
 
References 
[1] G.M. Strasburg, R.D. Ludescher, Trends Food Sci. Tech., 6, 69-75 (1995). 
[2] N. Dupuy, Y. Le Dréau, D. Ollivier, J. Artaud, C. Pinatel, J. Kister., J. Agric. Food Chem., 53, 9361-9368 

(2005). 
[3] E. Sikorska, I.V. Khmelinskii, M. Sikorski, Analysis of olive oils by fluorescence spectroscopy: Methods 

and applications, in Olive oil: Constituents, health properties and bioconversions, Ed. D. Boskou, 63-88 
(2012). 
[4] E. Sikorska, I.V. Khmelinskii, M. Sikorski, F. Caponio, M.T. Bilancia, A. Pasqualone, T. Gomes, Intern.  
J. Food Sci. and Technol., 43, 52–61 (2008). 

  



Poster presentation  AL-06 

XXV RNE – IX CIE | 82 

Smartphone as an economic and reliabre tool for monitoring 
sparkling wine browing process 

 

R. M. Callejón1*, M. Villar-Navarro2, C. Ubeda1, M. L. Morales1, J. L. Pérez-Bernal2.  
1Área de Nutrición y Bromatología, Fac. Farmacia, Univ. Sevilla, C/P. García Gonzalez no. 2, E-41012 
Sevilla, Spain.  
2Dept. Química Analítica. Fac. Química. Univ. Sevilla. C/ P. García Gonzalez s/n, E-41012 Sevilla, Spain.  
*rcallejon@us.es 

 
Nowadays, sparkling wine is produced almost everywhere in the world and is becoming more 
appreciated and demanded by the consumer. The most famous sparkling wines include 
champagne from France or cava from Spain among others [1]. Thus, cava is a highly-quality 
sparkling wine (designation of origin) produced by the traditional method, which undergoes a 
biological ageing for at least 9 months in contact with lees under anaerobic conditions in bottle. 
In addition, there are different categories according the biological aging: Reserva, with at least 15 
months in contact with the lees, and Gran Reserva, with at least 30 months in contact with the 
lees. 
As wine is a dynamic product in terms of its physicomchemical and sensory properties, sparkling 
wine undergoes many complex chemical changes during the biological aging and storage, which 
are accompanied by alterations of the organoleptic characteristics, specially aroma or color [2]. 
Browning is an oxidative process involving sugars, lipids, amino acids and phenols, which 
decreases the sensorial quality of wines (loss of colour, flavour and aroma, and increment of 
astringency) [3]. Thus, since quality is of prime relevance for sparkling wines, browning has to be 
controlled during processing and storage. Therefore, there is a need to find fast and accurate 
methods for monitoring the extent of browning reaction as well as alternative quality markers for 
sparkling wines. 
In this context, a fast simple and reliable method to study the wine browning based on colorimetric 
measurements is proposed. Using a smartphone camera and a suitable lightbox as measurement 
device, is possible to obtain digital images of different wine stages and, by means of digital image 
analysis data, they are gathered and analysed in the RGB color system. Preliminary results show 
that browning process affects mainly to the Blue channel with a time dependent decay, while Red 
and Grenn channel remained nearly constant. That corresponds to a shift to darker (higher 
absorbances) and "browner"color. Correspondingly, a very close correlation with results obtained 
by measuring absorbance at 420 nm has been found in all the cases, showing the possible 
application of the proposed methodology to the study of browning process. Among others, the 
advantages of the proposed methodology are the lack of sample treatment, the affordable 
instrumentation and it is easy to use. 
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Rice is one of the most consumed cereals in the world and the principal food in many countries 
for billion of people. Rice plant has the ability to bioaccumulate trace elements such as arsenic 
and may contain several species with different toxicity. The inorganic forms of arsenic are more 
toxic than organic forms and the toxicity increases with decreasing oxidation states [1]. Children 
under three years of age are the consumers of rice in Europe most exposed to inorganic arsenic 
thorough the diet (rice-based food). Recently, the European Commission established the 
maximum levels of inorganic arsenic in foodstuffs. This regulation establishes a maximum level 
of inorganic arsenic of 0.10 mg/Kg in rice destined for the production of food for infants and young 
children [2].  
The aim of this work was the development of a method for the determination of arsenic species 
in rice samples. The arsenic species were extracted from rice samples using microwave-energy 
and Milli-Q® water as extraction solution. Arsenic species were then determined in the extracts 
by high performance liquid chromatography coupled to inductively coupled plasma mass 
spectrometry (HPLC-ICP-MS). A Hamilton PRP-X100 (150 x 4.1 mm, 5 µm particle size) column 
was used for the separation of arsenic species, using 25 mM NH4H2PO4 (pH 6) as mobile phase 
operating at a flow rate of 1 mL min-1. Working in these conditions, the arsenic species were 
separated in less than 10 minutes. The method developed was sensitive (LODs of 25, 15, 13 and 
31 ng g-1 for As(III), DMA, MMA and As(V), respectively) and precise (RSD<10%). The accuracy 
of the method was evaluated using the certified reference material ERM-BC211 Rice (Institute for 
Reference Materials and Measurements, IRMM). The method developed was applied for arsenic 
speciation in several rice samples.  
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A bio-availability study based on an in vitro dialyzability approach has been applied to assess the 
bio-available fraction of antioxidants in edible nuts and seeds. The in vitro digestion procedure 
consisted of two sequential stages, which simulate gastric and intestinal digestion. The first step 
requires 0.15g of a freshly prepared gastric solution [6.0%(m/v) pepsin in 6.0 M hydrochloric acid], 
and incubation at 37ºC with an orbital – horizontal shaking at 150rpm for 120min. The second 
step uses 5.0 mL of intestinal solution (4.0 %(m/v) pancreatine and 2.5%(m/v) bile salts dissolved 
in 0.1 M sodium hydrogen carbonate), and also incubation at 37ºC with an orbital – horizontal 
shaking at 150rpm for 120min]. During this second stage, dialysis membranes (10 kDa cut-off) 
filled with 20mL of 0.15N PIPES (pH 7.5) were used for simulating bio-absorption. Total 
antioxidants in nuts/seeds and dialysates were extracted by pressurized liquid extraction (PLE) 
using sand as dispersant and 63% aqueous methanol as extraction solvent in two cycles at 105 
ºC. Antioxidants in the dialysates were determined in the form of total polyphenols content by the 

Folin-Ciocalteu spectrophotometric method (= 760 nm), and the results were expressed as mg 
of gallic acid equivalents per g of dry weight (GAE/g·dw). Bio-availability ratios (dialyzability) were 
assessed by calculating the percentages of total antioxidant concentrations in the PIPES solution 
inside the dialysis membranes (bio-available fraction), and those found in the foodstuff after PLE.  
In general, high dialyzability ratios were assessed in most of nuts/seeds (dialyzability percentages 
within the 25 – 91 % range). The highest dialyzability ratios were found in fried Marcona almonds 
(91%); whereas, percentages of 78% were assessed in raw pine nuts, 76% in toasted peanuts (a 
legume), and 75% in raw Largueta almonds. Moderate antioxidant dialyzability was found in raw 
hazelnuts (56%), toasted pistachio (48%), Macadamia nuts (47%), toasted Largueta almonds 
(42%), toasted sunflower seeds (46%), fried cashews (35%), and raw pecans (34%). However, 
low dialyzability was found in Goji berries (30%), nuts (25%), raw pumpkin seeds (20%), Brazil 
nuts (17%), and chestnuts (15%). Finally, the effect of major nutrient constituents (protein, fat, 
carbohydrate, and dietary fiber) of nuts/seeds on the dialyzability of antioxidants was statistically 
evaluated.  
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The term “natural wine” relates a wine made without chemical and minimum technological 
interventionin growing grapes, and also in winery practices when preparing the product. Itata 
Valley is one of the most important winemakingareas in Chile, located in the South Valley, a region 
comprising a vast area bordered by the Andes and a lower coastal mountain. Some wine 
producers from this area have recently started to change growing grapes and winery practices for 
marketing natural wines. Chemical characterization of these wines is scarce, and also attempts 
for geographical classification based on chemical data have not yet been addressed. 
In this communication thirty-eight trace and ultratrace metals have been determined in seventy 
natural red and white wine samples from the same vintage (2014), and found concentrations have 
been used as discriminating features for assessing geographical classification. Metals have been 
assessed by inductively coupled plasma – mass spectrometry (ICP-MS), and sample pre-
treatment consisted of sample dilution (1:10) with 1%(m/v) nitric acid. Determinations have been 
performed using the standard addition technique, and accuracy of method was mainly tested by 
analytical recovery assays. Principal components analysis (PCA), and Linear Discriminant 
Analysis (LDA) were used for exploratory and classification purposes. 
An accumulated variance accounting 70% was obtained when using the first two principal 
components (PCs), and five groupings were observed when examining the two-dimensional plot 
of the samples defined by the first two PCs. The groupings correspond with the several vineyards 
located at areas close to the coast and to Andes. LDA results showed a successful classification 
of samples (100% of correctly classified cases in the training and prediction set). A cross 
validation test was usedto validate the results of the classification. The metals that offered the 
highest discriminating power along the first two linear discriminant functions were Li, B, Mg, V, 
Zn, Cu, As, Mo, Cd, and Sn.  
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The value of legumes as a source of bioactive compounds (nutrients and non-nutrients) depends 
on a plethora of factors, among which storage conditions present a preponderant relevance, 
modulating the value of edible seeds and vegetative material as a dietary source of nutrients and 
phytochemicals. Thus, additional approaches are required, in order to allow rapid evaluations of 
the effect of storage at freezing temperatures compatible with the close timing linked to industrial 
activities. In this concern, this work deals with the implementation of new analytical tools (NIR and 
MIR spectroscopic analyses, resorting to the DRIFT and ATR accessories, respectively), for the 
evaluation of dried pods of cowpea (Vigna unguiculata L.), regarding their phytochemical 
composition and radical scavenging power, aiming to the development of new approaches to 
assess the effect of freezing for distinct periods (6, 9 or 12 months) at different temperatures (-18 
or -40 ºC). 
To achieve these objectives, PLS-R multivariate analyses were applied in order to produce 
discriminative models for plant materials undergoing distinct freezing periods and temperatures 
[1]. In addition, the joint application of spectroscopic analysis and multivariate tools allowed the 
development of prediction models, which were validated resorting to the CV (Cross-Validation) 
leave-one-out procedure. Furthermore, distinct spectral treatments such as the 1st derivative or 
the Savitzky-Golay (SGS) simultaneous derivative/smoothing were also assessed. 
Concerning the discrimination between the distinct samples assessed, the DRIFT module (NIR) 
evidenced a better performance than the ATR (MIR). Hence, the former allowed the correct 
classification of all samples resorting to the first 4 Factors extracted, when the 1st derivative is 
used, whilst 5 Factors were necessary when the SGS treatment was applied to the spectra. In 
the case of the MIR spectra, the best performance was also observed for the 1st derivative, 
corresponding to a misclassified samples rate of 3.3%, when the maximum number of Factors (5, 
corresponding to the minimum number of replicates) was used. 
Concerning the parameters evaluated on cowpea pods (total phenols, flavonoids, and the 
antiradical activity measured by two distinct assays, DPPH and ABTS) both spectroscopic 
techniques (ATR and DRIFT) showed a good performance, generally leading to regressions 
between predicted and experimental values of around R2 = 0.99. Moreover, the NIR spectra 
consecutively led to lower errors in the RMSECV procedure, while the best performances were 
observed using either the spectra, or the 1st derivative, depending on the parameter to be 
assessed. In the case of ATR, the usage of the spectra corresponded always to lower errors, 
while concerning total phenols, this technique failed to provide a good calibration model, with the 
best correlation observed corresponding to R2 = 0.78. 
Finally, it can be elated that the spectra reflect specific variations of pods’ composition, since it 
was possible to develop content evaluation models, besides being also shown the feasibility of 
this approach for the assessment of these plant materials, concerning freezing time and 
temperature, and the advantage of DRIFT (NIR) for this purpose. 
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Trace element bioaccesible fraction is defined as a fraction of the trace element concentration 
initially present in the food which is solubilized in the intestinal lumen. Later, it will be efficiently 
absorbed, metabolized by physiological routes and used by the body for typical physiological 
functions or deposited in storage compounds [1]. Its determination is highly important to assess 
the true nutritional value of a meal. This trace element bioaccessibility is conditioned by several 
factors such as chemical form of element. 
Mn activates many enzymes involved in several metabolic processes. It is needed for protein and 
fat metabolism, healthy nervous and immune systems, and for blood sugar regulation. Mn is 
involved in the utilization of vitamins B1 and E and it is required for normal bone growth [2]. It can 
be found in foods as Mn(II), Mn (VII) or Mn bounded to other molecules (peptides, polyphenols, 
fiber fractions). This later chemical form is poorly absorbed. 
The procedure described by Cámara et al. [3] with slight modifications was used to estimate Mn 
bioaccessibility (solubility). The simplified process is based on mimicking the physiological 
conditions of the gastrointestinal tract. Thus, 3 g of lyophilized sample of food were submitted to 
a simulated digestion with pepsin and pancreatin – biliary salts during 4 hours. Finally the pH was 
adjusted to 7.2 with 0.5M NaOH. Aliquots of the digested sample were transferred to 
polypropylene centrifuge tubes and were centrifuged for 1 h at 3000 rpm and 4° C. Finally, the 
supernatant (soluble fraction) was collected, and submitted directly to the manganese speciation 
analysis. This procedure avoids possible transformations of manganese species due to sample 
manipulation. 
Cloud Point Extraction (CPE) is based on the use of a surfactant such as Triton X-100. In much 
diluted solutions of non-ionic surfactant, the monomers are dispersed in the solvent. However, 
heating and choosing a compatible pH buffer, these monomers associate spontaneously, forming 
aggregates of colloidal dimensions, due to the reduced solubility of the surfactant in water. 
Choosing an appropriate chelating agent, able to form a hydrophobic complex entrapped by 
micellar structures with the Mn ion, extraction of Mn in the surfactant rich phase can be achieved. 
The phase separation can be accelerated by centrifuging and cooling. Aqueous phase is 
discarded and surfactant – rich phase is picked with HNO3 0.1 M. Finally, Mn could be analyzed 
by Atomic Absorption Spectroscopy.  
In the present study chelating agents such as 1 – phenyl – 3 – methyl – 4 – benzoyl – 5 – 
pyrazolone (PMBP) and 8 – quinolinol (HOx) were assayed to different pH buffers (hydrochloric 
acid/ glycine; acetic/acetate; ammonium/chloride ammonia). It was also controlled several 
parameters such as [Triton X – 100], [PMBP], [HOX], pH, Temperature and time. Optimization 
method allows to identify Mn species in soluble fraction and relate them to their bioaccessibility 
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Introduction 
Quinua (Chenopodium quinoa) is a cereal cultivated in the Andean region for thousand years. 
Currently, it is being expanded because it represents a great potential to improve the living 
conditions of the Andes population. It is a good source of bioactive compounds such as 
polyphenols, betalains and flavonoids. Moreover, it could also provide significant amounts of trace 
elements such as Fe, Zn and Mn. However, bioaccessibility of these trace elements present in 
Quinua species remains unknown. 
 
Methodology 
Five Quinua varieties were studied (Blanca Junin, Amarillo Maracani, Negra Collana, Pasankalla 
and Altiplano). This later variety cultivated in different localizations, Lima and Puno. 
Samples were cooked by boiling in water during 20 minutes and Fe, Zn and Mn concentrations 
were analyzed by Atomic Absorption Spectroscopy prior destruction of organic matter.  
Likewise, polyphenols (765 nm), betalains (476, 538 and 600 nm) and flavonoids (510 nm) 
concentrations in samples were determined by UV – Visible Spectroscopy using the wavelengths 
above indicated [2-3]. 
Bioaccessibility assays: The procedure described by Cámara et al. [1] with slight modifications 
was used to estimate trace element bioaccessibility. The simplified process is based on mimicking 
the physiological conditions of the gastrointestinal tract. Thus, 3 - 5 g of lyophilized sample of food 
was submitted to a simulated digestion with pepsin and pancreatin – biliar salts during 4 hours. 
Moreover, these bioaccessibility assays allow us to distinguish between soluble fraction (that 
remaining soluble in the lumen, thus able to be absorbed) and dialyzable fraction (which besides 
solubilized, it is capable of crossing a membrane with a certain pore size) [4]. 
Soluble and dialyzable fractions were collected, its organic matter was destroyed, and the trace 
element content was measured by Atomic Absorption Spectroscopy. 
 
Results 

Trace element concentrations in Quinua varieties studied ranged between 33.9 – 7.9 μg/g for Fe; 

24.2 – 8.7 μg/g for Zn and 22.2 – 6.6 μg/g for Mn. However the bioaccessibility (solubility and 

dializability) of these trace elements were extremely low, with percentages around 1%. The high 
concentrations of bioactive compounds present in Quinua species may impair Fe, Zn and Mn 
bioaccessibility. Different strategies should be developed to enhance this bioaccessibility in order 
to improve its nutritional value 
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Anthocyanins extracted from grape skin are the principal compounds involved in the color of red 
wines and their interactions with other phenolic compounds (called copigments), normally 
colorless, allow improving the color stabilization of aged wines by copigmentation reactions [1]. 
Therefore, it is important to know the amount of anthocyanins that may be extracted from grapes 
to wine. Several factors can influence this extractability [2]. The extractability of anthocyanins 
could also be affected due to the addition of sources of copigments. 
The main goal of this study was to study the effect of the addition of oak wood chips on the 
extractability of anthocyanins from heterogeneous grapes. Those grapes were previously 
classified by hyperspectral image analysis according to the amount of anthocyanins transferred 
to the extraction media [3]. 
Ten Vitis vinifera L. cv. Syrah grape skins from grapes that had been previously classified as low 
extractable anthocyanin content were underwent to simulated maceration in wine-like solution, 
with or without French oak (Quercus petraea L.) wood light toasted chips. Oak wood chips were 
added to the wine-like solution in a 4 g L-1 ratio. Grape skins were added to extraction media in a 
1:20 ratio. For each sample, anthocyanin composition of the extracts was measured at the third 
day of maceration. Anthocyanins chromatographic analysis was carried out and results were 
expressed as mg of malvidin-3-O-glucoiside equivalents per gram of grape skin [4-5]. All analyses 
were performed in duplicate. 
Univariate analysis of variance (ANOVA) was applied to discriminate among the means of 
chemical data (i.e. individual, acylated, non acylated and total anthocyanins) taking into account 
pairs of control wines and wines with addition of oak wood chips. There were not significant 
differences among wines and for each variable. Furthermore, principal component analysis was 
used as an unsupervised pattern recognition method in order to obtain a general overview. The 
presence of oak wood chips in the extraction media did not cause significant changes in the 
anthocyanin extractability for all samples. Taking into account, the addition of oak wood chips 
may be a good technique to obtain red wines that will present high color quality and stability due 
to the copigmentation procedure. 
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Coffee (Coffea sp.) is one of the most-consumed beverages in the world being aroma and taste 
their main sensory characteristics. The chemical composition of coffee beans, affected by a huge 
number of factors (bean production, coffee type, roasting process), and the quantity of 
compounds that would be extracted into the beverage may determine its quality and sensory 
profiles [1-3]. The established analytical methods usually employed in the coffee industry for 
determination of these descriptors are time-consuming, requiring sample preparation and even 
chemical manipulations. Therefore, simple and rapid methods, capable of being easily 
implemented in routine analyses, are needed. 
In the present work, the potential of near infrared hyperspectral imaging to determine extractable 
caffeine and total extractable phenolic levels in coffee has been evaluated. Hyperspectral images 
of coffee beans were recorded using a near infrared hyperspectral imaging device covering the 
spectral range between 900 and 1700 nm. Spectral data have been correlated with reference 
values (extractable caffeine content and extractable total phenolic content) by modified partial 
least squares regression (MPLS) using a number of spectral pre-treatments. The obtained results 
(coefficient of determination (RSQ) and standard error of prediction (SEP) respectively) for the 
developed models were: 0.97 and 1.80 mg g-1 of coffee for extractable caffeine content, 0.58 and 
6.28 mg g-1 of coffee for extractable total phenolic content. 
Thus, near infrared hyperspectral imaging has been shown to provide a very suitable strategy for 
modelling and predicting two coffee attributes (extractable caffeine content and extractable total 
phenolic content) of great relevance from a quality assurance point of view in coffee samples. 
The promising results obtained will allow a similar methodology to be considered in future 
applications related to further coffee quality parameters. 
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Anthocyanins are important polyphenols present in red grapes and play a relevant role in the 
sensory characteristics of red wines. They are red-coloured phenols that provide to red wine its 
characteristic colour. This colour is based on the fully conjugated flavylium chromophore [1]. The 
colour of red wine is an important quality parameter, it is usually the first characteristic perceived 
by consumers, who usually tend to prefer wines with a deep colour and hue. Thus, wine colour 
plays a key role in the decision-making process of consumers [2]. 
Anthocyanins are transferred to wine from red grape skin during the fermentation process. It is 
really important to know the amount of these phenols that may be extracted from grapes to wine, 
i.e., the extractable anthocyanin content. This extraction is influenced by a range of factors such 
as grape ripeness, variety, characteristics of the maceration stage, total anthocyanin content, etc. 
The addition of copigments improves wine colour, however, copigment sources, such as white 
grape seeds, might affect anthocyanin extraction [3]. 
In this work, a feasibility study on the effect of natural copigments from white grape seeds on 
anthocyanin extraction of grape skin has been developed. Firstly, a stock model wine solution 
was made up of 4 g L-1 tartaric acid and 12.5% ethanol, adjusted at pH 3.6 with NaOH 0.5 M. 
Then, white grape seeds that had been previously characterised [4] were macerated in the model 
wine solution for three days. The concentration of total phenols in this stock solution was 2.6 g L-

1 expressed as gallic acid equivalents. From this solution, two model wine solutions were made 
up with different concentration of total phenols (0.1 and 0.2 g L-1 expressed as gallic acid 
equivalents). Additionally, another model wine solution without copigments (0 g L-1) was also used 
in the study as control. 
Secondly, Tempranillo and Syrah (Vitis vinifera L.) whole grape were collected and a 
hyperspectral characterisation was performed [3]. On the basis of this hyperspectral analysis, a 
number of grapes with different levels of predicted extractable anthocyanin content were selected. 
Then, each grape skin was divided into three parts and each one was macerated in a different 
model wine solution with different copigment concentrations. Macerations were carried out for a 
three-day period in a constant ratio of volume solution to weight of skin (20:1 mL g-1). 
After the three-day period of skin maceration, skins were removed, the supernatant was analysed 
and extractable anthocyanin contents were obtained. As results, statistically non-significant 
differences were found between the three different extractions. Furthermore, principal component 
analysis was used as an unsupervised pattern recognition method in order to obtain a general 
overview. The results provided by this study show that the presence of white grape seed 
copigments do not affect extractable anthocyanin content released from grape skin and may 
stabilise wine colour and therefore could represent a good wine-making procedure. 
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In a cellar it is really important to know the characteristics of grapes that are taken by the vine 
growers (e.g. grape variety, maturity or sugar content). Maturity and sugar content are typically 
determined using analytical methods recommended by the O.I.V. [1], which are simple and 
reliable methods. However, in cellars, grape variety is typically determined by means of visual 
methods based on the staff experience and knowledge which are neither accurate nor repetitive. 
It would be appropriate to have rapid and inexpensive analytical methods to classify grapes 
according to their variety. 
In this regard, the aim of this work is to compare the use of anthocyanin profile, colour image 
analysis and near infrared hyperspectral imaging as tools to discriminate between Vitis vinifera L. 
cv. Tempranillo, Graciano, Garnacha and Mazuelo grapes in order to select the more useful and 
accurate discrimination tool. In a second strand, a second level data fusion has also been tried to 
improve the results. 
Tempranillo, Graciano, Garnacha and Mazuelo are four important autochthonous red grape 
cultivars from La Rioja (Spain). A representative set of grapes were collected from five vineyards 
(one vineyard per cultivar and two different vineyards for Tempranillo since it is the most 
widespread cultivar) at two different developmental stages during berry maturity in the 2012 
vintage. A total of 50 individual grapes were selected and image and hyperspectral analyses were 
carried out for the whole grapes. Then grape skins were separated manually from the whole 
grapes and anthocyanin profiles were obtained from the methanolic grape skin extractions. Next, 
supervised pattern recognition methods were carried out to indicate whether samples fall into pre-
defined groups, how well, and what causes these separations [2]. 
Therefore, in order to discriminate between these four red grape cultivars different stepwise linear 
discriminant analyses (SLDA) were performed using image analysis data, hyperspectral imaging 
data and anthocyanin profiles. Respectively for these data sets, 54%, 100% and 88% were 
correctly classified in the internal validation process and 52%, 86% and 86% were correctly 
classified in the leave-one-out cross-validation process. Finally, to improve the results obtained 
using the hyperspectral data set a second level data fusion was carried out. Colour and 
hyperspectral data were fused. A SLDA was performed with this new data set. Only near infrared 
hyperspectral image variables were retained and, as a result, the same discriminant functions 
were obtained with the same discriminant power. 
In conclusion, chromatographic analysis is a widespread and reliable tool to classify red grapes 
according to grape variety and the results obtained in this study confirm it. Colour image analysis 
is a rapid and inexpensive tool that has lower discriminant power for red grape samples than 
chromatographic analysis. Near-infrared hyperspectral analysis is a non-destructive and fast 
technique that shows better or similar results than the chromatographic technique. A second level 
data fusion between colour data and near infrared hyperspectral data does not improve the results 
obtained from near infrared hyperspectral image. 
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Anthocyanins are the main compounds responsible for the colour of red wines and therefore it 
may be important to evaluate the content of the aforesaid secondary metabolites during grape 
ripening due to the crucial importance to determine wine colour [1]. Furthermore, heterogeneity 
of grapes at each ripening stage may influence the final wine composition and quality and 
therefore it should be considered at harvest [2]. Nowadays, there is a growing demand of rapid 
and non-destructive analytical tools for analysing grapes, such as the emerging hyperspectral 
analysis [3]. 
The hyperspectral images of intact grapes (Vitis vinifera L. cv. Tempranillo, Graciano, Garnacha 
and Mazuelo red grape from vineyards located in the D.O.Ca. Rioja at two different developmental 
stages) were recorded using a near infrared hyperspectral imaging device (900–1700 nm). 
Reference values of anthocyanins were obtained by HPLC-DAD. Calibrations were performed by 
modified partial least squares regression and present a good potential (coefficient of 
determination of 0.72 and standard error of cross-validation values of 0.78 and 0.70 mg per grape 
for total and non-acylated anthocyanins respectively) [4]. 
The procedure reported here presents a good potential for a fast and reasonably inexpensive 
screening of these compounds in intact single berries. Moreover, the heterogeneity of 
anthocyanins within the same ripeness stage could be evaluated using this non-destructive tool. 
This methodology allows the berries to be sorted according to their anthocyanins content and 
then the same samples could be used in further studies for other destructive analyses or 
purposes. 
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Pesticides are widely used throughout the world to increase production and quality of crops. In 
consequence, pesticide and/or metabolite residues should be analysed in all agricultural 
commodities to improve food safety. Among these pesticides flonicamid, N-cyanomethyl-4-
trifluoromethylnicotinamide, is a relatively novel selective systemic pesticide, highly effective 
against aphids and other insects. This compound has a minimal cross-resistance with no negative 
impact on beneficial arthropods. Thus, flonicamid is widely used in pest management programs. 
However, the maximum residue limits (MRLs) of flonicamid in food have been regulated by 
government authorities such as the European Commission [1]. These MRLs have been set as 
the sum of residues of the parent compound (flonicamid) plus its two major metabolites, TFNA (4-
trifluoromethylnicotinic acid) and TFNG (N-(4-trifluoromethylnicotinoyl) glycine). Besides these 
two metabolites, TFNA-AM (4-trifluoromethylnicotinamide) is another metabolite that has recently 
been discovered in fruit and vegetables [2]. Therefore, specific and sensitive methods for the 
identification and quantification of flonicamid and its metabolites, TFNA, TFNG and TFNA-AM, in 
foods are required. 
The aim of this study is the development and validation of a method to determine flonicamid, 
TFNA, TFNG and TFNA-AM in orange and bell pepper samples, using a simple and efficient 
extraction procedure and reliable quantification applying ultra high performance liquid 
chromatography coupled to high resolution mass spectrometry (UHPLC-ORBITRAP-MS). Thus, 
two fast and simple extraction procedures, one for each matrix, with acidified acetonitrile and salts 
(magnesium sulfate and sodium chloride) have been used. The methodology was validated, 
checking specificity, recoveries, precision, limits of detection (LODs) and limits of identification 
(LIs). The recoveries were between 70 and 105%, while precision values were lower than 17%. 
Finally, LODs were 1 µg kg-1 for flonicamid and TFNG, 5 µg kg-1 for TFNA and 6 µg kg-1 for TFNA-
AM. LIs were 10 µg kg-1 for flonicamid and TFNG, 20 µg kg-1 for TFNA and 30 µg kg-1 for TFNA-
AM.  
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The need for comprehensive understanding of metabolization and degradation of food 
contaminants is indicated by the toxicity associated with them. In most of the cases, pesticides 
can be transformed into metabolites, which are intermediate products of metabolism smaller than 
1 kDa. Metabolites are often much more toxic than the parent compound itself, as they are 
typically more polar and persistent. These are generated by metabolic and simple reactions, 
which in many cases are common among several families of pesticides.Therefore, pesticide 
and/or metabolite residues should be monitored to improve food safety. Thus, the maximum 
residue level (MRL) of many pesticides in fruits and vegetables is the total sum of the parent 
compound and its metabolites. This it is the case of flonicamid (N-(cianomethyl)-4-
(trifluoromethyl)nicotinic acid), whose MRL is the total sum of flonicamid and its metabolites 4-
(Trifluoromethyl)nicotinol glycine (TFNG) and 4-trifluoromethylnicotinic acid (TFNA). Flonicamid 
is a systemic insecticide that kills aphid pest (aphids) and Aleyrodidae (Whiteflies). Flonicamid’s 
degradation in its metabolites usually occurs at standard conditions [1], and the main metabolites 
in fruits and vegetables are TFNG, TFNA and 4-trifluoromethilnicotinamide (TFNA-AM). 
Flonicamid monitoring has been carried out because there are scarce studies related to its 
behaviour in plants and how this compound is degraded into its metabolites. This study has been 
carried out by Orbitrap because of the excellent resolution power that this mass analyzer can 
provide to detect individual molecular species as well as it is a powerful tool for the identification 
of non-target compounds. 
The aim of this study is know the behavior of flonicamid and its metabolites in orange, after foliar 
application in orange´s tree. This work has been carried out by analyzing oranges for a period of 
50 days after foliar application using a simple and efficient extraction procedure and reliable 
quantification applying ultra high performance liquid chromatography coupled to high resolution 
mass spectrometry (UHPLC-ORBITRAP-MS). The results show that flonicamid degrades very 
quickly over time into its metabolites. The metabolite detected at higher concentrations is TFNG, 
meanwhile TFNA y TFNA-AM are present at low concentrations.  
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Buckwheat is a healthy pseudo cereal widely cultivated over the world as an important raw 
material used for functional food because it becomes a dietary source of bioactive compounds, 
such as nutritionally valuable protein, phenolic compounds, starch and dietary fiber, essential 
minerals and trace elements. However, buckwheat can be contaminated by stramonium (Datura 
stramonium), which can contain high concentration of tropane alkaloids, and therefore, these toxic 
substances can be found in buckwheat and related matrices at concentrations higher than 100 
µg/kg [1].  
Tropane alkaloids are synthesized by the plants of the genus from Solanaceae family, although 
they are also produced in smaller quantities in plants from other families. They can affect human 
and animal health due to their high toxicity and intake of contaminated food or animal feed. 
Although there are more than 200 tropane alkaloids, atropine and scopolamine are the most 
common compounds of this family. 
According to the EFSA scientific opinion in 2013 [1] more attention must be focused on the 
contaminated levels of atropine and scopolamine in food from plant origin, such as cereal 
products, grain-based baby-food, buckwheat grain and food products and tea and herbal 
infusions. Therefore, the development of quick, easy and reliable analytical methods for the trace 
analysis of tropane alkaloids at trace levels in food from plant origin is desirable.  
Therefore the aim of this study is the development and validation of an analytical method for the 
simultaneous determination of atropine and scopolamine residues in buckwheat and related 
products. A modified QuEChERS (Quick, Easy, Cheap, Effective, Rugged and Safe) extraction 
method with acidified acetonitrile (1% formic acid v/v) followed by a clean-up step using 
graphitized black carbon (GBC) and primary secondary amine (PSA) was applied. For the 
separation and quantification of the target compounds, ultra high performance liquid 
chromatography (UHPLC)-coupled to tandem mass spectrometry (MS/MS), utilizing triple 
quadrupole (QqQ) as analyzer, was used. The method was validated, determining linearity, 
trueness, precision, limits of detection (LODs) and quantification (LOQs). Recoveries ranged from 
75 to 92% with precision below 17% (RSD values) for all the compounds studied. Both LODs and 
LOQs were below 2 µg kg-1.  
The validated method was tested in eight commercial samples (buckwheat, wheat, soy, 
buckwheat flour, buckwheat noodle, amaranth grain, chia seeds and peeled millet). Target 
compounds were not found above the detection limits of the method. 
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The determination of biogenic amines in food is interesting due to two reasons. On one hand due 
to their possible toxicological effect on health and on the other because they can be used as an 
indicator of the quality of the food. The food industry itself requires quick and economic methods 
for quality control. 
In this work we have developed a method to determine biogenic amines: putrescine, cadaverine, 
histamine, phenylethylamine, tryptamine and tyramine. The method is based on the reaction of 
the amines with the enzyme Diamine oxidase (DAO): 

 

Biogenic Amine+ O2 + H2O  (DAO) Aldehide + NH3+ H2O2   (1) 
 
which is then coupled to: 

                                         HRP 
  H202  + 2ABTS  ---------  2ABTS+   + 2H2O (2) 
 
The reaction between H2O2 and ABTS catalized by the enzyme Peroxidase (HRP) is well known 
and widely used. The radical ABTS+ is a coloured product of the reaction and therefore H2O2 can 
be spectrophotometrically determined. We have used the variation in the absorbance of ABTS to 
determine the biogenic amines. 
From the study of the reaction mechanism and from the optimization of the conditions of the 
reaction it has been found that depending on the ratio of ABTS/HRP, the radical ABTS+ is kept 
oxidized a long time or returns quickly to its initial state. Taking this into account, there are two 
interesting possibilities: 

 
 
 
 
 
 
 
 
 

 

 
The option a is the basis to design strip test and the option b is the basis to design an optical 
sensor to biogenic amines. 
Both alternatives are explored in this work. 
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a.- Working with high concentrations of 
ABTS it is possible to obtain a stable 
colour (signal) for a long time (fig 1).  

b.- Working with low concentrations of 
ABTS it is possible to obtain a transient 
signal (fig 2). 

[e]=[f]=[g]=[h] [a]>[b]>[c]>[d] 
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The so-called luminescent “solid sensor membranes” for gaseous CO2 are based on changes on 
emission characteristics of a luminophore immobilized on oxygen-insensitive membranes, due to 
the displacement of acid-base equilibrium with CO2 [1]. The main problems with this type of 
sensors are the limited number of existing fluorescent indicators and their usual poor 
photostability. Boron-dipyrromethene-type fluorophores (BODIPYS) fall into a class of 
compounds widely used as biomolecule markers, fluorescent switches, chemosensors and laser 
dyes although scarcely used CO2 sensing [2,3]. We have synthesized some new BODIPYS to be 
used in CO2 sensing schemes (Figure 1).  

 
Figure 1. Structure of BODIPYS studied. 

 
Into the polymeric sensing membrane the BODIPY dye acts as a fluorescent acid-base indicator, 
along with transfer phase agents (tetraoctyl or tetramethyl ammonium hydroxide) and plasticizer 
or surfactant to improve the membrane permeability to gaseous carbon dioxide. 
Some characteristics of sensing membranes for CO2 are: 
 

Parameter BODIPY A sensing membrane BODIPY B sensing membrane BODIPY C sensing membrane 

I100-I0 308±3.7 137±2.1 43±1.5 

Slope 16.3±1.0 159±3.4 49±2.5 

Intercept 1.01±0.01 1.10±0.02 0.11±0.01 

R2 0.989 0.997 0.958 
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Metal-organic framework (MOF) are extended crystalline structureswherein metal cations or 
clusters of cations areconnected by multitopic organic ions ormolecules. They have many 
applications in different fields like biomedicine, electronics, optics and analytical among others 
due to properties such as porosity, high specific surface area, catalytic efficiency, high stability 
and outer-surface modification[1]. Recently, the intrinsic enzyme-like activity of materials such as 
MOFs has become a growing area of interest in sensing recognition area. 
In this work, we developed of a microfluidic paper-based analytical device (µPAD) for glucose 
determination using a MOFas catalytic element of peroxidase-mimetic type for peroxidase 
substrates sensing in the presence of glucose oxidase (GOx). This Fe-MOF was characterized 
by X-ray diffraction, scanning electron microscopy(Figure 1) and infrared spectroscopy. 
The µPAD developed for glucose determination consists of three zones well differentiated: 
sampling zone, transport channel and detection zone. The system is based on MOF as 
peroxidase mimetics immobilized in the detection zone of cellulosic substrate coupled to 3,3′,5,5′-
tetramethylbenzidine (TMB) as colorimetric probe. The rest of reagents employed were deposited 
in transport channel (Figure 2). A digital camera is used for the quantitative analysis of glucose 
with the S coordinate of the HSV color space as the analytical parameter.  
Different parameters such as the concentration of TMB, GOx and MOF, pH and buffer, volume of 
sample, time of reaction and position of reagents were optimized. Under optimal operational 
conditions, linearity was observed for glucose concentrations up to 150μM. The µPAD isselective 
towards the common species in biological fluids (serum and urine). 

 
Figure 1. SEM                          Figure 2. (1) μPAD before and (2) after reaction with glucose. 
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Glutathione (GSH) is a biothiol that is involved in various biological functions among which it’s 
detoxifying role against reactive oxygen species with an unpaired electron. The levels of GSH in 
human serum and urine are linked to different disease diagnostic and clinical therapies [1]. 
In this work, we developed a simple colorimetric method for determination of GSH based on a 
microfluidic paper-based analytical device (μPAD).The proposed method is based on the fact that 
Ag(I)serves as an oxidant for 3,3′,5,5′,-tetramethylbenzidine(TMB) changing its color to blue. 
However, the presence of GSH could cause the reduction of oxidized TMB along with a reaction 
with Ag(I) which resulting blue color fading. Based on this finding, we propose amethod to detect 
GSH by naked eyes (Figure 1).Additionally, we used a digital camera for the quantitative analysis 
of GSH with the S coordinate of the HSV color space as the analytical parameter.  

The developedμPADis fabricated by a laser cutter machine and consists of three zones: sampling 

zone, transport channel and detection zoneand it islaminated to protect the reagents.  
Different parameters such as the concentration of TMB and Ag (I), reaction pH, volume of sample, 
time of reaction and position of reagents were optimized. Under optimal operational conditional 

conditions, linearity was observed for glutathione concentrations up to 350μM.  

 
 

 

 

 

 

 

.  
 

Figure 1.(1) μPADbefore and (2) after reaction with GSH. 
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Fluorescent nanoparticles have been increasingly applied as optical probes for the detection of a 
wide variety of chemical species [1]. Over the last few years, carbon dots (CDs) have emerged 
as novel and highly interesting optical nanoprobes taking advantage of their high aqueous 
stability, easy functionalization and low toxicity [2].  In general, conventional methods for synthesis 
of CDs involve long operation time and harsh conditions (e.g. high temperature) [2], so new 
strategies have been investigated in order to develop easier and greener approaches.  
In this work, a new synthesis of fluorescent CDs based on UV irradiation of carbohydrates (e.g. 
sucrose) for optical sensing of H2O2 and antioxidants was developed [3].  
In order to reach optimal conditions for analytical applications, different parameters such as the 
type of carbon source, stabilizing agent, pH of the medium and irradiation time were assessed. 
CDs were synthesized using different carbohydrates as precursors including glucose, fructose, 
sucrose and starch. The analytical response depends on both the carbon source and irradiation 
time. On the other hand, fluorescence of CDs and analytical response increased when using 
stabilizing agents, e.g., poly(ethyleneglycol), Triton X-100, polyvinylpyrrolidone, sodium dodecyl 
sulfate, etc. The best results were obtained using sucrose (20-25 mg) as carbon precursor, PEG 
35% v/v as stabilizing agent, NaOH 3 M to ensure alkaline medium and an irradiation time of 1 
min. The photogenerated CDs were characterized by transmission electron microscopy (TEM) 
and Fourier transform infrared (FT-IR), thus demonstrating that CDs are monodisperse with an 
average size of 8 nm and they are surrounded by hydrophilic groups (i.e. hydroxyl and carbonyl), 
which leads to high aqueous solubility.  
H2O2 is a highly reactive oxidant that can promote a decrease in CDs size and thus higher 
quantum confinement of emissive energy traps. When H2O2 is added to the reaction medium, a 
dramatic increase in the CDs fluorescence is observed (turn-on strategy). OH radicals formed 
upon photolysis of H2O2 could cause photochemical etching of CDs yielding surface defects, 
which results in fluorescence enhancement. On the other hand, antioxidants, e.g. ascorbic acid 
and glutathione, inhibit the photochemical reaction, causing a quenching effect in the 
fluorescence of the CDs/H2O2 system, so they can be detected through a turn on-off sensing 
strategy.  
Under optimal conditions, detection limits of 5 µM H2O2 and 6 µM ascorbic acid were obtained. 
The repeatability and reproducibility, expressed as relative standard deviation, were 3.8% and 
6%, respectively. The proposed method was applied to H2O2 detection in contact lens cleaning 
solutions, which typically contain H2O2 concentrations lower than 0.9 M. Besides, the effect of 
several compounds, e.g. sodium citrate, sodium chloride, sodium tetraborate, etc. were evaluated 
as potential matrix interferences. In all cases the tolerance limits found were higher than the 
concentrations usually present in the analyzed samples. 
The main advantages of new approach are the reduced time for synthesis and sensing using CDs 
due to the integration of both process, which allows reaching high sample throughput along with 
minimal consumption of sample and reagents. Finally, the use of a portable 
microfluoroespectrometer allows the ability of in situ analysis. 
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The design of molecular sensors plays a very important role within nanotechnology and especially 
in the development of different devices for biomedical applications. Biosensors can be classified 
according to various criteria such as the type of interaction established between the recognition 
element and the analyte or the type of signal detection from the analyte (transduction). When 
Raman spectroscopy is used as an optical transduction technique the variations in the Raman 
signal due to the physical or chemical interaction between the analyte and the recognition element 
has to be detected. Therefore any significant improvement in the amplification of the optical 
sensor signal represents a breakthrough in the design of molecular sensors. In this sense, 
Surface-Enhanced Raman Spectroscopy (SERS) involves an enormous enhancement of the 
Raman signal from a molecule in the vicinity of a metal surface. 
The main objective of this work is to evaluate the effect of a monolayer of graphene oxide (GO) 
on the distribution of metal nanoparticles (NPs) and on the global SERS enhancement of p-
aminothiophenol (pATP) and 4-mercaptobenzoic acid (4MBA) adsorbed on this substrate. These 
aromatic bifunctional molecules are able to interact to metal NPs and also they offer the possibility 
to link with biomolecules. Additionally by decorating Au or Ag NPs on graphene sheets, a coupled 
EM effect caused by the aggregation of the NPs and strong electronic interactions between Au or 
Ag NPs and the graphene sheets are considered to be responsible for the significantly enhanced 
Raman signal of the analytes [1-2]. Since there are increasing needs for methods to conduct 
reproducible and sensitive Raman measurements, Graphene-enhanced Raman Scattering 
(GERS) is emerging as an important method [3]. 
 

 
 
The Raman mapping analysis of the GO substrate has revealed a more homogeneous distribution 
of metal NPs with respect to the direct deposition of metal NPs on glass which favours the 
reproducibility of the SERS substrates. On the other hand, pATP and 4MBA have been shown a 
weaker adsorption capability on the graphene sheets and only bind to Au or Ag NPs, so the whole 
Raman spectra can be considered an overlapping of the spectra of these molecules and those of 
graphene enhanced by the Au or Ag NPs individually. 
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On the basis of the maximum level (2 ng mL-1) of mercury in drinking water permitted by the 
United States Environmental Protection Agency (EPA), an ideal probe should display a very low 
detection limit and a high selectivity towards Hg2+ in the presence of other metals [1]. 
Considerable attention has been recently focused on the design of luminescence 
chemodosimeters for mercuric ion due to the highly sensitive, quick, and nondestructive 
advantages of luminescence methods. The chemodosimeter strategy is based on the use of a 
selective reaction that is induced by the target species and gives rise to an observable 
luminescence signal (preferably off-on). Rhodamine and BODIPY derivatives are two families of 
small molecular probes reported for selective Hg2+ detection [2].  
Rhodamine 6G spirocyclic phenylthiosemicarbazide derivative (FC1) has been previously 
proposed for Hg2+ determination in diverse matrices, as water and fish samples [3,4], and the 
procedure improved by immobilization of the reagent in nylon membranes [5], hydrophilic water-
insoluble poly(2-hydroxyethylmethacrylate-co-methylmethacrylate) co-polymer [6] and 
electrospinning generated microfibre nonwoven mats [7]. 
The purpose of this work is to enhance the sensitivity of the reaction of FC1 towards Hg2+ by 
coupling the probe to Au nanoparticles, maintaining its high selectivity. 
Au nanoparticles were synthesized by reduction of AuCl3 with sodium citrate and characterized 
by DLS (Dynamic Light Scattering). In the presence of the Au nanoparticles FC1 exhibits lower 
fluorescence than in its absence due to an intense resonance energy transfer (RET) effect. This 
fact improves the sensitivity of the reaction towards Hg2+, allowing its determination at 
concentrations below 2 ng mL-1.The chemodosimeter has been applied to the determination of 
traces of Hg2+ in different aqueous samples. The proposed method allows the determination of 
Hg2+ in a variety of aqueous samples, in a fast, economical and simple way. The emission of 
fluorescence was measured at 555 nm, by exciting at 528nm, in the interval between 0.5 and 10 
ng mL-1, with a detection limit of 0.15 ng mL-1, being 5 times more sensitive than the original 
method in absence of the Au nanoparticles [4]. 
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Recently, some approaches for the development of Carbon dots (Cdots) based fluorescent 
sensing systems have been described. However, little has been reported to date on room 
temperature phosphorescence (RTP)-based sensor systems even though the phosphorescent 
detection provides a number of important advantages including low emission background and 
increased selectivity by delaying the measurement time. It is possible to achieve much higher 
selectivity with phosphorimetry than with spectrophotometry and fluorimetry because only a few 
compounds are phosphorescent compared to the much larger number which absorb radiation or 
show fluorescence [1]. 
Biothiols such as glutathione, cysteine and homocysteine are biomarkers that play role in many 
biologicalprocess. Therefore, it is great importance to development sensitive, selective and fast 
method for determination of biothiols in biological samples [2]. 
Cdots suffer attenuation of their phosphorescence (Figure 1) in the presence of various metal 
ions is so can be used for the determination of these metal ions as well as species that interact 
with them (turn off-turn on systems). In this study the attenuation of luminescence Cdots by Hg 
(II) (turn-off) for the development of a method for determining biothiols (turn-on) is used. We 
studied different influencing parameters such as the concentration of Cdots, the concentration of 
Hg (II), pH, time, and the presence of various potential interfering (amino acids and 
carbohydrates). The analytical method developed present good analytical characteristics. 
 

 

 
 

 

 
Figure 1. (A) Phosphorescence emission and excitation spectrum. (B) Photographs of Cdots 
solutions under visible ligth (right) and UV beam of 365 nm (left) in comparation with only water 
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Triazine herbicides are considered among the most important class of agricultural chemicals ever 
developped. During their 50 years of use they have contributed to the huge increment of the crop 
production. Atrazine is by far the most employed triazine pesticides because of its high flexibility 
in combined treatments [1]. This herbicide continues to be widely used today in USA, but it was 
banned in EU from 2003 [2]. One of the most interesting chemical characteristics of triazine 
pesticides is its high tendency to degradation by several factors: hydratation, photolysis, 
temperature. In general, it is widely considered that these degradation processes are enhanced 
at extreme pH’s, mainly at acidic one. The most frequently detected atrazine degradation products 
are DEA (des-ethyl atrazine) and DIA (des-isoprpyl atrazine), but also the hydroxylated 
degradation products are considered the major degradation products. These products are also 
common to other triazines structurally related to atrazine such as simazine or prometryne. 
Therefore, the possible detection of triazine herbicies in water (lakes, rivers, etc.), related to the 
agricultural practices, by SERS (Surface-enhanced Raman scattering) must take into account all 
these effects. Of course, always considering the possible catalytic effect caused on the pesticide 
structure by the metal surface.  
In this work we present the preliminary results obtained in our laboratory on the detection of 
atrazine and prometryne by using different SERS substrates: Ag and Au nanoparticles (spherical 
and nanostars), as well as Ag films obtained by pulsed-laser deposition (PLD).  
The results obtained from these experiments revealed several important facts: a) the commercial 
triazine compounds presented a partial degradation; b) the SERS cross section of the degradated 
triazines is ca. two orders of magnitude higher than the precursor original triazine; and c) these 
herbicides display a high tendency to the degradation at relatively mild conditions, such as the 
increase of temperature under aqueous solution. A comparison of the SERS spectra of the 
degradation compounds with the theoretical spectra and the commercial products was carried out 
in order to properly assign the corresponding compounds detected by SERS.  
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Drug efficiency is related to LADME processes (Liberation, Absorption, Distribution, Metabolism 
and Excretion). In our group, we have studied the distribution and liberation processes of different 
kinase-inhibitor anticancer drugs. Bearing this goal in mind, we have focused on the following 
research topics.  
(1) Studies with proteins. The interactions between different anticancer drugs and human serum 
albumin (HSA) have been studied in our laboratory by Steady State Fluorescence Spectroscopy 
(SSFS) and Time Resolved Fluorescence Spectroscopy (TRFS) using the native fluorescence of 
the protein. Binding constants (Ka) were obtained from those studies. Thermodynamic parameters 
of the protein - ligand interaction (ΔH, ΔS y ΔG) were determined by varying the working 
temperature. The changes in the secondary structure of the protein were analyzed by UV-Vis 
absorption spectroscopy and FTIR. Moreover, Density Functional Theory (DFT) calculations were 
used to analyze the recorded spectra. 
(2) Drug delivery studies by using biodegradable polymers. Interest on drug controlled-release 
systems for keeping efficient levels of drugs during an optimum period of time is currently growing. 
Different kinds of biodegradable polymers, harmless for both humans and environment, such as 
polyglycolic acid (PGA), polylactic acid (PLA), poly (lactid-co-glycolic acid), polycaprolactone 
(PCL) have been synthetized [1]. These polymers could be suitable for future drug delivery 
applications. In our laboratory, we have studied the drug delivery kinetics of several antitumor 
drugs, previously loaded in PLA and PCL polymers, by means of UV-Vis absorption spectroscopy, 
SSFS and TRFS [2]. 
 
Acknowledgements 

The authors would like to thank the Consejería de Educación y Ciencia de la Junta de Comunidades de 
Castilla-La Mancha (FEDER projects and PEII-2014-043-P (FOTOCINE)), for supporting this research. 
 
References 
[1] M. Vert; Y. Doi; K. H. Hellwich; M. Hess; P. Hodge; P. Kubisa; M. Rinaudo; F. Schué, Terminology for 
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Different diseases such as Alzheimer or cancer produce modifications in the intracellular 
environment. For instance, the intracellular pH in cancer cells is more acid than in healthy cells 
[1,2]. Different kinds of fluorescent probes are been extensively investigated as intensity 
indicators [3] and lifetime sensors for intracellular pH. Lifetime sensors have many advantages 
since fluorescence lifetime (τF) does not depend on the excitation wavelength and intensity, 
duration of light exposure and fluorophore concentration [4]. 
Two types of π-conjugated compounds have been studied as lifetime pH sensors. They are 
formed by a core of perylene-diimide with pendant chains including different kinds of amine 
groups. In both compounds, an influence of pH on the τF was observed. The dependence of τF  
with respect to pH was studied in buffered solutions which mimic the intracellular environment. τF 
was measured in cancer cells (SK-MEL2) and healthy cells (C3H10T1/2) by using Fluoresce 
Lifetime Imaging Microscopy (FLIM). Higher values of τF were observed in cancer cells than in 
healthy cells.   
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Fluoroquinolones (FQ) are a group of antimicrobials broadly used to treat humans and food-
producing animals. These antimicrobials have been detected in aquatic systems around the 
world, and recent studies have revealed the presence of FQ -resistant bacterial strains near 
hospitals and antibiotic production plants. Current methods of FQ analysis in food or 
environmental samples are based on liquid chromatography (LC) techniques coupled with either 
tandem mass spectrometry (MS/MS), or with optical (fluorescence, ultraviolet (UV)) detectors. 
These methods are usually cost-effective, require skilled operators and are scarcely available in 
developing countries. In this way, electrochemiluminescent (ECL) sensors are particularly useful 
for the determination of these analytes due to their high sensitivity, wide dynamic range and 
simple instrumentation. Ruthenium(II) chelates, such as tris(1,10-phenanthroline)ruthenium(II), 
[Ru(phen)3

2+], have attracted much attention for the development of sensitive ECL sensors 
because of its excellent stability and ability to produce ECL with a good quantum yield. 
In this presentation, we report on the development of ECL sensors based on the immobilization 
of [Ru(phen)3

2+] by direct deposition, or entrapped into silica nanoparticles (NPs), on carbon 
screen-printed electrodes. The NPs were prepared by a modification of Stöber method [1] and 
several parameters including, silica composition, dye concentration, reaction time hace been 
optimized to obtain spherical, monodisperse dyed-NPs with a mean diameter of 160 ± 13 nm. 
The particles were modified to contain amino functional groups for further covalent binding onto 
the electrode surface and were characterized by scanning electron microscopy (SEM), 
microelemental analysis and infrared spectroscopy. 
Various parameters influencing the ECL sensors performance for ENRO monitoring including 
buffer composition, pH, and reagents concentration have been optimized using cyclic 
voltammperometry and luminescence detection.  
Due to the presence of potentially interfering substances in the samples a preliminary solid phase 
solid extraction step using a FQ selective molecularly imprinted polymer [3] has been optimized 
to improve sensor selectivity. The method has been applied to the analysis of ENRO in aqueous 
samples.  
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Cytochrome c (Cyt c), which is a heme-protein model in the present work, is a very basic redox 
protein, playing an important role in the biological respiratory chain [1]. Direct Electron Transfer 
(DET) between Cyt c and electrodes is usually difficult, probably due to protein denaturation at 
the metal electrode surface, leading to slow electron-transfer kinetics [2,3]. Moreover, studies of 
the electrochemistry of Cyt c have been hampered because it adsorbs strongly on Pt, Hg, Au, Ag, 
and other electrodes [4]. 
The DET from conducting materials to biomolecules, particularly proteins, has become a central 
issue in the development of certain biotechnological devices such as biofuel cells or chemical 
biosensors. A particularly and widely used conductive p-type polymer is poly(3,4-
ethylenedioxythiophene) (PEDOT) whose previous studies have shown that their electronic 
behavior is complex and appears to depend on the structure of the polymer, which in turn depends 
on the synthetic conditions, doping level, charge balancing ions, and other factors, such as the 
nature of the contacts. Thus, the DET between Cyt c and PEDOT-modified gold electrode has 
been studied in this work. It has been demonstrated that the thickness of PEDOT layer is an 
important factor in the electrochemical response of the Cyt c. 
In situ IR spectroscopy has been used to characterize the surface of solid species and to asses 
reactants and products have been sorbed on the electrode. In this work, it has been utilized to 
study structural changes of Cyt c with potential. Using in situ FTIR spectroscopy, it has also been 
verified that a thin PEDOT layer allow the DET between Cyt c and the electrode surface. This 
study would contribute to the development of modified electrodes in order to promote a third 
generation of biosensors. 
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Flexible multilayer packaging consists of a series of layers of different nature, each of which 
confers specific properties to the complex. The inner layer is usually made of linear low density 
polyethylene (LLDPE) which allows packaging closure by thermal sealing. The composition of 
this material is of crucial importance as it is in contact with the content and certain content 
ingredients may interact with it and produce an undesirable delamination process. Therefore, 
when the product to be packaged contains these "aggressive" ingredients it is necessary to design 
a special high-strength packaging. 
The formulation of this kind of packaging usually includes several layers of polyethylene of 
different nature and thickness. The final LLDPE macroscopic properties (such as barrier and 
mechanical properties) depend on the molecular structure of the individual polyethylene chains 
and its assembled nanostructure, which finally depends on how polyethylene has been 
synthesized. 
The LLDPE is obtained by copolymerization of ethylene and α-olefins such as 1-butene, 1-hexene 
and 1-octene, with Ziegler-Natta or metallocene type catalyst. Variables that primarily determine 
the molecular structure of the polymer (distribution of linear chain length, degree of lateral 
branches and length thereof) are the proportion and nature of α-olefin used as a co-monomer and 
the type of catalyst employed. 
From the standpoint of quality control and design of new laminates, the determination of the 
LLDPE molecular structure is essential to produce high-strength multilayer packaging that does 
not undergo delamination. This communication presents the results obtained applying 13C {1H} 
NMR technique to characterize different polyethylene resins used in the multilayer packaging 
manufacture. 
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The phenomenon of supercontinuum generation (SCG) consists of a wide spectral broadening of 
light signal during its propagation through a nonlinear medium [1, 2]. Supercontinuum has several 
applications in some interesting fields, including spectroscopy and remote chemical sensing [3-
5]. In this work we present a supercontinuum source based on a simple and feasible setup (Figure 
1), since only commercial Erbium-Doped Fiber Amplifiers (EDFAs) are required.  
A ring-cavity laser pulsed by passive mode-locking based on the nonlinear polarization rotation 
effect is used as optical seed. In order to control the dispersion, positive and negative dispersion 
monomode fibers are placed inside and outside the ring, respectively. Finally, the pulses amplified 
with a second EDFA are coupled on a Highly Nonlinear Fiber (HNLF) to generate 
supercountinuum. Thus, it represents a good opportunity for spectroscopy as attainable and ultra-
wide (around an octave) light source.  

 
Figure 1. Experimental setup for the supercontinuum generation. 

 
We have optimized the HNLF fiber length, maximizing the spectral width. Figure 2 shows 
supercontinuum spectra for different HNLF lengths. The maximum spectral width was obtained 
for 63 m, with spectrum spanning from around 1140 nm up to 2282 nm (1142 nm), an octave of 
spectral width. 

 
Figure 2. Supercontinuum spectral generated by various lengths of HNLF. 

 

We have presented a novel supercontinuum source, easily attainable with commercial 
devices. This ultra-wide spectral source may find useful applications in the field of 
spectroscopy. 
 
Acknowledgements 

This work was supported by the project FIS2013-44174-P (Ministerio de Economía y Competitividad) and a 
grant of the Banco de Santander and the Universidad de Zaragoza. 
 
References 
[1] R Alfano., The Supercontinuum Laser Source, Second edition, Springer, New York, 2006. 
[2] J. Swidersky, Prog. Quantum Electron., 38, 189-235 (2014). 
[3] Xia Ch., Mid-Infrared Supercontinuum Laser System and its Biomedical Applications, Thesis, Michigan, 

1-147 (2009). 
[4] A. M Heidt, J.H.V Price, C Baskiotis, J S Feehan, Z  Li;  S.U. Alam, D. J. Richardson,  Opt. Express 21, 

24281–24287 (2013). 
[5] R. Buczynsk, H. Bookey, M. Klimczak, D. Pysz, R. Stepien, T. Martynkien, J. E.  McCarthy, A. J. Waddie, 
A. K. Kar, M. R. Taghizadeh, Materials, 7, 4658-4668 (2014).



Poster presentation  AI-03 

XXV RNE – IX CIE | 117 

Magnetic graphene oxide as sorbent for headspace sorptive 
extraction of some chlorobenzenes prior to thermal 
desorption-gas chromatography mass spectrometry 

 

M. Ahmadi1, L. Vidal2,*, T. Madrakian1, A. Canals2,*. 
1 Faculty of Chemistry, Bu-Ali Sina University, Hamedan, Iran. 
2 Departamento de Química Analítica, Nutrición y Bromatología e Instituto Universitario de Materiales, 
Universidad de Alicante, P.O. Box 99, E-03080, Alicante, Spain. 
*lorena.vidal@ua.es (L. Vidal), a.canals@ua.es (A. Canals). 
 

Analytical chemists have been always benefited from various available instruments such as 
chromatography, spectroscopy and microscopy, as well as sensors and microdevices. But these 
instruments cannot fully satisfied analytical chemist appetite for trace analysis of analytes of 
interest in complex matrices. In this regard, more often than not, one or more pretreatment steps 
are necessary to increase sensitivity and selectivity of the instruments. These are referred to 
“Sample Preparation”, whose goal is enrichment, cleanup, and signal enhancement [1]. 
Since solid phase microextraction (SPME) was innovated and proposed as a sample preparation 
technique [2], plenty efforts have been made to improve this technique drawbacks. These efforts 
led to introduce some alternatives such as micro-solid phase extraction, stir-bar sorptive 
extraction, microextraction in a packed syringe and etc. Analytical chemistry researchers are 
always looking for simpler sample preparation techniques to increase selectivity and sensitivity of 
their determinations with lower total analysis cost. One of these efforts, in this work, led to 
introduce a new method based on headspace extraction, so-called Magnetic Headspace 
Adsorptive Extraction (Mag-HSAE), with improved simplicity, sensitivity and cost effectiveness. In 
the proposed method, the conventional SPME fibers were replaced with neodymium 
supermagnets which was modified with magnetic nanomaterials. In order to evaluate the Mag-
HSAE technique feasibility, as model application, it was used for headspace extraction of some 
chlorobenzenes from aqueous samples using magnetic graphene oxide as adsorbent prior to GC-
MS determination. The results showed that very sensitive (pg L-1 detection limits), repeatable (1.5-
9.5 RSD% values), accurate (86.2-110.1 recoveries percent), and at the same time cost-effective 
determination of the investigated model compounds was achievable using the newly developed 
technique. 
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In this communication we present our recent advances in the application of spectroscopic 
measurements for the characterization of optical linear retarders. These elements are useful 
components for any optical application requiring control of the state of polarization. Their spectral 
characterization is required to be able to use them in different wavelength ranges, as well as for 
the production of spectral birefringent filters.  
We present here the calibration laboratory facility we have developed [1], that incorporates either 
a thermal broadband light source or a supercontinuum laser, two broadband beam-splitter 
polarizers, and two spectrometers, operative in the visible and in the near IR band regions 
respectively. As a result, we can precisely determine the spectral retardance function of different 
retarders in a wide spectral range from 400 nm to 1600 nm. We include results with static wave-
plates as well as liquid-crystal retarders (LCR).  
Spectral measurements make it possible for us to easily identify multiple-order and zero-order 
retarders. We present results with quartz retarders, and show a simple technique to determine 
the order of the retarder from the spectroscopic information. The results will be compared to more 
sophisticated retarders such as achromatic retarders made of a combination of two different 
materials, or a Fresnel rhomb, that provides a constant retardance. 
Finally, we present results with liquid-crystal retarders (LCR) [2]. These are very useful elements 
since they are low-order linear wave-plates with a variable retardance, tunable upon a small 
applied voltage. They can be fabricated in the form of a single LCR element, or in the form of one 
or two-dimensional arrays, as in a spatial light modulator (SLM) device. These devices are 
becoming very useful in all kind of applications that require programmable control of the intensity, 
the phase, the state of polarization, and the spectral content of an input light beam, thus becoming 
key components in advanced optical instruments for optical microscopy, interferometry, 
polarimetry or spectral filtering. 
In all cases, the precise determination of the optical modulation, as a function of both the applied 
voltage and the wavelength, is very important to achieve accurate and reliable results with the 
instruments where they are incorporated. The presented spectroscopic facility and the related 
techniques allow the complete optical modulation characterization of all these kinds of retarder 
elements, including possible Fabry-Perot interference effects [3]. This communication presents 
the facility, the methods, and examples of the spectroscopic characterization of all the above-
mentioned different optical devices. 
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Different sample pre-treatments have been evaluated for the analysis of chloramphenicol 
residues in food and biological fluids by ion mobility spectrometry (IMS). A combination of a 
selective solid-phase extraction (SPE) and dispersive liquid-liquid microextraction (DLLME) 
allowed the high sensitive determination of chloramphenicol in water, milk, honey, and urine 
samples. The performance of selective SPE supports such as immunoaffinity chromatography 
(IAC) and molecular imprinted polymers (MIP) have been compared in terms of selectivity, 
sensitivity, trueness, precision, and reusability. Quantitative recoveries were obtained for 
chloramphenicol residues, ranging from 91 to 123 % for water, from 99 to 131 % for skimmed 
milk, and from 95 to 137 % for urine using IAC-DLLME-IMS and MIP-DLLME-IMS methods. 
Quantitative recoveries (from 88 to 104%) were also achieved for honey samples using IAC-
DLME-IMS, but low recoveries were obtained using MIP-DLLME-IMS. The limit of quantification 
was set at 0.1 µg L-1 which is lower than the minimum required performance limit established by 
the EU. The proposed methodology is an attractive strategy for the relatively fast, sensitive, and 
selective analysis of chloramphenicol residues. 
Figure 1 shows the IMS plasmagrams of urine, skimmed milk and honey samples spiked with 
chloramphenicol at 50 µg L-1 using solid-phase extraction by using IAC coupled to DLLME and 
MIP coupled to DLLME, as sample preparation step before IMS measurement. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. IMS plasmagrams of urine (blue line), skimmed milk (red line), and honey (black line) samples 
spiked with chloramphenicol at 50 µg L-1 using IAC-DLLME and MIP-DLLME before IMS measurement. 
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The new triptycene-based ditopic Schiff base ligand H2L was synthesized and satisfactorily 
characterized. H2L is able to adopt the adequate topology required for optimal binding to naked 
metal ions leading to a neutral trinuclear circular helicate of the type M3L3·nH2O. Helicate results 
from the assembly of three naked metal ions and three anti conformers of the ligand.  
A novel trinuclear circular species have been isolated and unambiguously characterized by 
elemental analysis, mass spectrometry, infrared and NMR spectroscopies. We have synthesized 
the circular helicate Zn3L3·8H2O that results from the zinc-assisted diasteroselective assembly of 
three units of the anti-s-cis helicand H2L, as (R,R)- or (S,S)-enantiomers. H2L can adopt three 
different conformations, and DFT calculations suggest that these conformers have similar energy. 
The NMR characterization of H2L shows that it adopts a syn configuration in DMSO-d6 solution. 
The reaction of H2L with Zn(II) in a basic medium in acetonitrile as solvent leads to the formation 
of pure Zn3L3(H2O)8. The NMR characterization of Zn3L3·8H2O in DMSO-d6 as solvent shows that 
the Schiff base in the metal complex adopts a 3_R,R'-anti-s-cis configuration. 
In order to confirm that the triptycene-based N,O-donor ligand can be an optical sensor for Zn2+, 
the correlation between analytical signal (Absorbance) and concentration of  Zn2+ has been 
studied. The calibration curves obtained for Zn2+ at 267 and 348 nm shown a good correlation. 
The limit of detection (LOD) and quantification (LOQ) were calculated according to LOD=(3SD)/m 
and LOQ=(10SD)/m, were SD is the standard deviation of eleven measurements of a blank  and 
m is the slope of the calibration graph. The detection and quantification limits obtained with the 
proposed method at 267 nm were 4.2 and 4.1 µg/l for Zn. Because of the results for LOD and 
LOQ were slightly better at 348 nm this is the wavelength chosen to perform the Zn determination. 
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In a previous work [1], the benefits of using linear correlation combined with LIBS depth profiling, 
especially for the characterization of thick layers, were shown. In this work, the combination of 
linear correlation with three dimensional (3D) mapping by laser-induced breakdown spectroscopy 
(LIBS) has been studied. At this regard, a previous software that allowed the calculus of linear 
correlation coefficients and its representation in the format of depth profiles was improved to 
calculate those linear correlation coefficients and display them in form of lateral distributions, 
depth-profiles and 3D maps.  
With the aim of testing the improvements of 3D mapping by LIBS due to the application of linear 
correlation, brass specimens with an oxide film covering fully or partially the metal surface have 
been prepared and analyzed. The results of the analysis demonstrate that the application of linear 
correlation to the generation of 3D LIBS maps can be a very useful tool to identify oxidized regions 
in different depths and areas of a brass sample. Moreover, the use of this statistical tool provides 
supplementary information since it improves the sensitivity and the accuracy of LIBS technique 
to discriminate regions with different characteristics, opening a new range of possibilities for the 
application of this new methodology to the quality control in the industry sector. 
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Among infrared transparent electrodes (ITEs), boron-doped diamond (BDD) has recently gained 
considerable attention due to its advantages in electrochemistry and spectroscopy. The 
advantages include (i) a large potential window in aqueous environments (ca. 3 V), (ii) low 
background and noise current levels, (iii) transparency in a wide range of the electromagnetic 
spectrum, ranging from the UV-Vis to the far-IR regions, and (iv) resistance to fouling and 
biofouling due to its nonpolar character [1]. These properties, along with the superb physical and 
chemical stability of diamond, make BDD an ideal material for spectroelectrochemical 
measurements in the mid-IR region [2], to discern mechanisms of heterogeneous electrochemical 
reactions of organic species. Besides, enhancement of the optical and electrochemical sensitivity 
may be achieved through the decoration with gold nanoparticles (NPs) and nanostructures, thus 
promoting surface enhanced infrared absorption (SEIRA) effect of adsorbed IR-active molecules 
[3]. According to literature, BDD surfaces have been modified via electrochemical synthesis of 
AuNPs with accurate control of the NPs size and shape [4]. In addition, it was shown that the 
deposition of AuNPs on insulating IR-ATR crystals has been monitored in situ via the SEIRA effect 
induced in the water molecules [5]. 
In the current contribution, the electrochemical modification of BDD electrodes with AuNPs is 
presented for the enhancement of the optical and electrochemical sensitivity of the ITE. The 
synthesis of the AuNPs was in situ monitored by the enhancement effect induced on the IR 
absorption band related to the bending mode of adsorbed water molecules. The observed SEIRA 
effect allowed the optimization of the AuNPs in terms of density, size and shape, which was also 
characterized by atomic force microscopy with a combined AFM-IR-ATR setup [2]. The analytical 
merits of the developed system for spectroscopic measurements are demonstrated by SEIRA 
measurements of urea and KSCN, obtaining enhancement effects of more than one order of 
magnitude. The advancements for spectroelectrochemical measurements are illustrated for the 
redox couple hexacyanoferrate (II/III), evidencing the presence of the ferric or ferrous complex 
upon anodic or cathodic polarization, respectively. Results suggest that the AuNPs-modified BDD 
is a promising electrode material for spectroelectrochemistry as the elucidation of mechanisms of 
electron exchange processes and the investigation of the structural changes in the functional 
groups of the involved species and intermediates becomes accessible.  
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The use of Laser Induced Breakdown Spectroscopy (LIBS) for biomedical applications has gained 
much interest since the last decade. The studies on microorganisms have mainly focused on 
bacterial samples with particular relavance to infectious diseases in humans [1- [2],[3],[4] but not 
much attention has been paid to the analysis of fungal samples by LIBS. Therefore, in this work 
LIBS has been employed for the analysis of different strains of Candida species. Scanning 
Electron Microscopy with Energy-Dispersive X-ray Spectroscopy (SEM-EDS) was also used as a 
complementary technique to reveal the cellular structure, three-dimensional visualization and 
provide information about elemental composition of Candida cells. These strains were selected 
for their medical importance as they are the commonly found in human fungal infections. Strains 
belonging to different species of Candida were included in the study. The potential of LIBS 
technique in discriminating between different Candida strains based on the spectral information 
and composition has been evaluated. The use of LIBS-NN combination provided reliable 
discrimination among the distinct Candida strains with a high spectral correlation index for the 
samples analysed, without any false positive or false negative. The results obtained in this study 
demonstrated the potential of LIBS-NN based methodology to be used as fast fungal diagnostic 
method.  
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Olive cultivation and olive oil production are a worldwide important business, which has been 
typically concentrated in the Mediterranean countries, especially south of European Union 
countries. Olive growing has become more intensive over the last three decades, and is using an 
increasing amount of agricultural land and resources [1]. Nutrient deficiencies can cause major 
losses to farmers due to decrease in fruit quality and yield. Standard routine treatments against 
nutritional disorders are commonly carried out by application of fertilisers, often ignoring the real 
nutritional status of trees. Thereby, the use of fertilisers on a regular basis can lead to an excess 
of available nutrients in regard to the real nutrient demand of crops. Such nutrient surplus can be 
either immobilised in the soil or leached, and can consequently contaminate superficial and 
underground waters. Thus, to maximize olive production with the minimum environmental cost, it 
is necessary to realize a correct fertilisation. 
Suitable fertilisation decisions require proper characterization of plant nutritional status. Currently, 
this is carried out by chemical analyses of leaf samples performed in the laboratory. These 
analyses involve different analytical methods for various nutrients and usually include extensive 
sample preparation steps, like sample digestion, prior to analysis by atomic or molecular 
absorption spectroscopy or Kjeldahl method, in the case of nitrogen. These methods are 
expensive and time-consuming; therefore the situation calls for the introduction of an efficient 
analytical strategy that can effectively replace the traditional laboratory routine analysis [2]. Near 
infrared spectroscopy emerge as an interesting alternative, which has been applied for nutrition 
diagnose of different plant species, with dissimilar results [3]. For characterization of leaf chemical 
composition of olive trees, few studies are available. They are limited to nitrogen concentration 
[2] and other parameters like oleuropein [4].  
In the present study we propose the use of FT-NIR spectroscopy for the prediction of several 
nutrients in olive leaves. One hundred olive leave samples from different olives varieties have 
been collected from around 30 different municipalities throughout the provinces of Jaén, Granada, 
Córdoba and Gerona. They correspond to two different seasons (winter and summer) collected 
in the period from 2013 to 2015. Using NIR spectra and applying different pre-processing tools in 
order to improve models accuracy, predictive models were constructed using a partial least 
squares regression (PLSR) with random subsets cross validation. Results obtained were 
excellent for nitrogen and calcium prediction (RPD >2), good for phosphorus and potassium 
prediction (RPD >1.5), and acceptable for magnesium, manganese and boron prediction (RPD 
>1). Predictive model for zinc gave inaccurate results with RPD <1. Results show that NIR 
spectroscopy could be an alternative for nutrient prediction in olive leaf, although it would be 
necessary to build more robust models expanding the number and variety of samples. 
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Interest in natural toxins produced by fungi or plants has grown in recent years due to its toxicity 
and its impact on feeding and animal feed and human food safety. Among these toxins, alkaloids 
and more specifically tropane alkaloids, are very significant and they are characterized by 
presenting anticholinergic activity. Tropane alkaloids are synthesized by the plants from 
Solanaceae family and in smaller quantities from plants from other families. This family of 
compounds involves more than 200 compounds, although the compounds most studied are 
scopolamine, atropine and (-)-hyoscyamine [1]. 
In the case of atropine, which is a racemic mixture of (-) and (+)-hyoscyamine, it is well known 
that (-)-hyoscyamine exhibit stronger anticholinergic effects than the (+)-hyoscyamine. Moreover, 
racemization occurs during the treatment process of the raw material and cooking procedures 
due to pH and temperature modifications, since only the (-)-hyoscyamine is naturally formed. For 
this reason, according to the EFSA interest in 2013 [1] it is necessary to develop methods which 
allows the separation of these two chiral enantiomers to elucidate the conditions that favor the 
transformation between both enantiomers, because there are not many studies that evaluate 
these processes. 
Therefore the aim of this study is the optimization of the enantioselective separation of (-) and (+)-
hyoscyamine with a Chiralpak-AY3 (150x4.6 mm, 3 µm) analytical column in combination with 
high performance liquid chromatography (HPLC)-coupled to tandem mass spectrometry (MS/MS) 
has been used. The developed method allowed the separation of the two target compounds in 10 
min, using ethanol 0.1% diethanolamine as mobile phase. In addition, the influence of differents 
parameters, such as pH apparent or temperature, in the signal of the (-) and (+)-hyoscyamine 
was studied. Finally the method was applied to the determination of the target compounds in 
buckwheat samples. Performance characteristics, such as trueness (in terms of recovery), 
precision, linearity, detection limits (LODs) and quantification limits (LOQs) were studied. Suitable 
performance characteristics were obtained for a reliable determination of both enantiomers in the 
selected samples. 
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Direct determination of particulated matter is challenging due to the inherent lack of reproducibility 
derived from the size distribution and non-regular geometries of the sizes. In conditions where 
the probe size is larger than that of the particle, the heating of the particle may be assumed 
complete and the vaporization/excitation yield approaches 100%. As long as the particle size is 
larger, such value decreases. On the other hand, even under a successful hitting of the particle, 
the sample composition may affect the results as the amount of refractory oxides alter the heating 
dynamic of the particle. In this sense, the conventional analytical strategy demands a controlled 
optimization of the energy per pulse required to overcome the enthalpy barrier. Another strategy 
focuses on the taking advantage of the better energy coupling of ultrashort lasers to increase the 
excitation yield. 
The present communication compares data obtained with the same Time-of-Flight Mass 
Spectrometry where two optical lines have been implemented to allow the excitation with a 
nanosecond laser (5 ns pulse width) and a femtosecond laser (35 fs pulse width).  
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Recent trends in analytical chemistry are aimed to automatize and miniaturize both devices and 
procedures, with the purpose to achieve portable systems capable of performing in-situ analysis. 
Laser induced breakdown spectroscopy (LIBS) is one of the few analytical techniques satisfying 
this need. The ability to analyse practically any kind of sample is an inherent advantage of LIBS. 
However, its application to elemental analysis of liquid samples is still scarce, due to the low 
competitiveness in sensitivity and precision compared to other well-known instrumental 
techniques (e.g. ICP-OES, ICP-MS or GFAAS). A substantial sensitivity enhancement can be 
achieved with the aid of microextraction methodologies, such as Solid Phase Microextraction 
(SPME). In SPME, analytes from the liquid samples are concentrated into a solid sorbent, allowing 
the direct analysis of the resulting solid matrix by LIBS with all the advantages that it implies.  
The aim of the present work has been the development and evaluation of a novel methodology 
for trace elemental analysis of liquid samples based on the abovementioned SPME-LIBS 
combination. To this end, two different materials (i.e., activated carbon and graphene oxide) were 
tested as possible sorbents for SPME. After optimization of the microextraction and detection 
procedures, analytical figures of merit of the developed SPME-LIBS methodologies were 
evaluated and compared. The obtained results indicate graphene oxide to be the best choice as 
sorbent material for the target analytes, providing increased sensitivity and experimental simplicity 
compared to activated carbon.  
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Introduction. Plasmas based on electrical discharges have had great interest, both in research 
and in practical applications. There is a great number of electrical discharges that are used as 
ionization sources for Mass Spectrometry (MS), including inductively coupled plasma (ICP), 
corona discharge (CD) or glow discharge (GD). Nevertheless, the introduction of a new group of 
Desorption/Ionization sources operating at Atmospheric pressure (ADI) has motivated a 
revolution in the so called Ambient Mass Spectrometry field.  
Ambient Desorption/Ionization sources for Mass Spectrometry. Atmospheric desorption and 
ionization sources have enormously progressed in the last years [1]. The main advantage of ADI 
sources is their capability to analyse many samples in their natural form. These sources allow 
direct analysis of solid, liquid or gas samples with minimum sample preparation preventing contact 
between the sample and the vacuum of the analyser, and achieving correct sampling, desorption 
and ionization at room conditions.[2]. Moreover, ADI ionization sources are considered soft 
ionization sources that produce low fragmentation. Therefore, they are very suitable to provide 
molecular information. These analytical features provide a huge applicability of ADI-MS (e.g. fast 
detection of drugs, explosives and other substances or even direct analysis of biological tissues). 
In this particular case, an electrical plasma is generated in a helium atmosphere. The molecules 
present in the sample are first desorbed (by thermal process in the most cases). Then the 
discharge have interaction with the ambient space and, due to reactions between the excited 
species of He and atmospheric components (N2, O2 and H2O), a number of reagent ions are 
generated: N2

+, O2
+, NO+, H2O+ also including the protonated water clusters [(H2O)n + H]+, involved 

in protonation, the most important ionization reaction [3]. 
Atmospheric pressure glow discharge characterization (APGD). Our laboratory has recently 
developed an experimental system for direct solid/liquid/gas analysis, using an ADI source 
coupled with a quadrupole mass spectrometer. The developed ADI source was based in a 
concentric-electrode-APGD, using helium as a discharge gas. In this study, we present a new 
concentric-electrodes-APGD with a central channel that enables gas samples introduction. In 
particular, an electrical and optical characterization of the source has been carried out to 
investigate the influence of gas sample introduction, electrodes dimensions, current and helium 
flow on the discharge.  
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Selenium is a non-metal element with properties that are intermediate between the chalcogen 
elements sulfur and tellurium. Selenium salts are toxic in large amounts. In fact, the most of the 
early researches on this element were carried out with the goal of addressing selenium toxicity. 
In the middle 20th century, selenium was recognized as a micronutrient and its biological function 
was studied with regard to its importance in human nutrition. Trace amounts of this element are 
necessary for cellular function in many organisms, including mammals [1]. Although selenium is 
considered an essential element, the variation between deficiency and toxicity of this element is 
the smallest of all the essential elements. For this reason, analytical methodologies for the 
sensitive and selective determination of this element are necessary. Methods based on atomic 
absorption spectrometry with a graphite furnace atomizer (GF AAS) are adequate for this 
purpose. However, some difficulties are associated with the determination of this element by GF 
AAS such as the presence of spectral interferences and the loss of selenium by volatilization. The 
main absorption line for selenium is located at a very short wavelength (196.026 nm). In the 
vicinity of this resonance line three iron lines are located and besides in this region it is more 
frequent to find spectral overlaps with diatomic molecules such as PO, CS, NO or SiO and 
radiation scattering effects become significantly more pronounced [2]. Zeeman correction 
systems are usually used for background correction but for samples with complex matrixes, such 
as in direct solid analysis, the correction of these spectral interferences is very difficult and 
sometimes it is not possible their complete elimination. In addition, selenium may be lost even at 
low temperatures due to the volatility of organoselenium compounds and also during pyrolysis 
and atomization due to the formation of decomposition products which are not dissociated before 
leaving the graphite tube [3]. Although diverse modifiers have been added to reduce volatilization 
losses, their effectiveness as stabilizing agents depends on the oxidation state of selenium 
species. 
In this work, we have evaluated different types of chemical modifiers to prevent the loss of 
selenium in GF AAS measurements regardless of the oxidation state of this element in the 
sample. Palladium nitrate, magnesium nitrate, ruthenium and palladium nanoparticles 
synthesized by following a straightforward procedure have been assayed as chemical modifiers. 
The measurements were performed with a high-resolution continuum source atomic absorption 
spectrometer. With this instrument, the spectral interferences are easily eliminated due to its 
better capabilities for background correction compared to conventional atomic absorption 
spectrometers. The pyrolysis and atomization temperatures have been also optimized to control 
the volatilization processes. Standard reference materials have been used to evaluate the 
applicability of this methodology for the direct analysis of solid samples.  
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Laser-induced breakdown spectroscopy (LIBS) is a laser diagnostic technique, where a laser 
beam focused onto a material generates a plasma when laser intensity exceeds the breakdown 
threshold of the material.  LIBS has many advantages as an analytical technique, that no need of 
sample preparation, which avoids deterioration and further contamination of the material to be 
analyzed. LIBS is also applicable to the analysis of extremely hard materials that are difficult to 
digest or dissolve, such as ceramics and semi or super-conductors. 
The objective of the present work is centered on the application of LIBS technique in the 
determination of concrete contamination by chloride. This element is the main cause of 
deterioration of concrete structures in marine environment. Determination of their presence in 
these structures is very important to know the status of them. The LIBS will allow the development 
of field-portable instruments capable of in-situ and real time analysis of structures without their 
deterioration. 
In this work, a laser (Litron Nd:YAG Nano series) is coupled to a Czerny-Turner monocromator  
(Andor Shamrock 303) with three dispersion gratting: 600 groves/mm, 1200 groves/mm and 2400 
groves/mm, and a sensitive optical detector, the intensified charge-coupled device (Andor iStar 
ICCD DH374 18mm).  The measure was made in a vacuum chamber where the pressure can be 
controlled. The optimization of the method has been previously carried out by the use of the 
mineral chlorides halite (NaCl) and sylvite (KCl). Cl lines in the range of 800-900 nm have been 
found to be the best option for this study by its low influence of other spectrum lines. The intensity 
of these lines is compared with lines from other elements present in the sample, e.g. Ca from 
cement. 
A group of mortar samples previously contaminated with different concentrations of chloride ion 
have been studied. Cement mortar samples have been made according to rule UNE-EN 196-
1:2005, adding different amounts of sodium chloride to the water used in the mix. As a contrasting 
method, the Volhard chemical method, as it is described in rule UNE-EN 196-2:2006, has been 
used. 
The final result is that there is a linear dependence between the ratio of lines Cl/Ca and the 
chlorine concentration that indicates that, though being a semi-quantitative technique, Laser 
Induced Breakdown Spectroscopy is a valid method to carry out quick and non-destructive 
analysis of mortar and concrete samples affected by deteriorative elements. 
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Plasma-based spectrometric techniques are considered the state of the art for the elemental 
analysis, offering excellent sensitivity that permits trace level quantification in different sample 
matrices. Despite these advances, continuous research is going on in order to enhance the 
analytical performance and to extend their applicability. One active research field is dealing with 
the sample introduction systems, aiming to improve the transport efficiency and to reduce the 
sample consumption. 
In this work, a new multicapillary nebulizer for sample introduction in microwave plasma atomic 
emission spectrometry (MP-AES) and inductively coupled plasma optical emission spectrometry 
(ICP-OES) has been developed and aerosols generated have been characterized by Phase 
Doppler Particle Analyzer (PDPA). The new pneumatic nebulizer incorporates one nebulization 
nozzle with two independent liquid capillaries and a common gas inlet [1]. 
Aerosols generated under different nebulizer gas flow rate and liquid flow rate have been 
evaluated. Total solvent and analyte transport efficiency have been also investigated. The 
nebulizer experimental conditions have been optimized in MP-AES and ICP-OES.  
Under optimum conditions, the analytical figures of merit (i.e., sensitivity and limit of detection) 
have been evaluated and compared with those obtained with two conventional pneumatic 
nebulizers (i.e., Conikal and SeaSpray). Finally, the analytical capabilities have been 
demonstrated by performing on-line calibration methodologies and on-line chemical vapour 
generation.    
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Tin inputs on the marine environment are mainly through antifouling paints which are generally 
applied in the hulls of ships to prevent fouling. Once released from an antifouling coating, is rapidly 
absorbed by organisms such as bacteria and algae or adsorbed onto the surface of particles 
suspended in the water [1,2]. Due to the different chemical forms in which metals can accumulate, 
total concentrations are frequently not sufficient to obtain information relevant to environmental 
studies. 
Sequential chemical extraction with solutions of increasing dissolving power allows a broad 
operational classification of the most important binding forms of metals, which can, in principle, 
be associated with the constituent solid phases in sediments. The need of adequate quality 
control of the sequential procedures to allow the comparison of results is widely recognized. A 
fractionation method has been proposed by the European Standards, Measurements and Testing 
Program (formerly BCR) aiming to improve the comparability while retaining the most significant 
empirical information generated [3, 5].  
Sampling was carried out in seasonal campaigns during 2013, at ten sites along the estuary. 
Atomic spectrometric techniques were particularly suited for the analysis of the relatively low 
volumes of the liquid phases resulting from the successive extraction steps. The sum of tin 
concentrations associated to each fraction obtained by the extraction scheme (acid soluble + 
reducible + oxidizable + residual) is in good agreement (89 - 106%) with the total metal content 
obtained by a conventional digestion method. From the environmental point of view, it was 
observed that those sites with the highest pollution relate not only to human activities, but with 
tidal currents within the estuary (Figure 1). 

 

Figure 1 Sampling sites in 
the Bahía Blanca estuary 
and tin distribution pattern 

Acknowledgements 

This research was supported by PGI 24/Q054 - PGI 24/Q050 from the Universidad Nacional del Sur 

 
References 
[1] ED. Burton, IR. Phillips and DW. Hawker. Environ Sci Technol, 38, 6694–6700 (2004). 
[2] TG. Luan, J. Jin, SMN. Chan, YS. Wong and Tam NFY. Process Biochem, 41, 1560–1565 (2006).  
[3] M. A. Ashraf, M. J. Maah,  I. Yusoff. Iranian Journal of Science & Technology, A2, 163-180 (2012). 
[4] Chun-gang Yuan, Jian-bo Shi, Bin He, Jing-fu Liu, Li-na Liang, Gui-bin Jiang. Environment International 

30 769– 783 (2004). 
[5] Abdel Boughriet, Nicolas Proix,  Gabriel Billon, Philippe Recourt,  Baghdad Ouddane. Water Air Soil 
Pollut, 180, 83–95 (2007).



Poster presentation  MA-02 

XXV RNE – IX CIE | 136 

Determination of chemical oxygen demand by UV/H2O2 
oxidation treatment followed by in-drop turbidimetric analysis 

 

I. Lavilla1,*, J. Akhoundzadeh2, M. Costas1, M. Chamsaz2, F. J. Pena-Pereira1, 
C. Bendicho1. 
1Departamento de Química Analítica, Área de Química Analítica, Facultad de Química, Universidad de Vigo, 
Campus As Lagoas-Marcosende s/n, 36310 Vigo, Spain. 
2Department of Chemistry, Faculty of Sciences, Ferdowsi University of Mashhad, 0511-8794086, Mashhad, 
Iran. 
*isela@uvigo.es 
 

Chemical oxygen demand (COD) is defined as “the amount of a specified oxidant that reacts with 
the sample under controlled conditions” [1]. Standard methods for determination of COD involve 
the use of large volumes of a strong chemical oxidant (e.g., dichromate or permanganate) as well 
as highly corrosive and/or toxic chemicals (e.g., sulphuric acid or mercury sulphate). In addition, 
they require the use of large volumes and extended analysis times. This work reports the 
development of a greener analytical methodology for determination of low concentrations of COD 
in natural waters and wastewaters. The proposed method is based on the photochemical 
degradation of organic matter by means of an optimized UV/H2O2 oxidation treatment, in-drop 
precipitation of the generated CO2, and microvolume turbidimetric analysis with no dilution of the 
BaCO3 generated in situ [2]. A number of experimental parameters were evaluated for optimal 
performance, including UV irradiation time, H2O2 concentration, sample pH, microextraction time, 
drop composition (namely, Ba(OH)2 and glycerol concentration) and drop volume. Under optimal 
conditions, the method demonstrated linearity over the concentration range of 3.4-20 mg/L 
oxygen. The limits of detection and quantification, calculated following the 3σ and 10σ criteria, 
were found to be 1.2 and 4 mg O2/L, respectively. The repeatability, expressed as relative 
standard deviation, was 5.1% (n=6). The accuracy of the method was evaluated by analysing a 
certified reference material (COD Demand-Constant Value, RT Corportion LtD, Salisbury, UK), 
showing no significant differences at the 95% confidence level (t-test, texp<tcrit, texp = 1.491, tcrit = 
2.132). The analytical characteristics of the proposed method are, in general, comparable to those 
reported in the literature. Remarkably, the present methodology can be considered as an 
advantageous alternative to conventional procedures reported for COD determination in 
accordance with the “greenness” criteria proposed by the American Chemical Society Green 
Chemistry Institute [3].  
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The present work reports the development of an alternative methodology to the 5530 American 
Public Health Association (APHA) standard method for determination of phenols in aqueous 
samples [1]. The method involves the chemical conversion of phenols in the aqueous phase by 
oxidative coupling of phenolic compounds with 4-aminoantipyrine, followed by the enrichment of 
the formed antipyrine dye into a microvolume of trichloromethane, and final determination of the 
extract by a commercial microvolume UV-vis spectrophotometric system at 460 nm. Appropriate 
conditions for the enrichment of phenols were assessed. Experimental variables affecting the 
colorimetric reaction included concentration of reagents (4-aminoantypyrine, potassium 
peroxodisulfate and potassium ferrycyanide), sample pH and temperature, whereas experimental 
parameters affecting the preconcentration of the antipyrine dye included different types of 
extraction and disperser solvents, volume and ratio of the extractant/disperser mixture. Under 
optimal conditions, an enrichment factor as high as 700 was attained for phenols. The limits of 
detection (LOD) and quantification (LOQ) of the proposed method, calculated following the 3σ 

and 10σ criteria, were 0.8 and 2.5 µg L-1, respectively. The linear dynamic range covered 

concentrations from the LOQ to 150 µg L-1, and the precision of the method, expressed as relative 

standard deviation (RSD), was 5.2% (n=6). Remarkably, the proposed methodology showed 
excellent analytical characteristics and a much greener profile than the 5530 APHA standard 
method [2] in accordance with the suggestions of the National Environmental Methods Index 
(NEMI) [3,4]. Specifically, corrosive substances are not required, the amount of waste generated 
is lower than 50g, and persistent, bioaccumulative and toxic chemicals (PBT) are not used in the 
proposed method. Finally, the method was successfully applied to the determination of total 
phenol index in five different water and wastewater samples, yielding recovery values in the range 
of 90-99%. 
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There are different rules for determining metals in oils by ICP-OES technique. Depending on the 
source and the use of the oil in which it was used, the methods are different. In this research the 
standard ASTM D7151-13[1] and the ASTM D5185-13 E1[2] are compared, although the 
measuring ranges for the metals are different. They can be used for the determination of metals 
at the same concentration. Different measures have been carried out for each of the methods to 
a concentration of 10 mg/kg, being the maximum concentration referred to the standard ASTM 
D7151. The study was performed with an optical ICP in the axial configuration and a multielement 
pattern of 21 elements. 
After performing the 
measurements, in figure 1 it can 
be seen that the recovery for the 
different elements is better for 
the case of ASTM D7151 
standard, than for the ASTM 
D5185 standard. The largest 
variation is observed with Ca, 
Na, P and Si elements, whose 
values differ from the nominal 
value of the standard by more 
than 30% (Fig.1). This is due to 
the difference in the 
concentration of the internal 
standard and the measurement 
uncertainty associated with 
each of these elements in the 
different methods. 
The concentration of the internal 
standard in the ASTM D5185 is higher than in ASTM D7151, so the ASTM D5185 presents 
greater interferences[3] than those listed in ASTM D7151. This gives rise to a greater variability in 
the spectra obtained by the equipment as the concentration is increased, because the ratio of 
internal standard concentration and multielement pattern is higher.  Thus, the amount of standard 
used to prepare ASTM D7151 curve is higher, which makes, along with the concentration of the 
internal standard, that the measurement stability is greater decreasing its associated uncertainty. 
Considering that the initial pattern for the preparation of the calibration samples for the 
determination of the calibration lines was the same, it is concluded that for low concentrations is 
advisable to use the ASTM D7151 standard, while for concentrations above 10 mg/kg is 
necessary the ASTM D5185 standard, due to the recoverability enhances with increasing the 
concentration. 
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Uranyl minerals, containing the uranyl ion UVIO2
2+, have an increasing interest in environmental, 

nuclear and energetic disciplines because they are expected to be the main phases as a result 
of alteration of irradiated UIVO2 reactor spent nuclear fuel (SNF).  
Quantum theoretical methods are free of the difficulties associated to experimental methods, but 
their application to uranium-containing solids is difficult due to the necessity of using effective 
potentials for core electrons and relativistic corrections. There is very few published theoretical 
work about these mineral phases, mainly due lack of appropriate pseudopotentials.at first in this 
work A norm-conserving relativistic pseudopotential of uranium atom was generated and 
evaluated for a series of uranium-containing minerals: oxides, hydroxides, oxihydroxides, 
carbonates and silicates in this work. 
Uranyl carbonate minerals as rutherfordine, UO2CO3, are important in the SNF context, because 
carbonate and bicarbonate, present in in many natural waters, are exceptionally strong 
complexing agents for actinide ions. In this work, rutherfordine natural sample obtained from  
Sierra Albarrana (Córdoba, Spain) was studied by means of Raman spectroscopy and 
theoretically described by first principle calculations based on density functional theory (DFT) 
using CASTEP software [1].  
The two different crystal orthorhombic structures were studied: Pmmn and Imm2. Theoretically 
optimized structures were determined and the resulting lattice parameters, bond lengths, bond 
angles, and X-Ray powder spectrum were found in very good agreement with experimental values 
(Fig.1b). The experimental Raman spectrum and the calculated one are also in good agreement 
(Fig.1a). The energies and spectra associated to both structures were very close so that both 
may be simultaneously present in nature. For most of the bands in the experimental Raman 
spectrum we found a correspondence with bands in the theoretical spectrum and, thus, they were 
related to specific atomic vibrational motions. Only three weak bands were left without 
assignations, and they were related to other mineral phases: schoepite and uranophane. 
 

 
(a)                                                                    (b) 

Fig. 1: Calculated and measured rutherfordine Raman spectra and XRD pattern. 
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The SERS technique has already been applied in the field of Cultural Heritage to study organic 
dyes using different samples (solid micro-samples, fibers) taken from several artistic objects 
(paintings, pottery, statues, textiles). However, little has been studied about the application on 
cross sections mounted on different supports (resins or inorganic salts) [1]. It is well known that 
only the cross section can reveal the precise stratigraphy and the spatial collocations of all the 
layers composing a work of art.  
This work focuses on the formulation of a protocol for the application of the SERS technique 
directly on cross sections using metal nanoparticles (NPs). Analysed organic colorants are 
anthraquinone-based red lakes: pure purpurin, carminio estratto (mainly composed by carminic 
acid complexed with aluminum) and lacca rubia (made of alizarin complexed with Al3+). Samples 
were studied as paint layers on glass slides and cross sections. 
Various types of silver NPs were employed as SERS substrates: Ag spherical NPs prepared by 
chemical reduction with citrate (AgCt) [2] and hydroxylamine (AgHx) [3], Ag nanostars (AgNS) [4], 
Au NPs with different sizes [5] and Ag NPs prepared by photo reduction [6].  
Regarding the analysed dye, purpurin is the easiest to detect because it is not a lake. Between 
the two lakes, carminium and lacca rubia, the first one is more detectable. Considering the type 
of SERS substrate, AgCt colloid shows the best performance. AgNS, in spite of being slightly less 
effective, are valuable as well because they do not need to be aggregated, decreasing the level 
of the interfering species on the sample and increasing the reproducibility of the measurements. 
The AuCt colloid has the great advantage that its analysis is performed at 785 nm, laser that 
lowers consistently the fluorescence but the size of its NPs must be at least of 70 nm to be 
effective. Concluding, the AgHx one, although free from the highly interfering citrate, does not 
work well in the detection of colorants. 
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Raman spectroscopy, specially coupled to a microscope, is a well-stablished technique for the 
study of works of art. Its main advantages to this field are related to the absence of sample 
preparation in most of the cases and the possibility of the in-situ measurements [1]. The molecular 
information that can be obtained can give us knowledge about the original materials employed 
and also about the degradation products [2]. This information can be useful in the restoration and 
conservation works. However the most common drawbacks are the fluorescence background and 
the low signal of some compounds. Here we propose the use of far infrared spectroscopy (FIR) 
as a complementary technique that could improve the information obtained from the samples. 
The use of FIR has not been fully exploited in the field of cultural heritage. Far Infrared can be a 
useful spectral region for the study of mineral pigments (inactive in the mid-infrared region) [3]. 
The use of attenuated total reflectance (ATR) was selected for the measurements due to its ease 
to register the spectra without any need of sample preparation. Furthermore, ATR measurements 
at low wavenumbers are more sensitive because of the longer penetration depth of the 
evanescent wave. However, there is a lack of deep studies on the use of this approach 
considering interacting effects such as the refraction index of the samples. Here, we have 
developed an easy methodology based on the use of paraffin mixed with the pigment and 
constructed a database including a wide range of commercial pigments. Combining the 
information provided by both techniques, the pigments of two spaces in the Alhambra were 
characterized. In the plasterwork of the stalactite vaulting in the Hall of the Kings, typical pigments 
of the Nasrid period were found. More recent pigments appeared in the Hall of the Beds (Comares 
Bath) due the redecorations and restoration works in the XIXth century. 
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The polychrome decorations of the wood ceilings in two spaces of the Alhambra complex, the 
Hall of the Two Sisters and the Hall of the Abencerrages have been investigated. These wood 
structures were constructed by joining small, geometric pieces shaped as, square, star, pentagon, 
and hexagon. During the conservation works the ceiling was disassembled revealing drawings 
and sketches also in the reverse of the wooden pieces. The pieces were studied in a completely 
non-destructive manner by means of Raman microspectroscopy employing a portable instrument 
(innoRam, B&W TEK) equipped with a 785-nm laser and a back thinned two dimensional CCD 
detector and fiber optics probe. The experimental configuration was adapted to suit the artifact 
under study by mounting the probe head either horizontally or vertically on an extension arm. 
Furthermore, to get information about inner layers, small samples were carefully taken in selected 
locations. These samples were investigated by Raman microspectroscopy using bench top 
instrument equipped with excitation laser at 514 and 785 nm. In addition FTIR spectra were 
obtained using both a conventional IR source and synchrotron radiation. In both cases FTIR 
transmission spectra were collected from the samples placed on a diamond cell viewed through 
the microscope system.  
The pigments identified were lead white, cinnabar, lapis lazuli, orpiment and carbon black. 
Furthermore, these studies revealed the execution technique of these decorations. The different 
colors were applied over a priming layer of minium, which probably played a protective role for 
the wood. This is in agreement with some findings of a previous work in a different Hall of the 
Alhambra, although in that case unambiguous identification of the lead compound was not 
achieved1. On the top of the decoration there was a crackled layer identified as beeswax. This 
was probably a protective layer, not original, since it is documented that in the intervention carried 
out in the first half of the 20th century woodworks in the Alhambra were treated with a mixture of 
linseed oil, turpentine and beeswax to protect them against deterioration2. Finally, it was possible 
to detect the presence of proteinaceous material, probably employed as binder to fix the pigments. 
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Magnetic solid-phase extraction (MSPE) has recently received great interest since it reduces 
sample preparation time and facilitates sorbent manipulation. In MSPE, the magnetic sorbent is 
dispersed into the aqueous phase and after extraction, it is easily separated from sample solution 
by applying an external magnetic field, and thus avoids time-consuming filtration or centrifugation 
steps for phases separation. Next, target analytes can be desorbed using a proper eluent solvent 
or thermally for further determination by liquid or gas chromatography, respectively. 
The purpose of this work is to present a new composite based on ZSM-5 zeolite decorated with 
iron oxide magnetic nanoparticles as a valuable sorbent for MSPE. Zeolites possess unique 
sorbent properties that enable molecules to be discriminated based on morphology (i.e., pores 
and channels size and shape), and is thus advantageous for selective extractions. In addition, the 
proposed composite presents remarkable advantages such as low cost, rapid and simple 
synthesis, easy manipulation under a magnetic field and reuse options.  
A proposal is made to determine benzene, toluene, ethylbenzene and xylenes (BTEX) in water 
samples as an analytical approach using gas chromatography-mass spectrometry detection. A 
two-step multivariate optimization strategy, using Plackett–Burman and Circumscribed Central 
Composite designs, has been employed to optimize experimental parameters affecting MSPE. 
The method has been evaluated under MSPE optimized conditions obtaining a linear response 
from 1 to 100 µg L-1 (N=6) for benzene; from 10 to 100 µg L-1 (N=6) for toluene, ethylbenzene and 
o-xylene; and from 10 to 75 µg L-1 (N=5) for m,p-xylene. The repeatability of the proposed method 
has been evaluated at 40 μg L−1 spiking level and coefficients of variation ranged between 8 and 
11% (n=5). Limits of detection range from 0.3 µg L-1 for benzene to 3 µg L-1 for the other analytes. 
These values satisfy the current normative of the Environmental Protection Agency and European 
Union for BTEX content in waters for human consumption, especially for benzene, which presents 
the most restrictive levels. Finally, drinking water, wastewater and river water have been selected 
as real-world water samples to assess the applicability of the method. Relative recoveries vary 
between 85% and 114% showing negligible matrix effects. 
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Biodiesel is a composed mixture of fatty acid alkyl esters derived from vegetable oils (i.e. soybean, 
sunflower, palm, etc.) or animal fats. Because of their properties, biodiesel is completely miscible 
with diesel [1]. This biofuel is a renewable substitute (biodegradable and non toxic) that can be 
used in diesel engines without the need of modifications or adaptations [2]. Throughout biodiesel 
production, contamination may occur with metals such as Na, K, Ca, Mg, sulfur and phosphorus 
compounds. These contaminants could influence the stability and and other physical-chemical 
properties [3,4]. 
The aim of this work was to develop a green sample preparation method based on an ultrasound-
assisted ionic liquid dispersive liquid–liquid microextraction technique (USA-IL-DLLME) for Na, K, 
Ca, Mg and P determination in biodiesel samples by ICP-OES. The extraction was optimized 
using a two steps approach: (i) Plackett-Burman design, and (ii) central composite design. The 
optimized extraction condition values were: 0,900 g of biodiesel, 220 μL of 10% HNO3 solution, 
75 μL of [C10MIM][Cl] and sonication power and time, 45 W and 1 min, respectively. Under the 
optimized conditions biodiesel samples from different feedstock such as sunflower, corn, soybean 
and grape seed oils, via a base catalyst transesterification, were analyzed and relative standard 
deviation values were lower than 10% and recovery values ranged between 95% and 106%. 
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Nowadays, the growing attention dedicated to molecular imprinting (MIP) technology has led to 
the development of a wide range of applications in different ambits, including chromatography, 
extraction and the field of chemicals sensors. Recently, the contribution of molecular imprinting 
technique in the membrane preparations has allowed to different innovative research lines for 
many scientists in the field of separation and extraction. 
This work is focused on the synthesis and characterization of novel molecularly imprinted polymer 
membranes (MIMs) for the selective determination of the estrogenic compounds from polluted 
water sources.  
Glass-fibre membranes were functionalised using a grafting method to deposit molecularly 
imprinted polymers. Initially, the glass microfiber filters were subjected to a surface 
functionalization treatment for the incorporation of the UV-initiator sodium diethyldithiocarbamate 
(DTC) onto the glass substrate surface. As a second step, the surface-modified glass filters were 
incubated with the polymerisation mixture containing the molecule template (Estradiol, E2), the 
functional monomer (MAA) and the cross-linker (EDGMA) in acetonitrile. The polymerisation was 
carried out under different polymerisation process, UV lamp (365 nm at room temperature, 7 h) 
or thermal polymerization (60ºC, 6h). Non-imprinted polymer membranes (NINs), as control, were 
also prepared and treated using an identical procedure without adding E2. The weight of grafted 
polymer membrane was determined by gravimetry, and the morphology of the membranes was 
examined by scanning electron microscopy (SEM). The binding capacity of the synthetized MIP-
glass membranes toward the template molecules was tested in continuous dead-end filtration 
experiments. A series of experiments were carried out in order to optimize the specificity, the 
ability for extraction and preconcentration of E2 from water samples and also the regeneration of 
the membranes. The template molecule was monitored by spectrofluorimetric analysis. The 
results showed that the synthetized MIMs were useful to extract E2 from water samples at very 
low concentrations (under LMR established). The prepared MIP membranes presented a high 
stability and reusability features in a continuous filtration process without loss of their binding 
capacity and “memory effect” after reuse.  
This study shows the suitability of the glass-fiber membranes by MIP grafting for extraction 
applications with respect to other polymers used in MISPE and commercially available materials. 
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Magnetic solid-phase extraction (MSPE) has recently received great interest since it reduces 
sample preparation time and facilitates sorbent manipulation. In MSPE, the magnetic sorbent is 
dispersed into the aqueous phase and after extraction, it is easily separated from sample solution 
by applying an external magnetic field, and thus avoids time-consuming filtration or centrifugation 
steps for phases separation. Next, target analytes can be desorbed using a proper eluent solvent 
for further determination. 
Zeolites are aluminosilicate materials that exhibit well-defined highly porous structures. The 
general zeolite structure is a three-dimensional network of repeating isomorphous SiO4 and AlO4

- 
tetrahedra linked by oxygen atoms. Their anionic framework makes zeolites natural cationic 
exchangers while their well-defined pores lend some degree of preference to the ions adsorbed. 
Recently, a new composite based on ZSM-5 zeolite decorated with iron oxide magnetic 
nanoparticles (i.e., ZSM-5 zeolite/Fe2O3) has been presented as a valuable sorbent for MSPE. In 
addition, the proposed composite presents remarkable advantages such as high extraction 
efficiency, low cost, rapid and simple synthesis, easy manipulation under a magnetic field and 
reuse options. 
The aim of this work is to present a simple MSPE method for the simultaneous separation and 
preconcentration of trace amounts of toxic elements (i.e., lead, mercury and cadmium) in 
biological samples (e.g., urine) for subsequent measurement by inductively coupled plasma 
optical emission spectrometry (ICP-OES). The ZSM-5 zeolite/Fe2O3 sorbent is modified with 
hexadecyltrimethylammoniumbromide (HDTMABr) surfactant and sodium diethyldithiocarbamate 
trihydrate (DDTC) chelating agent. In the extraction procedure, the modified sorbent is dispersed 
in the sample, that contains the toxic elements, and after the proper contact time is separated 
from the liquid phase by applying an external magnetic field. Later, the analytes are eluted from 
the sorbent with nitric acid, which is analysed by ICP-OES. The main factors that affect the 
extraction process such as the amount of adsorbent, sample pH value, extraction time, elution 
time, elution solvent and volume of eluent are optimized using a multivariate analysis. Finally, the 
suggested method is validated and successfully applied to analyze real urine samples. 
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Laser cladding is a method of depositing material by which a powdered or wire feedstock material 
is melted and consolidated by use of a laser in order to coat part of a substrate to improve its 
mechanical properties or to extend the service life of some industrial components. In a previous 
paper [1], we have characterized clad layers composed by NiCrBSi alloy powder mixed with WC 
powder on stainless steel substrates by laser-induced breakdown spectroscopy (LIBS) technique. 
In the present study, new laser clads have been produced using the same metal matrix and 
reinforcement phase but with horizontal or vertical concentration gradients with the aim of 
improving the final properties of the coatings. The spatial distribution of the elements in the graded 
laser clads has been analyzed by generating LIBS lateral distributions and maps from the cross-
sections of the coatings. The results of the analysis demonstrate that LIBS technique can be used 
for detecting gradients of concentration and production defects in the laser clads and evidence 
that its use for on-line quality control of the produced clads with concentration gradient is 
promising. 
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Digital Image based methods have been implemented as an efficient control tool of products as 
different such as water or plastics[1]. In this work a new procedure was proposed to the control 
of pharmaceutical formulations. Iron in pills may be determined by a compact digital camera. The 
chromogenic study was based on direct measurements of RGB basic reflected colors and also 
HSV and CIE Lab chromatic parameters. They were studied and discussed in order to find 
optimum conditions and the principles of the image method. 
The Chromogenic compound was derived from the standard red complex formed between Fe(III) 
with thiocyanate in acid media, which was stabilized with Ce(IV) as oxidant. This alternative 
produced higher reproducibility and also wider range of linear response, up to levels from LQ to 
25.0 mg/l Fe(III).  
The apparent analytical potential and also the latent principles between colorimetric parameters 
were studied by Chemometric techniques of Analysis of Variance and Multivariate Statistical. 
Experimental measurements were obtained in different conditions. Set-ups based on easy and 
available multi-well plates of ELISA tests produced the highest Chromatic variance. RGB basic 
color parameters exhibited the highest variance and great differences between the three color 
components. However, HSV and CIE Lab parameters reduced the effect between large and small 
components. They produced measurements with more homogeneous values.  
The variance study evidenced that 92% of chromaticity might be justified by the analyte influence, 
while the camera, as an instrumental effect, and the preparation method, accounted for less than 
10%. The interpretation in basis to individual basic colors demonstrated that the B basic color 
accounted for the 83.5% of the chromaticity and produced the highest variance of the basic colors. 
The G contributed up to 15% while the R color contribution was reduced to 1.5%. The study with 
CIE Lab coordinates demonstrated a similar tendency. Thus b parameter retained the highest 
variance with 70%,and L and a retained 27 and 3% respectively. 
The chromaticity was function of the illuminant. White and r, g, b lamps were applied. It was 
showed that influences of reflected colors might be significantly modified and even drastically 
reduced. The study opens the potential of DIC to obtain multiple measurements, as a multivariable 
technique, with a simple change in the illuminance. Also, we emphasize the potential of the color 
change as new signals. In this context, interference experiments might be enfaced in order to 
promote/ reduce and/or inhibit the influence of certain effects.  
Finally a new method was developed for the ready Fe determination in commercial products. The 
reproducibility was lower than 3.0% at levels of 10 mg L-1. Statistical comparison with standard 
procedures by ICP-AES demonstrated the absence of systematic errors.  
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One of the key points of the quality control in pharmaceutical analysis, is the determination of the 
active principal ingredient (API) in solid dosage forms (e.g., powders or tablets). The traditional 
approach consists in the processing of material, by means of a destructive extraction step, and 
subsequently an analytical determination by HPLC. Nevertheless, either in the frame of the 
classical quality control, or in the emerging analytical requirements coming from the progressive 
implantation of PAT (Process Analytical Technologies) in the production lines, spectroscopic 
techniques like Raman spectroscopy have proved to be real alternatives to the traditional HPLC 
[1]. These spectroscopic techniques are faster, without reagents consumption and non-
destructives. The number of reports regarding the use of Raman spectroscopy to the 
pharmaceutical analysis has increased significantly in the last years. However, there are still some 
fundamentals issues not completely solved. One of these issues is related to its limit of 
applicability. In fact, when the API mass proportion decreases, the precision attainable becomes 
a function of two factors: first, the intrinsic analytical precision, function of the signal-to-noise ratio; 
and second, the increment of the sub-sampling error. All solid pharmaceutical samples are 
intrinsically heterogeneous, formed by particles of API and excipients. As the number of API 
particles reduces, the question arises if the sampled area can be considered representative of 
the whole sample. This is probably the main limitation in the application of classical Raman 
spectroscopy, and has fostered the development of new optical systems where the sampled area 
is considerably improved, being current Raman instruments able to use a laser spot with a 
diameter from 100 µm up to 3 mm. But even in the best of the situations, the irradiated area is 
considerably lower than the tablet surface. The sub-sampling error has been reduced, but not 
eliminated. 
The main aim of this study is to contribute to the fundamental knowledge of the limits of application 
of Raman spectroscopy in the determination of API in a pharmaceutical tablet. Our goal is to 
decompose the precision obtained in its two main components: repeatability of the signal and 
sub-sampling error. The classical analytical concept of the minimal size of sample required for 
the analysis (more specifically, to obtain a defined magnitude of sampling error), can be translated 
in the minimal number of measurement positions to be sampled in the material. Several mixtures 
containing a low percentage of a considerably Raman active component with a structure 
containing an aromatic ring (which mimics an active ingredient of a pharmaceutical formulation), 
diluted in a not-so active component, microcrystalline cellulose (MCC), were prepared. Two 
different sets of mixtures were considered, depending on the similarity in the particle size of the 
components: in the first one, potassium hydrogen phthalate (20 µm) was mixed with MCC (20 
µm), on the other, poly(styrene-co-divinylbenzene) (8 µm) was mixed with MCC (20 µm). Tablets 
with an API content from 1 % -10 % will be prepared. For the acquisition of the spectra, two 
instruments were used: a macro-Raman system (500 µm spot size), and a Raman microscope 
with a 10X objective (50 µm spot size). Having two different laser spot size we are able to apply 
the sampling theory to our mixtures: if the goal is to quantify a component of the sample, it is 
necessary to be able to measure the bulk composition of the material. This is related to the 
diameter of the laser, as the resulting spectrum reflects the volume sampled along the acquisition 
time, and an estimation of the number of points to be measured is necessary. 
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Infrared spectroscopy is a tool that has been used extensively to study the chemistry and 
functional properties of plants. Thus, IR spectroscopy has allowed the characterization of different 
components during the growth of different plant organs [1]. It has been used in the chemical and 
structural analysis of plant tissues, for identification of functional groups and conformations and 
qualitative measurements of the cutin polymerization [2]. The possibility of coupling the infrared 
spectrometer to a microscope (microspectroscopy) opens new interesting possibilities because it 
allows the study of structures in specific regions of a histological section and the chemical imaging 
of specific components [3].  
Mid-infrared microspectroscopic allows spectral data to be collected from a sample with spatial 
resolution, generating a hyperspectral image, that is, a three-dimensional data cube, with x- 
and y–axes representing units of μm, and with the z–axis consisting of spectra collected at each 
coordinate. The results of analysis of the collected spectra can therefore be mapped in two 
dimensions to produce an image of the spatial distribution of chemical components across a 
sample.  
Here we present the use of FTIR microspectroscopy to investigate chemical and structural 
changes happening in the olive fruit during maturation. Special attention has been paid to the 
preparation of samples in order to achieve the appropriate sample thickness to avoid saturation. 
Different methods of sample preparation have been evaluated using fresh and frozen olive 
samples that have been cut on either a vibratome or a cryostat. The tissue sections were place 
on calcium fluoride (CaF2) slides for transmission-mode imaging. 
Initially the hyperspectral image cubes were converted into false-colour images using either areas 
of well-isolated spectral bands or relative peak intensities. In this way, different tissue types could 
be easily distinguished. Thus, the exocarp for example, was characterized by spectra with strong 
absorption bands at around 2900 cm−1 (methylene symmetric and anti-symmetric stretching 
modes) and 1730 cm−1 (C=O bond), indicative of the large quantity of long-chain lipids that is 
present in the waxy cuticle. At the moment, we are working on the use of multivariate data 
analysis, like principal component analysis (PCA) to better discriminate major tissue types and to 
track biochemical changes happening during fruit maturation. 
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A commonly asked question to the forensic analyst is the estimation of the shooting distance in a 
firearm-related crime scene. Gunshot residues (GSR) are particles produced during the discharge 
of a firearm [1]. GSR are composed by a mixture of organic compounds, mainly from the 
propellant, and inorganic compounds from the primer. They are launched with the projectile 
resulting in a conical plume of particles that finally creates a pattern on the target (e.g. victim). 
This pattern depends on different factors, including the type of ammunition, type of firearm, and 
especially, the firing distance [3]. This range provides additional information to clarify incidents 
committed with firearms and can be estimated by the inspection of the distribution of the GSR in 
the surrounding of the entrance hole on the victim´s skin or clothing [2]. Nowadays, color tests 
are used in the forensic laboratories to visualize the GSR patterns, which show important 

drawbacks like non-specificity to GSR or the application using long and tedious proceedings.[1] 
Laser Induced Breakdown Spectroscopy (LIBS) is an analytical technique based on the use of a 
short duration laser pulse focused on a small area of the sample. The high fluence over the 
sample surface produces the formation of a laser-induced plasma. The species present in the 
plasma suffer processes of atomization, ionization and excitation; and the radiation coming from 
the excited species can be detected by an spectroscopic device [3].  
In this work, the capabilities of LIBS to perform spatial distribution of the GSR particles over 
different clothing target shot from three different distances, were investigated. LIBS mapping was 
performed to show the spatial distribution of Pb, Sb and Ba, which are the most representative 
element of the GSR. The use of LIBS to reveal the patterns show great advantages over the tests 
based on color chemical reactions such as the possibility of multi-elemental analysis, which 
increases the specificity and prevents potential false-positives.  
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The European Monitoring Centre for Drugs and Drug Addiction (EMCDDA) informed on the 
availability and consume of new psychoactive substances (NPS) in Europe in the last years. 
Synthetic cathinones, which are sold as legal replacements for stimulants such as amphetamine 
and MDMA, were the second largest group seized in the last years. 3,4-
methylenedioxypyrovalerone (MDPV)  is a synthetic derivative of the naturally occurring 
substance cathinone, one of the psychoactive principles in khat (Catha edulis Forsk). Reports 
from seizures and collected samples have noted the presence of MDPV in: powders, powder-
filled capsules, tablets and blotters (small paper doses for sublingual/buccal administration). 
The aim of this work was the combined use of two types of biological fluids for the detection of 
MDPV abuse by IMS using nasal and oral fluids as target samples. There are several precedents 
of the analysis of MDPV by IMS in seized samples, but, as far as we know, there is no previous 
precedent of the MDPV analysis in biological samples by IMS. Recently, IMS has been proposed 
for the analysis of cocaine in nasal mucus [1] and MDMA in oral fluid samples [2]. In the present 
study the aforementioned strategies were applied to assess the drug abuse, using MDPV as 
target molecule. 
In this comunication a fast and sensitive methodology developed for the evaluation of the MDPV 
consume is presented. Based on the ion mobility spectrometry (IMS), MDPV was directly 
determined in nasal fluids with a limit of detection (LOD) of the order of 22 ng mL-1, which 
corresponds to an absolute amount of 33 ng of MDPV per swab. MDPV was also determined 
after liquid-liquid microextraction (LLME) in oral fluids to avoid matrix effects, obtaining a LOD 
value of 4.4 ng mL-1 in oral fluid samples. The IMS spectrum for MDPV exhibited a peak with K0 
= 1.210±0.005 cm2 V−1 s−1 at a drift time of 14.62 ms, being the total analysis time 4.5 min per 
oral fluid and 1.5 min per nasal fluid sample. Samples must be analysed within 24 hours following 
collection and dissolution in 2-propanol, based on the complementary stability studies. Cocaine 
interference in nasal fluids has been avoided using second derivative. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure: IMS based strategy for MDPV determination in mucus and saliva samples. 

 
Acknowledgements 

Authors gratefully acknowledge the financial support of the Ministerio de Economía y Competitividad (Project 
CTQ2014-52841), Universidad de Valencia (Project UV-INV-AE14-268280) and Generalitat Valenciana 
(project PROMETEO-II 2014-077). 
 
References 
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A fast, cheap and green analytical method has been developed for the direct determination of 
calcium, magnesium and strontium, and to understand post-mortem degradation in bones 
remains caused by the environment using FT-NIR and chemometric tools. Two hundred forty 
three samples obtained from at least 78 individuals from the Late Roman Necropolis of Virgen de 
la Misericordia Street and en Gil Street, both located in Valencia (Spain) were analyzed. Bone 
samples have been collected mainly from femur, tibia, humerus, radius and parietal bones and 
were classified as cortical bones and ribs as spongy bones. Furthermore, bone samples from the 
outer bone layer and soil samples have been analyzed. 
Principal Component Analysis (PCA) was applied to identify bone samples with a well preserved 
elemental composition. Results indicate that external part of bones suffer an increased 
degradation produced by diagenetic factors than internal part of bones, especially spongy 
external part of bones due to their high porosity. 
Partial Least Square (PLS) regression model was applied to NIR spectral data to develop an 
innovative analytical method for determination of alkaline earth in skeletal remains. PLS-NIR 
model has a good potential to predict calcium, magnesium and strontium content in bone remains, 
being many advantageous over the conventional employed analytical techniques because it is 
quick, inexpensive, non-destructive, and does not require the use of chemical solvents.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Scores plot for PC1 and PC2 after FD and MC pretreatment for Misericordia and En Gil 
Necropolises using differentiated internal and external part of bones in spongy and cortical remains. 
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Recent advances in microextraction techniques aimed to the determination of metals and 
metalloids have demonstrated that advantages are obtained when they are coupled with 
electrothermal atomic absorption spectrometry (ETAAS) as the final measurement technique [1]. 
The volume of the liquid phase obtained after a microextraction process is low and, since ETAAS 
operates with low injection volumes, aliquots can be taken and injected into the electrothermal 
atomizer without the need for the dilution stage that is mandatory for other analytical techniques. 
In this way, high preconcentration factors (PFs) can be achieved. A number of adsorbents have 
been proposed for the solid phase extraction (SPE) of metals but, in most cases, their physical 
characteristics and the subsequent leaching of the analytes do not permit high PFs to be obtained. 
One way to increase PFs is to use nanoparticles with a high adsorbent capacity so that the amount 
of solid required for the separation stage is minimal. Magnetic particles (MPs) are particularly 
interesting for this purpose. They can be used directly as the adsorbent  material  or as the core 
of appropriate composites obtained by covering them with other nanoparticles or chemical 
reagents. When used for SPE microextraction processes, these materials are easily separated 
by a magnet without the need for centrifugation [2]. 
In this communication, new procedures for the speciation of antimony at the sub-ppb level in 
waters are reported. Magnetic-core nanoparticles are first covered with silver nanoparticles and 
then functionalized with sodium mercaptoethanesulfonate (MESNa). The nanocomposite in this 
way obtained (Fe3O4@Ag@MESNa) is next used in a µ-solid phase dispersion procedure to 
retain antimony species. Since the retention of the analytes (Sb(III) and Sb(V)) is pH-dependent, 
speciation can be obtained by carrying out two experiments in solutions with different acidity. High 
PFs are obtained if, instead of releasing the analytes by means of a change in acidity and then 
measuring the element by ETAAS, the small amount of nanocomposite recovered with the aid of 
the magnet is first dried and then resuspended in a low volume of solution. Even a better 
performance is achieved provided the solid is not slurried but directly introduced into an 
electrothermal atomizer equipped with an accessory unit for the introduction of solids, as is the 
case of the ContrAA 700 spectrometer. A PF as high as 300, that means an extreme sensitivity 
(detection limit below 0.01 µg/L) is obtained.  
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The binding of cisplatin to the nitrogen atom at position 7 of two neighboring guanines in DNA is 
considered to be the main responsible for its antitumor activity [1]. However, upon its 
administration, cisplatin is able to bind to nucleophilic groups of proteins, making difficult that 
platinum species reach the DNA. Some studies have suggested that a Pt moiety that is bound to 
a methionine residue could be transferred to the DNA [2]. However, nowadays, the mechanism 
of action of Pt cancer drugs is still not completely understood. Therefore, it is necessary to obtain 
more information on their interaction with S- and N- donor biomolecules that play a key role in the 
process of drug distribution in the cell, as well as the stability of the Pt-peptide complexes along 
all the steps involved in the analytical process. 
In this work, the reactivity and the stability of cisplatin towards two synthetic peptides that contain 
the same peptide sequence, except for one amino acid residue, methionine (S-donor) or histidine 
(N-donor), was evaluated. This model was employed as an approach to study the differences in 
the binding kinetics and the strength between Pt-S and Pt-N bonds formed in biological systems. 
For this purpose, incubations of both peptides with cisplatin, in a peptide molar excess of 2:1, 
were carried out at physiological conditions at different incubation times (90 min-15 days). The 
results obtained by SEC-ICP-MS showed that the methionine-containing peptide was 6-fold more 
reactive than the histidine-containing peptide, reaching the steady state after 7 days, while it was 
achieved after 2 days in the latter. Furthermore, analysis by nESI-LTQ-MS/MS confirmed the 
coordination of the cisplatin monoaqua and diaqua-complexes through methionine and histidine 
amino acid residues as preferential Pt binding sites. 
In order to study the stability of Pt-peptide bonds, platinated peptides were incubated separately 
with the different chemical compounds used under usual electrophoretic conditions for SDS-

PAGE and OFFGEL-IEF separations: 5% -Mercaptoethanol (BME) or Dithiothreitol (DTT) 350 
mM for 5 minutes at 95ºC for SDS-PAGE, and Urea 6.7 M, Thiourea 1.9 M and DTT 62 mM for 
48 hours at 37ºC for OFFGEL-IEF. The Pt content that remained bound to peptides after treatment 
with these reagents was determined by SEC-ICP-MS and RP-ICP-MS. The results showed that 
the use of urea was compatible with the preservation of the Pt-complexes. However, the presence 
of denaturing or reducing agents with S-donor groups such as thiourea, BME and DTT produced 
deleterious effects in the Pt-peptides binding, either at high temperatures or during long incubation 
times, being the latter the most critical. Also, it was found that thiourea was the most aggressive 
agent producing loss of up to 90% for the methionine-containing peptide and 50% for the histidine-
containing peptide. For all the reagents and conditions tested, the histidine-containing peptide 
presented higher bond strength with Pt-losses around 16-50%, being more pronounced for the 
methionine-containing peptide (35-90%). 
According to the results obtained in this study, there is no doubt about the strong reactivity of 
cisplatin towards S-donor biomolecules. However, it seems that Pt-S (Met) interactions are 
kinetically preferred, while the binding of Pt-N (His) would be thermodynamically favored, resulting 
in more stable bonds. These facts could support the hypothesis that Pt-Met species could act as 
a Pt reservoir.  
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Melanoma contributes to 85% of the deaths due to skin cancer (although it represents only 4-5% 
of these), which is threatening to reach epidemic proportions. The rising rates of melanoma are 
attributed to several combined factors, sunlight exposure being the main cause of melanoma 
development since UV radiation affects cells and tissue homeostasis via DNA damage and ROS 
generation. 
The assessment of the antitumour activity and cellular impact of three chromone derivatives 
present in the diet – fisetin, quercetin and luteolin – previously found to display high antioxidant 
capacity [1], was carried out in the present study, through in vitro assays in a human melanoma 
cell line (A375). Biological methods for evaluation of antitumour and anti-invasive abilities were 
combined with state-of-the-art vibrational microspectroscopy techniques. 
The compounds under study were found to exhibit cytotoxic activity against the A375 cells, upon 
a 48 h exposure (LD50 values of 16.21, 16.51 and 17.90 µM for fisetin, quercetin and luteolin 
respectively). MicroRaman analysis of formalin-fixed cells after incubation with these antioxidant 
phytochemicals clearly allowed to unveil their impact on the cellular metabolic profile. Multivariate 
data analysis (unsupervised PCA) led to a clear discrimination between control and treated cells, 
and evidenced distinctive effects on their main biochemical components. 
The results thus gathered will hopefully allow to develop natural-based agents capable of fighting 
cancer both through their chemopreventive (antioxidant) ability and via their use in adjuvant 
chemotherapy (in combination with conventional antineoplastic drugs). 
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Breast cancer is the second most common type of cancer worldwide and the most frequent among 
women, being the fifth cause of death from neoplastic disease. Since this is an oxidative-stress 
related neoplasia, it is largely preventable. A dietary isoflavone – daidzein [1,2] was currently 
investigated as to its chemopreventive and/or chemotherapeutic properties towards the human 
MDA-MB-231 (metastatic, estrogen-unresponsive) and MCF-7 (estrogen-responsive) breast 
cancer cell lines. Biological assays for evaluation of antitumour and anti-invasive activities were 
combined with state-of-the-art vibrational microspectroscopy techniques. At 50 and 100 µM 
concentrations and 48 h incubation time, daidzein was found to induce a marked decrease in cell 
viability (ca. 50%) for MDA-MB-231 and MCF-7 cells (respectively ca. 50% and 42%) and 40% 
inhibition of cell migration 48 h. MicroRaman analysis of fixed cells upon exposure to this 
isoflavone unveiled its metabolic impact on both cell lines. Multivariate data analysis 
(unsupervised PCA) led to a clear discrimination between control and DA-exposed cells, with 
distinctive effects on their biochemical profile, particularly regarding DNA, lipids and protein 
components, in a cell-dependent way. This is the first reported study on the impact of dietary 
antioxidants on cancer cells by microRaman techniques. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

a)                                                                                               b) 
 

Figure 1: Mean Raman and difference spectra to the control a) and microscopic image of a cell (x100 
magnification) showing some points at which data were captured b). 
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Polyfluorene derivatives have a high interest because of their high photoluminescence quantum 
efficiency, high thermal stability, good solubility and their color tunability. These polymers haven 
great interest for bioimaging, biosensing and also in solar cells and photoelectronic devices, 
because of their interesting and useful properties, including strong absorption and high 
efficiencies in both photoluminescence and electroluminescence. The design and development 
of fluorescent conjugated polyelectrolytes (CPEs) emitting in different region of the visible 
spectrum is at present of great interest for bioimaging studies due to their relative solubility in 
aqueous solutions. Polyfluorenes can be modified in the side chain, modulating their solubility 
(obtaining polyelectrolytes), or in the main chain to form copolymers with different rings, this 
modifications modulate its optical properties (for exemple wavelength emission), 
In this work, we describe the synthesis and photophysical characterization in solution of new 
polyfluorenes derivates (neutral and ionic) at different region of the visible spectrum. With this 
aim, we have incorporated different choromophores into the polymer backbone (benzene, aniline, 
benzotriazole and napthothiadiazole) and also with changes in pendant chain: neutral to cationic 
[1,2,3]. We describe the spectroscopic characterization (maximum absorption and emission and 
quantum yield) of these polymers in different solvents, and we analyse the behaviours in different 
enviroments. We report the important role played by the polarity of the solvent in the excited 
transition states and association effects of these polymers, which is indicative of interchain 
aggregations or preferential conformations. 
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Icy mantles covering dust grains in dense clouds of the interstellar medium are known to be 
responsible of the large molecular complexity of our universe. Within those mantles atoms and 
molecules can meet and react with larger probablility than in the gas phase. The chemical 
reactivity of interstellar ice is limited by the diffusion of reacting atoms or molecules in water ice, 
its major component. For this reason the knowledge of diffusion coefficients of different molecules 
in water ice is of great astrophysical interest.  
In this work we have designed an experiment to determine the thermal diffusion of CH4 in 
amorphous water ice at 50 K. In a high vacum chamber methane ice layers covered by water ice 
layers were grown by vapor deposition at 30 K. Then, the two-layered system was warmed to 50 
K and kept at that temperature while the diffusion of CH4 molecules was monitored by means of 
FTIR spectroscopy. The decay of intensity with time of the strong IR absorption asociated to the 

3 mode of methane (see Figure1)  is a measure of the number of methane molecules that have 
moved through the whole water ice layer and left the sample. Diffusion coefficients were extracted 
from the isothermal experiments usign Flick’s second law of diffusion [1,2].  
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Fig.1. Integrated intensity of the 1300 cm-1 CH4 IR band of methane versus elapsed time at 50 K. The 

system consists on a 350 nm layer of amorphous water ice grown on top of a 25 nm methane layer.  
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Deep sea exploration involves the investigation of physical, chemical, and biological conditions 
on the seafloor. From the scientific and commercial points of view, the impact of this application 
is remarkably significant. From this perspective, the development of new chemical sensors for 
oceanography takes a significant relevance. Nowadays, laser-induced breakdown spectroscopy 
(LIBS) has emerged as a new solution for oceanography since it combines many of the required 
features for this application (multielemental information, no sample preparation, unlimited range 
of material capability and real time analysis). LIBS has no limits on the horizon and the continuous 
advances in reducing the size and weight while increasing the capabilities of lasers, 
spectrographs and detectors make possible the development of compact and rugged 
instrumentation. Thus, seafloor exploration at deep-ocean (2000-3000 meters) could be 
accomplished by the integration of LIBS technology in a remotely operated vehicle (ROV). 
The main motivation of this work is to gain fundamental and basic knowledge regarding 
underwater LIBS analysis and the effect of pressure on the spectral fingerprint of different 
materials. For this purpose, a dual pulse laser system was used to irradiate the sample surface 
inside a high-pressure chamber. Results have been reported exploring the feasibility of LIBS for 
pressures beyond 100 bares. Thus, the effect of pressure on the analytical LIBS response and 
its interrelationship within experimental parameters (laser pulse energy, temporal acquisition 
conditions…) as well as the kinetics of plasmas generated underwater at oceanic pressures was 
also studied. Additionally, a variety of DP-LIBS configurations and several options for plasma 
collection geometry have been evaluated. 
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In SERS electrochemical experiencies signal come mainly from very special surface sites of 
nanoparticules usually called “hots spots” [1] where the enormous enhancement of the 
electromagnetic field is concentrated. The gain (G) o 
efficiency of the electrode potential in tuning the energy of 
charge transfer (CT) states is due to two different 
contributions G=SC. Firstly, the sensibility of the CT states 
of the metal-molecule system on the effective charge 
excess of the metal (S), and, secondly, the effectiveness 
of the metal for accumulating the excess of charge in the 
“hot spots” of SERS (C) [2]. 
DFT calculations predict the existence of two different 
kinds of hybrids complexes formed by metals bonded to charged molecules corresponding to 
different electronic structures which are selected depending on the surface charge. Therefore, 
the electrode potencial is able to select two kinds of surface hybrids: a P-hybrid characterized by 
a weak surface complex with properties tunable in a continuous way (qeff ≤ 0) that results in metal-
to-molecule CT states very sensitive to the charge, and a C-hybrid, a strongly bonded system (qeff 

> 0) whose electronic structure is hardly modified by EV and with reverse molecule-to-metal CT 
states insensitive to the charge [3]. 

 
Figure 1.  Dependence on qeff of: (a) TD-M06-HF/LanL2DZ vertical energies (eV) of the forward (CTFi=0,1) 

and reverse (CTRi=0–2) charge transfer states of silver–isonicotinate complexes [(Agn)q–Oin-]q-1, (b) TD-M06-
HF/LanL2DZ energies of the same states but referred to the energy of the metallic clusters (Agn

q) and the 
adsorbate (in-) at infinite separation (EM…A). (c) C2v complexes of isonicotinate bonded to silver through the 
aromatic nitrogen (Ag–Nin-) or the carboxylate (Ag–Oin-). 
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Seaweeds are a source of renewable biopolymer-based materials and seaweed polysaccharides 
are found to have a wide range of applications [1-3]. These polysaccharides present a regular 
chemical structure related with the taxonomic position of the algae from which they are extracted: 
agar is produced by agarophytes (red seaweeds belonging mainly to the genera Gelidium, 
Pterocladiella and Gracilaria), carrageenans are produced by carrageenophytes (red algae 
belonging mainly to the genera Kappaphycus, Eucheuma, Chondrus, Gigartina and 
Chondracanthus) and alginates are produced by alginophytes (brown algae belonging to the 
order Fucales and Laminariales). 
The combined use of infrared absorption spectroscopy and Raman spectroscopy has proven to 
be useful in the analysis of polysaccharides content of seaweed samples [4,5]. The limitations of 
sample preparation and sample sensitivity (e.g., laser-induced fluorescence and degradation) are 
easily overcome by infrared ATR (from Attenuated Total Reflectance) spectroscopy and FT-
Raman spectroscopy, allowing for the determination of the composition of the different 
phycocolloids from dried ground seaweed. 
In this work, polysaccharides present in several seaweeds are analysed by spectroscopic 
techniques, based on the previous identification of the principal phycocolloids (namely, alginate, 
agar, kappa-, mu-, iota-, nu-, lambda-, tetha- and ksi-carrageenan [4,5]). The nature of the 
polysaccharides (with extraction and without any type of extraction) present in these seaweeds 
was determined with FTIR-ATR and FT-Raman analysis of extracted phycocolloids and ground 
dry seaweed.  
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As a response to the limited availability of fossil fuels and a globally growing concern on the future 
of our environment, the demand for sustainable alternatives to oil and oil-based products is 
constantly increasing. Alternative resources to replace current raw materials are sought by the 
industry and, at the same time, sustainable materials are gaining more and more interest among 
consumers around the world. Potential raw materials to meet these challenges can be found in 
cellulosic biomass, which forms the feedstock for second-generation biorefineries.  
In order to utilize the full potential of the available resources, to improve the current processes 
and to develop new ones, a better understanding on the cellulose fundamental structural aspects, 
which is relatively limited should be attained [1,2]. 
Cellulose has a complex, multi-level supermolecular architecture. This natural polymer is built 
from superfine fibrils having diameters in the nano-scale and each such nanofibril contains 
ordered nanocrystallites and low-ordered nano-domains [3].  
Accessibility of cellulose plays a crucial role in many kinds of chemical and physical reactions. 
Especially for molecules or enzymes of nanometer dimensions, the physical structures formed by 
cellulose microfibrils may have a considerable limiting effect on this accessibility. Therefore, 
methods to characterize the nanometer scale morphology and packing of cellulose microfibrils 
and their bundles are highly desired. Cellulose from various sources is all the same at the 
molecular level but they differ in the crystalline structures and bindings by other biochemicals. It 
is this difference that makes possible a persistent research on cellulose.  
In this contex, inelastic neutron scattering (INS) will be applied to gain a deeper insight at the 
molecular level by characterizing the nanoscale structure of cellulose from a variety of sources 
(bacterial and natural cellulose). Model compounds such as the cellulose derivatives -
carboxymetylcellulose sodium salt and acetylcellulose will be used for comparison. Special 
attention will be devoted to the analysis of low frequency modes that should probe differences in 
the structural packing of cellulose. 
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Despite all efforts, cancer is still a growing health problem worldwide, the triple negative breast 
carcinoma being the second most lethal cancer among women. About 30% of cancer mortality is 
attributable to an inappropriate diet (with suspected carcinogens and insufficient beneficial 
components). Indeed, there seems to be an inverse relationship between a decreased risk of 
cancer and a regular consumption of fruits and vegetables, which is ascribed to phytochemicals 
with potential chemopreventive properties – polyamines , phenolic acids and flavonoids. Cancer 
being a multifactorial disease that involves numerous pathways, its prevention may be achieved 
by these pharmacologically safe compounds from natural sources, capable of modulating multiple 
targets and cell signalling routes.1-3 Additionally, this type of non-toxic agents can be used alone 
as cancer chemopreventives, or in combination with chemotherapy (e.g. in chemosensitisation 
strategies or for downregulating chemoresistance processes). 
The present study reports the combined effect of quercetin (Q), an abundant dietary flavonol with 
a recognised antioxidant capacity4, with cisplatin (cis-Pt(NH3)2Cl2) and a new generation cisplatin-
like Pd(II) chelate (Pd2Spm, Spm=spermine)5-7, aiming at an improved activity and selectivity. The 
influence of pre-sensitisation (for 24 h) of a human triple negative breast cancer cell line (MDA-
MB-231) with the antioxidant agent (50 µM)4 on the pharmacodynamic behaviour of the drugs (4 
µM)5 was assessed, with a view to understand the influence of the daily diet on chemotherapeutic 
intervention. MicroRaman and synchrotron-radiation infrared microspectroscopy (SR-IRMS) of 
formalin-fixed cells allowed to determine the metabolic impact of the [Q/drug] combinations, for a 
48 h incubation time (after a prior 24 h cell sensitisation with the antioxidant). The data thus 
obtained was compared with that measured for incubation with quercetin alone, for the same cell 
line and experimental conditions.8 
Upon unsupervised PCA of the data (after RMieS-correction of the IR results), a clear separation 
was obtained between the quercetin-treated cells and those pre-sensitised with the antioxidant 
and then exposed to either cisplatin or Pd2Spm. For both the Raman and SR-IR results this 
discrimination occurred through PC-1, which represents mainly the DNA and protein cellular 
content. This is in accordance with the mode of action of Pt- and Pd-based anticancer agents, 
known to exert their cytotoxic effect via covalent binding to DNA, combined to coordination to 
specific proteins thus altering their structure and leading to unfolding and exposure of side chains 
(evidenced by intensity changes in the Phe band at ca. 1000 cm-1). The SR-IR results, in turn, 
unveil a significant impact of the [Q/drug] combination on the lipids. 
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In a recent work [1], we have determined the optical constants and band strengths of 
methane/ethane ice mixtures in the near- and mid-infrared ranges. We present here recent 
calculations on models for these mixtures. Methane and ethane are constituents of planetary ices 
in our Solar System. Methane has been detected in outer solar system bodies like Titan, Pluto, 
Charon, Triton, or other TNO’s [2]. Ethane has also been identified in some of those objects [2]. 
The motivation of this work was to provide new laboratory data that may contribute to the 
understanding of those systems, in the new era of TNO’s knowledge opened up by the New 
Horizons mission [3]. 
The models are designed to match the composition and density of the mixtures studied in our 
laboratories. The calculations include several steps: first, the amorphous samples are generated, 
via a Metropolis Montecarlo procedure (see Fig. 1); next, the amorphous structures are relaxed 
to reach a minimum in the potential energy surface; at this point, the harmonic vibrational 
spectrum is predicted. Finally, the relaxed structures are processed by molecular dynamics with 
the final aim of obtaining an anharmonic prediction of the spectra, which includes the near-infrared 
region. Both the harmonic and anharmonic spectra are compared to the experimental 
measurements in the mid- and near-infrared regions (see Fig.2), respectively. 
All calculations are carried out by means of Materials Studio software, using the Density 
Functional Theory method, with GGA-PBE approximations. 
 

 

 

 
Fig.1. Schematic representation of 
an amorphous mixture with three 
methane and one ethane 
molecules. 

 Fig. 2. Comparison of experimental (top) and 
calculated spectra in the mid-IR for three of the 
mixtures studied in this work with the indicated 
CH4:C2H6 ratio 
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Spectroscopy of laser-produced plasmas (LIBS) is one of the most powerful analytical techniques 
that can be used to obtain basic information directly from solid samples due to its versatility. 
Despite its exclusive use as elemental analysis technique, it is possible to extract molecular 
information from di- or triatomic molecules of interest to determine the kinetics of decomposition 
of certain compounds (explosives, for example) or even for additional information to differentiate 
structural isomers based on the intensity ratios of their molecular emissions (C2, CN, OH, NH, 
...). 
However, most of these analyses are carried out at atmospheric pressure, where air may also 
ionize and becomes part of the composition of the plasma studied. Under such frame, there are 
always doubts about the sources of the bands studied. Thus, it is critical the performing of 
fundamental studies of plasmas formed to define the significance of the surrounding media in the 
spectra recorded. 
In this communication, spectral and hyperspectral experiments have been used to understand 
the dynamic of the expanding plume. Variable conditions from atmospheric pressure to 10-3 mbar 
were used to demonstrate the variation in the composition according to each situation. In addition, 
the study is completed by adding spatial resolution, which enables finely sectioning the plasma 
to meet the timely distribution of the species within it. Finally, a comparison between the results 
obtained using nanosecond and femtosecond lasers is shown, since the different mechanisms 
followed in both cases may cause significant differences in the characteristics of the plasma such 
as morphology and plume formation. 
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