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The materials available at every period of history determine
the civilizations’ quality of life. From the Stone Age, Copper
Age, Bronze Age and Iron Age to ceramics, steel, plastics, and
semiconductors, we have now reached the nanomaterials age.
Nanoparticles (NPs), with sizes in the 1- to 100-nm range,
exhibit properties that differ markedly from those of the bulk.
The study of such properties is triggering novel solutions for
our needs in health and energy.

In the field of analytical chemistry, they offer new tools to
overcome the limitations of current methods and to develop
innovative devices. This is due to their unique features related
very often to compatibility with biomolecules and advanta-
geous magnetic, optical, or catalytic properties. The great
challenge is to lower limits of detection, by providing signal
amplification, together with simplification of the protocols.
The reviews and research papers in this topical collection give
an insight into the current achievements and challenges in
analytical-based devices for biomedical and food science
fields. They represent leading directions in electroanalysis,
spectroscopy, and chromatographic portable platforms.
Particular attention is paid to emerging innovative transduc-
tion systems with magnetic nanoparticles.

In electroanalysis, nanostructures have been used as elec-
trode modifiers for the immobilization of bioreceptors, as sig-
nal tag systems replacing enzymes at immunosensors or
genosensors, catalysts of electron transfer processes, or a com-
bination of these features. From metallic (Au, Pt) NPs to car-
bon nanomaterials (graphene, carbon NPs, and nanotube scaf-

folds), NPs provide a large surface area and high conductivity,
catalytic behavior, and compatibility to retain bioactivity. This
is especially relevant to overcome challenges related to the
determination of nucleic acids and miRNAs in particular,
where packing determines hybridization efficiency and a good
control of orientation is required for reproducibility.
Semiconductor quantum dots (QDs) or metal–organic frame-
work nanoparticles (clusters of metal ions linked by organic
bridging ligands) are replacing enzymes in their traditional
roles as electroactive tags and catalytic centers. This results
in more robust devices, with higher thermal and chemical
stability, shorter analysis times, and lower cost. All these ad-
vantages add up to the easy miniaturization inherent to elec-
trochemical devices, enabling portable instrumentation for
point-of-care clinical demand. However, electrochemical
nucleic acid biosensors are still restricted to research labora-
tories. The simultaneous detection of multiple targets in com-
plex samples needs to be solved for translation of these de-
vices into real-world settings.

This is also a goal for spectroscopy-based nanosensors.
miRNAs have great potential as diagnostic or disease progres-
sion biomarkers, but the technical and instrumental require-
ments of current analytical platforms based on quantitative
polymerase chain reaction (PCR) or sequencing microarrays
limit their spread for clinical use and biomedical research. The
collection of data in large patient cohorts for screening or
research purposes demands simplification of the protocols.
The large surface area-to-volume ratio of AuNPs and
interface-dominated properties are also interesting for innova-
tive direct multianalyte detection of miRNAs without enhanc-
ing protocols, and new possibilities are open for microarray
imaging techniques.

Cutting-edge research in spectroscopy targets also new
means of detection. For example, by coating an attenuated
total reflection (ATR) waveguide with carbon dots, IR signal
enhancement effects were found for aromatic dyes and purine
derivatives. This effect was used at a surface-enhanced infra-
red absorption (SEIRA) method for adenine determination,
and encourages the use of SEIRA nanostructures for the
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development of label-free IR-based bioassays. Carbon dots
exhibit advantages over semiconductor QDs, such as biocom-
patibility, easy and sustainable production routes, chemical
stability, and easy dispersion in aqueous media.

Immunochromatographic tests and lateral flow strip bio-
sensors are very favorable to meet the point-of-care require-
ments and market translation. Many AuNP-based paper
in vitro tests have already reached society due to their simplic-
ity, specificity, robustness, short analysis times, cost-effective-
ness, and portability. AuNPs provide acceptable sensitivity for
many applications (at the nanomolar level), due to the high
extinction coefficient that results from localized surface plas-
mon resonance enhancement of the electromagnetic field in
the visible range of the spectrum. Multiplexed determinations
can be developed by combining different metallic NPs
(AuNPs, AgNPs) for detection at different test lines. This
has been successfully applied for the determination of food
allergens. However, the bottleneck for the wide use of these
platforms in a clinical setting is still the need to achieve high
sensitivity in complex biological samples, with minimum
sample treatment.

Magnetic nanoparticles have been traditionally used for
selective capture and separation of a target analyte from the
sample matrix. However, their potential as a transducer for the
development of new analytical instruments has not yet been
fully explored. Control of the synthesis of magnetic nanopar-
ticles, standardization of protocols to estimate their iron con-
tent, and their correlation with fundamental studies are impor-
tant in order to rationally develop and optimize novel strate-
gies for sensing. Flow cytometry and biosensors for biomed-
ical or food safety monitoring are among this family of emerg-
ing devices. Instruments based on magnetic properties have a
great potential to meet the highly demanding needs for both
signal amplification and effective isolation, with low sample
volume requirements. It is expected that they will also provide
solutions for the quantification and isolation of extracellular
vesicles (exosomes), which in recent years have attracted at-
tention as a new source of biomarkers.

Further improvements in the sensing field could result by
synergies among different nanoparticles and transducers. We
hope that the selection of papers in this topical collection
encourages the search for innovative nanoparticle-based strat-
egies for a novel generation of biosensors.
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