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Is this Nano?

Nanotechnology is a “system of innovative methods to control and manipulate
matter at near-atomic scale to produce new materials, structures, and devices”.

Materials in the range of 100 nm are considered to be nanoparticles. They exhibit a 
wide range of properties, including optical, electrical, catalytic, magnetic, and 

biological activity.

Nanomaterials
(NMs)



European Commission, Commission Recommendation of 18 October 2011 on the definition of nanomaterial, Official Journal of the European Union. 2011/696/EU: 38-40, 2011
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Metal based Nanoparticles
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Metal based Nanoparticles



Metal Nanoparticles application fields 



Nanotechnology



Commercial low-density polyethylene (LDPE) films coated using a layer-by-layer (LbL) technique
by alternating the deposition of polyethyleneimine (PEI), poly(acrylic acid) polymer (PAA)
solutions and antimicrobial silver nanoparticles (Ag).

2 different LbL condition

Modified pH
(MpH)

PEI pH 9
PAA pH 6.5

Non-Modified pH
(NMpH)

PEI pH 10.5
PAA pH 4

PEI PAA

LDPE

(d) LbL coated (3 coating) immersed in 0,5% AgNO3, (e) LbL coated (3

coatings) immersed in 2% AgNO3; and (f) LbL coated (3 coatings) immersed in

5% AgNO3. Scale bar = 500nm

The colour changes of a) LDPE films and b) LDPE LbL

coated (3 coatings) films without Ag and c) AgNPs presence

on LDPE LbL coated (3 coatings) films immersed in 0,5%

AgNO3, or d) AgNPs presence on LDPE LbL coated with (3

coatings) film immersed in 5% AgNO3 and UV/ozone

treated for 20 min.

Inibition zone
(mm2)

Film S. aureus P. fluorescens

LPDE films 0.00 0.00

LPDE + PEI/PAA (MpH) 350.4 ± 13.30 694.8 ± 19.15

LPDE + PEI/PAA (NMpH) 460.0 ± 25.41 737.0 ± 15.08

Nanoparticles application in food technology



Aspergillus niger

Isotropic growth

Germination

Mycelia biomass reduction

MNPs as antimicrobial agent



Metal nanoparticles formation

… Nanomaterial-based method for estimating the
antioxidant activity relies on the polyphenol-mediated
growth of MNPs (AuNPs and AgNPs), and optical
monitoring of the corresponding plasmon absorption
bands…

SCAMPICCHIO, Matteo, et al. Nanoparticle-based assays of antioxidant activity. Analytical chemistry, 2006, 78.6: 2060-2063.

Phenolic content and antioxidant capacity evaluation trough Au and AgNPs formation



Hyphae interaction

AgNPs@CT

AgNPs@CF

AgNPs@MY ~ AgNPs@GL

higher

lower
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AgNP@CT 15 ppmControl

AgNP@CF 30 ppm AgNP@GA 30 ppmAgNP@MY 30 ppm

HYPOTHESIS:

- AgNPs adhesion 
- Membrane damages 
- Hyphae necrosis

Evans blue assayLive and death kit assay

AgNP@CT 15 ppmControl AgNP@CT 15 ppmControl

MNPs as antimicrobial agent: AgNPs’ antifungal performances



(Inhert)

MNPs

Advantages of metal nanoparticles for analyitical purposes



Nanoparticles in analytical chemistry and food analysis



From Romans…

Novoselov, K. S., Geim, A. K., Morozov, S. V., Jiang, D. A., Zhang, Y., Dubonos, S. V., ... & Firsov, A. A. (2004). science, 306(5696), 666-669.

MNPs and (L)SPR

Metal nanoparticles

(Coppa di Licurgo, British Museum)
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Surface plasmon resonance (SPR) is a phenomenon where the electrons in the metal surface layer are excited by photons of

incident light with a certain angle of incidence, and then propagate parallel to the metal surface (Zeng et al., 2017)

Plasmonic-active nanostructured materials for sensing and biosensing

Electromagnetic/Evanescent wave

Exponential decay



Incident

light

Reflected

light

Thin film

Surface plasmon resonance (SPR) is a phenomenon where the electrons in the metal surface layer are excited by photons of

incident light with a certain angle of incidence, and then propagate parallel to the metal surface (Zeng et al., 2017)

Plasmonic-active nanostructured materials for sensing and biosensing

Electromagnetic/Evanescent wave

Exponential decay

I

θinc θref

Plasmon

- At θSPR, the reflected light intensity

decreases and this difference is

measured in SPR.

- This variation can be trasduced by

Refractive Index/ θinc/SPR or wavelength

(λSPR) variation.



Plasmonic-active nanostructured materials for sensing and biosensing

SPR-based sensing strategy



Plasmonic-active nanostructured materials for sensing and biosensing

SPR-based sensing strategy

Signal: Response unit (RU), critical angle shift



MNPs and (L)SPR
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Localized surface
plasmon resonance

Localized Surface Plasmon Resonance (LSPR)



Gold nanorods

Silica-gold core-shell nanoparticles

Gold nanocages

Gold nanoparticles

10 nm

Diameter

Silver nanoparticles
Shape

size

Metal nanoparticles: their camaleontic features

MNPs can interact in different ways with

VIS-electromagnetic radiation depending

on their shapes, sizes, and composition.

MNPs and LSPR



Plasmonic-active nanostructured materials for sensing and biosensing

Colloidal
metal nanoparticles

based assays

Localized Surface Plasmon Resonance



Plasmonic-active nanostructured materials for sensing and biosensing

MODEL SYSTEM

(STANDARD)

SAMPLE

[C]=f(S)



Metal nanoparticles
formation



Metal nanoparticles formation.



Metal nanoparticles formation.

Main strategy

LSPR

Analytical signal



Metal nanoparticles formation

Phenolic content and antioxidant capacity evaluation trough Au and AgNPs formation

Antioxidant Capacity Class Selective Total phenolic content

pH 13

T 25°C

pH 8.4

T 45°C

pH 8

T 45°C



Metal nanoparticles formation

Phenolic content and antioxidant capacity evaluation trough Au and AgNPs formation

R



430 ± 10 nm

Recovery: 86-118%

Rel. error

Metal nanoparticles formation

Sugars content evaluation trough AgNPs formation
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Metal nanoparticles formation

AgNPs Morphological study



Metal nanoparticles formation

Sugars content evaluation trough AuNPs formation
Glucose sensing

Glucose biosensing



Metal nanoparticle-based
seed-growth strategies 



Metal nanoparticles growth

Main strategy Analytical signal



GLU 50 uM
GLUCOSE
FRUCTOSE

SUCROSE

XYLITOL
10 40 80 uM

GLU 50 uM

GLU 250 uM

100 sec 600 sec >1000 sec

Metal nanoparticles growth

Reducing sugars monitoring trough AgNPs growth



Metal nanoparticles growth

Xylitol monitoring trough AuNPs growth

Seed formation and growth phenomena study Dose-response kinetic and curve



Xylitol montoring along 1 hours of chewin-gum mastication

Methods evalutaion for sample 
analysis

Recovery study

Xylitol decay

Xylitol monitoring in human saliva trough AuNPs growth

Metal nanoparticles growth



Metal nanoparticle
etching



Metal nanoparticles etching

Main strategy Analytical signal



Metal nanoparticles etching

H2O2 determination trough MNPs etching



Metal nanoparticles etching

Etching phenomena study

No Etching phenomena



Metal nanoparticles etching

Etching phenomena study. H2O2 determination



Metal nanoparticles etching

Glucose and cholesterol evaluation trough MNPs etching



Metal nanoparticles etching

Nickel determination



Metal nanoparticle
aggregation



Metal nanoparticles aggregation

Main strategy

Metal salts

Reductant

MNPs Analytes

Aggregated
MNPs

Functionalization



Metal nanoparticles aggregation

Main strategy Analytical signal



Metal nanoparticles aggregation

Main strategy



Metal nanoparticles aggregation

Immuno-based determination of HIgG



Metal nanoparticles aggregation

Cd2+  indirect determination trough AuNPs aggregation



Metal nanoparticles aggregation

Cd2+  indirect determination assay format



Metal nanoparticles aggregation

Cd2+  indirect determination

Recovery study

Colorimetric assay specificityDose-response curve



From plasmonic… Towards colorimetric strategies

Localized Surface Plasmon
Resonance

Colorimetric approach



Optical-based method. SPECTROSCOPY PILLAR

Optical spectroscopic methods/ Spectrochemical methods. 
WHICH COLOR I PERCEIVE?



RGB COLORIMETRIC SPACE

COLORIMETRY PILLAR
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Metal nanoparticles integration onto solid substrates

!!! Lab-on-a-strip Device !!! Cost performance

Manufacturing

Mass production



Paper as elective substrate



Paper as elective substrate

Paper tailorability



Lab-on-paper device

MNPs as colorimetric probe

EVOO

Control

AgNP

AuNP

Office grade instruments

Thermal-roll 

laminator

AOC

TPC



Whatman

paper

PET-EVA

PVC

PET-EVA PVCWhatman paper

2) Device assembling and sensing elements (AgNP and AuNP) formation

3.3 cm

4
.0

 c
m

Cost of production ~ 0.03 € per device

Mobile-phase
inlet

Detection
zone

Thermal-roll

laminator

1) Device components fabrication

AuNP

AgNP

Control zone

MNPs as colorimetric probe: Device conceptualization and realization



Assay format

Total assay time 15 min

Extraction-free olive oil phenolic compounds evaluation through a MNPs seed growth strategy

Mobile phase
0.05 M NaOH (40 μL)

Phenolic
compounds

MNPs as colorimetric probe: Extraction-free phenolic compounds determination

Assay simulation with a colorimetric dye



Paper-based colorimetric sensor

Extraction-free olive oil phenolic compounds evaluation trough a seed growth strategy

Dose-response curve

No interterferences by compounds commonly present in EVOO

EVOO samples’ phenolyc compounds content

Low Mean High

Sample analysis, analytical performances



Paper-based colorimetric sensor

Pesticides determination trough MNPs aggregation integrated in a paper-based device 

MNPs



Paper-based colorimetric sensor

H2O2 determination trough MNPs etching integrated in a paper-based substrate



Paper-based colorimetric sensor

H2O2 determination trough MNPs etching integrated in a paper-based substrate

Dose-response curve Interferents evaluation



Paper-based colorimetric sensor

Dose-response curve and analytical parametersAnalytes screening

Pesticides determination trough MNPs aggregation integrated in a paper-based device 
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