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CO, laser-plotter for conductive nanostructured films formation
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State of the Art

Laser-induced graphene (LIG) CO, laser towards sustainability
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CO, laser-plotter
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Schematic diagram of the laser system
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Khan et al. (2021). Journal of Manufacturing and Materials Processing, 5(3), 78.

LASER-INDUCED NANOSTRUCTURATION
MAIN VARIABLES

PRECURSOR MATERIAL &
PHOTOTHERMAL CONVERSION
* Chemistry of the material

» Physical characteristics

* Mechanical characteristics

* Material amount

* Material support

LASER-PLOTTER PARAMETERS

« Power source

« Scanning speed

« Engraving density (instrumental and
design resolution)

« Engraving passings

« Beam focus

WORKING MODE
« Engraving (nano/micro-structuration)
« Cutting (device design)



NanoUnite Lab CO, laser-plotter for electroanalytical devices
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Laser-reduced graphene oxide films for sustainable
q paper-based sensors
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Recycled and by-products derived papers for L-rGO sensors
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Laser-induced rGO transferable conductive films
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Scroccarello et al. (2023). ACS sensors, 2023, 8, 2, 598-609
Zhao et al. (2023). ACS Appl. Mater. Interfaces, 15, 7, 9024-9033
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Laser-induced rGO transferable conductive films
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Stencil-printing manufacturing
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Stencil-printing manufacturing
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Recycled and by-products derived papers for L-rGO sensors

Laser-scribed rGO integration on paper substrates

Stereo microscopy
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Recycled and by-products derived papers for L-rGO sensors
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Paper-rGO sensors features comparison and characterization
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Recycled and by-products derived papers for L-rGO sensors

Paper-rGO sensors features comparison and characterization
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Recycled and by-products derived papers for L-rGO sensors
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Selection of the most performing papers
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Recycled and by-products derived papers for L-rGO sensors
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Proofs of applicability in samples analysis
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Laser-designed Paper/Graphene 3D pop-up for carbaryl analysis
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Laser-designed Paper/Graphene 3D pop-up for carbaryl analysis

Assay format

Sample loading/
pre-concentration

Integrated paper/graphene 3D pop-up device
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for the quantitative sensing of carbaryl
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Fiori et al. (2024). Sensors and Actuators B: Chemical, 399, 134768.
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Laser-designed Paper/Graphene 3D pop-up for carbaryl analysis

Assay format Analytical performance

Sample loading/
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Laser-designed Paper/Graphene 3D pop-up for carbaryl analysis
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Sample and interferences analysis
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Nanozyme film for real-time detection of H,O, released from cancer cells “’“‘”‘
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Production of rGO-film decorated with MNPs

Graphene Oxide
(GO) and M+ Reduced GO (rGO)

and MNPs film

Biosensors and Bioelectronies 262 (2024) 116544

MM*@GO film

Contents lists available at ScienceDirect

Biosensors and Bioelectronics

ELSEVIER journal homepage: www.elsevier.com/locate/bios

Laser-assembled conductive 3D nanozyme film-based nitrocellulose sensor
for real-time detection of H,O, released from cancer cells

Qurat U.A. Bukhari ™ b1 Flavio Della Pelle ™', Ruslan Alvarez-Diduk **, Annalisa Scroccarello ”,
Carme Nogués “, Oriol Careta“, Dario Compagnone * , Arben Merkoci ™ I

* Nanobioelectronics & Biosensors Group, Catalan Institute of Nanoscienee and Nanotechnology (ICN2), CSIC and BIST, Campus UAB, Bellaterra, Barcelona, Spain
* Department of ence and Technology for Food, Agriculture and Environ versity of Teramo, Campus “Aurclio Saliceti” Via R. Balsarini 1, 64100, Teramo,
Ialy
* Departament de Biologia Cellular, Fisiologia i Immunologia, Facultat de Biociencies, Universitat Autonoma de Barcelona (UAB), 08193 Bellaterra, Barcelona, Spain
4 ICREA Institucit Catalana de Recerca i Estudis Avangats, Passeig de Liufs Companys, 23, 08010, Barcelona, Spain

Scroccarello et al. (2023). ACS sensors, 2023, 8, 2, 598-609
Bukhari et al. (2024). Biosensors and Bioelectronics, 262, 116544.
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Nanozyme film for real-time detection of H,O, released from cancer cells

rGO-PtNCs film integrated into nitrocellulose
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Nanozyme film for real-time detection of H,O, released from cancer cells
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rGO-PtNCs sensor features and performance
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Nanozyme film for real-time detection of H,O, released from cancer cells
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Real-time detection of H,O, release under chemical stimulation
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3'd generation biosensors

Enzyme-based electrochemical sensors
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Laser-activated FDH-based stencil-printed sensors
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Solvent based c-ink (SB)

Sensor manufacturing

CO, laser (A=10.6 pm)
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Exploiting CO, laser to boost graphite inks electron transfer for fructose
biosensing in biological fluids

avio Della Pelle ", Annalisa Scroccarello *, Paolo Bollella *,
ukawa °, Yohei Suzuki ", Keisei Sowa ", Luisa Torsi *,




Laser-activated FDH-based stencil-printed sensors
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CO, laser power investigation i -
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Silveri et al. (2024). Biosensors and Bioelectronics, 116620.




Laser-activated FDH-based stencil-printed sensors
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Laser-activated FDH-based stencil-printed sensors
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Bioanalytical performance
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Laser-activated FDH-based stencil-printed sensors

Selectivity study Legend

f The “f” stands for 10 uM D-fructose

Organic compounds (i): 1 (1L mM urea), 2 (1 mM citric acid), 3 (50 uM L-carnitine), 4 (50 uM choline), 5 (50 uM uric acid), 6 (25 uM glutamic acid), 7 (50 uM lactic
acid), 8 (100 uM bovin serum albumin), 9 (10 nM dopamine).

Salts (ii): 10 (1 mM CacCl,), 11 (1 mM MgCl,), 12 (1 mM ZnCl,), 13 (1 mM NacCl), 14 (1 mM K,HPO,), 15 (1 mM CaCO,).

j (hA em?)
Le

IRABERR ¥ — (iii) Sugars (iii): 16 (1 mM lactose), 17 (1 mM D-glucose), 18 (1 mM sorbitol), 19 (1 mM sucrose), 20 (1 mM D-galactose), 21 (1 mM D-fucose).

24 2526 I _ 1j Vitamins (iv): 22 (25 uM niacin), 23 (25 uM pyridoxal), 24 (25 uM biotin), 25 (25 UM nicotinic acid), 26 (5 UM ascorbic acid).

Samples analysis

Spiked levels:
(a) = cerebrospinal fluid (sCSF) :
(b) = seminal fluid (aSF) SCSF: 100 - 300 - 500 pM
=)y (c) =formula milk aSF: 5-10-25mM

(d) = donkey milk
Powder milks: 250 — 375 — 500 uM
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Laser-activated FDH-based stencil-printed sensors
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In-continuos measurements in cerebrospinal fluid (sCSF)

Polyol pathway
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Take-home messages

‘ CO, laser-plotter has become aroutine tool able to generate
different types of on-demand nanostructures
.... beyond LIG

Every-one-reach technologies can be used to produce
‘ nanostructured electrochemical devices (lab-on-strips)

,,,,,,,,,,,,,,

C

DOI: 10.1016/7.trac.2022.116905



Acknowledgments

UNIVERSITA

DEGLI STUD

DI TERAMO
UNITE

NanoUniteLab

Prof. Flavio Della Pelle

UNITE

£24% Universidad
de Alcald

\IVERSITA
IDI DI BARI

STUDI DI BAR
O MORO

2. | UNIVERSITA
& | DEGLI STUDI

% | vilnius
University

PostDoc Filippo Silveri
PostDoc Dounia El Fadil
PostDoc Manish Kumar

UNIVERSITA . -
DECLI STUD! PostDoc Maikel Rlyero
DI TERAMO PostDoc Alfonso Sierra

PhD st. Selene Fiori
PhD st. Davide Paolini

RTDa. Annalisa Scroccarello

PhD st. Ida Valeria Di Cristoforo

PhD st. Paolo Di Battista

Prof. Alberto Escarpa NADI'ﬁ.m

Dr. Paolo Bollella

Prof. Aziz Amine

& Biosensors Group

wedlc UUINIVERSITA

Dr. Giovanni Ferraro

Dr. Enrico Cozzoni

Dr. Rasa Pauliukaite

DEL SALENTO

Mass Lab

Prof. Michele Del Carlo

Prof. Marcello Mascini

RTDa. Federico Fanti
PostDoc Sara Palmieri

PhD st. Fabiola eugelio

PhD st. Francesco Della Valle
Tech. Alessia Pepe

Prof. Arben Merkoci

Prof. Keisei Sowa

Prof. Dr. Antje Baeumner
Dr. Nongnoot Wongkaew

Prof. Elisabetta
Mazzotta
Dr. Tiziano di Giulio

Dr. Maria Giammatteo

Prof. Maria Carmen
Blanco-Lopez




