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NanoUnite Lab Main research line 

Aim 

Formation of film constituted exclusively of NMs 

Flexible/Paper analytical devices assembling 

 

 

Strategy 

CO2 Laser-Plotter patterning/engraving 

Xurographic Manufacturing 

 

NANOSTRUCTURED SENSING SURFACES MANUFACTURING and INTEGRATION IN 

SUSTAINABLE LAB- MADE SENSORS AND ANALYTICAL DEVICES 

 

Cutting  

plotter 

Thermal-roll  

laminator 

CO2-Laser  

Plotter 

Wax  

printer 

Silveri et al. (2025).  TrAC Trends in Analytical Chemistry, 118175. 
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CO2 laser-plotter for conductive nanostructured films formation 

You et al. (2020). Advanced Materials, 32(15), 1901981. 

Lahcen et al. (2020). Biosensors and Bioelectronics, 168, 112565 

Wang et al. (2022). Biosensors, 12(2), 55. 

Simsek, M., & Wongkaew, N. (2021). Analytical and Bioanalytical Chemistry, 413(24), 6079-6099. 



State of the Art 

Vivaldi et al. (2021). ACS Applied Materials & Interfaces, 13(26), 30245-30260. 

Bressi et al. (2023). ACS applied materials & interfaces, 15(30), 35788-35814. 

Silva-Neto et al. (2024). TrAC Trends in Analytical Chemistry, 117675. 

Blasques et al. (2024). ACS Sustainable Chemistry & Engineering, 12(8), 3061-3072. 

Laser-induced graphene (LIG)  CO2 laser towards sustainability 



Schematic diagram of the laser system  

CO2 laser-plotter 

  

Khan et al. (2021). Journal of Manufacturing and Materials Processing, 5(3), 78. 

LASER-INDUCED NANOSTRUCTURATION 

MAIN VARIABLES 
 

PRECURSOR MATERIAL & 

PHOTOTHERMAL CONVERSION 

Å Chemistry of the material 

Å Physical characteristics 

Å Mechanical characteristics 

Å Material amount 

Å Material support 

 

LASER-PLOTTER PARAMETERS 

Å Power source 

Å Scanning speed  

Å Engraving density (instrumental and  

     design resolution) 

Å Engraving passings 

Å Beam focus 

 

WORKING MODE  

Å Engraving (nano/micro-structuration)  

Å Cutting (device design) 

 

-  Emissiom ɚ 10.6 ɛm  

-  Nominal Maximum power output 30 W 

-  Laser spot of 0.04 mm 



NanoUnite Lab CO2 laser-plotter for electroanalytical devices  
 

SENSING FILMS OBTAINED VIA CO2 LASER PLOTTER 
 

V  Laser-induced graphenic transferable films 

V Laser assembled 2D/0D nanocomposites 

V Laser nanostructured printed inks 

Laser assembled 2D/2D heterostructures 

 

 

SENSORS 
Scroccarello et al. (2023). ACS sensors, 8(2), 598-609.  
 

Della Pelle et al. (2023). Nanoscale, 15(15), 7164-7175.  
 

Pidal et al. (2024). Microchimica Acta, 191(6), 361.  

Scroccarello A. et al. (2024). ACS Sustainable Chemistry & Engineering, 12(8), 3196-3208.  
 

BIOSENSORS 
Zhao et al. (2023). ACS Applied Materials & Interfaces, 15(7), 9024ï9033. 
 

Bukhari et al. (2024). Biosensors and Bioelectronics, 262, 116544.  
 

Paolini et al. (2024). ACS Applied Materials & Interfaces, 16(17), 22443-22454. 
 

 

 Silveri et al. (2024). Biosensors and Bioelectronics, 263, 116620. 
 

ANALYTICAL DEVICES 
Silveri et al. (2023). Food Chemistry, 420, 136112.  

Fiori S. et al. (2024). Sensors and Actuators B: Chemical, 399, 134768.  

Fiori, S. et al. (2025). Analytical Chemistry, 97(8), 4293-4298. 

PAPER-BASED DEVICES 



Outline 

Laser-reduced graphene oxide films for sustainable 

paper-based sensors 

 

CO2 laser plotter for ePAD manufacturing 

Laser- boosted 3rd generation biosensor for fructose  

Laser based graphene-Pt composites for H2O2 detection 

in cell coltures  



Recycled and by-products derived papers for L-rGO sensors   

Cellulosic substrates 

TW FB 

CO CK CA 

CW WB RO 

NT RL 



Graphene 

Laser-induced rGO  

Laser-induced rGO transferable conductive films 

Scroccarello et al. (2023). ACS sensors,  2023, 8, 2, 598ï609 

Zhao et al. (2023). ACS Appl. Mater. Interfaces, 15, 7, 9024ï9033 



Graphene 

Laser-induced rGO  

Laser-induced rGO transferable conductive films 

Scroccarello et al. (2023). ACS sensors,  2023, 8, 2, 598ï609 

Zhao et al. (2023). ACS Appl. Mater. Interfaces, 15, 7, 9024ï9033 



Cutting plotter 

Stencil-printing manufacturing 

Nitrocellulose Paper 

Flexible polymers 

Silveri et al. (2023). Biosensors and Bioelectronics, 237, 115450. 

Della Pelle et al. (2023). Nanoscale, 15(15), 7164-7175. 



Cutting plotter 

Stencil-printing manufacturing 

Nitrocellulose Paper 

Flexible polymers 

Silveri et al. (2023). Biosensors and Bioelectronics, 237, 115450. 

Della Pelle et al. (2023). Nanoscale, 15(15), 7164-7175. 



Laser-scribed rGO integration on paper substrates 

Paper 

P-rGO 

Paper 

P-rGO 

Stereo microscopy 

Recycled and by-products derived papers for L-rGO sensors   



E = O.C.P.  

Paper-rGO sensors features comparison and characterization 

5 mM [Fe(CN)6]
4-/3- 

10 mV s-1 

Recycled and by-products derived papers for L-rGO sensors   

TOKYO WHITE 

(100% recycled fibres) 

FREE TREE BAMBOO CREAM 

(75% bamboo fibres, 25% cotton linters) 

CRUSH KIWI 

(15% kiwi wastes, 40% recycled fibres) 



TW-rGO 

NT-rGO 

rGO 

TW-rGO 

FB-rGO 

CK-rGO 

NT-rGO 

RO-rGO 

TW 

NT 

Paper-rGO sensors features comparison and characterization 

Recycled and by-products derived papers for L-rGO sensors   

D, G and 2D 

peaks  



Selection of the most performing papers 

Caffeic acid  Dopamine  Ascorbic acid  

LOD = 0.07 µM  

L.R.: 0.2-8 µM (R2 = 0.999) 

Slope  

RSD = 3 % (n = 3) 

LOD = 0.02 µM  

L.R.: 0.2-8 µM (R2 = 0.999) 

Slope  

RSD = 7 % (n = 3) 

LOD = 1 µM  

L.R.: 5-50 µM  (R2 = 0.999) 

Slope  

RSD = 2 % (n = 3) 

FREE TREE BAMBOO CREAM 

(75% bamboo fibres, 25% cotton linters) 

TOKYO WHITE 

(100% recycled fibres) 

CRUSH KIWI 

(15% kiwi wastes, 40% recycled fibres) 

Recycled and by-products derived papers for L-rGO sensors   

E = 0.1 V 



Proofs of applicability in samples analysis 

Supplements  

 

Rec: 91 ï 106 % 

RSD Ò 5 % (n = 3) 

FB- rGO sensor  TW- rGO sensor  CK- rGO sensor  

Food samples  DP injection  

 

Rec: 92 ï 108 % 

RSD Ò 7 % (n = 3) 

 

Rec: 92 ï 108 % 

RSD Ò 5 % (n = 3) 

Recycled and by-products derived papers for L-rGO sensors   

E = 0.1V 



Outline 

Laser-reduced graphene oxide films for sustainable 

paper-based sensors 

 

CO2 laser plotter for ePAD manufacturing 

Laser- boosted 3rd generation biosensor for fructose  

Laser based graphene-Pt composites for H2O2 detection 

in cell coltures  



Laser-designed Paper/Graphene 3D pop-up for carbaryl analysis 

Fiori et al. (2024). Sensors and Actuators B: Chemical, 399, 134768. 



Assay format 

Laser-designed Paper/Graphene 3D pop-up for carbaryl analysis 

Fiori et al. (2024). Sensors and Actuators B: Chemical, 399, 134768. 



Assay format 

LOD = 0.4 µM  

L.R.: 1.5-33 µM (R2 =0.995)  

Slope RSD = 8% (n = 3) 

Analytical performance 

Laser-designed Paper/Graphene 3D pop-up for carbaryl analysis 

Fiori et al. (2024). Sensors and Actuators B: Chemical, 399, 134768. 



Sample and interferences analysis 

Soft wheat  1 ( SW1)  

Soft wheat  2  ( SW2)  

Durum wheat  ( DW)  

Kamut ( KM)  

Barley  ( BR)  

Rec: 93 ï 108 % 

RSD Ò 6 % (n = 3) 

Laser-designed Paper/Graphene 3D pop-up for carbaryl analysis 

Fiori et al. (2024). Sensors and Actuators B: Chemical, 399, 134768. 



Outline 

Laser-reduced graphene oxide films for sustainable 

paper-based sensors 

 

CO2 laser plotter for ePAD manufacturing 

Laser- boosted 3rd generation biosensor for fructose  

Laser based graphene-Pt composites for 

H2O2 detection in cell coltures  



Mn+ 

Scroccarello et al. (2023). ACS sensors,  2023, 8, 2, 598ï609 

Bukhari et al. (2024). Biosensors and Bioelectronics, 262, 116544. 

Production of rGO-film decorated with MNPs 

Nanozyme film for real-time detection of H2O2 released from cancer cells 



 

Nanozyme film for real-time detection of H2O2 released from cancer cells 

rGO-PtNCs film integrated into nitrocellulose  

NTC/PtNCs-rGO  GO-Pt(II) film   NTC/PtNCs-rGO  

Bukhari et al. (2024). Biosensors and Bioelectronics, 262, 116544. 

EDX XPS 



 

rGO-PtNCs sensor features and performance 

20 mV s-1 

NTC/rGO 

 NTC/PtNCs-rGO  

50 µM H2O2  

Nanozyme film for real-time detection of H2O2 released from cancer cells 

1, 3, 6 mM  H2O2 

LOD = 0.2 µM  

L.R.: 0.5-80 µM (R2 = 0.994) 

Slope RSD = 5 % (n = 3) 

E = 0.4 V   

Bukhari et al. (2024). Biosensors and Bioelectronics, 262, 116544. 



 

Real-time detection of H2O2 release under chemical stimulation 

 

CELL LINES TESTED  

 

SKBR- 3   

Human breast  tumorigenic  

cells   

 

Vero  

non- tumorigenic  cells   

12- myristate 13 - acetate ( PMA)  

RSD Ò 7% (n= 3) 

Nanozyme film for real-time detection of H2O2 released from cancer cells 

SKBR-3  

E = 0.4 V   

SKBR-3 

No cells 
Vero 

SKBR-3 


