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Pervasive electronics 

• Microelectronics: expanded computing capabilities at reduced size and price 
• Efficient communication infrastructures: Bluetooth, WiFi, 5G … Internet 
• Sensors 
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Microsensors 

• Integrated sensors 

• Silicon technology 
(microelectronics) enables the 
fabrication of integrated systems 
where both the sensitive element 
and the electronics are integrated in 
the same chip. MEMS (Micro Electro 
Mechanical Systems) 
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Ink-jet printerhead 
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Ubiquitous sensing 

• Sensors data available to anyone and anywhere: 
Internet of Things 

• 1012 connected sensors 
• Big Data 

• 3D compass 
• Ambient light sensor 
• Proximity sensor 
• Chemical Sensors ? 

• 2 Microphones 
• 2 image sensors 
• 3D accelerometer 
• 3D gyroscope 
• Pressure sensor 
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Analytical Chemistry ➔ Chemical Sensors 
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Chemical Sensors 
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Nature: a paradigm for sensors development 

• In living beings there are two main approaches to 
chemical sensing 

•specific receptors for few selected molecules 

• receptors 

• antibodies 

• Pheromones 

• Technological analogue: Biosensors  

 

• non-specific receptors for unpredictable compounds 

• in liquid: gustatory receptors → tastes (clustered in 
five classes) 

• in air: olfactory receptors → odors (millions) 

• Technological analogue: Electronic Noses/Tongues 

 

Kalani et al. PNAS, 2004 

Chien et al. Science, 2010 

Floriano et al. PNAS, 2000 
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Combinatorial selectivity and the Electronic Nose/Tongue principle 

Malnic et al, Cell, 1999 

Mammals 
Amphibians 

Sicard and Holley Brain Res., 1984 Hallem et al. Cell, 2004 

insects 

Combinatorial selectivity of OSN 

MoTPP CuTPP FeTPP VTPP NiTPP CrTPP 

n-pentane 

propanaldehyde 

methanol 

ethanol 

toluene 

benzene 

dimethylsulphide 

tiophene 

triethylamine 

CoTPP 

acetic acid 

C. Di Natale et al.  Sens. Act. B 2007 

Sensor Array 

Arrays of olfactory neurons: 
• Many ORNs each with a different pattern of 

sensitivity 
• Protein chemistry offer a biologically efficient 

method to build different ORNs with the same 
building blocks 

Array of sensors: 
• Many sensors each with a different 

pattern of sensitivity 
• Synthesis of organic and inorganic 

materials may provide the basis for the 
development of suitable sensors. 
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Porphyrins as receptors for sensor arrays 

• Porphyrins may host a number of simultaneous interaction 
sites harboring different mechanisms  

• They can be used to bind, either chemically or physically, a 
great diversity of guest molecules.  

• The molecular structure can be modified by functional groups. 
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Porphyrins based electronic noses 

2011 2005 International 
Space Station 
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QMB electronic nose applications 

Food Quality and Control 

Compagnone et al. Sens Actuators B 2015 

Pizzoni et al. J Food Eng. 2015 

Eifler et al. PLoS ONE, 2012 

Santonico et al. Food Chem, 2010 

Santonico et al. Sens Act. B  2008 

Olafdsottir et al. Trends Food Sci Tech. 2004 

Saevels et al. Posth. Sc. Techn. 2003 

•••••• 

Medical Diagnosis 

Capuano et al. Sci Reports 2019 

Capuano et al. Sci Reports 2018 

Murdocca et al. Oncotarget 2016 

Capuano et al. Sci Reports 2015 

Santonico et al. Lung Cancer 2012 

D’Amico et al. Skin Res. Techn. 2007 

D’Amico et al. Lung cancer, 2010 

Montuschi et al. Chest, 2010 

Di Natale et al. Bios. Bioelec. 2003 

•••••• 

Spacecraft air quality control 

Martinelli et al. Microgravity Sci Techn. 2008 

Fortezza et al. Acta Astronautica, 2006 

•••••• 

ISS 2005 

ISS 2011 
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Examples of food applications 

Optimal picking time of apples 

dehydrated grapes 
Vegetable oils 

flavoured custards 
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Fish freshness 
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Artificial Quality Index: cods 
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Medical diagnosis 

VOCs umani 
• Alito: 1840 
• Saliva: 359 
• Sangue: 154 
• Pelle: 532 
• Urine: 279 
• Feci: 381 

List and abundance of VOCs } 
specific fingerprint 

Analytical approach 

GC-MS; SIFT-MS, PTR-MS.... 

non specific fingerprint 

sensor arrays (electronic nose) 

Sensors patterns  

combination of VOCs abundance 



    Corrado Di Natale, University of Rome Tor Vergata 

Malaria in murine models Therapy effects on tuberculosis 

Stem cells differentiation in-vitro and in-vivo 
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Capuano et al. Sens Actuators B 2017 
Capuano et al Scientific Reports 2019 Zetola et al. J Infections 2017 

Capuano et al. Scientific Reports 2017 
Capuano et al. Scientific Reports 2018 

Di Natale et al. Bios. Bioelectronics 2003 
Santonico et al. Lung Cancer 2012 
Capuano et al. Scientific Reports 2015 
Gasparri et al. J Breath Res 2016 

Lung cancer 

In-vitro and in-vivo Metastasis 
inhibition in colon cancer 

Murdocca et al. Oncotarget  2016 
Murdocca et al. Frontiers Oncolorgy 2019 
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Micro-organisms in cereals 
fusarium species 

Eifler et al. PLoS ONE, 2011 Paolesse et al. Sens Actuators B, 2006 

Penicillium vs. Fusarium 
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Wireless sensors nodes 

Catini  et al. Sensors , 2019 Loreti  et al. Sensors , 2019 

Plant stress monitoring Wild animals tracking 
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Combinatorial selectivity in liquid:  
Potentiometric electronic tongue 
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Legin et al. Sens Actuators B 1997 

Di Natale et al. Sens Actuators B 1996 

…. 
Vlasov et al. Pure Appl. Chem 2005 

… 
Lvova et al. Frontiers Chemistry 2018 

Basic tastes 

Defects in wine 
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Multimodal Electronic tongue 
Potentiometry and colorimetry 
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IMPAQT project 
Integrated MultiTrophic Aquaculture 

This project has received funding from 
the EU H2020 research and innovation 
programme under GA No 774109 

Microfluidic systems for automatic optical and electrochemical measurements 

Example: Nitrites sensor  

www.impaqtproject.eu 




