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SENSorsgroup

Progettazione e sviluppo di un sistema sensoriale per lamisura di composti
volatili e laidentificazione di microorganismi di interesse occupazionale

Corrado Di Natale

Dipartimento di Ingegneria Elettronica
Universitadi Roma Tor Vergata

Sensorsgroup.uniromaz2.it
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Sensori ovunque Trillion Sensor Visions

100,000,000,000,000

10,000,000,000,000

- microelettronica
- Capacitadi calcolodistribuite 1,000,000,000,000
- Internet-of-things
- Sensori per ciascuno e ovunque
- Data analysis

100,000,000,000

10,000,000,000 %
2%l

1,000,000000 /-
2
L")

"Abundance"

QCOM Swarm Lab, UCB
Bosch

Hewlett-Packard

Intel

Tl Internet devices
100'000'000 ] i Y 0le MEMS Forecast, 2012
——TSensors Bryzek's Vision
——— 10 year slope

= Mobile Sensors Explosion

Sensors/year

Libelium Smart World

Smartphanes Detection Electromagnetic Levels

10,000,000
2007 2012 2017 2022 2027 2032 2037

Sensoriintegratineglismartphone:
*  microfono

* 2sensoridiimmagine

*  3Daccelerometro

* 3Dgiroscopio

* sensoredipressione

* bussola3D

* Sensorediluce ambiente

* sensorediprossimita

Water Qualry

* ma non ancora Sensori
chimici e biosensori
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Chimica Analitica = Sensori
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Principi dei sensori chimicl

»
="

Analytical Signal

v

time

- Misura diretta attraverso una proprietaintrinseca della molecolatarget (tipicamente spettro ottico o IR)
- Misura mediata attraverso la interazione della molecola target con un materiale sensibile.

V Spectral Profile
Aftor Absorbtion I

ChemSight™
Detector
A

Spectral Profile
@ o Bofore Absorbtion

ChemSight™ @

Source

I -
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Schema generale di un sensore chimico a mediatore sensibile

N, A%
analyte | % ' i‘ C: concentration
" ] d

5 Sensing material l
z AT, Am, AG,} (). 7 .
= » AL, 2D, . physical quantit
S ’An,ACI),... O physical quantity
Transducer l
AR, AC,
Af, Ag,... Z: electronic device parameter
Electronics
signal AL, AV, Af, Ad V: measurable signal

Voltage meter

—— [V, %AV,
ﬁ 0/‘ signal

example:
phthalocyanine based
chemo-resistor

o1

—

= ° Interdigitated
phthalocyanine electrodes Current supply and volage

e e e e e e ) amplifier

TN ., e~



Materiali sensibili

Materiali inorganici

Nanotubi di
carbonio

60wt% SIO, +
Electrodes 40wt% MWNT
sooun IR
-lﬂtn - 5 )2
1o

' .

Printed Circust Board

grafene ¢ _

cC
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Materiali organici

Polimeri
conduttori
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SENSorsg

Trasduttori

Trasduttori diimpedenza Trasduttori di massa

~ - 4
plezoelectric active area

-
sliicon nitride diaphragm

Elettrodi interdigitat Microbilanciaal quarzo Surface acousticwave  Risonatoria film sottile

Dispositivi ad effetto di campo Trasdutton otticl

1 5 GAG TCT GTG GAG GAG GTAGTC 3 |
2 5'CTTCTG TCTTGA TGT TTG TCA AAC ¥
\\f /// detector
5 () Emitter
2 SweN
Si0z |
Sl (Gate)
\Z
ChemFET, FET organici, transistori a nanofili,... Colorimetria, spetiroscopia di assorbimento,

fluorescenza, Raman, SERS, SPR...
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Selettivita: cosa possiamo imparare dalla Natura?

Dogamine

Nal1%o 1 5)

v Pello s
Pheltd ()
\ Hin¥2 o4

In living beings there are two main approaches to

Ser193(5)

chemical sensing -
specific receptors for few selected molecules A -~ mwm
* receptors > o1 3 ha
. . &> . <
* antibodies L %) Kalani et al. PNAS, 2004
|
° o o
pheromones Chien et al. Science, 2010
non-specific receptors for unpredictable compounds
* inliquid: gustative receptors — tastes (clustered in
five classes) . ot
* in air: olfactive receptors — odors (millions) : g .l m;:-ml‘l‘ \
| % ! aaiven , ol et coon
£ L .ll‘:"w:
2 T = e
' ; ]

21[[L8
s ?\(52“

» -
Floriano et al. PNAS, 2000
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Combinatorial selectivity and the artificial olfaction conjecture

Array of olfactory neurons: Array of gas sensors:
» Many ORNs each with a different pattem of « Many sensors each with a different pattem of
sensitivity sensitivity
 Protein chemistry offer a biologically efficient method  Synthesis of organic and inorganic materials
to build different ORNs with the same building blocks may provide the basis for the development of
suitable sensors.

Combinatorial selectivity of OSN
Sensor Array
Mammals
Amphibians COTPP MoTP> CuTP? FeTP> VTPF NiTPP CrTPP
weBA0Q0GGA0EALLA B
rcepin 1234567 891011121314 — _ll//ll//l‘!illi‘/fm& n-pentane ° = . ~ ® . .
oranz eeeee z . ...’ -
A ~~hg O _______ rancid, sour, goatike ;8 o "elee an !!! 6.' propanaldehyd Y ® ° fi) ° .
B ~on| @ =) sweet, bl wo Al r! ir.iig,,
¢ dol© ©0 © ©0 mossonswesy | dadtillty ;°.s§-; methanol - 2 s 2 e N ®
o tle 00 06 060 SR ERIP | PP eY Stheno ¢ - s 0. 09 0
E /"V\)\OK rancid, sour, repulsive - R . ¥ 54 3 ]
ey ©0 o° ° ’:*-:--r u I toluene | s | s @& O | o
~ | | 00 O | O | iaed H 11 HRE

6t | |00 00 (0 (O [@wnomenan Filii i H!in!l benzene e © - @ ©o a .
e 00 © | @ O | [ ;f‘ ! e ﬁ acetic acid @ ® ° . ®
. MaInicetaI,Cel,1999 :i“"'- . ;; S’::: di hvisulphic  * Q o . ° .
insects 5ece ‘*.... - imethylsulphic

o T R e R | 33 i! ;i tiophene x A = ® o 2 >
oo a o e oo oo a it 4 eiie o .
S= el % | lawe os o 5;::: A e ‘: ¥5 triethylamine . @ o =] . . @
3 r— 3 s 3 ? - .. .
i — - : % siiieibii 6 C.DiNatale etal. Sens. Act.B2007
—— a— L ]

Hallem etal. Cell, 2004 Sicard and Holley Brain Res., 1984
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E'aenimon " cytochrome P450
cytochromes SRLLIS S coenzyme F430
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small molecule

sning. CHEMICAL
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HO; COzH

herne myoglobin Porphyrinoids for Chemical Sensor Applications
Roberto Paolesse,* " Sara Nardis,” Donato Monti,” Manuda Stefanelli,” and Corrado Di Natale*”*
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Selettivita combinatoriale: ZnO-TPP sensor array

v.o0 B ' v %
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Pre-condizionamento

-
PID2
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Spettroscopia IR

ANALYTICAL CHEMISTRY - INFRARED SPECTROSCOPY

Commonly referred to as IR spectroscopy, this technique allows chemists to identify characteristic groups of atoms (functional groups) present in molecules.

THE FINGERPRINT REGION - 1500CM™* TO 500CM**
Stretch Stretch Stretch The fingerprint region of the spectrum contains a complex set of
absorptions, which are unique to each compound. Though these are

avp avp avp hard to interpret visually, by comparison with references they allow

of specific
ALKENE ALDEHYDE ALKENE
AROMATICS
Stretch Stretch Stretch Stretch stretch Stretch Stretch
ALKYNE ALKANE ALKYNE CARBQNYLS AROMATICS ESTERS, ETHERS, ALCOHOLS, ALKYL CHLORIDE (850-550)
) CARBOXYLIC ACIDS ALKYL BROMIDE (690-515)
o - @0 @ & e o
Stretch Stretch ANHYDRIDE Bend Bend, Rock wag Bend Bend
182" AMINE NITRILE ACYLCHLORIE 1\ yaine ALKANE HALOALKANE ALKENE ALKENE
AMIDE )
ESTER
Stretch Stretch AMIDE Asymm Stretch Symm. Stretch Stretch Bend Wog
ALCOHOLS CARBOXYLIC ACIDS i NITRO NITRO ALIPHATIC CARBOXYLIC  1°&2°AMINE
PHENOLS COMPOUND COMPOUND AMINES ACID
1 T 1 1 1 1 T 1 1 1 1 1 1 Ll T 1 1 T 1 1 Ll 1 1
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FREQUENCY/WAVENUMBER OF ABSORPTION (CM*)  Hey: () stron (M) meoium (W) weak (B) eroap (N) NArRow (V) VARIABLE

Infrared frequencies make up a portion of the electromagnetic spectrum. If a range of infrared frequencies are shone through an organic compound, some of the frequencies are
absorbed by the chemical bonds within the compound. Different chemical bonds absorb different frequencies of infrared radiation. There are a number of characteristic absorptions
which allow functional groups (the parts of a compound which give it its particular reactivity) to be identified. This graphic shows a number of these absorptions.
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Spettroscopia IR: Styrene
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Conclusioni

- Risultati principali:
- Sensoriottimizzati per la selettivita combinatoria

Materiali sensibili ibridi
*  porfirine + polimeri + grafene
+ Porfirine + ossidi metallici
materiali nanostrutturati: incremento superficie/volume
+ Strutture elettrofilate, nanoparticelle e materiali mesoporosi

Realizzazione diarray di sensori

Dimostrazione del principio della selettivita combinatoria
Riconoscimento di analiti di interesse
|dentificazione di microorganismiin laboratorio e in ambiente

Applicazione ditecnico spettrofotometriche alla analisi dei VOCs
Sistema portatile di arricchimento del campione gassoso e di separazione dei VOCs
Dimostrazione della integrabilita dei sistemi sviluppati

- Sviluppi futuri
- Applicazione inun contesto reale
- Integrazione con sistemi wireless mobili e indossabili
- Implementazione di algoritmi di machine learning configurabili nei differenti scenari applicativi



