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Th i l t i l h t i ti f h At INRiM: mechanical exfoliation of graphene from Graphene is pure carbon in the form of a very thin,  The primary electrical characterization for eachAt INRiM: mechanical exfoliation of graphene from
natural graphite flakes and deposition on Si/SiO

p p y ,
nearly transparent sheet which can be described as a sensor is done by applying to the gate contact anatural graphite flakes and deposition on Si/SiO2
nearly transparent sheet which can be described as a

h k l f h

sensor is done by applying to the gate contact a
i bl lt i th f 40 t +40 Vsubstrates (SiO2 thickness ~ 280 nm)one‐atom thick layer of graphite. variable voltage in the range from ‐40 to +40 Vsubstrates (SiO2 thickness 280 nm)y g p

(DC). A Dirac curve is obtained.
 Graphene is a crystalline allotrope of carbon with two‐

(DC). A Dirac curve is obtained.
Graphene is a crystalline allotrope of carbon with two
dimensional propertiesdimensional properties.
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GRAPHENE FUNCTIONALISATIONGRAPHENE FUNCTIONALISATIONINRiMINRiM GRAPHENEGRAPHENE BASED SENSORSBASED SENSORSWHY GRAPHENE?WHY GRAPHENE?
GRAPHENE FUNCTIONALISATIONGRAPHENE FUNCTIONALISATIONINRiMINRiM GRAPHENEGRAPHENE‐‐BASED SENSORSBASED SENSORSWHY GRAPHENE?WHY GRAPHENE?
 Deposition of a layer of polyethylendiamine by

 Its outstanding charge carrier mobility implies a strong
 Deposition of a layer of polyethylendiamine by
A l i i i i d NO

 A sensor is prepared by means of Electron Beam Its outstanding charge carrier mobility implies a strong Ar plasma to increase sensitivity towards NO2.
p p y

Lithography (EBL) to make gold contacts on it
dependence of electrical resistivity on carrier density

2Lithography (EBL) to make gold contacts on it.
dependence of electrical resistivity on carrier density
and consequently on the electrostatic environment  Raman spectra to monitor the functionalisation. Th it i fi d hi i ( h dand, consequently, on the electrostatic environment. p Then it is fixed on a proper chip‐carrier (purchased

G h h t l hi h iti it t d
from PTB). Graphene shows an extremely high sensitivity toward
from PTB).

the adsorption of gas molecules on its surface due tothe adsorption of gas molecules on its surface, due to
th h t f b t l l d ththe charge transfer between gas molecules and the
graphene sheet.graphene sheet.

 Graphene is considered a promising material for Graphene is considered a promising material for
d i ll l f i lproducing small‐scale gas sensors for environmental

monitoringmonitoring.

GAS MONITORINGGAS MONITORINGGAS MONITORING GAS MONITORING 

EXPERIMENTAL SETUPEXPERIMENTAL SETUP NONO22 MONITORING (100MONITORING (100 nmolnmol/mol/mol‐‐10 µmol/mol)10 µmol/mol) INTERFERING SPECIESEXPERIMENTAL SETUPEXPERIMENTAL SETUP NONO22 MONITORING (100 MONITORING (100 nmolnmol/mol/mol 10 µmol/mol)10 µmol/mol)

f i i h Various sensings were carried out recording the resistance  The variation of graphene sensor resistance
 INRiM apparatus for monitoring graphene  Various sensings were carried out recording the resistance  The variation of graphene sensor resistance

it d i f ibl
pp g g p

sensor response in the presence of gases variation of the graphene sensor with time in presence of NO2
was monitored in presence of possiblesensor response in the presence of gases g p p 2
interfering gases present in environmental air:

 NO2 concentration in the range 100 nmol/mol – 10 µmol/mol
interfering gases present in environmental air:

 NO2 concentration in the range 100 nmol/mol 10 µmol/mol
 H O (200 µmol/mol) H2O (200 µmol/mol)

CO (400 µmol/mol) CO2 (400 µmol/mol) 

NH (100 l/ l) NH3 (100 µmol/mol)3

NONO22 MONITORING AFTER FUNCTIONALISATIONMONITORING AFTER FUNCTIONALISATIONNONO22 MONITORING AFTER FUNCTIONALISATIONMONITORING AFTER FUNCTIONALISATION

 Functionalisation of graphene with polyethylendiamine results in Functionalisation of graphene with polyethylendiamine results in
i d i i iincreased sensitivity.y

 Relative resistance variation of the sensor with time at NO2

il i h h ll i f h

Relative resistance variation of the sensor with time at NO2

concentration of 100 nmol/mol and 500 nmol/mol Detail with the allocation of the sensor concentration of 100 nmol/mol and 500 nmol/mol

B fB f f i li if i li iinside the chamber closed during sensing Before Before functionalisationfunctionalisationinside the chamber, closed during sensing.

NONO22 100 and 500100 and 500 nmolnmol/mol/molNONO22 100 and 500 100 and 500 nmolnmol/mol/mol

NONO22 100 100 nmolnmol/mol/mol22 //

AftAftAfter After 
functionalisationfunctionalisation

NONO22 500500 nmolnmol/mol/mol
functionalisationfunctionalisation

NONO22 500 500 nmolnmol/mol/mol
NH d t it diff t l t ti it NH3, due to its different electronegativity,
results in an increase in resistance duringresults in an increase in resistance during
sensingsensing.


