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Graphene enhanced Raman
scattering (GERS)
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GERS effect can be used to amplify the intensity of the
Raman spectrum provided by a specific molecule
Y\ X. Ling et al. Nano Lett. 2010, 10, 553-561.



GERS
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Towards a low-cost improvement
of GERS

Enhanced Raman Scattering from non-Group 11 (Ag, Cu,
Au) nanostructures such as transition metals oxides and
semiconductors

X. Wang, W. Shi, G. Shea, L. Mua

The enhancement is
associated with the Charge-
Transfer (CT) mechanism
between the adsorbed
analytes and the substrate.
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Analytical enhancement factor (AEF)
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B MP Silica
] MP Silica + exfoliated graphene

B MP Titania (350°C) + exfoliated graphene
B MP Titania (450°C) + exfoliated graphene

NN\ D. Carboni, L. Malfatti et al. J. Phys. Chem. Lett, 2015, 6, 3149-3154.
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What is molecular imprinting?
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1) Imprinting complex 2) polycondensation 2) Imprinted cavity

Tailor-made recognition sites for specific molecules!!!




The material’'s design
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Exfoliated graphene
(in NVP)




microporous

Pore structure

microporous /molecularly imprinted

—O—PH-EG
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Average pore size
1-2 nm and worm-
like type porosity,
mostly not

organized.

Environmental ellipso-porosimetry  on
sample treated at 450°C.

Film thickness = 800 nm



Exfoliated graphene in the hybrid films:
Raman characterization
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The best fit of the 2D band is obtained using 4 Laurentian curves, indicating
the presence of graphene bilayers in the nanocomposites.
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Not Imprinted (NIF) vs Molecularly Imprinted (MIF)
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D. Carboni et al., ACS Appl Mater interfaces, 2016, 8, 34098-34107.




Molecularly Imprinted (20 ul) GERS
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Linear response & reproducibility

—0O—1510 cm™
MIF-40 pl

700 -

Intensity
N W S N (o2}
o o o o o
o o o o o
L. 1 4+ 1 - 1 . 1

4.0x10° 8.0x10° 1.2x10% 1.6x10% 2.0x107
. -3
Rh6G in laser voxel / pmol+um

D. Carboni et al., ACS Appl Mater interfaces, 2016, 8, 34098-34107.



Selectivity in GERS
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GERS selectivity vs Methylene blue, RhB, and Rh6G
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D. Carboni et al., ACS Appl Mater interfaces, 2016, 8, 34098-34107.



Detection of pesticides in water

- Organophosphates, such as the Paraoxon, are
widely used 1n agriculture as pesticides.

\-’

PrE VL CALSE - These compounds are the most widespread

TOXIC FUMES

classes of pollutants among the highly toxic
organic pollutants (HTOPs)

H3C ( 5 The persistency in the environment is a high
> O threat for the human health since they can produce
O\/P/:O neurotoxic effects and also death.
O
NO,
paraoxon
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Template selection for molecular imprinting

CHs Paraoxon = diethyl 4-nitrophenyl phosphate

- Highly toxic
P:O - Can be slowly hydrolyzed in protic solvent
AWARNING
O Pesticide
CH
NO, HC (T
) 9
O-
4ANBP = diethyl(4-nitrobenzyl)phosphonate P=o
- Structural analogue of the Paraoxon
- Less toxic
- It can not be hydrolyzed NO,
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Raman modes for MIGERS sensing
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Y\ D. Carboni et al., J. Raman Spectr., 2018, 49, 189-197



Raman Intensity vs concentration in Ethanol
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GERS spectra of paraoxon in ethanol (v/v=1:10) solution measured
on imprinted substrates.

D. Carboni et al., J. Raman Spectr., 2018, 49, 189-197



Raman Intensity vs concentration in H,O/Ethanol
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Low wettability at the ethanol droplet/active substrate interface
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GERS spectra of paraoxon in water and ethanol (v/v=1:10) solution
measured on imprinted substrates.

Y\ D. Carboni et al., J. Raman Spectr., 2018, 49, 189-197



Selective Paraoxon detection
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\ I\_ D. Carboni et al., . Raman Spectrosc. 2018, 49, 189-197



Conclusions

1. Hybrid porous materials incorporating
physically exfoliated graphene allows
synergistic effects of molecular
imprinting and GERS.

2. The design of the hybrid nanocomposite
can be tuned “on-demand” depending
on the targeted analyte.
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BANPP  Paraoxon  4NBP

3. Fast, easy and reproducible ma%;!l‘:‘(g]l?mi
environmental sensing in water 5_ =
can be obtained with a good 'k

|
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detection limit.
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Water Sensor§based on
Raman detéction
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