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Thelaboratory of LMNTsince2004is a highlyspecializedesearch
Materials Science and center innanosciencendits applicationdn
Nanotechnology(LMNT) nanobiotechnologyand photonics

Duringlastyears the researchactivity wasfocusedon the
developmentof antiviral systemsfrom carbonbased
nanomaterialsnano-heterostructuresfor photocatalysisand
photonics 2




The laboratory is
Wherewe are located in the natural
regional park oPorto
Conteand within the
Science Park of Porto
ConteRicerche
Alghero, Sassari.
5000 n# of labs with
conference
andlodgingfacilities

I\ aterials Science and
Nanotechnology
Laboratory
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INTERNATIONAL SOL-GEL SOCIETY
IX ISGS Summer School, Alghero, Italy

o Instability

From liquid phases to materials
through metastable phenomena

24 -26 September 2025
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2D Materials i The new frontier
graphene hex-BN

Strong in plane bonding T Weak interplane bonding (Van der Waals)

Semiconductor materials: E; = O for graphene,
6.0 eV for hex-BN, 1.9 eV for MOS,

More than 4000 2D Materials and only few dozens studied



Theplatform \ Theflatland

Mesoporousordered 2D materials
films < A>
N
Thehost ‘ Theproperties |

Nanoparticles



The challengedoribh@atiand:
integration in functional devices

1. Controllingthe synthesisof 2D materials
(numberof layers shape solubllity, defects depositionon

a substratg

2. Integration into a solid state material
(mesoporouwrderedfiims)
U Keeping ordewhile obtaininga homogeneoudglistributionin

the matrix
U Transparencyf the film (vhenrequired)

U Fabricationof aworking device
MNT



The 2DMaterials Theapplication

U Boronnitride (BN) X Photocatalytic
U Tungstendisulfide (WS) transparentthin films
U Tindiselenide(SnSe) x SER@&ctive layersfor
U Graphene sensing
U r-Grapheneoxide X Anti fingerprint
transparentthin films
Top-down
Mesoporous

ordered | J

thin films

Bottom-up

Mesoporous ordereflimsvia selfassembly: trendand perspectivesPlinio Innocenzi, Chemical Science, 2022, 13, 13264 10



2D synthesis

technigues
|| Top.down ‘ “ Bottom-up ‘
Mechanical Chemical “ Pyrolysis | ’ Epitaxial “ CVD|
exfoliation exfoliation growth
A Ballmilling A Molecularbeamepitaxy
A Adhesivetape A Chemicalapourdeposition
A Afm tips ‘A Plasmadeposition

A Sonication
A Tip-assistedsonication
A Photoexfoliation

A Exfoliationin liquid phase

11



THECGHAENENGNTEGRATING 2D MATERIALS INTO

MESOPOROUS ORDERED FILMS VIASEEMBLY

WITHOUT DISRUPTING THE ORGANIZATION OF THE
MESOPHASE

surface

NEW GENERATION OF FUNCTIONAL HETEROSTRUCTURES

Journal American Chemical Sociétyiocenzi et al., 2005 12



Embedding Exfoliated Graphene
Into Self-assembled Mesoporous
Titania Films

ACSAppl. Mater.Interfaces2014, 6, 7956802
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Step 1.Incorporationof exfoliated graphene

Reducedyrapheneoxidein TiQ
films. J. Phys. Chem. Le010,1,
22222227
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STEP 3. TESTING OPTICAL TRANSPARENCY AND

PHOTOCATALYTIC ACTIVITY

o
1 N

o

1a)
Before /] K After thermal treatment
{thermal ’
treatment|;
[Fonn
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200

300

400 500
Wavelength / nm

600

700

Graphenec mesoporous
titania nanocomposite
films

Thermal treatment:

- thickness decreases
- no cracking

- optical transaparency




Kinetics ofphotodegrationof stearic acid
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Fingerprint degradation (photocatalytic activity)

Transparent graphene doped mesoporous TiO, on
Si wafer to highlight fingerprint

30 min
Sunlight

)

Reusable

18



X-Rays energy: 45 keV ( 0.082<0.62nm)

No vacuum Fast process 400-500 patterned circuits / 8h
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The deep X-ray lithography process. (a) Mask aligned above the
coating. (b) X-ray patterning process. (c) Patterned coating after
mask removal. (d) Real pattern on mesoporous silica film.



Micro-nano fabrication: Hatd(fays imeeatssoftrmatter

Incident hard X-ray beam

Soft Matter,2012, 8, 3722




Nanoparticle growth induced by -Xays in
mesoporous films

a)

TS

a) G C)

Hard Xrays induce metal nanoparticle growth
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1. Mesoporousrderedsilicafilms

1 11

3. EXposurdo hard Xray
throughalithographicmask
DR e

; : .“}&';“‘;’W
_'ocooocoo%

2. Impregnationwith a silver nitratesolution

4. Filmdevelopment
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(a) Optical appearance of

the functional patterns
after thermal treatment
OFAYIlIE GKAO
nm).

(b) Raman mapping

um

obtained from a —
patterned film exposed to
a dose of 1100 kJ ém

and then developed. The
chemical image, reported
In false color scale, has
been obtained by
integration of the
graphene 2D band (2.5
vol % of EG dispersion).

26



Improving the photocatalytic activity of mesoporous titania films through

the formation of WS/ TiO, nanoheterostructures
(a) Fa Sonicated time

Tip-Sonicator

Centrifugation

(b) :’ WS,-TiO, mesoporous film
Substrate V Thermal :
Dip-coating treatment f

Lg

———————————————————

Photodegradation

T

i 27
—\ I\ Nanomaterial2022, 12, 1074.
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BidimensionalSnSegt MesoporousOrderedTitaniaHeterostructuresfor
PhotocatalyticallyActivated Anti-FingerprintOptically TransparentLayers

(a) Bulk SnSe, [\)’

in NMP

Bath sonication Centrifugation Filtration

Dip- coatlng Thermal treatment

400°C 3h

TiO,-SnSe, mesoporous film

e, precursor sol

Nanomaterials2023, 13, 1406. 29



Thenanocompositdilms remainhighlyopticallytransparent
evenafter theincorporationof SnSesheets
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Integrating BN iihe wiittegraphene

A Engineeringdefectsin 2D and
OD BNnanomaterials

A Understandingthe
defect-property relationship

Nitrogen ' .
\f Langmuir 2021, 12, 3905
Boron

Appl Surf. Sck021, 567, 150727
SmallStructures 2021, 2100068

)m J. Mater. ScR021, 56, 4053
2D Mater.7, 2020, 045023

O‘*@?M J. Colloidnterf. Sci. 2020, 560, 398
e Materials, 2019, 12, 3905

Awide bandgap of nearly 6 eV

AOptically active defects that have ground and excited states within the gap
AHigh thermal conductivity, low dielectric constant, excellent mechanical
stability, electrical insulation properties, lack of toxicity, chemical inertness,
tunable bandgap



Defects in h-BN Structure

Fluorescence

Absorption
Different defects in the structure of
2Dh-BN.
Photon emitter Photocatalysis
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