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Nanoscale materials | What makes them unique?
Noble Metal NPs (MNPs) Metal Oxide NPs (MO,NPs)
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Functionalized inorganic and hybrid nanomaterials | Overview
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Functionalized inorganic and hybrid nanomaterials | Overview
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Functionalizing nanoparticles | Surface ligands

Hard/Soft Chemistry (HSAB): metal/ligand affinity
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Synthesis methods | Wet chemical reduction approaches
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Bifunctional ligands | The way to NPs interconnection

| Bifunctional ligands H Interconnected network of spherical MNPs

v' Hydrophobic: dispersion in organic solvents
v 3D, extended T1-conjugated electronic system
v' Tunable distance between NPs
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Covalent Self-Assembly & Colloidal Stability
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R. Li Voti et al., Nanoscale Adv. 2022, 3, 4692-4701

1. Gold nanoparticles | Fluorene-derivative aromatic di-thiol

. o o O AuNPs-FL
e P e 1o
CiraHas™ "CiaHas \QQ

Synthetic fluorene derivative

UV-Vis

—— free FL ligand A
L ANPSHL TEM image of AuNPs-FL

A =530 nm

S

S @0-Q

CizHas™ “CzHas

©

'y
O
Abs (a.u.)

LSPR band

1.9 nm 300 400 500 600 700 800
Wavelength (nm)

. _XPS
«  Experimental Data
 Audf , — BestFit
—— Audfzz Au(0)
—— Audtiz Au0)
1 —— Audfz; Au

Audfs, Ausr

2
3]
o
80 52 y 8‘8 Qb 92
Binding Energy (eV)
S. Grigorian et al., Synth. Met. 2022, 283, 116973 HR-TEM in collab. with Prof. O. Thomas, M. Textier group @Aix-Marseille Université

1. Gold nanoparticles | AUNPs-FL@P3HT: polymeric nanocomposite
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2. Gold nanoparticles | FL/2AET mixed aromatic di-thiols synergy
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2. Gold nanoparticles | FL/2AET mixed aromatic di-thiols synergy
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2. Gold nanoparticles | AUNPs-2AET-FL@PPA: polymerlc nanocomp03|te
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2. Gold nanoparticles | AUNPs-2AET-FL@PPA: polymeric nanocomposite
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3. From polymeric nanocomposites to covalent nanohybrids
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3. Hydrophilic MNPs-MO,NPs nanohybrids | Fe,O;NPs-AgNPs and TiO,NPs-AgNPs

y-Fe,O;NPs-AgNPs nanohybrids Fe-Ag_10
= )
| y-Fe,03NPs
& — .
] silanization _
—_— .O
OCHg . i
B HS di-ocH Ag AN
Precursors: Wécﬂ, * y-Fe,O;NPs-MPTMS o 0| NaBH,
FeCl,, FeCl, MPTMS K &
) - Ar,2h,RT. -
TiO,NPs-AgNPs nanohybrids e 9 05
HS _~_-S03 Na* leoq;Ag_4 2 sl) so
H / 3
OH r $ % 3MPS thiol s/ 8/ .
G ilanizati Ay N @ L s so5
/ \ silanization B/ I N\, Q@ T o s/~
HO— —oH ——— * w, [ ho i 5 @s g0
/ ?CHJ w Al | I, “A"JO Ti+O- ) 3
Hs Si—OCH A7) oS 50
(|)H \/\/(‘;CHa ) éﬁ @ _ll 2%‘ QO | TiO., 1\ N\SO: °
Fa “MLg0s
Commercial MPTMS TiO,NPs-MPTMS o
TiO,NPs Ti,0-Ag_1
M. Mercurio et al. ACS Appl. Nano Mater. 2024, 7, 21124-21140 M. Mercurio et al. ACS Appl. Nano Mater. 2025, 8, 9227-9242

J Mater Sci Manufac Res, 2025 Volume 6(8): 5-26



Citation: Sara Cerra (2025) Structure-Property Relationships of Nanostructured Materials: from Synthesis to Characterization for Multiple Applications. Journal of
Material Sciences & Manufacturing Research. SRC/JMSMR-249. DOI: doi.org/10.47363/JMSMR/2025(6)211

3. Hydrophilic MNPs-MO,NPs nanohybrids | Fe,O;NPs-AgNPs and TiO,NPs-AgNPs
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4. Hydrophilic Fe,0;NPs-AgNPs nanohybrids | Agri-food application
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5. Hydrophilic TiO,NPs-AgNPs nanohybrids | Antibacterial application

R 1X1=1.1 mg/imL Dark 7 Light 53¢
/ Y = 120 2
" \ : -
@P,’j TiO,NPs [TioAg_4 TiOAg_1 1004 § % Synergistic
' \ effect
80 on

antibacterial
¥ activity

TiO,-Ag_4: 25.00 + 0.01 pg/mL
TiO,-Ag_1: 57.00 + 0.01 pg/mL 20

Ag* concentration (ICP):

% SF (E. coli)
>
2

gram-negative bacteria
E. coli (10° CFU/mL)

$ ® " TioNPs
* ¢ ame /\ \\@ 120 [X]= 1.1 mgimL Dark / Light ¢
A Ti-O-SU\S- AghPs - V2N oN oFF i
e )
s 5 by P

% SF (S. aureus)

gram-positive bacteria
S. aureus (10% CFU/mL)

25 min exposition in light/dark conditions

AgNPs TiONPs

M. Mercurio et al. ACS Appl. Nano Mater. 2024, 7, 21124-21140

ater Sct anujac Ixes, olume s 0-.
J Mater Sci M. Res, 2025 Volume 6(8): 6-26



Citation: Sara Cerra (2025) Structure-Property Relationships of Nanostructured Materials: from Synthesis to Characterization for Multiple Applications. Journal of

Material Sciences & Manufacturing Research. SRC/JMSMR-249. DOI: doi.org/10.47363/JMSMR/2025(6)211

Conclusions and remarks
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