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The importance of being a Janus molecule: Performances and control of chemistry
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Reactive
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Playing with chemistry on sp? carbon allotropes
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Facile functionalization of carbon materials

allotrope
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Mixing, energy, air

functional groups on surface

bulk structure substantially unaltered

V. Barbera, M.Galimberti ... - US10329253 B2
M.Galimberti, V. Barbera - EP3209604 B1
M.Galimberti, V. Barbera - EP3538511 B1
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Carbon fillers from a layer of sp?-bonded carbon atoms

graphene
stacked wrapped
stacked graphene layers
randomly with different
arranged shape anisotropy

carbon black graphite,
nano-graphite,

graphene
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Carbon allotropes (CA)
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Playing with chemistry on sp? carbon allotropes

Manifold role for the carbon allotrope

Substrate il Reagent

Catalyst

Investigation of mechanisms
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Mechanism of the functionalization reaction

Investigation with a model compound

HSC/@CHs 1,2,5-Trimethylpyrrole
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Mechanism of the functionalization reaction

Investigation with a model compound

H3CﬂCH3 1,2,5-Trimethylpyrrole

N

! (TMP)

A, Air A, Air HSAG 1%

< Analysis of: liquids, HSAG/TMP adducts

= FT-IR and *H-NMR spectroscopies

= FT-IR spectra generation with
Density Functional Theory (DFT)
quantum chemical modelling.
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TMP + Air - From 25°C to 150°C
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TMP + HSAG 1% / Air - From 25°C to 80°C
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TMP + HSAG 1% - from 100°C to 150°C
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TMP + HSAG 1% - @ 150°C
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TMP oxidation product

1,5-dimethyl-1H-pyrrole-2-carbaldehyde

ch/@d'o

V. Barbera, L. Brambilla, M. Milani, A. Palazzolo, C. Castiglioni, A. Vitale, R. Bongiovanni, M. Galimberti, 2019. Nanomaterials, 9(1), p.44.
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TMP oxidation product - Reaction with a model substrate

1,5-dimethyl-1H-pyrrole-2-carbaldehyde

— >
O
HaC
® FT-IR and 'H-NMR spectroscopies = FT-IR spectra generation with

Density Functional Theory (DFT)
guantum chemical modelling.
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Facile functionalization of carbon materials

Hypothesis for the mechanism
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Reactive
Silica Silica

Playing with silanol chemistry
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Facile functionalization of inorganic oxyhydroxides
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V. Barbera, M.Galimberti - EP3538511 B1
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Mechanism of the functionalization reaction
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Mechanism of the functionalization reaction
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Silica + serinol pyrrole
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Silica + serinol pyrrole - Physical mixture
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Mechanism of the functionalization reaction

Analysis of:
< liquids
FT-IR, NMR, GS-MS and ESI-MS

& Solids:
FT-IR and XPS

Analysis of:
< liquids
FT-IR, NMR, GS-MS and ESI-MS
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Mechanism of the functionalization reaction '.?5*"‘_9
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Study of the reactivity of the pyrrole ring

with sulphur, sulphur based chemicals and silanes
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Reactivity of pyrrole compounds
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Reactivity of pyrrole compounds

1 2

7 N7 N
& s H =,—Cso

Carbon black < ] -

9%-‘-\

Qggggg& ot H&)H o8
CB/SP
/ )\ with compound ingredients:
N silanes, sulphur and sulphur based chemicals

“
\
N
/(\;:‘\: /Qd
-
08" o0 o
g =
)

-
o-g 820 L P

Silanols

By modulating the amount of SP and of compound ingredients

V. Barbera et al - The importance of being a Janus molecule... KHK 2022 8 November 2022



Reactivity of pyrrole compounds with silanes

2-(2,5-dimethyl-1H-pirrol-1-yl) -1,3-propanediol + Diethoxydimethyl silane
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Jitchum, V., Chivin, S., Wongkasemjit, S., Ishida, H. (2001). Tetrahedron, 57(18), 3997-4003.

V. Barbera et al - The importance of being a Janus molecule... KHK 2022 8 November 2022



Reactivity of pyrrole compounds with silanes

1-hexyl-2,5-dimethyl-1H-pyrrole + Diethoxydimethyl silane
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Reactivity of pyrrole compounds

What about the reactivity with sulphur

and sulphur based chemicals?
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Reaction of a PyC with 1-dodecanthiol

1,2,5-trimethylpyrrole + 1-dodecanethiol
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Reaction of a PyC with sulphur
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Reaction of a PyC with sulphur
D

1,2,5-trimethyl-pyrrole + Sg
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Reaction of a PyC with sulphur
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Reaction of a PyC with sulphur
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Reaction of a PyC with sulphur
D I ——

1,2,5-trimethyl-pyrrole + Sg+ squalene

cio €6 C3,C7,C11

\ ) / (6E.10E.14E£.18F)-2,6,10,15,19,23-hexamethyltetracosa-

2,6.10,14,18,22-hexaene
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Reaction of a PyC with sulphur
D
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