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ISCaMaP Strategy: sustainability for innovation

Natural sources, Wastes and residues, Circular materials

Innovative and sustainable
catalysis and processes

Innovative chemicals

Innovative materials

Sustainable
processes

Sustainable applications
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|ISCaMaP

Natural sources Wastes and residues

\

Proteins Building blocks
for chemical platforms

7\

Innovative Innovative
chemicals materials

% Chemicals, Additives, Modifiers, Polymers
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Innovative materials from C3 and C6 building blocks

@cerol, SUQD
OH
HO.__OH l
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Innovative materials from C3 and C6 building blocks

@cerol, SUQD
OH
HO.__OH l

Biousourced substances + “Traditional Chemistry”

Innovative building blocks
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C3 building blocks
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Glycerol as the C3 building block

OH

H O\/|\/O H Propane-1,2,3-triol

easily available, cheap raw material
main by-product of bio-diesel production
not toxic

biodegradable
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Glycerol as the C3 building block. From glycerol to serinol

OH
H OVK/O H Propane-1,2,3-triol

v
NH,

2-Amino-1,3-propanediol
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Glycerol as the C3 building block. From glycerol to serinol to serinol pyrrole

OH
H OVK/O H Propane-1,2,3-triol

v
NH,

2-Amino-1,3-propanediol

N

N
HO\)\/OH 2-(2,5-dimethyl-1H-pyrrol-1-yl) -1,3-propanediol
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From serinol to serinol pyrrole

OH

0
?—NHZ ' /U\/\r( _A.. /Q\
o 5 - 2H,0 HO.___oH

+ Yield: at least 96%
= Atom efficiency: 85%
& Easy procedure

% No solvent

% By product: H,0O

US10329253 B2; EP3154939 B1. V. Barbera, A. Citterio, M. Galimberti, G. Leonardi, R. Sebastiano, S. U. Shisodia, A. M. Valerio

ISCaMaP CPAC / Norse Biotech Project Workshop September 22, 2022



From serinol to serinol pyrrole

OH

O
}NHZ * /u\/\r( —A- /Q\
o o -2 H,0 HO._\_ OH

NH>
I
HO_ -~ -OH HO OH
From sp3 to sp2
/?H Paal-Knorr reaction
: \H)1o7.3

US10329253 B2; EP3154939 B1. V. Barbera, A. Citterio, M. Galimberti, G. Leonardi, R. Sebastiano, S. U. Shisodia, A. M. Valerio
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Serinol pyrrole as a biosourced Janus molecule

2-(2,5-dimethyl-1H-pyrrol-1-yl) -1,3-propanediol

Serinol pyrrole - SP
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Functionalization of sp? carbon allotropes
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sp? Carbon allotropes (CA)

L s A T

0-D 3-D

(a) (9)

C60

Carbon nanotube Graphene surface (m) 3D graphite crystal

(h)

(i)

Haeckelite surface

()]

Nanotoroids

0

(k)

Graphene
clusters

0 = {4
Short 3 | Helicoidal a3
carbon chain carbon nanotube

Nanoribbons 2D networks
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CA-SP Adducts - Preparation

st
N
Ho._A_ oH

CA + SP

SP = 1-20phc

phc = per hundred carbon

Galimberti, M., Barbera, V., Guerra, S., Conzatti, L., Castiglioni, C., Brambilla, L., A. Serafini, RSC Advances, 5(99), (2015) 81142-81152
Galimberti, M., Barbera, V., Sebastiano, R., Valerio A.M. Leonardi, G.,Citterio, US 2017 0275169 Al

Galimberti M., Barbera V., Guerra S., Bernardi A., Rubber Chemistry and Technology, 2017, 90(2), 285-307.
ISCaMaP
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CA-SP Adducts - Preparation

/é;\)\ Mechanical treatment
HO.___oH
Ball Milling: CA/SP-M
300 rpm, 6h

CA + SP

SP = 1-20phc

phc = per hundred carbon

Galimberti, M., Barbera, V., Guerra, S., Conzatti, L., Castiglioni, C., Brambilla, L., A. Serafini, RSC Advances, 5(99), (2015) 81142-81152
Galimberti, M., Barbera, V., Sebastiano, R., Valerio A.M. Leonardi, G.,Citterio, US 2017 0275169 Al

Galimberti M., Barbera V., Guerra S., Bernardi A., Rubber Chemistry and Technology, 2017, 90(2), 285-307.
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CA-SP Adducts - Preparation

/[NT)\ Mechanical treatment
HO.___oH
Ball Milling: CA/SP-M
300 rpm, 6h
CA + SP
SP = 1-20phc

phc = per hundred carbon
80 - 180C
05-4h

CA/SP-T

Thermal treatment

Galimberti, M., Barbera, V., Guerra, S., Conzatti, L., Castiglioni, C., Brambilla, L., A. Serafini, RSC Advances, 5(99), (2015) 81142-81152
Galimberti, M., Barbera, V., Sebastiano, R., Valerio A.M. Leonardi, G.,Citterio, US 2017 0275169 Al

Galimberti M., Barbera V., Guerra S., Bernardi A., Rubber Chemistry and Technology, 2017, 90(2), 285-307.
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CA-SP Adducts - Yield of functionalization*

s Thermal treatment

SP = 5phc; 150°C, 2h

HSAG

MWCNT

275

BET Surface area: 300

[m?/g]
Functionalization
Yield(%)*: 96 82 92
* Bunctonalization Yield (%) =100 * SP mass % in (CA-SP adduct) after acetone washing from TGA

SP mass % in (CA—SP adduct) before acetone washing

HSAG from Asbury, CB from Cabot, CNT from Nanocyl
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Adducts of SP with high surface area graphite (HSAG)

/ \ :
/QX CA/SP Sox_hlet extraction
HO.__ OH in acetone
WAXD Raman

002

O
®

| B m 5 HSAG-SP-M
5 N - HSAG 8
= | i =
S b =
S w/ﬂ\‘--w-—m—*.__.uh___m _ )
o | ASAG-SPM - 8 HSAG-SP-T
=R
| |
e~ | HSAG-SP-T e
20 Cukea {dEg] 560 1600 15l00 20:}0 25'00
cm!

Galimberti, M., Barbera, V., Guerra, S., Conzatti, L., Castiglioni, C., Brambilla, L., A. Serafini, RSC Advances, 5(99), (2015) 81142-81152
Galimberti M., Barbera V., Guerra S., Bernardi A., Rubber Chemistry and Technology, 2017, 90(2), 285-307.
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Adducts of SP with high surface area graphite (HSAG)

Soxhlet extraction

CA/SP-T > )
in acetone

FT-IR
O-H
O-H :
C-H stretch c c' “Cesc
’;T‘ C) ': ‘\_\;ﬁ;';\__- :j\‘: I f‘k ’
: I: i L i‘-')
e R e Al s
o H
Q i | | i
S o e IR
2 N ! ; ’
(=} [\ ,.:g‘ : . A
3 b) / NUN AWV Hsac-sp
__“_—__-—-_'_‘_" —_—
a) ———— HSAG
b a0 -~ X0 1500 Wi

Wavenumber (cm')

Galimberti, M., Barbera, V., Guerra, S., Conzatti, L., Castiglioni, C., Brambilla, L., A. Serafini, RSC Advances, 5(99), (2015) 81142-81152
Galimberti M., Barbera V., Guerra S., Bernardi A., Rubber Chemistry and Technology, 2017, 90(2), 285-307.
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Pyrrole compounds (PyC) from neat Paal Knorr reaction

i R \
Same reaction conditions used for SP PyC
Yield %
NH
~ 2 DN N Ny NN
30 75 62 73

OH 0
H2N/\n/ \/O\Sli/\/\NHz
I

O \/O
80 70

V. Barbera, A. Bernardi, A.Palazzolo, A. Rosengart, L. Brambilla, M. Galimberti Pure and Applied Chemistry 2018, 90(2), 253-270
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HSAG / PyC adducts

D I ]
HSAG
N HSF}G/ PyC 180°C HSAG-PyC
mixture 2h adduct
PyC
Functionalization Yield %
NH NH H,N HoN
~- 2 NN 2 f 2N
57 53 73 55

OH 0
H2N/\n/ \/O\Sli/\/\NHz
I

@) \/O
63 70

V. Barbera, A. Bernardi, A.Palazzolo, A. Rosengart, L. Brambilla, M. Galimberti Pure and Applied Chemistry 2018, 90(2), 253-270
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Mechanism for the formation of CA/PyC adducts

Jat / mixing and heating

V. Barbera, L. Brambilla, M. Milani, A. Palazzolo, C. Castiglioni, A. Vitale, R. Bongiovanni, M. Galimberti, 2019. Nanomaterials, 9(1), p.44.

ISCaMaP CPAC / Norse Biotech Project Workshop September 22, 2022



Mechanism for the formation of CA/PyC adducts

mixing and heating
J -
HSCQCHg + o°

R
e’bﬁ-‘b‘@%
é‘v‘ﬁ.%‘?g@@‘g
e e

H3C PR;’I E
o"“a%
R

?&-e.@a@

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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Mechanism for the formation of CA/PyC adducts

yaN , mixing and heating

B e
ﬁassgga@g
9@33333

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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Mechanism for the formation of CA/PyC adducts

0O

)l\/\n/ + R Carbon
o allotrope

|

Paal — Knorr Reaction

|

Carbocatalyzed Oxidation

|

Diels-Alder reaction

Domino reaction

V. Barbera, L. Brambilla, M. Milani, A. Palazzolo, C. Castiglioni, A. Vitale, R. Bongiovanni, M. Galimberti, 2019. Nanomaterials, 9(1), p.44.

ISCaMaP
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The CA/PyC adducts

A+ B Carbon
allotrope

l

Functionalized carbon allotropes

V. Barbera, A. Citterio, M. Galimberti, G. Leonardi, R. Sebastiano, S.U. Shisodia, A.M. Valerio. US10329253B2
M. Galimberti, V. Barbera, R. Sebastiano, A. Citterio, G. Leonardi, A.M. Valerio. US10160652B2
M. Galimberti, V. Barbera, R. Sebastiano, A. Truscello, A.M. Valerio. EP3180379B1

M. Galimberti, V. Barbera, EP3538511A1
M. Galimberti, V. Barbera, EP3538481A1

&

&

&

&

Functional group:
from few % to 20%

Functionalization yield:
from 85% to quantitative

Covalent bond
between functional group
and carbon allotrope

Bulk structure of graphitic materials:

substantially unaltered

ISCaMaP

CPAC / Norse Biotech Project Workshop

September 22, 2022



CA/ PyC adducts - Tuning of solublility parameters

Experimental determination

Theoretical predictions

\ 4

Stable suspensions
In solvents

with different 6 !
Computational model:

Hansen solubility parameters
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Evaluation of solubility parameters of HSAG-PyC - Experiments

D - |
Adduct solvents
HSAG- water isopropanol ethyl acetate toluene heptane
TMP bad (|) good good good good
EP bad (1) bad (]) good bad (|) good
DDcP bad (1) good good bad (|]) bad (])
APTESP bad (1) bad (]) bad (]) good good
Gly bad (]) good good good bad (|)
SP good good good bad (]) bad(])
Stable
suspension:
Unstable good
suspension:
bad
No
| suspension:
bad

V. Barbera, A. Bernardi, A.Palazzolo, A. Rosengart, L. Brambilla, M. Galimberti Pure and Applied Chemistry 2018, 90(2), 253-270
ISCaMaP CPAC / Norse Biotech Project Workshop September 22, 2022




Evaluation of solubility parameters of HSAG-PyC - Hansen sphere

-APTESP

HSAG

-DDcP

HSAG

HSAG-TMP

vWater

20

vz-propannl

.\’M-bﬁ
V7,
(170

s.ﬂE—-»-

w

10

30

-SP

HSAG

GlyP

HSAG-

|:|5cllul:lility sphere

good solvent

bad solvent

L
v

Methanol

v

Water
v

25

-propanol

20

T
")

V. Barbera, A. Bernardi, A.Palazzolo, A. Rosengart, L. Brambilla, M. Galimberti Pure and Applied Chemistry 2018, 90(2), 253-270

September 22, 2022
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Evaluation of solubility parameters of HSAG-PyC - & values

D I EEEEEEEEEEEEE——
Sample Op Op o4 Radius
HSAG 17.8 3.1 57 1.0
HSAG-TMP 14.6 10.3 56 11.6
HSAG-DDcP 8.5 7.5 8.3 12.3
HSAG-APTESP 12.7 2.3 0.5 8.3
HSAG-SP
12.8 2.0 8.9 13.8 Amount of PyC
on HSAG:
HSAG-GlyP 6.9 12.1 5.3 15.3 2bout 5% mol
NH2 s~~~ NH2 HZNM/ HZN,(V)/
T™MP EP DDcP ODcP

OH LO
HQN/\n/ \/O\S:i/\/\NHz
O \/O
GlyP APTESP

V. Barbera, A. Bernardi, A.Palazzolo, A. Rosengart, L. Brambilla, M. Galimberti Pure and Applied Chemistry 2018, 90(2), 253-270
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HSAG and HSAG/SP - Hansen sphere radius comparison

HSAG

HSAG - SP

0 2 4 6 8 10 12 14
Radius [MPa %]

*) Amount of SP on CA: 10 mass%
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C6 building blocks
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Sugars from hydrolyzed biomass

D T EEEEEEEEEEEEEEEEEE——
Biomass
for energy uses Bio-ethanol

Biomass Polysaccharides
for materials
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Chemicals from sugar

OH OH

D-glucose
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Chemicals from sugar - Target molecules

COOH
CO,H
HOZC/\/

. ) COOH
succinic acid

terephthalic acid

CO,H
HOZC/_\—/

OH OH

D-glucose adipic acid

COOH
/o
\

COOH

acido furan-2,5-dicarbossilico
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Chemicals from sugar - Target molecules

COOH
CO,H
HOZC/\/

. ) COOH
succinic acid

terephthalic acid

CO,H
E. coli E. coli
—_— —_— >
hod =/ — Ho,e  \—/
07 >"Y0oH
OH d- - -d
D-glucose 3-dehydroshichimic acid cis,cis-muconic acid adipic act

COOH
/o
\

COOH

acido furan-2,5-dicarbossilico
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Dicarboxylic Acids from Hydrolyzed Biomasses

COOH
CO,H
HOZC/\/

. . COOH
succinic acid

terephthalic acid

CO,H
E. coli E. coli
. —\  CO,H CO.H
_— 2
HOZC/_\Z/ - HOZC/_\—/
02 >"oH
OH d- . -d
D-glucose 3-dehydroshichimic acid cis,cis-muconic acid adipic acl

COOH

)

S tetrahydroxyl derivatives
COOH of adipic acid

acido furan-2,5-dicarbossilico
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Dicarboxylic Acids from Hydrolyzed Biomasses

COOH
CO,H
HOZC/\/

succinic acid

COOH

terephthalic acid

CO,H
E. coli E. coli
—_— —_— >
hod =/ — o, N/
(0] Y OH
OH d. - .d
D-glucose 3-dehydroshichimic acid cis,cis-muconic acid adipic act
COOH
-
(0] _
\
COOH
acido furan-2,5-dicarbossilico
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Aldaric acids as platform chemicals

D I ——
H m—{—= OH He=—t—=0OH
HO=—1==H HO m—t—=H
HO=——=H e B
H—{—=OH H=—OH
R
X
: D-Glucaric
Mucic
(galactaric) CeH1005
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From aldaric acids to pyrones

O
‘ O
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Synthesis of Pyrone Derivatives from Aldaric Acids @ ISCaMaP

O
@) OH OH ACZO AcO

O
Y

l O
HO base _ _
OH OH OH COO

3-Acetoxy-2-0x0-2H-
pyran-6-carboxylic salt
(GAB-OAC)

& Easy procedure
% No solvent
% No catalyst
% High Conversion

< High Atom efficiency

ISCaMaP CPAC / Norse Biotech Project Workshop September 22, 2022



Synthesis of Pyrone - Scale up
D

One Pot

2 hours
Yield = 75%
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Functionalization of sp? carbon allotropes
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Functionalization of HSAG with a Pyrone derivative

D - |
Mechanical
treatment

HSAG/Pyr-COOR
M adduct
i HSAG i Sonication Remaoval
' | 15 minutes HSAG+Pyr-COOR of solvent HSAG/Pyr-COOR
+ I _— . —_— - -
! i Suspension Physical mixture
\| Pyr-COOR |
____________ HSAG/Pyr-COOR
T adduct
Thermal
treatment
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EDGE-GO - Functionalization of HSAG with a Pyrone derivative
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Catalysis @POLIMI
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Catalysis @POLIMI

% Graphene-based waterborne nanoreactors for the confinement of
organic synthesis

@ Ruthenium decoration of sp? carbon allotropes

@ Silver decoration of sp? carbon allotropes
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Graphene-based waterborne nanoreactors

for the confinement of organic synthesis
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Waterborne nanoreactors based on graphene layers

Why graphene layers?
% High surface area

& T — electron density

Why nanoreactors in water?

% To make reactions in confined space
% To improve the yields

% To avoid the use of toxic solvents

% To carry out more sustainable reactions
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The Nanoreactor

Covalent /

functionalization

Supramolecular

\ Interaction
with SP With
l pyrrole containing

polymeric surfactants
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The Nanoreactor

_ Supramolecular
\ interaction
with

pyrrole containing

Covalent /

functionalization
with SP

polymeric surfactants

Lipophilic microenvironment and catalytic component

Confined space
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Amphiphilic block copolymers via RAFT polymerization
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Amphiphilic block copolymers via RAFT polymerization

vl —0 - n-0etagen-s” 2 |2~ - oelegeneetegens 2

Hydrophylic block

\A]f CN S CN g
HO HO
o Ny O
9] O o :':l

0
—
0
PEGMA950 CPA =
SPEGMA950

PEGMAO950 = Poly(ethylene glycol)methyl ether methacrylate
CPA = 4-cyano-4 (phenylcarbonothioylthio)-pentanoic acid
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Amphiphilic block copolymers via RAFT polymerization

S
S
o J J
R, — — R-0000ge0s 2 — r—0000ge00ePege® s -
The monomer for the lipophilic block o
O
OH
H : N
N
+ —_— \@/ ~  Hcl
\ / E {

ethanol pyrrole methacryloyl

(EP) chloride EPMA

EPMA = 2-(2,5-dimethyl-1H-pyrrol-1-yl) ethyl methacrylate
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Amphiphilic block copolymers via RAFT polymerization

5PEGMA950-p(EPMA)
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Amphiphilic block copolymers via RAFT polymerization

- gaM%ﬁ*Q
B G

5PEGMA950-p(EPMA)

7

12000 y=203.86x + 6672.1
R® =0.086
\ et TS
- ...,...........
| P
% - ..............
E oll-lt---.p’
A -+¢-||IOI--.
’EUUD ’ p ( E P M )
A000
0 5 10 . 20
DP A
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Formation of micelle-like sistems

sod = 5PEGMA-5EPMA | .
e 5PEGMA - 10 EPMA ¢
= 5 PEGMA - 20 EPMA "
c
Q300 A
[
(3]
o
@ 200 -
o
()]
=% B
E 100
2200
[ | |
||
0 | | |
Just polymer Polymer/HSAG Polymer/HSAG-SP

ISCaMaP CPAC / Norse Biotech Project Workshop September 22, 2022



The adduct between 5PEGMA950-p(EPMA) and graphene layers
as nanoreactor for organic synthesis

The Dropcat catalyst

ISCaMaP CPAC / Norse Biotech Project Workshop September 22, 2022



Synthesis of imines with the Dropcat catalyst

Why imines?

& They can be used in vulcanization systems of tyre compounds

Large scale applications

as secondary accelerators
In silica based compounds

ISCaMaP CPAC / Norse Biotech Project Workshop September 22, 2022



Synthesis of imines with the Dropcat catalyst

Reagents

~N

.

HSAG-SP
+

5PEGMA950-p(EPMA)

Cat / Water

In water under stirring

.

Products

ISCaMaP

CPAC / Norse Biotech Project Workshop

September 22, 2022



Synthesis of imines with the Dropcat catalyst

Rs3
o) N~
. H N/Rs )l\ + H,O
R R, 2 > R; R,
1 2 3
\
NN :
©Mo HaN Just 5 minutes!
. b
2a /
1a \
1. HSAG-SP/PEG-EP
H2N 2. Amine
/O 3. carbonyl compound
2b
1b
NH>
(0] O/
2c
1c
©\/NH2
2d
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Synthesis of imines with the Dropcat catalyst

R3
(0]
R3
H N/ Hzo
R R, * 2 > R,
1 2
1a 2a Just 5 minutes! 1
HoN /o N\
QL \
/O 2b 1. HSAG-SP/PEG-EP
1b N Hz 2 :;‘:(';YI compound
: J
§
1c
NH,
2d
entry reag.? time (min) T(°C) Cat. yield (%)
1 la +2a 240 180 - 60
3 la+2a 120 r.t. Drop-cat 91
12 la+2b 120 r.t. Drop-cat 80
13 la+ 2c 120 r.t. Drop-cat 81
14 la +2d 120 r.t. Drop-cat 72
15 1b + 2a 120 r.t. Drop-cat 82
16 lc+2a 120 r.t. Drop-cat 10

ISCaMaP

CPAC / Norse Biotech Project Workshop
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Synthesis of imines with the Dropcat catalyst

NS

H,0

\ Dropcat
H + HzN’H{ — +
time (min) Selected system T (°C) Yield (%)
240 - 180 60
5 5PEGMA-5EPMA/HSAG-SP 25 98

U. Capasso Palmiero, M. Sponchioni, F. Margani, D. Moscatelli, M. Galimberti, V. Barbera Small, 16(40), 2001207 (2020)

ISCaMaP
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What is the role of the monomer?

I
CN S
OHN%F/JIS
o) o’ Yo OZ O)b
N
97’9 \ /

SPEGMA-5EPMA
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What is the role of the monomer?

I
CN S
OHN%F/JIS
o) o’ Yo OZ O)b
N
97’9 \ /

SPEGMA-5EPMA

SPEGMA-10TMAEMA
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What is the role of the monomer?

SPEGMA-10TMAEMA

N
5

o Yo ©

: N
0
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The role of the monomer. Dropcat catalysts with different polymers

O
NG x
~ A N
o H2N + H,0O
Selected system Yield (%)
¢ (?ﬁ@ SPEGMA-SEPMA/HSAG-SP 08
v
R O SPEGMA-TMAEMA/HSAG-SP 23
FP_TLCI
i X
Yoy puU-SP/HSAG-SP 5o
Y

Temperature = 25°C

time = 5 minutes

U. Capasso Palmiero, M. Sponchioni, F. Margani, D. Moscatelli, M. Galimberti, V. Barbera Small, 16(40), 2001207 (2020)
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The role of graphene layers. Dropcat catalysts with pristine nanographite

AN

™
H + HZN/H{ — +  H0
Selected system Yield (%)
5PEGMA-5EPMA/HSAG i
5PEGMA-TMAEMA/HSAG 30
X
BT bUsp/HSAG 50

Temperature = 25°C

time = 5 minutes

U. Capasso Palmiero, M. Sponchioni, F. Margani, D. Moscatelli, M. Galimberti, V. Barbera Small, 16(40), 2001207 (2020)

ISCaMaP CPAC / Norse Biotech Project Workshop

September 22, 2022



The role of graphene layers. Dropcat catalysts without graphene layers
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Temperature = 25°C

time = 5 minutes

U. Capasso Palmiero, M. Sponchioni, F. Margani, D. Moscatelli, M. Galimberti, V. Barbera Small, 16(40), 2001207 (2020)
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The synergy of covalent and supramolecular functionalization

O
A H + H2N’H{ O N \Nm + H0
time (min) Selected system T (°C) Yield (%)
240 - 180 60
) SPEGMA-5EPMA 25 10
) 5PEGMA-5EPMA/HSAG 25 -
5 S5PEGMA-5EPMA/HSAG-SP 25 98

U. Capasso Palmiero, M. Sponchioni, F. Margani, D. Moscatelli, M. Galimberti, V. Barbera Small, 16(40), 2001207 (2020)
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Recyclability and catalytic activity

S5PEGMA-5EPMA/HSAG-SP
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EPMA based polymer reusability
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Ruthenium decoration of sp? carbon allotropes
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Ruthenium decoration of sp? carbon allotropes

0]

Nanoparticles
>12 A

Italian Patent Application n. 102020000020113 filed on 13 August 2020, Inventors: V. Barbera, M. Galimberti, G. Candiani.
Italian Patent Application n. 102020000020104 filed on 13 August 2020, Inventors: V. Barbera, M. Galimberti, G. Piéters; A. Palazzolo
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Ruthenium decoration of sp? carbon allotropes

D
Deuteration of organic molecules
Hydrogen/Deuterium exchange: high selectivity and conversion,
If compared with a commercial one

Catalyst AN
>
THF, D, (1 bar) N

rt.,24 h
4 3
oo
6 N/ 1
7
1 1
Total reduction l
Commercial Ru/C (5 mol%) \‘ ‘ f\ J )‘. ,,
| I | b gl Lo Hoae | | 1 5 | ) I | VO ) VA Y

98% deuteration

HacCtiv(0,2 mol%) \4

(s
N
L L..,U ;_,;_J“JJUL_AM Al

T T T T T T T T T T T T T T T
9.0 8.5 8.0 y A 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5
f1 (ppm)

Italian Patent Application n. 102020000020113 filed on 13 August 2020, Inventors: V. Barbera, M. Galimberti, G. Candiani.
Italian Patent Application n. 102020000020104 filed on 13 August 2020, Inventors: V. Barbera, M. Galimberti, G. Piéeters; A. Palazzolo
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Silver decoration of sp? carbon allotropes
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Silver decoration of sp? carbon allotropes

sp? carbon allotropes and silver decorated sp? carbon allotropes

Dispersability

enhancer

Allows the use of dH,0 as
solvent for a multitude of
applications (e.g. coatings,
paintings, ecc...)

3N ®

L8
HO\)N\/OH ®

: Ag* reduction to Ag
x Diels - Alder cycloaddition reaction mechanism Sp
Ag NPs
linking

[V. Barbera, A. Bernardi, A. Palazzolo, A. Rosengart, L. Brambilla, M. Galimberti, Facile and Sustainable Functionalization of Graphene Layers with Pyrrole Compounds, Pure Appl. Chem., vol. 90, no.
2, pp. 253-270, 2018]
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Silver decoration of sp? carbon allotropes

Synthesis of the adducts: decoration with Ag NPs

| LS, G-SP
.ece%‘a H,0 suspension
—

v' Simple functionalization process

Tollens’ reagent
(few drops)

x v' Without reducing agents

000 v' Sustainable process
e G-SP/Ag NPs

Italian Patent Application n. 102020000020113 filed on 13 August 2020, Inventors: V. Barbera, M. Galimberti, G. Candiani.
Italian Patent Application n. 102020000020104 filed on 13 August 2020, Inventors: V. Barbera, M. Galimberti, G. Piéeters; A. Palazzolo

ISCaMaP CPAC / Norse Biotech Project Workshop September 22, 2022



Silver decoration of sp? carbon allotropes
D - |

Synthesis of the adducts: decoration with Ag NPs

Tollens’ Test
o ®_ 0
G-SP | R—g—H + 2[Ag(NH,),] OH + H,0 —
HZO suspension Aldehyde diaminesilver(l) hydroxide Water
o 9
= R—C—OH + 2Ag + 4NH, + 2H,0 <—

Tollens’ reagent
(few drops) Carboxylic acid Silver Ammonia Water

v Simple functionalization process

G-SP/Ag NPs

v' Without reducing agents

v Sustainable process

Italian Patent Application n. 102020000020113 filed on 13 August 2020, Inventors: V. Barbera, M. Galimberti, G. Candiani.
Italian Patent Application n. 102020000020104 filed on 13 August 2020, Inventors: V. Barbera, M. Galimberti, G. Piéeters; A. Palazzolo
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Silver decoration of sp? carbon allotropes

Synthesis of the adducts: decoration with Ag NPs

S0l

SERVIZIO Of ANALISI MICRESTRUTTURAL DE) MATERAL

Italian Patent Application n. 102020000020113 filed on 13 August 2020, Inventors: V. Barbera, M. Galimberti, G. Candiani.
Italian Patent Application n. 102020000020104 filed on 13 August 2020, Inventors: V. Barbera, M. Galimberti, G. Piéters; A. Palazzolo
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Substrates from proteins: BSF

''''''

Organic urban
waste

Turning rubbish into
biobased materials:
a sustainable chain for
the full valorization
of organic waste

ooooo

ooooo

2020. Progetto RICH, Cariplo grant (2020) in collaboration with Universita di Milano,
Universita dell'Insubria e DIK (Istituto tedesco della gomma)
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Biobased substrates and monomers for printed electronics

B
N - / \ - b
Hermetia illucens
waste (black soldiers fly larvae) BSF
\ proteins I high flexibility and
Y compostability

BSF protein extract will be characterized
by means of proteomic techniques
BCA,; SDS-PAGE; LC-MS (Mass Spectrometry)
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Conclusions

. /B
& Biosourced Janus molecule ’Q\
HO\)\/OH

. . . \r\\‘OH
& The functionalization of sp? carbon allotropes <==so—o == >

< \Waterborne nanoreactors

e !
Powder
[REE—— - a

Aerogel

(0]

= The nanoreactors for organic synthesis in water .ﬂ
©/V% e (YT 98% yield @25°C, 5 min

& Selective deuteration has been achieved (Ru NPs)

@ Ag NPs has been achieved on sp? carbon allotropes
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