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Politecnico di Milano was established in 1863 and is the largest technical

university in Italy.

Politecnico di Milano is divided into
3 Schools of Architecture
6 Schools of Engineering
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Teaching levels and degrees:
Bachelor (Laurea - 3 years, 15t level)
Master (Laurea magistrale, 2 years after Laurea, 2"9 level)
PhD (Dottorato di Ricerca)
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POLIMI

The Department of Chemistry,
Materials and Chemical Engineering
was established in 2001 through
unification of three pre-existing
chemistry-oriented departments.

One of these was the scientific
home of the Chemistry Nobel
Prize winner Giulio Natta
(shared with K. Ziegler in
1963, for stereospecific
polymerization).
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ILs@polimi: Research lines
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Basic research: Local structure by NOE data
an_d MD simulations

" " a) H10
Communications N
I I IUIL_ WA j_ B
H2 H5 H4 HE& H7 H& H&
Structure of lonic Liquids 0
The Structure of a Room-Temperature Ionic _l J
Liquid with and without Trace Amounts of Water: E— L o
The Role of C—H--0 and C—H-~F Interactions in AN M T S S R M e M
1-n-Butyl-3-Methylimidazolium

<+— dfppm

Tetrafluoroborate™ L. . .
JE difference experiment carried out on compound
te spectrum [“off resonance”). Trace b) "H{"*F}

. ctrum (vertical scale magnified 32 times with
Andrea Mele,* Chieu D. Tran, and

sighals of H2, H4, H5, and water (w) are in pure
Silvia H. De Paoli Lacerda of heteronuclear MOE. The other signals are sub-

Angew. Chem. Int. Ed 2003, 42, 4364—4366

THIA XL Finer. Chem. B DBOR, FIZ, TE26-T336

Interaction of Water with the Model Ionic Liquid [bmim][BFs): Molecular Dynamics
Simulations and Comparison with NMR Data
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Basic research: Local structure by NOE data
an_d MD simulations

Intramolecular spin-spin dipolar relaxation

Rotational _
Model: Intramolecular cross-relaxation (NOE)

H(A) correlation

time 1. dominated by molecular tumbling.
Fas Distance dependence: r
\ Consequence: non vanishing NOEs for r < 4A

Only short-range interactions. High selectivity.

Neuhaus & Williamson The NOE in structural and conformational
analysis. Wiley

Intermolecular spin-spin dipolar relaxation

Model: interacting molecules as hard spheres undergoing rotational
and translational diffusion. B. Halle J. Chem. Phys. 2003, 119, 12372
Intermolecular cross-relaxation (NOE) dominated by translational
diffusion

Distance dependence: rt

Consequence: also long-range interactions may give rise to
observable intermolecular NOEs. Low selectivity.

e po DOI: 10.1002/anie.201302712
@ lonic Liquids /

From Short-Range to Long-Range Intermolecular NOEs in lonic
Liquids: Frequency Does Matter**

Sonja Gabl, Othmar Steinhauser, and Hermann Weingdrtner*
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Basic research: Local structure and dynamics
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Fig.3 SWAXS data from tetraethylammonium [IM,4] (I1), at different temperatures (173-323 K).

Fig.5 Low Q portion of the SWAXS patterns from samples Il at —100 *C
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Basic research: Local structure and dynamics

|
THE JOURNAL OF
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Cage like local structure of ionic liquids

revealed by 129Xe chemical shift

Franca Castiglione,2 Roberto Simonutti,”* @ e $
Michele Mauri,? and Andrea Mele,a.c* O'PO :
%“'%; Qé L -

a Department of Chemistry, Materials and Chemical Engineering AeEt X ge

“G. Natta”, Politecnico di Milano, 20133 Milano, Italy.
b Dipartimento di Scienza dei Materiali, Universita degli Studi di .

Milano Bicocca, 20125 Milano, Italy. WLWWWWWW\WWM
¢ CNR — Istituto di Chimica del Riconoscimento Molecolare, 300 200 100 0 | ppm

20131 Milano, Italy J. Phys. Chem. Lett. 2013, 4, 1608-1612

lonic Liquids@polimi: Technology and Science - October 23, 2013 -_I—_



s Experimental apparatus for
Xenon loading in the NMR tube
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The 12°Xe shielding is influenced by the solvent cage dimensions
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Basic research: Local structure and dynamics

125Xe NMR spectra of bmim cation and several anions
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300 250 200 150 100 50 0 -50 ppm

12%Xe chemical shift dispersion spans a wide frequency range.
Ao of 100 ppm separates [bmim][l] from [bmim][Tf,N].
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crystal structure of the
ionic liquid
[bomim][Br]

Xenon gas
seeking

the IL
voids

crystal structure of the
ionic liquid
[OoMim][Tf,N-]
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Basic research: Local structure and dynamics
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Using '*°Xe NMR to Probe the Structure of lonic Liquids
Pedro Mﬂrgadﬂ,+ Karina Shi.m.iZLl,+ José M. S. S. Ee:p-re_rsuu;a,'JF Patricia M. Rrais,'JF Luis P. N. Rral::-reli:.,'JF
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1. New systems for LIB

=
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op CF3
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ﬂ ﬂ ﬂ Same type of selectivity
observed for undoped PYR,,TFSI

CF3

i
% é 0 4 Similar NOE pattern observed for

Li* / PYR,,* interaction.
Puzzling result...

3.2 3.0 2.8 2.6 2.4 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6 0.4 ppm The components are close in
space despite coulombic
repulsion

F. Castiglione, M. Moreno, G. Raos, A. Famulari,
A. Mele, G. B. Appetecchi, S. Passerini ‘ NOE evidence for strong
J. Phys. Chem. B 2009, 113, 10750. coordination Li-TFSI
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1. New systems for LIB (R S meane
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Q. Zhou, P. D. Boyle, L. Malpezzi, A. Mele, J.-H. Shind, S.Passerini, W. A. Henderson Chem. Mater. 2011, 23, 4331
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1. New systems for LIB

Experimental self-diffusion coefficients D (m2s-1) at 305 K, activation energy E_[D] (kJ/mol)
for 0.1 LiTFSI — 0.9 PYR,,TFSI and for pure PYR,,TFSI. I

®  TFSiLidoped
® PYRLidoped
Dsola Dpureb Ea[Dsol]a Ea[Dpure]b * Li
lon 5. = TFSI
PYR,,* 1.7x10"  2.5x10-" 36 31 ® PYRi4
Li* 0.91x10-"1 - 46 - P
TFSI- 1.23x101"  1.97x10-" 37 31 @ 1A
& This work ‘_g
b From F. Castiglione et al. J. Phys. Chem. B 2009, 113, 10750. Ig 0
1 £
D(Li*) < D(TFSI?) <D (PYR4%)
Consistent with [Li(TFSI) ] -1 [ - . - .
3,0 3,2 3.4
2. 1000 (K1)
The Ea(¢)= 30 (kJ/moly,, 0.35 20- W
for the Li-doped ] : | & PYRTFSI |
) 0,06 0,30 2,54
mixture L] [ = ]
versus 29 (kJ/mol) § *%] 025t 301
X 3
of the pure IL. S 0,04 Lo20 & 35
@ T—l/l ! 2  Inp(mPas) 1
3 S 0,03 Lots & -4,04
" L L - 1
Increased Li* % 0,02 _— -0,10 % 454
conductivity £ 0.01] ././l 5_0‘05 i-* 5.0
c,oc:...,...,..,,...,,,,:0,00 -5,5 — —
20 30 40 50 60 70 2,6 28 3,0 3.2 3.4
T(°C) (10T (K™)

F. Castiglione, E. Ragg, A. Mele, G. B. Appetecchi, M. Montanino, S. Passerini, J. Phys. Chem. Lett.. 2011, 2, 153.
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1. New systems for LIB
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1. New systems for LIB

PYR14doped

BETIdoped
49 PYR14
BETI
c
O eerd
Ref. { EA(PYR 1) = 37 KI/mol N {
Eo(BE 1) = 37 KJ/mol
E.(PYR1)aoped = 46 KI/mol
E.(BET1) 4opeq = 47 KJ/mol

Ref.: F. Castiglione et al. J. Phys. Chem. B 2009, 113, 10750-10759
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PYR14doped
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PYR14

IM14
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3,0 3.2 34
1000/T K-1

Ea(PYR14)ouo = 43 KJ/mol
Ea(IM14)ouro = 43 KI/mol

E.(PYR14)dopea = 50 KI/mol
E.(IM14) dopea = 49 KI/mol




2. Biocatalysis and ILs
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Single-batch, homogeneous phase enzyme-catalyzed depolymerization of cellulose in

ionic liquid [BMIM][CI]

Paola D’Arrigo, Stefano Tamborini, Cristina Formantici, Yves Galante, Loredano Pollegioni, and Andrea Mele*

submitted

Cotton Linter Cellulose
-

The Protein

www. [ireprot {'-T','rii ctory.t

Cellulase

e -

recombinant
monocomponent
endocellulase from
Trichoderma reesei

N~

Homogeneous Phase

Action for COST: modeling of proteins in ILs
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2. Biocatalysis and ILs

Phospholipids and ILs

J PN '
R NG o,pg_(),x B

O H - g 3 " A
O ( " WD
”/) N \\\m W U 3500000 nﬂ\m i n“w
R AL ul it k! ’{‘;Jﬂm’éﬂ{ﬁ‘; i l{%1 v/
yc:’;:::lherialpmtein g!‘m: |t: of=f ‘“"F’J:E;"”'prfm“ Hydrophobic tails
OBJECTIVES:

Evaluation of the solubility of the PLs and their aggregation in ILs

Study of phospholipases interactions with ILs (stability, activity and
selectivity)

Utilization of ILs as solvents or co-solvents for PLs
biotransformations

Set-up of a preparative synthesis of PLs of industrial interest using
ILs
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Biocatalysis and ILs

m
PLA,
i ) PLD
R™ O i .,
RNy OO 70N
o) J O-
PLC
PLA, Rj\o 0
R' .O O—P—0H
. Y b
hydrolysis @)
j\ H,0 PA
R™ o q PLD
R' .O O—P—0 +
hg N
O O
PC

transesterification

XOH

Rio:l\/o ﬁ o—x* Rio 0 ('j OH
R'\_O —hP—0—X " R'_O —pb—
D | hd '

0 O- O O-

PX PA

PROBLEM: difficult and expensive purification of the desired product (PX) from the by-product
phosphatidic acid (PA).

STRATEGY: possible use of ILs to suppress hydrolytic activity of PLD
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Reactionsetwp H,O/IL/organic solvent 0 NH,+
@)
PLD
PC Organic solvent + PS
k 4 } phospholipids 100

P V] -9
. Sart z i: ——— e -
PS100? g %2 8
U ooiditie 2 - 80 1 [7/]
N [ f H,0 /ionic liquid o - ! 2
60z o S 70 6.2
PLD + CaCl, s =
= 60 o
o 5<¢
S 50 1 2
@ 40
S 40 T 8
< i 36
S 30 o
520 1 2T
2 101 1g
0 0=

0 20 40 60 80 100
[BMIm] PF¢ / buffer (viv) (%)

With a Reaction medium: Toluene/ [BMIm]PF :buffer (95:5)

* Quantitative suppression of unwanted hydrolitic side-

reaction([PA] ||)
* High selectivity PS/PA >>
e easier purification

P.D’Arrigo, L.Cerioli, C.Chiappe, W.Panzeri, D.Tessaro, A.Mele J. Molecular Catalysis B 2012, 132-135.
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New ILs: synthesis and characterization

76 crmaon, es, o 12 GurcocHemisTay Topay

dii10. 2633 chimia 201 1.7 Chirnia 65 (2011) T80 © Schwalzerische Cherresshe Geasllachafl

Sugar-Derived lonic Liquids

Alberto Marra®™, Cinzia Chiappe®, and Andrea Mele®

Top Curr Chem (20107 295: 177-195

DOT: 10.1007/128_2010_47

) Springer-Verlag Berlin Heidelberg 2010
Published online: 31 March 2010

Synthesis and Applications of Ionic Liquids
Derived from Natural Sugars

Cinzia Chiappe, Alberto Marra, and Andrea Mele
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Imidazolium based ILs
§ Wide liquid range
§ High conductivity
§ Reasonable viscosity
§ Possibility of tuning physico chemical
properties:
- by varying the alkyl chain
- by changing the anion
- by chemical functionalization

§ In some cases structured domains are
formed — heterogeneous structure at nm

scale
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Pyrazolium based ILs

8 Marginally investigated
8 High conductivity

8 Low viscosity

8 good EC properties

The different charge
distribution may affect the
nanostructuring (if any) of

Pyz-based ILs

Conference COST EXIL Dresden 24-26 November 2013
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New ILs: synthesis and characterization
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PHYSICAL, CHEMISTRY S — [\< _— [\< CON®
@ ®
N
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Pyrazolium- versus Imidazolium-Based lonic Liquids: Structure, 4
Dynamics and Physicochemical Properties
Cinzia (hlappe Angelo Sanzone Daniele Mendola,* Franca C aetlghoneT Antonino Famulari,*
Guido Raos,” and Andrea Mele®#$

dhidoiong' 1L 1R 1jp3 17793 | L Ays Chem, & X113, 117, 668676
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