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Double Dynamic Networks

* Network/gel: cross-linked polymer chains

Permanent cross-links Non-permanent cross-links
* Ccreep resistance « easily processable
* enhanced * recyclable

mechanical strength
* Nno coherence loss

e Ccreep
* NO processing * limited mechanical
* no recycling properties

mmmm) Combine the best of both
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Double Dynamic Networks OUBot

« Combination of at least two distinct dynamic modes
* ‘Double’ mechanical behaviour

@s of cross@

Chemical Physical

* jonic bonds

* permanent covalent bonds « H-bonds
 reversible covalent bonds * hydrophobic interactions
« dynamic covalent bonds « T1-11 Stacking

« metal-ligand coordination
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Double Dynamic Networks

« Employ dynamic ‘vitrimeric’ bonds in network

Vitrimeric bonds: Material:

« Associative mechanism « Self-healing
* New linking point involved in — « Malleable

reaction * Reprocessable
* No bond breaking « Maintains network integrity
« Same amount of cross-links « Tough
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Project Goal

 Goal: create a elastomer Double
Network based on dynamic
covalent bonds

« Creating two interpenetrating
network structures

— Creating thermoplastics with >
functional groups

— Orthogonal cross-linking

* Two independent modes
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System Network 1

* ‘Vitrimer Network’
« Boronic ester exchange
« Works at rt/ in bulk
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Boronic ester / diol exchange:

Boronic ester exchange:

/O_R2 /O_R5
R1_B\ + R4_B\

O-R; O0-Rs  Exchange
accelerates in
presence of

0-Rs 0-R, dl0|.S or

R—B + R4—B moisture
O_R6 O_R3
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System Network 1 OUB 7ot

* Butyl acrylate system (low T,) )) ° g
« High density of cross links
_ DP 1000 (~100 000 Da) or lower @
— 10% functionality é’\%

* Diol-based polymer protected with
boronic acid

» Cross-linking via di-boronic ester f{ {

* Rapid exchange Q 5’
. Active at RT o e
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Copolymer Synthesis OUB 7ot

 Monomer synthesis for diol monomer

|v|gso4 NEt3
_PTSA _ DCM
24h, rt

NaHCO; 18h

. Employment In RAFT polymerization

Y 7< s S
\\( \\( AIBN
Dioxane
60°C, 24h
\ . )) =90 kDa; © = 1.25,

< 10% functionality,
© >95% monomer conv.
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RAFT Group Removal OTBTiot

 RAFT group removal: aminolysis/Michael Addition
* One Pot Synthesis

1) THF, air, N2(|)

o\ﬁ
+Dioxane
+nBA
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Deprotection and Reprotection OUB 7ot

HCI OH
R Dioxane R MgSO, R
R — R . R
24 h, rt 6h, rt
)) O O oo o7 o ))O 0O O O
0 K(: o)
0\# OH O-B

* Thermoplastic precursor for Network 1
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Cross-linking Test OTBy70t

« Solution of precursor in THF W
k| o—f

-
=/ &:“

0-B o)
B-0 B-0
0 0
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Cross-linking Test OUB7

« Solution of precursor in THF W
= | o—B'O
Jomater O o
e
THF ] =

- | s
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System Network 2

Second dynamic mode Imine / aldehyde exchange:

N

x _R . X R
R1/\N 2 4 R3A SN 2 4 R1/§O

o — R3

* ‘Vitrimer Network’
* Imine exchange
* Imine = Amine + Aldehyde Ry

 Slower than boronic ester
exchange

Imine exchange:

X _R X, R
SN2 ¢+ RONTH
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Exchange
accelerates in
presence of
aldehydes
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System Network 2 OUB 7ot

« Aldehyde functional polymer
* Cross-linking with diimine

P
* Low density of cross links RWR E f OH
@) (0] r/
I

— DP 5000 (~500 000 Da)

— ~10 links/chain (0.2% )) oH PWQ/
functionality) Y@ Q) "y
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Copolymer Synthesis OUB 7ot

5

.
-
o

Two step synthesis oo, MO\
DMF © NEt,

Q 80°C, 24h Q DCM Q

—0 =0 g4(r3\-rt —0

Employment in free radical polymerization (FRP)
C

Y N M wi Qe

o—\_\+ o—\_o 50°C o) o; o)
=0

M, =300 kDa; D = 2.16, ~0.2% functionality

Thermoplastic precursor for Network 2
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Outlook OUB 7ot

Verify cross-linking reactions by
— IR spectroscopy

— Swelling tests

— Rheometry

« Combine both precursors
* Create Double Network
« Testing

« Use know-how to create new Double Networks
* Single Networks

« Connected Double Networks

* Integrate permanent bonds
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Project Goals

« Thermoplastic Elastomer W

hard soft hard

« A-B-A triblock co-polymer
« Hard-soft-hard phase
* Microphase separation

» One dynamic below T of hard
phase

« Decorate hard phase with
dynamic covalent bonds

» Second dynamic mode
» Retain structure above T,
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Synthesis of A-B-A Block Co-polymers ©UBy7c!

* Requires double functional symmetric CTA for
RAFT polymerization

1) CS,, NEt3
CHCI3, rt, 30 min

CTA
Br Br S S s s
N~ ~ N
7o o7

* Diol functional monomer for hard phase (MMA)

HO O 0
HO
)J\ O

MgSO4

_PTSA _ DMAP, DIPEA HOAc

24h, rt )rt, 24 h MeCN, Hx0

NaHCO, ) MeOH, 2 h t48h

o
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Synthesis of A-B-A Block Co-Polymer #©08znot

* Polymerization soft block
* Approx. 100 kDa, narrow PDI
+ Kinetic studies
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Synthesis of A-B-A Block Co-Polymer #©08znot

* Polymerization hard block
* 10% functionality X \H

~o~_-S S S__S

~ 0 OH
+ /\/\)\/OH AIBN
0 Dioxane
0 OH

H
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Synthesis of A-B-A Block Co-Polymer #©08znot

 RAFT group removal

OH

\/KH KH\/OH
0° 0.0 0. .0 0.0 O S
n m
o 0

0O O
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Synthesis of A-B-A Block Co-Polymer #©08znot

* Protection with phenylboronic acid

OH OH

o "0 0 O

B B /B
o7 ho  OH ? o
\/k% | H)\/
O 00 o_o0 0.0 0 O O
R R
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Thank you for your attention!

This project has received funding
INITIAL TRAINING NETWORK S from the European Union’s Horizon
@OR{ * 2020 research and innovation
‘ *ak programme under the Marie

European Sktodowska-Curie grant agreement
MARIE CURIE ACTIONS Commission No 765811.

PARIS PSL»* 06/05/2019 25




Appendix OUB 7ot
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Absorbance [a.u.]

-1.2

o\#
+Dioxane
+nBA

— Before RAFT Removal
—— After RAFT Removal
ffffffffff Pure RAFT agent

I
300

] PARIS

T ! !
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1) THF, air, N2(|)
) OH NC S O\/\/
10 HS/\/\/SH " \/\n/
; 0]
OH (0] O O 0]
HoN™ "N ))
24h, rt
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-~ HOAC

HOACc
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S [ppm]
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