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My Part of the Project

* Design and synthesize DDNs
based on reversible covalent
bonds

« Creating two interpenetrating
network structures

« Creating thermoplastics with
functional groups

« Orthogonal cross-linking
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DDN Concept

* Network 1: Brittle, sacrificial bonds, very dynamic
* Network 2: Soft, dynamic at high T

* Network 1 dissipates
energy

 Heals itself

Stress

Cooling

* Network 2 only gives
up form at high T

* Recyclability

Heat

Cooling
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System Network 1

* Dynamic, brittle network
« Sacrificial

« Self-healing through
dynamic covalent bonds

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

« Maintains same number
of crosslinks

« Self-healing, processable
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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, diols

R1_B\ + R4_B\
O_R6 O_R3

31/01/2019




System Network 1 OUB70

* Butyl acrylate system (low T,) )) ° e
« High density of cross links ]
— DP 1000 (~100 000 Da) O_B/O
— ~100 links/chain (10% functionality) ©§§
e

* Diol-based polymer protected with

boronic acid LG
* Cross-linking via di-boronic ester f{ {
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Test Polymerization oUB7e

* Free radical polymerization — D ~ 3

* Reversible addition—fragmentation chain-transfer (RAFT)
polymerization

« Looking for right conditions (Agent, T, solvent...)
 RAFT agent: CPDTY

S S CN
1 Y NG S._S i
AIBN
X >
s g ABN 7@ T
60°C ))O @)

. M, = 84,000 Da, D = 1.20
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Monomer Synthesis OUB70

 Monomer synthesis for diol monomer

0 \\\(o \\\{O
\)J\Cl ') O
M9804 NEt; s 0
_PTSA DCM
Y
ony %h[ i, o@ T Ny e
purity an-ts X ‘$ R

4~N_S._S._CN
\L(o \\\(O 10 \”/ 7< NC S \A/\)\
o | T
N AIBN _ s
O\\\\ © Dioxane o "0 O O
60°C
0 ))
>< Cross-
0 o linked!
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Monomer Synthesis

« Purify starting materials
« Fractionated Distillation... Column Chromatography...

Lo Lo KT KOs
o) N o) AIBN *
\ \ f
0
N

« M,=88000; =1.90, 10% functionality, >95% monomer conv.
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Diol Copolymer NMR oUBy 0
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RAFT Group Removal OTBy7o

 RAFT group removal: aminolysis/Michael addition

[ ] One POt SyntheSiS 1)THF, air, N2(|)
2) OH
o 0O O O ° : °
{j
O
+Dioxanﬁ
+nBA

« NMR and SEC.: no cross-linking or chemical changes in the
polymer

* To do: verify/quantify via UV-Vis
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RAFT Group Removal NMR

NC N\ nS O~~~
0] O O "0

:

after RAFT removal
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RAFT Group Removal SEC OUBy11

—— Before RAFT group removal
—— After RAFT group removal
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Deprotection OUB70

* Deprotection: One-Pot

S__S
e e o o e
S HS/\/\/
o "0 O O o "0 O O

o) +Reaction mixture OH ||nked|

0] O O 6] OH Dioxane
PN HCI
)) HoN - )) 50°C,48h ))
: " Cross-

(0] +Reaction mixture
o\# o\# \_ OH

* Try to clean intermediate polymer first
» Try different acid, milder conditions
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System Network 2 OUB70

Extendable network
« Employ dynamic bonds  Imine/ aldehyde exchange:

RSN+ RN = RyTONTZ 4 R0
* Imine exchange

* Imine: Aldehyde + Amine
 Works at elevated T

* ‘Vitrimer Network’ R "N"% + Ry N

« Maintains same number
of crosslinks

Imine exchange:

Exchange
accelerates in
presence of
aldehydes
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System Network 2 OUB70
« Aldehyde functional g V%NO@Y mR

polymer )) -
* Cross-linking with diimine OY@V
+ Low density of cross-links SBald
_ DP 5000 (~500 000 Da) . ))’ ° ; ’
: : R R $
- ~10 I_mks/f:haln (0.2% m - (@O
functionality) )) H R ,Jq
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Monomer Synthesis OUB70

« Two step synthesis

O
B O \
HO \_—4
HO—\_ \)J\CI o

Q 80°C, 24h Q SEI::

—O =0 g;(rl\-rt Q:o

« Employment in free radical polymerization (FRP)
\ 0] \ 0 AIBN WCN
\_/<o‘\_\ + \—/< géo)c(:ane ))O 0 H

« M,=300 000 Da; b =2.16, ~0.2% functlonallty
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Aldehyde Copolymer NMR OUB70
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Polymer Size OUB70

* Experiments with FRP
* Bestcase: M,~ 400 000 Da; D = 2.00

 RAFT Polymerization

WSTSXCN
Q S NC S\H/S\)(/\)\
n 10

Dioxane/Anisole

60°C /H

» Dioxane: M, ~ 200 000 Da; D ~ 2.00

* Anisole: M, ~ 500 000 Da; & ~ 1.50; but no clean SEC
* Work with FRP results

 ATRP? Color? Orthogonality to aldehyde?
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Future Plan OTBy1

Make deprotection work

Test cross-linking reactions

Synthesize single and double networks

Explore more systems (dynamic/ non-dynamic)

Try to accomplish larger polymer sizes

Mechanical testing

ESPCI [E] PARIS PSL* sovzone 10



