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The Mutlu Group: Who are we?

Iy o

Prof. Dr. Yusuf Yagci (17.03.1952-30.01.2023), an outstanding polymer chemist, expert in photopolymerization.

“..is one of the luckiest academics because he has always had brilliant colleagues/studentsin his team...”

AT QUT A

o.aé .
Faculté des Sciences et Techniques
LUNIVERSITE HAUTE-ALSACE
Karlsruhe Institute of Technology a9} ;

L I52M =

Institut de Science
des Matériaux de Mulhouse

Maximilian
Hartmann

Karlsruhe Institute
of Technology (KIT)

ot Linh’s talk: 17:25 pm
QUT Queens,gd Advances in Polymer Synthesis

University and Characterisation
of Technology

SKIT

Karlsruher Institut filr Technalogie
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Since 1940, Polymers are like Oxygen: Ynuas® mge®

Non-renewable raw materials

miz|

Tiirkiye:
Love is Like Oxygen, the TRASH BIN of European waste

...remarkably involved in comfort and

facilitation of human life...

...light weight, low cost, and robustness

Sweet

Love is like Oxygen (1977)

You get too much, you get too high,

Not enough and you're gonna die.

Quest for new transformations of alternative feedstocks (either : :
Study Finds Concerning

renewable or non-renewable) toward tailor-made/sustainable Evidence of Microplastics in
Human Breast Milk

functional polymeric materials
23.02.2024 5



Problem

Mechanical

AN mg- O
ot O O m [} »

Petroleum Monomer Polymer Product Trash
‘ Chemical
Recycling
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Solution

Develop selective upcycling

Alternative New
resources Transformations methods for the polymer waste
- ®
e« » O»QHW (] » 7T
Petroleum Monomer Polymer Product Trash
‘ Chemical
Develop selective S - " -
o . : ustainability/Circular
Recyclin :
depolymerization strategies ycling Chemistry
tMISE
olecular Chemistry an Physics

Perspective & Open Access @ @ @ @
Getting the Terms Right: Green, Sustainable, or Circular
Chemistry?

Habice Mutiu Leanie Barner 29

Getting the Terms Right:
Sustainable/Green/Circular Chemistry

First published 03 June 2022 | hitps//dol.org/10.1002/macp. 202200111
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Solution: Alternative resources

Alternative
resources

The 90 natural elements that make up everything
How much is there? |s that enough? Is it sustainable?
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Solution: Alternative resources

Alternative
resources

R: fatty acid
derivatives

Thiol-ene chemistry

4 R2 N\
>_<R1—SH
R,—SH stimuli V
Ry )

Chemicals/ Linear/Branched Hyperbranched
monomers polymers polymers
1

Orga nocataly5|s

¢

(TBD)

\_

Triazabicyclodecene

/

Metathesis chemistry

Toos for carbon-carbon & xR
:arhnr:mmwm bond | SR metathesis R aak
rmation , 2~
- R{ catalyst

23.02.2024

RZ/\aPRZ

H. Mutlu et al., Macromol. Chem. Phys. 2009, 210, 1019; Eur. J. Lipid Sci.
Technol. 2010, 112, 10; Beilstein J. Org. Chem. 2010, 6, 1149; J. Polym. Sci.
Part A: Polym. Chem. 2010, 48, 5899; Chem. Soc. Rev. 2011, 40, 1404; Eur.
Polym. J. 2011, 47, 1467; Macromol. Chem. Phys. 2012, 213, 87; Green Chem.
2012, 14, 1728; Macromolecules 2012, 45, 1866, Macromol. Chem. Phys.
2022, 223, 2100497; Macromol. Chem. Phys. 2022, 223, 2200172; Macromol.
Chem. Phys. 2022, 223, 2200111.



Solution: Alternative resources

Alternative
resources
Thiol-ene chemistry
4 R2 N
/_/>_< R;—SH
R,—SH stimuli R VRFSH
Ry
. J
: Metathesis chemistry
nﬂsfurcarbomcamm& xR
“"’Wf:lmt:mband _SUR metathesis Rl/_l_\"‘ 1
___ R > Catalyst RZ/\"RZ Collaboration with:

Dr. Johann Kern
(Medical Faculty Mannheim)
Dr. Audrey Llevot

(LCPO, Université de Bordeaux)
23.02.2024 10



http://www.danielbiggs.net/cartilage-wear-arthritis.html

Solution: Alternative resources

Alternative
resources

Chemical Up-/Re-cycling/Degradation of

Tailor-made Fossil-based Polymers

Low-molecular-weight
compounds

‘ Degradable unit: azo, trimethyl lock, etc...
Principle: self-elimination - chain-shattering polymer

/\/\H/O\/\O
O

HS._R.__SH

0
0
O)H(OJ\/\/ Derivative of commercially available initator

Aem = 365 nm

inert gas

inert gas

Aem = 320 nm ‘ > 7
M. A!!emir et al., manuscript under preparation

H. Mutlu et al., Macromol. Rapid Commun. 2020, 41, 2000181; J. Hobich et al., Macromol. Rapid Commun. 2021, 42, 2100118.

23.02.2024
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Solution: Alternative resources

Alternative . - TP
$s‘s Q*

rESOu rCES ) Wan_nuaj comenercially-avalable

starting matenials

catalyst-free

mild condticns convergent

simpler procedure straightiorwand

comphen structural motifs L highly atem-efficent

Macromol. Rapid Commun. 2019, 40, 1800650.
Macromol. Rapid Commun. 2020, 41, 2000181.

-P 2,4-thiophene decorated (co)polymers

poly(thiomalonamide)s
Macromol. Rapid Commun. 2021, 42, 2000695. %
Small 2024, doi.org/10.1002/smll.202311800.

sulfur-rich poly(dithiocarbonate)s

365 nm

Polym. Chem. 2022, 13, 5965.

sulfur-rich poly(thioester)s

23.02.2024 12



Solution: New transformations

New
Transformations

spatiotemporal control
100 200 300 400 500 600 700 800 nm ‘
commercially-available ¥

O ' % starting materials

mild conditions
Monomer Polymer

catalyst-free

convergent
simpler procedure

straightforward

complex structural motifs highly atom-efficient

Self-reporting systems Light (photo)-responsive
A : functional systems

Angew. Chem. 2024, e202315887; J. Am. Chem. Soc.

Polym. Chem. 2022, 13, 1648; Macromol. Chem. Phys. 2023, 145, 14748; Polym. Chem. 2022, 13, 5625; Polym.
2021, 222, 2100057; Angew. Chem., Int. Ed. 2021, 60, ~ Chem. 2021, 12, 1732; Chem. Commun. 2019, 55, 9877
17290; Polym. Chem. 2021, 12, 1732; Polym. Chem. 2020, ~ Polym. Chem. 2019, 10, 4513; Chem. Eur. J. 2019, 25,
11. 4213: Sci. Rep. 2019 9. 14519: Polym Chem. 2017, 8 3700, ChemPhotoChem 2019, 3, 66, ACS Macro Lett.
6199. 2018, 7, 201; Macromol. Rapid Commun. 2017, 38,

1600598.
23.02.2024 13



Susta imstrw@ientiﬁc concept that seeks

100 200 300 400 500 600 700 800 =m =
commercially-available

cien \E th*'which (natural) resources 4
convergent COMPLETE

to inprove the efficienc
» METAMORPHOSIS

mild conditions

are u SEd to mi%@&)cbu‘é
an d te rvi cég)lex structural motifs

2ds for chemical products

highly atom-efficient

¢¢

: : LARVA
. ”’ . Linear polymers/Resins
Depolymerization

§ .'o.evolyme'ialio,’ Qevo‘yme"zaﬂon
Closed-loop

e Upcycling Reoyoliog 1.Avoid chemical derivatives
¢ . ot Vit |l e 2.Produce less waste
i > 1__1“%". EX0) € FYTONNTE J e ST

[ BiLD.de 3.Maximize atom circulation

[ Giftiges Bisphenol A: 83
Prozent der Deutschen
haben zu viel BPA im Korper

4.Enhance process efficiency

5.Target optimal design

An¢

19 hours ago
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Marriage of light with sulfur chemistry towards sustainable materials

1200000 490 S0 400 T 0 W

commercisby-avadabie
starting materiah

mis congitions

simpler procedure

comphex structers matify

W

catabpit-free

comeergent

stnightforward

heghly atom-atcen

Research Article & Full Access

Thiol-Aldehyde Polycondensation for Bio-based Adaptable and Degradable Pheno
Polymers

¥u Jin, Chengcheng Hu, Jie Wang, Yongliang Ding, Junjie 5hi, Zhongkai Wang, Shichao Xu, Liang Yui
Angewandte Chemie International Edition | Accepted Articles

First publizhed: 19 May 2023

Abstract

Research Article @ Full Access

Chemically Recyclable Dithioacetal Polymers via Reversible Entropy-Driven Ring-(
Polymerization

Lasith 5. Kariyawasam, Julian Rolsma, Ying Yang
Angewandre Chemie International Edition | Early View

First published: 2% March 2023

Abstract -~

Fagper

Synthesis of ROS-responsive poly(thioacetal)s
with narrow molecular weight distributions via
lactone ring-opening polymerization

o My Park -

Poly(thicacetal)s with narrow molecular weight distributions were synthesized via
lactone ring-opening polymerization. They showed ROS-responsive degradability
according to their electronic Sructures

v“\ (5]

23.02.2024

R and Rj: alkyl, aryl




R y: . . .
jm,; o HS” V“SH : Ligit on reaction time: 30 min

|
catatpit-bree R1) Iight’ 02 : a f - <—J -

Light-off reactign time: 15 h

commerciaby-avalable F
startng materiah

mis congitions

simpler procedure

comphex itructersl metify

(0]
MNA INONNONN S WS\: fs/\'*” M\[OB_Q_B:OJ\M
(e} (6] (0]
N A o Q
oH NS MO:XZOM 5%
NN SN © ° Se_
H o~ I 5=
< beibWee
o T Oy
_0O OH  OH o Bon  CFr %o F 12 600 < M,, < 80 000 g-mol?
|
1.7<b<24
Reactions can be performed in bulk and emulsion (Industrially relevant) amorphous, semi-crystalline

23.02.2024 16



Marriage of light with sulfur chemistry towards sustainable materials

R
O HS” "SH

|
R1) light, O,
R and Rj: alkyl, aryl
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Sustainability: Re-using the solvent

' ;' S— How
ﬁ | to Reuse
- Your Home's

'M Wast "

23.02.2024 18



Sustainability: Re-using the solvent

0 HS'R‘SH

|
R,) light, O,

Light—0|] reaction time: 30 min

o

E‘!‘i -i f I-

R and Ry: alkyl, aryl

3
R #SNSNN [

Light-off reaction time: 15 h  collect and re-use the waste: solvent

i I i I i I i I i I i I
1,24 — 1.polymerization
| — 2.polymerization

Normalized RI response

. . ' . . . .
8 10 12 14 16 18 20 22
Elution time / min

Light-off reaction ti
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Sustainability: De- and re-polymerization

Depolymerization

+ solvent B

Polymerization

23.02.2024
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Potential applications: Adhesives with debonding on demand (Y = | -

R
O HS” “SH

|
R1) light, O,

PDTA deri Vanilline-
A Hexan 2dithiol
e '

R and Ry: alkyl, aryl

Unorthodox Luminescent Polymers

23.02.2024 21



Potential applications: Adhesives with Debonding on
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Potential applications: Plastics with programmable degradation

R
0 1 aniiiin
Mo
""«/\H/OJCO © OH k !
O

23.02.2024 23



Potential applications: Plastics with programmable degradation

a — PDTA Ry OH . 100' — PDTA
S| — PDTA ' — PbIA
~— — Io) 0 : —
= PDTA M k/‘{ PDTA
S
©
E
O
<
=
e
- 20 A
© | R, =R, =H : 4-Hydroxybenzaldehyde
QO : ,
T A
o—— — O o O OO OO
=50 0 50 100 150 100 200 300 400 500 600
Temperature (°C) Temperature (°C)
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Potential Applications: Plastics with Programmable Properties

Sustainability/Circular Develop selective upcycling
Chemistry methods for the polymer waste

Pulverized | + 7

| [

| [

| [

| [

[ ._ :jiHb‘i-press100°.(‘3'."‘ | I

. 5tons, 20 min Y
| “ :
I : I \[~5?L/\)?\09C0
‘ 0 )
! e S
(6]
| [
| [

23.02.2024 Prof. Sonia Dsoke (University of Freiburg) 25
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Renewed interest: Sulfur cycle

sulfates in the . )
atmosphere * Reducing global warming caused by the greenhouse

N gases by absorbing the ultraviolet radiation of the sun
wet deposition

(acid rain, snow)

* In ancient times, dimethyl sulfide (DMS) acted as the

g=n A . Rk oy J18S Z 2 { Earth's thermostat and prevented overheating

; . organic
deposition

—>regulator for the climate change

CHEMISTRYWORLD

1 'OWS  RESEARCH - OPINION  FRATURES  CULTUR

The secrets of the sulfur cycle

NONACHEL HRAZN

Thera's sull & lot we don't know about the blogeochemical cycling of sultur

23.02.2024 26



Sulfur eating bacteria and sulfur-based polymers?

Sustainability/Circular
Chemistry

Turkiye:
the TRASH BIN of
_European

R

Dr. Mine Glingormiisler

iIZMIR UNIVERSITY OF ECONOMICS

27
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Novel sulfur Polymers: Yellow is the new green

The 90 natural elements that make up everything
How much s there? bs that eveagh? (s t sustaneiie? =
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A | ‘ Chemical
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Novel sulfur Polymers: Yellow is the new green N0
tinky
inexpen S ive

produces less wa Ste

Q q Gq multiple oxidation States
Stimuli -
Sulfur-decorated (.?60 mull responsive

| Smaller carbon-footprint
polymers -

Sustainable

Green
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a0 Do,
Light.e mediste o o " N
o >

Loatt®
ISZ /i ISZM ISZM
oyt JEE E‘"J.n..m o Ry A
4
" IS& ISZM ICZM
a5 Mo stie SN
~100 gram polymer synthesis \ithout adhesive protein with adhesive protein (Fibronectin (FN))

Cells seeded on the polymer with or without adhesive protein coatings. After 18h of incubation, cells still attached
on the polymer even without adhesive protein (here Fibronectin (FN) has been used). The cells were fixed, stained
(red) and imaged with a confocal microscopy.
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