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• ~ 50 years old

• 5 campuses:

Mulhouse: Illberg, Collines and Fonderie

Colmar: Grillenbreit and Biopôle

Mulhouse



Institut de Science des Matériaux de Mulhouse (IS2M)
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• CNRS-University mixed research unit located in UHA

• chemists, physical chemists, physicists and biologists

• 8 thematic axes (from Functional Polymer Engineering to 

Multi-Scale Numerical Simulations)

• https://www.is2m.uha.fr



Karlsruhe Institute 
of Technology (KIT)

The Mutlu Group: Who are we?
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Maximilian 
Hartmann

Linh´s talk: 17:25 pm
Advances in Polymer Synthesis 
and Characterisation 



Polymers
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Türkiye:
the TRASH BIN of European waste

Non-renewable raw materials

Quest for new transformations of alternative feedstocks (either 

renewable or non-renewable) toward tailor-made/sustainable 

functional polymeric materials

Sweet

Love is like Oxygen (1977) 

Love is Like Oxygen,

You get too much, you get too high,

Not enough and you're gonna die.

Since 1940, Polymers are like Oxygen:

…remarkably involved in comfort and

facilitation of human life…

…light weight, low cost, and robustness



Problem
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Petroleum Monomer Polymer Product Trash

Mechanical 

Recycling

Chemical 

Recycling
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Solution

Petroleum Monomer Polymer Product Trash

Chemical 

Recycling

Alternative 
resources 

Sustainability/Circular 

Chemistry

Develop selective 

depolymerization strategies

Develop selective upcycling 

methods for the polymer waste
New 

Transformations
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Getting the Terms Right: 
Sustainable/Green/Circular Chemistry



Solution: Alternative resources

Alternative 
resources 

69 million tons/annual 

* 1 million tons domestic production, i.e., in Germany

** Limited utilization

*** Risks due to careless behavior & Climate Changes: e.g., sulfur pile fire and precipitation of acid rain
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Solution: Alternative resources

Alternative 
resources 
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Thiol-ene chemistry

Organocatalysis

Metathesis chemistry

Chemicals/ 
monomers

Linear/Branched 
polymers

Hyperbranched 
polymers

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 
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Thiol-ene chemistry

Metathesis chemistry

Collaboration with:
Dr. Johann Kern 
(Medical Faculty Mannheim) 
Dr. Audrey Llevot 
(LCPO, Université de Bordeaux)

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


Solution: Alternative resources

Alternative 
resources 
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Chemical Up-/Re-cycling/Degradation of 

Tailor-made Fossil-based Polymers

H. Mutlu et al., Polym. Chem. 2016, 7, 2272, C. M. Geiselhart et al., Macromolecules 2021, 54, 1775.

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

M. Akdemir et al., manuscript under preparation



Solution: Alternative resources
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69 million tons/annual 

* 1 million tons domestic production, i.e., in Germany

** Limited utilization

*** Risks due to careless behavior & Climate Changes: e.g., sulfur pile fire and precipitation of acid rain

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

poly(thiomalonamide)s

2,4-thiophene decorated (co)polymers

sulfur-rich poly(dithiocarbonate)s

Polym. Chem. 2022, 13, 5965.

poly(imidazothione)s

Macromol. Rapid Commun. 2021, 42, 2000695.

Alternative 
resources 

16

S
         32.066

Small 2024, doi.org/10.1002/smll.202311800.

sulfur-rich poly(thioester)s



Solution: New transformations

New 
Transformations

Monomer Polymer
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Self-reporting systems

Polym. Chem. 2022, 13, 1648; Macromol. Chem. Phys.

2021, 222, 2100057; Angew. Chem., Int. Ed. 2021, 60, 

17290; Polym. Chem. 2021, 12, 1732; Polym. Chem. 2020,

11, 4213; Sci. Rep. 2019, 9, 14519; Polym. Chem. 2017, 8, 

6199.

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

2023, 145, 14748; Polym. Chem. 2022, 13, 5625; Polym.

Chem. 2021, 12, 1732; Chem. Commun. 2019, 55, 9877; 

Polym. Chem. 2019, 10, 4513; Chem. Eur. J. 2019, 25,

3700; ChemPhotoChem 2019, 3, 66; ACS Macro Lett.

2018, 7, 201; Macromol. Rapid Commun. 2017, 38, 

1600598.

Light (photo)-responsive 
functional systems



How we use light towards sustainable sulfur-decorated materials 

Angew. Chem., Int. Ed. 2022, 61, e202211806

1.Avoid chemical derivatives 

2.Produce less waste 

3.Maximize atom circulation 

4.Enhance process efficiency 

5.Target optimal design 

Depolymerization

Polymerization

Linear polymers/Resins
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Sustainable chemistry is a scientific concept that seeks 

to improve the efficiency with which (natural) resources 

are used to meet human needs for chemical products 

and services.



Marriage of light with sulfur chemistry towards sustainable materials
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➢Dithioacetals: less attention in polymer chemistry

Requires harsh synthesis conditions!!!

✓Recycable dynamic systems

✓only water as side reaction



Marriage of light with sulfur chemistry towards sustainable materials
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12 600 < Mn < 80 000 g·mol-1

1.7 < Ð < 2.4  
amorphous, semi-crystallineReactions can be performed in bulk and emulsion (Industrially relevant) 
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Marriage of light with sulfur chemistry towards sustainable materials



Sustainability: Re-using the solvent
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Solvent



Sustainability: Re-using the solvent
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Collect and re-use the waste: solvent

 3.polymerization

 4.polymerization

Light-on reaction time: 30 min

Light-off reaction time: 15 h

Light-off reaction time: 15 h
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Sustainability: De- and re-polymerization
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Potential applications: Adhesives with debonding on demand

Unorthodox Luminescent Polymers
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Potential applications: Adhesives with Debonding on Demand

Unorthodox Luminescent Polymers
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Potential applications: Plastics with programmable degradation
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Potential applications: Plastics with programmable degradation
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Potential Applications: Plastics with Programmable Properties

Develop selective upcycling 

methods for the polymer waste
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Sustainability/Circular 

Chemistry Dr. Johann Kern (UMM) 

Prof. Sonia Dsoke (University of Freiburg)

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


Renewed interest: Sulfur cycle
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• Reducing global warming caused by the greenhouse 

gases by absorbing the ultraviolet radiation of the sun

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

Earth's thermostat and prevented overheating

→regulator for the climate change



Sulfur eating bacteria and sulfur-based polymers?
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Dr. Mine Güngörmüşler

Sustainability/Circular 

Chemistry



Novel sulfur Polymers: Yellow is the new green
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Petroleum Monomer Polymer Product Trash

Chemical 

Recycling

Alternative 
resources 

Sustainability/Circular 

Chemistry

New 
Transformations

69 million tons/annual 

* 1 million tons domestic production, i.e., in Germany

** Limited utilization

*** Risks due to careless behavior & Climate Changes: e.g., sulfur pile fire and precipitation of acid rain



Novel sulfur Polymers: Yellow is the new green

23.02.2024 29

Sulfur-decorated 

polymers
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Maximilian 
Hartmann

Acknowledgements    

Baden-Württemberg 
Ministry of Science 

Prof. Vincent Roucoules (IS2M)
Prof. Karine Anselme (IS2M)
Dr. Florence Bally-Le Gall (IS2M)
Dr. Arnaud Spangenberg (IS2M)
Dr. Isabelle Brigaud (IS2M)
Dr. Karine Mougin (IS2M)

Prof. Michael Meier (KIT)
Prof. Manfred Wilhelm (KIT)
Prof. Patrick Theato (KIT)
Prof. Pavel Levkin (KIT)
Prof. Stefan Bräse (KIT)
Prof. Wolfgang Wenzel (KIT)

Prof. Sonia Dsoke (University of 
Freiburg)
Prof. Christopher Barner-Kowollik 
(QUT)
Prof. Leonie Barner (QUT)
Prof. Duygu Avci (Bogazici University)
Dr. Audrey Llevot (Université de 
Bordeaux)
Dr. Johann Kern (UMM) 
Dr. Marina Simian (UNSAM)
Dr. Ljiljana Fruk (University of 
Cambridge)
Dr. Mine Güngörmüsler (IUE)



23.02.2024 31

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.

without adhesive protein with adhesive protein (Fibronectin (FN))~100 gram polymer synthesis
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