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Reversible Strong Adhesion 
via smart plasma polymer coatings 

The research project: 

Adhesive bonding is used in all fields of industry to assemble materials and is also challenging in research 
projects aiming at controlling the assembly of nano- or micro-objects. In the context of sustainability and 
recycling, a smart adhesive would i) create strong adhesion between two materials and ii) lose its adhesive 
properties under a specific stimulus. In order to develop such a smart adhesive and more interestingly to 
achieve reversible strong adhesion, polymer thin films containing Diels-Alder thermoresponsive groups 
(diene / dienophile) will be investigated. These functional coatings will aim at controling chemical and 
physical interactions at interfaces according to the temperature. 

Recently, the Institute of Materials Science of Mulhouse (IS2M, France) has started to work on smart 
interfaces with thermoreversible properties. Outstanding preliminary results have been obtained, enabling: 
i) a quantitative characterization of Diels-Alder reactivity on functional polymer coatings (containing diene / 
dienophile groups), and ii) a proof of concept of reversible adhesion, controlled by a simple temperature 
change, between a model biomolecule and a plasma polymer thin film and between two macroscopic 
materials. However, the value of the adhesion strength measured, especially between two macroscopic 
materials, remains limited. Furthermore, the reversibility of the adhesion process seems to be limited to a 
certain number of assembly/disassembly cycles. Therefore, it is urgent to advance our understanding on 
interfacial Diels-Alder and retro-Diels-Alder reactions. In particular, the following open question should be 
addressed during this 6-month internship: What are the main driving forces involved in the assembly and 
disassembly processes with this smart adhesive? 

The missions of the intern: 

The intern will carry out surface functionalization by plasma polymerization and perform chemical and 
physico-chemical characterizations of the surfaces using the available techniques at the IS2M (contact angle 
measurements, ellipsometry, infrared spectroscopy (FTIR), X-ray photoelectron spectroscopy (XPS), atomic 
force microscopy (AFM) ...). He/She will also investigate the adhesion force provided by the smart adhesive 
(at a molecular scale by AFM and at a macroscopic scale by peeling tests). The selected candidate will 
actively participate in the project management and will regularly present his/her work during progress 
meetings. 

Skills developed: 

Thanks to this internship, the intern will develop disciplinary skills in materials chemistry, particularly in 
surface functionalization and plasma treatments as well as in surface characterization and adhesion 
properties. More generally, he/she will learn how to work within a research team, exploit data, use scientific 
databases, write a report and communicate on his/her results. 

Additional information: this internship can be continued with a PhD work. 

Candidate profile and application: 

Master 2 student or student in last year of engineering school. Education in chemistry and / or materials 
science is required. The candidate will have to show initiative and seriousness for this project. He/she 
should also have good organization and communication skills. 

Applications including a CV, a cover letter and a copy of grades (last 2 years) should be sent electronically as 
soon as possible and no later than November 15th 2019. 

Contact: 

Florence Bally-Le Gall, florence.bally-le-gall@uha.fr, +33 3 89 60 88 04 

IS2M Website : www.is2m.uha.fr 
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