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Introduction

Design of UV-curable molecules

When it comes to the production of functional

A large platform of UV-reactive monomers and polymers have

coatings, photopolymerization is undoubtedly

been implemented over the years in SP and are available at our

the method of choice. Considered as a green

catalog. Molecules with different functions, which can undergo

technology,

photopolymerization

the

photopolymerization

according

to

free-radical

or

cationic

reactions are characterized by a solvent-free,

mechanisms, are thus proposed such as (meth)acrylate, epoxy,

low-temperature and rapid through cure

cyclo aliphatic epoxy, vinyl ether, styrenic, thiol or maleimides.

process.[1] Since the polymerizations can be
induced through free-radical, ionic (mostly
cationic)

mechanisms

or

both

simultaneously, a large range of reactive
functions is thereby available. More recently,
photopolymerization has been applied to the
preparation of hybrid materials which are the
answers to most of the current technological
challenges. It was demonstrated for instance
that

the

generation

of

functional

nanoparticles into UV-cured resin[2] or the
synthesis of sol-gel hybrid films[3] could be
achieved in a one-step UV-process. These
promising

results

open

fascinating

opportunities in the field of tailor-made
materials.
[1] Tehfe, M., et al., Photopolymerization Reactions: On the Way to a
Green and Sustainable Chemistry. Applied Sciences, 2013. 3(2): p.
490.
2] Nazar, R., et al., In Situ Synthesis of Polymer Embedded Silver
Nanoparticles via Photopolymerization. Macromolecular Materials and
Engineering, 2015. 300(2): p. 226-233.
[3]

Belon,

C.,

et

al.,

Combination

of

Radical

and

Cationic

Photoprocesses for the Single-Step Synthesis of
Organic-Inorganic Hybrid Films. Journal of Polymer Science Part aPolymer Chemistry, 2010. 48(19): p. 4150-4158.

Figure 1: Platform of UV-reactive functions and examples
of SPECIFIC POLYMERS' R&D products
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Bio-based UV-curable monomers
Through the collaboration with Pr. Marco Sangermano from the University of Politechnico di Torino, a new
thematic has been investigated in SP since 2018 dedicated to the development of “green” coatings by combining
the process of photo-polymerization to bio-based monomers. Several bio renewable molecules, from vegetable
oils to molecule with aromatic backbones, were identified and chemically modified with epoxy functions in order
(i) to be involved in cationic photopolymerization and (ii) to tune the epoxy index and thus the mechanical
properties of the materials.

Figure 4: Chemical structures of epoxidized bio-renewable precursors and their related glass transition
temperatures after cationic photo-polymerization

Structure-property relationships were in particular highlighted between the chemical nature, the epoxy content
and the resulting thermo-mechanical properties of the crosslinked materials. A wide range of Tg, from -20°C to
80°C, was then achieved opening different perspectives of application for this new class of materials. Further
work aims to extend the range of thermo-mechanical properties with other bio-based molecules of interest.[7]
[7] Noè, C., et al. Cationic photopolymerization of bio-renewable epoxidized monomers. Progress in Organic Coatings, 2019. 133: p. 131-138.
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Thanks to SPECIFIC POLYMERS’ expertise in organic and polymer chemistry, functional monomers and
polymers can be developed and tuned according to the specific requirements of the customers. Molecular
weight, nature of the backbone, location of the functionality can be varied depending on the targeted properties.

Maleimides – Molecules of interest in photopolymerization
Maleimides are very interesting chemical functions in high performance applications since they provide excellent
thermal stability to the resulting materials and can also be used in self-healing systems.[4]

Figure 2: R&D maleimides products from www.specificpolymers.fr

Thanks to the high electrophilic character of the carbon double bond, they can be polymerized according to a
free-radical mechanism that can be induced either thermally or under UV irradiation. Besides, these products
present the significant advantage to also act as photo-initiator (PI).[5] The presence of residual photo-initiator
into UV-cured materials is indeed a key challenge as they are most of the time toxic and conduct to yellowing.
Maleimides are known to copolymerize without PI with donor monomers such as vinyl ether leading to alternated
copolymers.[6] These systems are very attractive because of the very fast rate of polymerization and the low
sensitivity to oxygen.

Figure 3: Schematic representation of a photo-copolymerization between acceptor-donor monomers

[4] Liu, Y.L. and T.W. Chuo, Self-healing polymers based on thermally reversible Diels-Alder chemistry. Polymer Chemistry, 2013. 4(7): p. 2194-2205.
[5] Dolci, E., et al., Maleimides As a Building Block for the Synthesis of High Performance Polymers. Polymer Reviews, 2016. 56(3): p. 512-556.
[6] Smith, M.A., H.D. Choon, and K.B. Wagener, Bismaleimide Vinyl Ether Matrix Copolymers. Abstracts of Papers of the American Chemical Society, 1988. 195: p.
169-POLY.
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UV-curable formulations for different application areas
Electronics field
In the framework of the European Project PIEZOMAT (FP7), SPECIFIC POLYMERS designed a formulation
specially dedicated to the encapsulation of piezoelectric ZnO nanowires (NWs) for pressure-based fingerprint
sensors. This new architecture of sensor was developed in order to address an increasing need for the highest
reliability in fingerprint identification. A polymeric encapsulating layer with specific mechanical properties was
designed in order to provide simultaneously physical protection to the NWs while enabling their deformation and
thus the generation of electrical charges. Moreover, the polymer was tailored to exhibit appropriate chemical
inertness, water- and oil-repellency to prolong life-time’s sensor. To achieve this aim, meth(acrylate)-based
formulations containing perfluorinated monomers were developed, prepared and deposited as thin layers on the
NWs using spin-coating by following the recommendations derived from numerical simulations.
This

work

was

the

first

experimental proof-of-concept of
an

encapsulated

contacted

bottom-bottom

multi-NWs

pressure-

based sensor which could be
developed for ultra-high-resolution
fingerprint recognition.[8][9]

Figure 5: Schematic representation UV-curable polymer encapsulating
pressure-based finger print sensor

Biomedical field
After a one-year collaboration, CRYOCAPCELL and SPECIFIC
POLYMERS developped a new UV-curable resin for the
embedding

of

biological

living

cells

exhibiting

higher

performances than existing product. CRYOCAPCELL is a
biotechnology company that develops and manufactures new
products for sample preparation in the field of electron
microscopy. They created in 2011 a CryoCapsule, a new tool to the transfer of the biological components via
vitrification by high pressure freezing. The new formulation implemented
vitrification by SP can be photopolymerized at
-40°C and allows preserving fluorescence from the living sample while displaying a high contrast at high
resolution in volume electron microscopy. The product with the reference R221 is now commercially available at
CRYOCAPCELL (www.cryocapcell.com).
By designing tailor-made UV-reactive molecules and tunable formulations, we are able to
bring innovative solutions and help you in your projects. We are thus interested in
collaborations with industrial and academic actors of the photopolymerization field.
[8] Bouvet-Marchand, A., et al., Design of UV-crosslinked polymeric thin layers for encapsulation of piezoelectric ZnO nanowires for pressure-based fingerprint sensors.
Journal of Materials Chemistry C, 2018. 6(3): p. 605-613.
[9] Bouvet-Marchand, A., et al., UV-crosslinked polymeric materials for encapsulation of ZnO nanowires in piezoelectric fingerprint sensors. Procedia Engineering, 2016.
168: p. 1135-1139.
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