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Photomechanical response and modeling of smart texDle ﬁbers
Context
An organic photochrom is a molecule that reversibly changes its absorp5on spectra under illumina5on. Beyond the change of
color (photochromic sunglasses is a well-known example from general public), photochromic materials can be used for their
photomechanical eﬀects, especially on tex5le ﬁbers: a photochromic ﬁber changing its shape during the change of color [1]
under visible irradia5on is illustrated in ﬁgure 1; reversibility is achieved through visible irradia5on.

Figure 1 (left) Photochromic fiber actuated by UV/Visible light. (right) Photochromism of diarylethene based on reversion /
electrocylization between the closed Form (CF) and the open form (OF).

Project descripDon
The aim of the PhD thesis is to study the photomechanical response of smart tex5le ﬁbers coated with a blend of an
elastomer and the photosensi5ve diarylethene.
An experimental part will consist in measuring the deﬂec5on of the smart ﬁber submiMed to light irradia5on (UV or visible)
and to extract the eﬀect of the ﬁber contents (volume frac5ons of each component) and of the irradia5on intensity and 5me
exposure.
In parallel a cons5tu5ve mechanical model must be build to describe the light-induced deforma5on mechanism. The
mechanical model must be able to describe the eﬀects of irradia5on 5me for a given intensity on the global mechanical response
of the material. This could be done by introducing an addi5onal phase which appears and vanishes depending on the irradia5on
(UV or visible). Indeed, the chain mobility associated to the relaxa5on processes and the modiﬁca5ons induced by irradia5on will
be also involved in the modeling. The network parameters of this supplementary phase as well as its volume frac5on must be
linked to the photochemical process parameters (5me of irradia5on, intensity…). Accoun5ng for the gradient of these quan55es
in the thickness is also scheduled. The macroscopic network stress-strain behaviour could be expressed by using the Boyce 1
(1998) eight-chain model of rubber elas5city. The photomechanical coupling will be integrated by re-examining and adap5ng the
work of Long et al 2 (2009). The scale transi5on from micromechanism (photo-switch) to macroscopic light induced deforma5on
can be envisioned based upon the work of Yun et al 3. The parameters of the model will be iden5ﬁed using the experimental
measurements. Finally, the cons5tu5ve model will be implemented in a Finite element so[ware and some primary simula5ons
are expected.
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Keywords. Photomechanics, Finite strain, cons5tu5ve model, Finite element
Applicant: Master degree with a good exper5se in mechanics of materials. The applicant will have to develop both experimental
and modeling aspects. Therfore, the applicant must be mo5vated showing a deep interest on these 2 aspects. Basic knowledge
of polymer physics (or organic chemistery) would be a bonus.
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