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Allosteric Regula/on of Photocatalysis by Molecular Tweezers 
Context 
Allosteric regula.on is a mechanism widely exploited by natural systems to control enzyma.c ac.vity. In 
response to the binding of an effector a conforma.onal change modulates the ac.vity of the ac.ve site. In 
photosynthe.c assemblies, such regula.on is exploited to control the efficiency of energy in order to 
maintaining efficient yet balanced energy flow and redox homeostasis in the cell. Achieving such effect in 
ar.ficial photocataly.c system would pave the way toward adap.ve photosynthe.c assemblies. In par.cular, 
in the context of sustainable energy produc.on, the sunlight-driven Hydrogen Evolu.on Reac.on (HER) is a 
promising strategy to address global reliance on fossil fuels. HER usually relies on photoinduced electron 
transfer from a photosensi.zer (PS) to a cataly.c center where proton reduc.on occurs. Efficient opera.on 
requires rapid and direc.onal charge separa.on, as well as robust, connected assemblies to ensure stability 
and performance. Allosterically regula.ng HER would thus provide an innova.ve level of control for on 
demand produc.on and could significantly enhance long-term cataly.c stability.  
Ar.ficial molecular machines offer a promising strategy to meet this challenge by their ability to display 
precise mechanical mo.on in response to external s.muli.[1] Among them, switchable molecular tweezers[2] 
presents reversible transi.ons between open and closed conforma.ons resul.ng in a large amplitude 
differences in distance and orienta.on between appended func.onal units. Such structural modula.on is 
ideally suited for controlling through space energy and electron-transfer processes. Therefore, exploi.ng the 
mechanical mo.on of molecular machines to regulate photocataly.c ac.vity represents an aLrac.ve 
approach, as this type of adap.ve system remains largely unexplored. 

Objec,ves 
The objec.ve of this doctoral project is to 
modulate the photocataly.c ac.vity of 
hydrogen produc.on by exploi.ng the 
mechanical mo.on of dissymmetric 
tweezers ac.ng as switchable cataly.c 
center (figure, leN). By combining the 
complementary exper.se of the two 
groups (G. Vives, IPCM, Sorbonne 
Université and G. Hanan, U. de Montréal) 
in supramolecular chemistry, molecular 
machines and photoac.ve metal 
complexes two complementary 
approaches are envisioned. We expect to control HER by (i) modula.ng the efficiency of the intramolecular 
electron transfer from the photosensi.zer to the cataly.c center depending on the open or closed form, or 
(ii) by directly modula.ng the ac.vity of the cataly.c center using an appended proton relay group to enhance 
the hydrogen produc.on ac.vity when it is brought in close proximity.  
As preliminary results, the group of Dr. Vives at Sorbonne University has developed a family of coordina.on-
responsive switchable molecular tweezers based on a terpyridine (terpy) unit connected to two arms bearing 
Metal-Salen func.onal units. By coordina.on of metallic ca.on to the terpy, the tweezers can switch from an 
open form to a closed form, thereby bringing the two func.onal units closer together. The reversibility of the 
mo.on is achieved by adding a compe.ng ligand that causes decoordina.on of the ca.on and reopening of 
the tweezers. This controlled and significant change in distance between the two func.onal units has been 
successfully used to modulate luminescent, magne.c, redox, or cataly.c proper.es.[3] 
Prof. Hanan’s team at the University of Montreal has strong exper.se in the design and use of photoac.ve 
metal complexes in photocatalysis. They have produced stable photocataly.c systems that produce hydrogen 
for weeks of photoirradia.on by controlling the energy of the metal and ligand molecular orbitals.[4a] They 
exploited the chelate effect to further stabilize their systems, outproducing the HER by the classic [Ru(bipy)₃]2+ 
photosensi.zer.[4b] Incorpora.on of their novel ligands into the supramolecular tweezers will produce 
hydrogen on demand with fine allosteric control. 



Scien,fic approach 
The first task will be devoted to the synthesis and study of tweezers func.onalized by a photosensi.zed unit 
and a catalyst center, one on each arm. Bis(terpyridine) ruthenium complexes developed by Prof. Hanan’s 
group will be selected as photosensi.zers as they enable red-light ac.va.on and exhibit enhanced 
photostability compared to classical [Ru(bipy)₃]2+-type complexes. In addi.on, their rela.vely short excited-
state life.me (~5 ns) will allow an efficient modula.on of the efficiency of intramolecular electron-transfer 
between the open and closed conforma.ons by limi.ng compe.ng intermolecular processes. The cataly.c 
hydrogen-produc.on center will be based on cobalt systems such as Co(II)-porphyrin or Co(II)-salphen 
complexes reported in the literature. The synthesis of the tweezers will 
follow a modular strategy based on cross-coupling reac.ons developed 
by Partner 1. The switching studies will be performed in Paris by 
.tra.ons with ZnCl2 monitored by NMR and/or UV-Vis spectroscopies. 
Detailed photophysical characteriza.on of the tweezers, as well as the 
evalua.on of their photocataly.c hydrogen-evolu.on ac.vity in both 
forms, will be carried out in Montréal, where Prof. Hanan’s laboratory is 
fully equipped for these studies. 
The second task will be focused on tweezers bearing a cobalt-based 
cataly.c center on one arm and a proton relay moiety on the other. 
Since the proximity of a proton relay moiety such as amine has been 
reported to significantly enhance the hydrogen produc.on rate,[5] we 
expect to modulate the tweezers ac.vity between a low-ac.vity state in 
the open conforma.on and a high-ac.vity state in the closed 
conforma.on, where the relay site is posi.oned close to the cobalt 
center. In this case, a long-lived photosensi.zer such as [Ru(bipy)₃]2+ will 
be used to ac.vate the cataly.c tweezers through an intermolecular electron transfer. Alterna.vely, Ru(II) or 
Re(I) could be employed as the closing ca.on, enabling them to serve simultaneously as intramolecular 
photosensi.zers once coordinated to the terpyridine unit. This design would provide a synergis.c effect in 
which mechanical switching directly controls both catalyst-relay proximity and photoac.va.on efficiency. 
Finally, the versa.lity of this pladorm should allow us to extend the concept to other photoredox 
transforma.ons, including the photocataly.c reduc.on of CO₂. 
This proposal is ambitious but the key risk, that the tweezers could not be obtained is minimized by Partner 
1 expertise and preliminary results on an efficient synthesis of dissymmetrical tweezers based on a Iodo-
Bromo terpyridine moiety. To avoid any potential redox interference between the terpy swiching unit and 
the photocatalytic center, the terpy redox potential can be easily tuned through its functionalization and the 
choice of closing cation. The risks are also further reduced by the expertise and complementarity of the 
partnership. 
Combining the exper.se of Partner 2 in the design and use of photoac.ve metal complexes in photocatalysis 
with the switchable molecular system developed by Partner 1 holds great poten.al for the development of 
smart photocatalysts. Both partners have recently started a collabora.on with the co-supervision of a shared 
M1 internship between Paris and Montreal with promising results that provide the basis for this proposal. In 
addi.on, they are part of a MITACS-Canada project allowing short-term student exchange that could be 
beneficial for this project. Thus, funding a joint PhD would further solidify this collabora.on and the PhD 
student will greatly benefit from the variety of exper.se offered by both groups.  
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