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Topic: Incorporation of Spin CrossOver compounds into film-based molecular electronics devices 

Bistable molecules presenting two electronic states are promising systems for new functional materials. 

Recent reviews have summarized developments and potential devices applications when considering the change 

in conductivity or dielectric constants[1] of such compounds, at bulk level or at the nanoscale.[2] Switchable 

properties are clearly of interest in the context of molecular electronics, where molecules are either introduced or 

used as components in electronics systems in order to confer novel properties respective to classical solid-state 

electronics.[3] In this context, spin crossover materials (SCO) are an attractive class of switchable materials since 

they can commute between two states under external stimuli such as T, P, h, B, E,.... 

Studies have focused more lately on the effects of the nanostructuration of SCO materials: we evidenced 

ourselves some years ago that nanoparticles displayed interesting photoconduction properties,[4] while other 

groups evidenced electron-induced commutation by Scanning Tunneling Microscopy (STM) in ultrathin films.[5] 

Such advances are promising steps towards spin crossover-based molecular transistors,[6] in the light of interesting 

concepts put forward recently in the spintronics field. First a theoretical study proposed manipulating the spin 

amplitude thanks to SCO rather than spin orientation.[7] Examples of manipulation of spin through SCO are so far 

quite rare,[8,9] and further developments have been limited by the experimental setups available. The possibility of 

inducing SCO by an applied electric field in either the ground state or the excited state, that is voltage control of 

the magnetic state, could facilitate the fabrication of nonvolatile memory elements, as we have recently started 

demonstrating.[9] The second concept is the possibility of using chiral molecules in order to polarize spins: 

experiments evidenced such a spin polarization induced by organic chiral layers on top of magnetic[10] or 

diamagnetic Au or Si surfaces[11]. 

Nevertheless, ultimately understanding how nanostructuration of SCO compounds influences their 

behaviour with temperature, light, or electric fields, and induces changes in physical properties (optical, structural, 

electronic), is a mandatory prerequisite for the use of such materials for advanced electronic devices. In our group, 

we have undertaken these last 15 years the development of synthetic methods for obtaining nanoparticles, initially 

only by micellar synthesis and now also through microfluidic methods, and performed extensive comparative 

studies of their physical properties. More recently we have started working in parallel at the preparation of thin 

and ultrathin films, by “dry” and “wet” techniques. On one hand, “dry” methods such as sublimation under 

Ultra-High Vacuum (UHV), with its stringent conditions on the starting molecular compounds, allow the 

preparation of ultraclean nanoscale structures, easily integrated with standard electronics fabrication processes, 

and amenable to very sensitive X-ray based spectroscopic techniques (XPS/UPS/IPES, XANES). On the other 

hand, cheap and easily accessible “wet” methods such as spin-coating, allow quick preparation of numerous 
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samples, together with the use of more varied compounds, e.g. ionic ones. They are also fundamental in the 

preparation of composite structures, allowing for example the preparation of films made from a functional polymer 

with active SCO fillers, dispersed as nanoparticles within the polymer before coating. 

In this context, this PhD proposal aims to explore the incorporation of SCO compounds into simple devices 

based on films prepared either by spin-coating or by sublimation, where the SCO compounds will assume the role 

of either functional coatings on non-innocent substrates such as ferroelectric thin films and supraconducting 

surfaces, or active fillers inside functional polymers. In particular, chiral derivatives are of particular interest, since 

they can show interesting optical properties such as second-harmonic or sum-frequency generation,[12] 

piezoelectricity/ferroelectricity. We aim to investigate the use of some of those compounds, either directly as thin 

films or in composites. Thin films will allow to investigate transport properties and the effect of chirality in the 

molecular layer on spin polarization in transport and/or photoemission measurements in the absence of magnetic 

substrates. In composite systems, we want to check whether there can be a synergistic interaction between the 

switching properties of non-centrosymmetric compounds and polymers, in particular piezoactive ones. 

Overall, the PhD candidate will need good synthetic skills, in order to interact with the chemists of the group 

who will help and guide in the preparation of the investigated compounds. The candidate will also need to have a 

strong interest in microfabrication and physical characterization. More particularly, physical (electrical, magnetic 

and mechanical) properties and chemical interactions of films with under/overlaying conducting layers, using in 

particular light- and X-ray transparent graphene sheets, and with polymer matrices, will be scrutinized. 

The broad ambitious objectives of the overall project are 1) mastering the fabrication of thin films made of 

SCO compounds; 2) further the understanding of the use of non-innocent substrates, conducting, ferroelectric, and 

especially supraconducting, and the potential influence on SCO; 3) the influence of overlaying layers (buffers, 

conducting electrodes); 4) the effect of a voltage bias (substrate polarization, electrostriction effects,…); 5) the 

effect of chirality in the molecular layer, on optical or on transport and/or photoemission properties; 6) effective 

inclusion of SCO compounds in a polymer matrix (transparent or functional); 7) understanding the interaction of 

the SCO compounds with the polymer matrix and maximizing/optimizing its effects. Objectives of the PhD 

subject will be restricted to a small subset upon selection and discussion with the candidate. Potential candidates 

must get in contact via email before the end of May. 
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