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Electron crystallography to explore solid state transformations triggered by electric field. 

State of the art  

Currently, electron crystallography represents the cutting edge of structural analysis of solid state phases 

https://www.nature.com/articles/nmat4890. The electron crystallography can be exploited for the structural 

characterization of crystalline and nanocrystalline phases encompassing minerals, inorganic compounds, 

multifunctional materials, drugs, organic molecules, proteins. Besides x-ray or neutron sources, the electrons 

provide a powerful tool to perform diffraction experiments to investigate nanomaterials and to solve crystal 

structures in case of 'extreme' crystallographic problems (lacking of crystals, nanomaterials, solid state phase 

transitions). The technique is based on the use of transmission electron microscope (TEM) suitably equipped 

for the collection of 3D diffraction patterns. In the PhD project electron crystallography will be applied to 

study materials with unconventional electric properties. Multiferroics represent a promising class of 

materials featured by the coexistence of degree of orders governing magnetic, electric and strain properties 

https://www.nature.com/articles/nature05023 . The growing interest manifested in last years is originated 

by the promising opportunity to induce electric/magnetic response by external magneto/electric impulse via 

reciprocal coupling of ferroic states (ferromagnetic/ferroelectric). Nevertheless, the research of such 

intriguing class of materials have demonstrated very recently that a series of new phenomena, mainly related 

to solid state transitions, can be triggered by the application of electric fields. The conventional route to 

induce phase transitions is related to temperature changes. Current research works ( 

https://journals.aps.org/prb/abstract/10.1103/PhysRevB.96.054116 ) have demonstrated that determined 

solid state phases related to the crystalline symmetry of the system could undergoes transformations under 

unconventional activation effects. Synthesis of new materials could be obtained by the application of external 

uniaxial compression, mechanical stress, magnetic fields and electric static of alternate fields. The PhD 

doctorate will explore the field of mixed oxides mainly known for multiferroic properties with the aim to 

grasp solid state phases stabilized by electric field. 

PhD project 

The complex nature of such kind of phases requires the adoption of unconventional technique to fully 

determines the crystal structure of the investigated compounds. Tiny changes of the crystal structures 

determining alterations of electric (or magnetic) properties could represent the key to understand the 

chemical mechanism governing the electric filed induced transitions. Electron diffraction can provide 

unexpected insights in defining the correlation between crystal structure and properties. The PhD project is 

related to application of electron crystallography for the study of multifunctional materials with 

unconventional electric properties. The starting materials are oxides with perovskite-like structure (CaTiO3) 

likely Pb2MnWO6 [F. Orlandi et al. Inorganic chemistry (2014) 53, 10283-10290]. Experimental sessions of 

electric polarization will be undertaken at Department of Mathematical Physical and Computer Sciences of 

University of Parma and at CNR-IMEM institute of Parma. 

The research work will be developed at Center for Nanotechnology Innovation IIt at Pisa ( http://cni.iit.it/)  

under the supervision of Dr. Mauro Gemmi ( https://www.iit.it/research/lines/electron-crystallography ) and 

of Prof. Lara Righi. The first part of the work is dedicated to the training in using a TEM (Transmission Electron 

Microscopy) expressly designed for the solution of crystal structures with 3D electron data. Nevertheless, 

some period will be spent at Department of SCVSA of the University of Parma with the supervision of Prof. 

Lara Righi ( http://scvsa.unipr.it/en ) for the sessions dedicated to the synthesis and preparation of the 

material with conventional solid state synthesis (heat treatments, sol-gel). A period of 5 or 6 months will be 

spent abroad in research institutes involved in established collaborations with Mauro Gemmi. Eventually for 
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a  complete characterization of the materials, experimental sessions of neutron diffraction experiments (2-4 

days of measurements) at ISIS Facility (Didcot-UK) https://www.isis.stfc.ac.uk/Pages/Wish.aspx will be 

undertaken  in collaboration with Dr. Fabio Orlandi https://www.isis.stfc.ac.uk/Pages/Dr-Fabio-Orlandi.aspx.   

Further information: lara.righi@unipr.it   
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