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Activity Report

I am a relatively young Romanian senior researcher (47 years old). After finishing my doctoral and
postdoctoral studies in France and Switzerland, | returned in Romania, where | worked in the last 15

years, with relevant experience as invited researcher abroad.

My scientific activity was devoted mainly to switching properties of spin crossover compounds.
However, most part of my researches surpasses the frame of spin transition field, considering the general
description of these materials as two levels switchable systems. The outstanding results of his

fundamental research (https://www.webofscience.com/wos/author/record/B-4903-2008) reflect both in

theoretical (modelling and simulation) as well as in experimental studies of spin crossover systems.

My main theoretical achievements concern the elaboration of an original model for the study of
phenomena in spin crossover compounds — now known in literature as the “mechanoelastic model” —
which is an original combination of various techniques based on Molecular Dynamic and Monte Carlo
methods and which allows complex studies at both microscopic and macroscopic levels, being able to
describe systems up to several billions of molecules. The mechanoelastic model largely improved the
previous used Ising-like models by taking into account the distortions which appear in real materials
due to the molecular volume change during the transition and introducing of a real dynamic of the
molecules, thus allowing the propagation of elastic waves. This model surpasses the limitations of both
mean-field and Ising models and is able to reproduce various experimental features of the spin crossover
complexes: relaxations (either very steep, associated with avalanche and growth phenomena,
cooperative relaxation or monoexponential relaxation), photoexcitation, thermal hysteresis, pressure
hysteresis, or the role of dopants during the transition. By applying it to open boundaries systems, we
were able to predict the clustering and domain formation, which are always starting from edge or
corners, as it was experimentally observed. We have to stress here that the mechanoelastic model not
only explained known data but also have shown a significant prediction ability for the behaviour of

clusters in spin transition compounds. An improved version of the model was devoted to applications
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to specific phenomena in spin crossover materials, opening a series of collaboration with chemists and

material scientists, with 2-3 papers in high impact factor journals in every year.

Main experimental studies One significant experimental tool | have developed represents the use of
the FORC (First Order Reversal Curves) diagram method to the study hysteretic properties of spin-like
domains ensembles and to the discovery and analysis of nonlinear effects during the metastable state
relaxation and photoexcitation. By using the FORC method, and the common distribution formalism
for the thermal, light induced and pressure hysteresis in spin crossover materials, | have shown that the
phenomena that influence the photoexcitation and relaxation processes, mainly the existence of a
threshold intensity, are directly correlated to the interaction forces inside the spin crossover solid. Using
this method for spin crossover micro and nano particles embedded in surfactants, we have uncovered a
new type of hysteresis, of mechanical origin, which appears at the nanometric scale of the sample. In
other studies, | have also focused on the competition between photoexcitation and relaxation, and
between photoexcitation and photo-deexcitation. Together with my collaborators, | have systemized
and extended these experiments in several ways: (i) by thoroughly recording the answer of the system
as a function of time, starting from various initial states, (ii) by varying light intensities for bulk systems
and for microparticulate systems. Beyond the spin crossover research area, | published several papers
in other related domains, like the study of ferromagnetic hysteresis, the application of Monte Carlo

methods for the study of ferroelectric materials or the theoretical study of FORC distributions .

Considering the number of papers published in the “spin crossover topic” | am classified among the
first 20 researchers in the world working in spin transition field, (source: Web of Science Core
Collection, topics ”spin crossover” or ”spin transition”, all time). In addition, | have co-authored more

than 1% of all time ISI papers in this topic in the world.

02.02.2024 Cristian Enachescu
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