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Spin crossover complexes (SCO) are among the most studied molecular switches due to their potential use in displays, 
sensors, actuators and memory components. A prerequisite to using these materials is the understanding of the structural 
changes following the spin transition at out-of-equilibrium conditions. So far, out-of-equilibrium studies in SCO solids have 
been focused on mononuclear complexes, though a growing number of oligonuclear SCO complexes showing cooperative 
effects are being reported. Here, we use time-resolved pink Laue crystallography to study the out-of-equilibrium dynamics 
of a [2x2] tetranuclear metallogrid of the form [FeII4LMe4](BF4)4· 2MeCN ([LMe]  = 4-methyl-3,5-bis{6- -
bipyridyl)}pyrazolate). The out-of-equilibrium spin state switching induced by a ps laser pulse demonstrates that the 
metallogrid exhibits a multi-step response similar to that reported for mononuclear complexes. Contrary to the mononuclear 
complexes, the metallogrid shows two types of elastic distortions at different time scales. The first is a short-range distortion 
that propagates over the entire Fe4 grid complex during the ps time scale, and it is caused by the rearrangement of the 
coordination sphere of the photo-switching ion and the constant feedback between strongly linked metal ions.   The second 
is a long-range distortion caused by the anisotropic expansion of the lattice during the ns time scale, observed in 
mononuclear materials. The structural analysis demonstrates  that the long-range prevails over the short-range distortion,  
inducing the largest  deformation of both the entire grid and the coordination sphere of each metal ion. The present study 
sheds light on the out-of -equilibrium dynamics of a non-cooperative oligonuclear complex. 

Introduction 
Spin crossover (SCO) solids of 3d4-3d7 transition metal 
complexes are an archetype of switchable molecule-based 
materials, able to switch between two states termed high spin 
(HS) and low spin (LS) through the application of external stimuli 
such as temperature, pressure or light irradiation.1 5 This spin 
switch leads to a change in magnetic, mechanical, electrical and 
optical properties accompanied by a structural reorganisation 
from the coordination polyhedron to the macroscopic scale.6,7 
This structure-property relationship is infallible at the heart of 
the SCO research field, and therefore, much effort has been 
devoted to its study at equilibrium and out-of-equilibrium 
conditions. 
The out-of-equilibrium dynamics in solids of mononuclear SCO 
complexes have been studied by a combination of time-
resolved pump-probe optical spectroscopy and X-ray diffraction 

measurements. These studies have demonstrated a multi-step 
response to an fs laser pulse at particular time scales, namely 
photoinduced, elastic and thermal switching, occurring in the 
ps, ns and µs regime, respectively.8 12 The initial step 
corresponds to a local photo-switching from LS to HS via 
intersystem crossing through metal-to-ligand charge transfer 
excitation, which is accompanied by a structural reorganisation 
at the molecular scale. Here, the photo-switched fraction of 
molecules is proportional to the laser excitation density: one 
photon switches one metal centre from the LS to the HS state. 
The second step, known as the elastic step , is associated with 
an additional conversion to the HS state and the volume 
expansion of the lattice at the material scale, which is not 
instantaneous and requires propagation of strain waves13 at the 
speed of sound ( 2000ms-1). Finally, a third increase in the HS 
fraction is triggered on the µs time scale by an increase of the 
average temperature of the crystal due to heat diffusion in what 
is known as the thermal step .14 
In spite of the progress made to understand the fundamental 
mechanisms that drive the switching dynamics of SCO solids, 
most of these studies have been limited to mononuclear 
complexes. The time scales and the structural reorganisation for 
oligomeric complexes in solid state are still unknown. This type 
of complexes is appealing because the strong linking between 
metal centres by rigid ligands can produce an elastic 
communication between them, which can lead to 
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metal ions, as observed by the largest variation of the trigonal 
distortion parameter of Fe(A) and Fe(B) and the significant 
change in the Fe-Fe distances at dt=1ns. This effect could be 
beneficial for other types of grids with multi-stability. Since the 
distortion of the coordination environment of the metal ion 
favours the HS state, the large distortion during the elastic step 
could trigger the transformation of more than one metal ion 
within the grid, i.e. intramolecular cooperativity. However, 
further studies are necessary to understand the effects of the 
elastic distortions in different types of oligonuclear SCO 
complexes. 
Finally, the heating of the lattice by the laser flash, associated 
with an increase of the Debye-Waller factor, is accompanied by 
the thermal population of the HS state, which occurs on the µs 
time scale. Although a variation of BON-OFF has been detected 
since the beginning of the elastic step, the photodifference 
maps and the variation of <Fe(A)-N> suggest that the long-range 
elastic deformation prevails over any temperature change. 
Therefore, it is only in the µs time scale when the temperature 
increase predominates over the distortion, leading to a 
molecular arrangement comparable to that obtained at 
equilibrium conditions. 
It is useful to note that in our previous work31, we observed the 
structural changes in the FE4 grid during the first 5ns after light 
irradiation. The structural response was observed mostly 
through photodifference maps with some support of a rough 
estimation of the structural changes and the variation of the HS 
fraction. The low temperature, 100K, slowed down the thermal 
effects (elastic and thermal step) and helped to preserve the 
photo-switched molecules for up to 2ns after light irradiation, 
compared with the approximately 700ps of this work. However, 
the low number of time points taken and the low repetition per 
time point 
with precision the beginning of the elastic and/or thermal steps. 
Therefore, the method during data collection of the current 
work was set to one crystal per dt with high repetition (5 laser-
ON/OFF). This allows to calculate with greater precision the 
structural changes after laser irradiation and determine the 
three main steps of the out-of-equilibrium process. 
It is also worth noting that the present study has been limited 
to a bi-stable [2x2] metallogrid, whose thermal transition from 
a 2HS-2LS to a 3HS-1LS configuration shows no cooperativity. 
Further investigations are necessary to determine the structural 
dynamics of other oligonuclear complexes with different 
geometries and that show multi-stability and cooperativity. A 
detailed analysis of the out-of-equilibrium dynamics of more 
complex SCO compounds, especially during the first two steps, 
would provide the key factors to design new SCO materials with 
tailored properties. 

Conclusions 
A prerequisite to successfully use materials with bi- or multi-
stability is our understanding of the physical mechanism 
involved in the transformation induced by a short laser pulse. 
Therefore, out-of-equilibrium studies on solids have been 
performed for different FeII and FeIII SCO complexes.8 12 

However, such studies have been limited to mononuclear 
complexes, despite the recent progress in the synthesis of 
several polymetallic and oligomeric SCO complexes. In this 
paper, we present the out-of-equilibrium dynamics of a [2x2] 
metallogrid triggered by a ps laser flash. The dynamics of the 
FE4 grid follow the same sequence observed for the 
mononuclear complexes, described by three consecutive steps 
(i.e. photoinduced, elastic and thermal steps) at characteristic 
time-scales (ps, ns, and µs, respectively). Contrary to the 
mononuclear materials, two types of elastic distortions take 
place at different steps of the process. During the photoinduced 
step, a short-range distortion appears from the continuous 
molecular rearrangement of the grid triggered by 
photo-switching of only one metal ion. The second is a long-
range distortion, which corresponds to the anisotropic 
deformation of the lattice taking place during the elastic step. 
This distortion prevails over the first one, and it induces the 
largest change in the coordination environment of all metal 
ions. Although the results of this work reveal the structural 
dynamics of an oligonuclear FeII SCO complex, further research 
is needed to understand the effects of strongly linked metal ions 
in out-of-equilibrium processes, in particular, during the first 
two steps. The understanding of these effects is a key feature 
to establish the foundation of how to control the properties of 
SCO materials with bi- and multi-stability. 
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