
HAL Id: hal-00612401
https://hal.science/hal-00612401

Submitted on 29 Jul 2011

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Temperature and pressure effects on the spin state of
ferric ions in the [Fe(sal-trien)][Ni(dmit)] spin crossover

complex
P.A. Petra Á. Szilágyi, Stéphane Dorbes, Gábor Molnár, J.A. José Antonio

Real, Z. Zoltán Homonnay, C. Faulmann, Azzedine Bousseksou

To cite this version:
P.A. Petra Á. Szilágyi, Stéphane Dorbes, Gábor Molnár, J.A. José Antonio Real, Z. Zoltán Homonnay,
et al.. Temperature and pressure effects on the spin state of ferric ions in the [Fe(sal-trien)][Ni(dmit)]
spin crossover complex. Journal of Physics and Chemistry of Solids, 2010, 69 (11), pp.2681.
�10.1016/j.jpcs.2008.06.106�. �hal-00612401�

https://hal.science/hal-00612401
https://hal.archives-ouvertes.fr


www.elsevier.com/locate/jpcs

Author’s Accepted Manuscript

Temperature and pressure effects on the spin state
of ferric ions in the [Fe(sal2-trien)][Ni(dmit)2] spin
crossover complex

Petra Á. Szilágyi, Stéphane Dorbes, Gábor Molnár,
José Antonio Real, Zoltán Homonnay, Christophe
Faulmann, Azzedine Bousseksou

PII: S0022-3697(08)00336-3
DOI: doi:10.1016/j.jpcs.2008.06.106
Reference: PCS 5639

To appear in: Journal of Physics and
Chemistry of Solids

Received date: 13 September 2007
Revised date: 11 April 2008
Accepted date: 18 June 2008

Cite this article as: Petra Á. Szilágyi, Stéphane Dorbes, Gábor Molnár, José Anto-
nio Real, Zoltán Homonnay, Christophe Faulmann and Azzedine Bousseksou, Tem-
perature and pressure effects on the spin state of ferric ions in the [Fe(sal2-
trien)][Ni(dmit)2] spin crossover complex, Journal of Physics and Chemistry of Solids
(2008), doi:10.1016/j.jpcs.2008.06.106

This is a PDF file of an unedited manuscript that has been accepted for publication. As
a service to our customers we are providing this early version of the manuscript. The
manuscript will undergo copyediting, typesetting, and review of the resulting galley proof
before it is published in its final citable form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply
to the journal pertain.

http://www.elsevier.com/locate/jpcs
http://dx.doi.org/10.1016/j.jpcs.2008.06.106


Acc
ep

te
d m

an
usc

rip
t 

 

 

 

 

 

 

 

 

 
1 
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Abstract. Thermal and pressure effects have been investigated on the [Fe(sal2-trien)][Ni(dmit)2] spin crossover 
complex by means of Mössbauer spectroscopic, calorimetric, X-ray diffraction and magnetic susceptibility 
measurements. The complex displays a complete thermal spin transition between the S=5/2 and S=1/2 spin states 
of FeIII near 245 K with a hysteresis loop of ca. 30 K. This transition is characterised by a change of the 
enthalpy, ∆HHL=7 kJ/mol, entropy, ∆SHL=29 J/Kmol and the unit cell volume, ∆VHL=15.4 Å3. Under hydrostatic 
pressures up to 5.7 kbar the thermal transition shifts to higher temperatures by ca. 16 K/kbar. Interestingly, at a 
low applied pressure of 500 bar the hysteresis loop becomes wider (ca. 61 K) and the transition is blocked at 
~50% upon cooling indicating a possible (irreversible) structural phase transition under pressure. 

Keywords: A. Inorganic compounds; B. High pressure; C. Magnetic properties; D. Phase transitions 
 

1. Introduction 

Spin-crossover (SC) complexes of transition metal ions (3d4-3d7) have attracted much 
attention from the fundamental point of view [1-4]. These complexes represent one of the best 
examples of molecular bistability. They may be switched between their low spin (LS) and 
high spin (HS) electronic configurations, leading to important changes in their magnetic, 
dielectric and optical properties. This switching may be induced by varying the temperature, 
the pressure, the magnetic field and by light irradiation [5].  

Although for both ferrous and ferric ions the change in the total spin in octahedral SC 
complexes is ∆S=2, the actual change in metal-ligand bond-length (for a given donor-atom 
set) accompanying the spin-state change is less for the latter than for the former. This is the 
origin of the increased rate of inter-conversion of the 2T2 and 6A1 electronic configurations for 
iron(III), which has a consequence that the LIESST effect (light-induced excited spin-state 
trapping) is rarely observed for ferric compounds even at very low temperatures, in contrast to 
its ubiquitous occurrence for ferrous systems [6,7]. Some of the rare examples are reported in 
references [8,9]. For the same reason, Mössbauer spectra of ferric SC compounds display 
frequently relaxation lineshapes [2]. It is also often assumed in the literature that the smaller 
bond-length changes may explain that the occurrence of thermal hysteresis is rather rare for 
ferric complexes. Indeed, the great majority of them does not display first-order spin 
transition, but only a gradual spin conversion [7]. 

Electrical conductivity is a fundamental property of materials, which has been investigated in 
the domain of molecular science [10]. Compounds of type (NR4)[M(dmit)2]x (x>1), with non-
integral oxidation state, display interesting electron transport features. Combining SC and 
electrical conductivity was the aim of Dorbes et al. [11] when they first synthesised the 1:1 
complex [Fe(sal2-trien)][Ni(dmit)2], precursor of the fractional oxidation state complex  
[Fe(sal2-trien)][Ni(dmit)2]3 [12]. Analogously, similar properties have been studied on the 
salts of the [Fe(qsal)2]+ and Fe(R-salEen)]+ complex cations as well [13-19]. 
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Since the [Ni(dmit)2]n– anion is redox active [20] and the [Fe(sal2-trien)]+ cation is a well-
known SC compound [21] and displays a redox stability, combination of these ions appeared 
as a promising way to study the eventual coupling and synergy of these molecular features in 
one compound. The resultant 1:1 compound is built up of slabs of [Fe(sal2-trien)]+ cations and 
layers of [Ni(dmit)2]– anions [11], which alternate along the c-axis and spread out onto the ab 
plane. In the HS state, the SC sites are constituted of severely distorted octahedral [FeN4O2] 
centres, whereas in the LS state, the coordination octahedron is much more regular (Figure 1). 
This complex exhibits a first-order thermal phase transition with a large thermal hysteresis 
loop of the magnetic susceptibility, around 245 K (T½↓=228 K and T½↑=258 K) (Figure 2).  

It should be noted here that polymorphism has been observed since the first preparations of 
the triclinic [Fe(sal2-trien)][Ni(dmit)2] phase: a monoclinic phase, which remains HS 
whatever the temperature, is now systematically obtained. Up to now, attempts to synthesise 
again the triclinic phase, which appeared - by the way - stable for at least one year in ambient 
storage conditions, have failed despite the numerous syntheses. Such a disappearance of 
polymorphs is not a unique case, as reflected by the literature [22-25]. 

The aim of the present work was to complete the first observations of Dorbes et al. [11] by 
investigating in more details the effects of temperature and pressure on the spin state and 
associated properties of the triclinic [Fe(sal2-trien)][Ni(dmit)2] complex, which is one of the 
rare FeIII complexes displaying thermal spin transition with hysteresis. This first-order 
transition occurs without a change of the space group of the crystal (P ), creating thus an 
interesting scope for the comparison of experimental observations, especially pressure effects, 
with theoretical predictions [26]. 
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Figure 1. Structure of the coordination octahedron 
of FeIII ions in the [Fe(sal2-trien)][Ni(dmit)2] 
complex, in the HS ((S=5/2) left) and LS ((S=1/2) 
right) states [11]. 

Figure  2.  Magnetic  susceptibility  data  for 
the [Fe(sal2-trien)][Ni(dmit)2] complex 
displaying a thermal hysteresis loop [11]. 

 
2. Experimental 

Mössbauer measurements were carried out in a flow-type liquid nitrogen cryostat using a 
conventional constant acceleration type Mössbauer spectrometer. γ-rays were provided by a 
57Co(Rh) source (15 mCi). The spectrum evaluations were done with the assumption of 
Lorentzian line shapes using the MossWinn3.0 software [27]. All isomer shifts are given 
relative to α-Fe at room temperature.  



Acc
ep

te
d m

an
usc

rip
t 

 

 

 

 

 

 

 

 

 
3 

 

Differential Scanning Calorimetry (DSC) analysis was carried out in a NETZSCH DSC 204 
instrument, under He purging gas (20 cm3/min) at a 10 K/min scanning rate, in both, heating 
and cooling modes. Temperature and enthalpy (∆H) were calibrated by using melting 
transition of standard materials (Hg, In, Sn).  
Crystallographic unit cell parameters have been collected between 150 and 290 K in the 
heating and cooling modes by steps of 20 K using an Xcalibur (Oxford Instruments) X-ray 
diffractometer equipped with an Oxford Cryosystems cooler device (Cryojet). Unit cell 
parameters for every temperature were determined by using the CrysAlis CCD softwares [28]. 
Magnetic susceptibility measurements at high pressures were carried out in a magnetic field of 
2 T using a clamp-type, hardened beryllium bronze (CuBe) cell. Hydrostatic conditions are 
obtained by mixing the powder samples with a pressure transmitting mineral oil. Details of 
the pressure cell have been given in ref. [29]. 
 

3. Results and Discussion 

Mössbauer spectra at selected temperatures are displayed in Figure 3. Spectrum parameters 
and errors for all spectra recorded are listed in Table 1. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
Figure 3. Mössbauer spectra of the [Fe(sal2-trien)][Ni(dmit)2] complex at selected temperatures. 
 
The hyperfine parameters of both doublets correspond well to the typical parameters of ferric 
HS (S=5/2, δ250K=0.382(3) mm/s, ∆250K=0.565(4) mm/s) and LS (S=1/2, δ80K=0.182(1) mm/s, 
∆80K=2.742(3) mm/s) complexes. Especially the high quadrupole splitting for the LS form is 
very characteristic [30]. The fact that only one component appears in the spectra recorded at 
80 K and 250 K proves the occurrence of a complete spin transition in the system in both 
ways. This finding is in agreement with the magnetic susceptibility data (χMT250K= 4.84 
cm3Kmol-1 and χMT80K= 0.66 cm3Kmol-1), but only the Mössbauer spectra can prove the 
completeness of the transition unambiguously, especially in the presence of other 
paramagnetic species. The inter-conversion of the spin states in many instances is so rapid for 
ferric complexes that the separate contributions to the 57Fe Mössbauer spectra are not 
resolved. This is not the case for the [Fe(sal2-trien)][Ni(dmit)2] complex, where no line 
broadening due to relaxation effects is displayed in the spectra. (The small, temperature-
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independent asymmetry of the HS and the LS doublets is a typical signature of a texture effect 
in the system.) One should note also that the coexistence of both doublets (HS and LS) is 
clearly observed in the spectrum at 230 K, i.e. in the descending branch of the thermal 
hysteresis loop. 
 
Table 1. Hyperfine parameters (and their statistical errors) for the [Fe(sal2-trien)][Ni(dmit)2] complex 
at various temperatures and spin states. N/Ntot, δ and ∆ signify the relative amount of the subspectra, 
the isomer shift and the quadrupole splitting, respectively. 

HS LS T (K) 
N/Ntot (%) δ (mm/s) ∆ (mm/s) N/Ntot (%) δ (mm/s) ∆ (mm/s)

250 100 0.382(3) 0.565(4) - - - 
230 73.5 0.407(2) 0.564(4) 26.5 0.121(5) 2.70(1)
200 - - - 100 0.148(2) 2.721(4)
160 - - - 100 0.157(1) 2.732(2)
140 - - - 100 0.165(2) 2.723(4)
120 - - - 100 0.175 (1) 2. 73(2)

C
oo

lin
g 

80 - - - 100 0.182(1) 2.742(3)
250 18.7 0.37(4) 0.64(5) 81.3 0.128(2) 2.705(4)
260 24.0 0.38* 0.59* 76.0 0.124(2) 2.716(5)
275 83.7 0.383(2) 0.553(4) 16.3 0.11* 2.65(4)
290 100 0.365(3) 0.548(6) - - - 
300 100 0.351(4) 0.544(6) - - - H

ea
tin

g 

310 100 0.354(5) 0.540(7) - - - 
*These parameters were fixed during the fit. 

 
The HS ferric cation has a t2g

3eg
2 (6S) electronic ground state and a spherical symmetry. Any 

electric field gradient (EFG) could arise solely from charges external to the central atom. It is 
unlikely that there would be any low-lying excited levels, thus no significant change in the 
quadrupole splitting is expected. The situation, however, is somewhat more complex for LS 
Fe3+ systems and usually considerable temperature dependence may be observed. The t2g

5 (2T) 
state corresponds to a single electron hole in an otherwise cubic triplet level. In complexes 
with lower symmetry than cubic, further degeneracy is removed, thereby producing a non-
zero EFG and quadrupole splitting consequently. Thermal population of the low-lying excited 
states then causes a variation in the electron configuration with temperature, and since the 
distinct 3d orbitals have different contributions to the electric field gradients, there is usually a 
strong temperature dependence of the quadrupole splitting [30]. Therefore it is noteworthy 
that the quadrupole splitting values for the LS state display practically no temperature 
dependence between 230 K and 80 K. This phenomenon may be due to the electronic ground 
state being well isolated. 

 
As the SC phenomena involve a transfer of electrons between the antibonding eg and non-
bonding t2g orbitals, the metal-to-ligand bond distances increase remarkably when going from 
the LS to the HS state. This results in a drastic change in the density of vibrational states, 
mainly in the metal-ligand skeletal vibrational modes. This leads, of course, to significantly 
higher vibrational entropy in the HS state [31]. The entropy change accompanying the SC can 
be represented as the sum of electronic, configurational and motional, i.e. vibrational, 
rotational and translational terms. The two latter can be neglected in solid state, so can be the 
configurational term in the absence of disorder of orientation. The electronic term contains 
spin and orbital contributions. As the orbital contribution may be neglected in low-symmetry 
complexes, the electronic term is given by the spin-only value, 
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∆Sel=R·ln(SHS/SLS)=R·ln3=9.134 J/Kmol. In the case of ferrous SC compounds, many data are 
available for the variation of the entropy, which is typically about ∆S~30-60 J/Kmol, 
including the electronic contribution, ∆Sel=R·ln5=13.4 J/Kmol. However, for ferric complexes 
only a few data are available. Nevertheless, one can expect the change of entropy 
accompanying the spin transition to be typically smaller than in the case of ferrous 
compounds, since the electronic contribution is smaller and, more significantly, the 
vibrational contribution should be smaller as well, since the bond lengths do not undergo such 
a drastic change as in the case of Fe2+. This was shown by Sorai et al. [32] when studying the 
[Fe(acpa)2]PF6 (∆S=36.2 J/Kmol) complex and by Conti et al. [33] for various [Fe(3EtO-
salAPA)]2+ complexes (∆S~30-40 J/Kmol). In order to determine the change of the vibrational 
entropy in the [Fe(sal2-trien)][Ni(dmit)2] complex, DSC measurements have been carried out 
(Figure 4). The DSC curves exhibit singularities around the spin transition temperatures. 
Interestingly, two maxima are observed in the heating mode and a shoulder adjacent to the 
singularity representing the spin transition can also be seen in the cooling mode. From the 
area of the peaks, the total change of enthalpy and entropy induced by the spin transition can 
be determined as ∆HHL=7 kJ/mol and ∆SHL=∆H/Tc=29 J/Kmol (and Tc≈(T½↓+T½↑)/2=243 K). 
Therein, the vibrational entropy variation is: ∆Svib=20 J/Kmol (∆Stot=R·ln3+∆Svib), which is a 
rather low value, even comparing to other ferric SC systems [1].  

220 240 260 280

-0.2

-0.1

0.0

Exo

H
ea

t F
lo

w
, W

/g

Temperature, K

180 195 210 225

0.10

0.15

0.20

0.25

0.30

 
Figure 4. DSC curves of the [Fe(sal2-trien)][Ni(dmit)2] complex in the heating and cooling cycles. 
 
It is well known that the spin crossover is accompanied by an important change in the volume 
of the unit cell. Furthermore, first-order spin transitions are often accompanied by a change of 
the space group as well [34]. Remarkably, in the case of [Fe(sal2-trien)][Ni(dmit)2] both the 
HS and LS forms display the same triclinic P  space group. The main structural modification 
due to the spin crossover concerns the Fe-N bonds. When the electrons go from the eg to the 
t2g orbital, i.e. during the spin transition from HS to LS state, a strengthening of the metal-
donor atom bonds occurs (decrease in the Fe-N bond distance), but the N-Fe-N angles are also 
strongly affected. The change of the unit cell volume is very important (typically 1-6% in 
FeIIN6 complexes) hence relatively small external pressure (i.e. a few hundred bars) can affect 
the spin state of the system by stabilising the LS form. The determination of ∆VHL from the 
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two structures recorded at 295 K (HS) and 180 K (LS) is not accurate enough since the 
thermal expansion of the lattice must also be taken into account. Therefore we have 
determined the unit cell parameters in a wide temperature range. The upper graph in Figure 5 
shows the variation of the volume of the unit cell of the [Fe(sal2-trien)][Ni(dmit)2] complex as 
a function of the temperature. From this figure, the coefficients of volumetric thermal 
expansion - defined as αV = 1/V235K(dV/dT) - in the two spin states are αHS=192(±1) 10-6 K-1, 
αLS=163(±2) 10-6 K-1 and the variation of the unit cell volume upon the spin transition is 
∆VHL=15.4 Å3. It is worth noting that the ∆V/V295 K ratio is only about 0.9%, which is a rather 
small value. 
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Figure 5. Variation of unit cell volume and the cell parameters in the [Fe(sal2-trien)][Ni(dmit)2] 
complex as a function of temperature. Squares (dots) display the data obtained when the temperature 
was decreased (increased). Lines are inserted to guide the eye. 
 
Beside the volume change, the anisotropy of the unit cell contraction is also a general feature 
for SC materials, since they often crystallise in low symmetry space groups [35]. As a first 
approximation, this anisotropy may be analysed as a function of the temperature dependence 
of the unit cell parameters within a wide temperature range that includes the spin crossover 
(Figure 5). It is remarkable that in the [Fe(sal2-trien)][Ni(dmit)2] complex one can observe the 
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dilatation only in the ac plane while the value of b decreases in the course of the LS→HS spin 
transition. It is also clear that this decrease of b is related only to the spin state change and is 
not a “negative thermal expansion” phenomenon. Such anisotropic change of volume may 
complicate pressure effects and may lead to additional structural changes under pressure – 
when compared to the thermal transition. 
 
The transition temperature (Tc) and the pressure are related to the variation of the volume of 
the unit cell. From the change of volume in the course of the spin transition, the effect of 
applied pressure on the thermal SC can be estimated, using the Clausius–Clapeyron equation 
from which the stabilisation of the LS state under pressure can be estimated as 
dTc/dp=∆VHL/∆SHL=16 K/kbar (since both ∆SHL and ∆VHL are positive values). Magnetic 
susceptibility measurements have been carried out in order to determine the effects of 
hydrostatic pressure on the [Fe(sal2-trien)][Ni(dmit)2] SC complex. Curves recorded at 
various applied pressure values are displayed in Figure 6. 
 
As expected, the hysteresis loop shifts toward higher temperatures with increasing applied 
pressure. The pressure shift of Tc is approximately 16(±1) K/kbar, which is in excellent 
agreement with the value estimated above, but no comparison can be safely made because of 
a remarkable additional phenomenon. As shown in Figure 6, when cooling the system under 
0.5 kbar applied pressure the transition stops at approximately halfway and the system 
remains blocked in this intermediate state instead of a complete transition into the LS state. 
Then, in the heating mode, the system first relaxes to the LS state before returning to the HS 
state. This phenomenon is most probably due to an additional structural change induced by 
the pressure. When raising the applied pressure (i.e. at higher temperatures), the intermediate 
state becomes less and less apparent. Nevertheless, when releasing the applied pressure in the 
cell, the pressure effects turn out to be irreversible to some extent.  
 
It is interesting to note also that at 0.5 kbar the hysteresis width is wider (∆Tp=500bar=61 K) 
when compared to the case of atmospheric pressure (∆Tp=1atm=30 K), which is exactly the 
opposite of what is usually observed experimentally and expected from theoretical 
considerations. In fact, according to the Ising-like model developed in ref. [34] the hysteresis 
loop width is proportional to J/Tc, where J is a phenomenological, mean-field parameter for 
the cooperativity and Tc is the transition temperature. Since such low pressures are not 
expected to affect considerably the value of J, the hysteresis width will decrease with 
increasing Tc values under pressure.  
 
A few anomalous examples have already been reported in literature when the hysteresis width 
was found to increase under pressure [24, 37-42]. The most obvious explanation of this 
phenomenon can be a pressure induced additional structural change, since the sharp 
discontinuity in the phase diagram below 0.5 kbar, followed by a “regular” Clausius–
Clapeyron behaviour above 0.5 kbar is very difficult to explain in any other ways. However, a 
few different explanations for this unusual phenomenon can also be mentioned, such as cracks 
of particles which is not expected in our case where the hydrostatic conditions were 
maintained during the experiments and which should result, in any case, in a more gradual 
transition and narrowing of the hysteresis [43]. The variation of thermodynamic parameters 
could also affect the hysteresis width. However, at 0.5 kbar pressure this effect cannot be 
regarded as significant [24, 44-48]. Let us also note that further raising the applied pressure 
from 0.5 to 5.7 kbar leads to a monotonous decrease of the hysteresis width (from 61 to 44 K), 
suggesting that no further structural changes occur above ca. 0.5 kbar. This is better seen in 
the (p,T) phase diagram (Figure 7), which reveals clearly a “classical” behaviour between 0.5 
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and 5.7 kbar with a higher Clausius–Clapeyron slope for the HS→LS transition 
(dT1/2↓/dp=17(±0.5) K/kbar) when compared to the reverse LS→HS transition 
(dT1/2↑/dp=14(±1) K/kbar). From this, one can estimate that the first-order spin transition is 
suppressed by the applied pressure above ca. 22 kbar (660 K), which is, of course, beyond the 
thermal decomposition temperature of the complex. The phase diagram confirms also the 
obvious discontinuous behaviour between 1.013 bar and 0.5 kbar, typical of structural phase 
transition. 
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Figure 6. Magnetic susceptibility curves as a function of temperature for the [Fe(sal2-trien)][Ni(dmit)2] 
complex at various applied pressure values. 
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Figure 7. (p,T) phase diagram of the [Fe(sal2-trien)][Ni(dmit)2] complex. Open (closed) symbols 
display the transition temperatures obtained in the heating (cooling) modes at different applied 
pressures. The two crosses show the transition temperatures after releasing the applied pressure. Lines 
represent linear fit on the data between 0.5 and 5.7 kbar (extrapolated to 0 kbar). 
 
 

4. Conclusions 
 
Thermal and pressure effects on the [Fe(sal2-trien)][Ni(dmit)2] spin crossover complex have 
been investigated. A complete thermal spin transition (S=1/2↔S=5/2) of the compound has 
been evidenced by Mössbauer spectroscopy in agreement with the previous magnetic 
susceptibility measurements. From DSC measurements, the variation of the enthalpy and 
entropy following the thermal spin transition has been determined as ∆HHL=7 kJ/mol and 
∆SHL=29 J/Kmol. This latter value points to a relatively small change of the vibrational 
entropy upon the spin transition. X-ray diffraction data were collected at different temperature 
values and the discontinuous variation of the unit cell volume accompanying the first order 
spin transition was determined (∆VHL=15.4 Å3), which corresponds to 0.9% volume change. 
Furthermore, it was found that the higher unit cell volume value in the HS state is solely due 
to the dilatation of the ac plane, whilst the unit cell gets contracted along the b direction. 
Magnetic susceptibility measurements under hydrostatic pressure revealed the expected 
positive shift of transition temperature (~16 K/kbar) in agreement with the calculated 
Clausius–Clapeyron slope (∆VHL/∆SHL). However, this agreement must only be a coincidence 
as a probable structural change has been observed at low applied pressure and these pressure 
induced changes turned out to be partly irreversible. Further work using structural and 
spectroscopic methods under pressure will be necessary to elucidate the mechanism of 
pressure effects on the system. Let us finally note here that the investigation of light induced 
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effects, inside and outside the hysteresis loop, can be an interesting further perspective of this 
work, even if the dark colour of the sample makes these experiments challenging. 
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