
SUPPORTING INFORMATION 

S1: Structures 

Reference structures for [FeIII(3-MeO-SalEen)2]PF6 in High Spin (HS) and Low Spin (LS) state 

were taken from (respectively): 

- HS at T = 300 K: CCDC 823789 [Tissot2011] 

- HS at T = 200 K:  CCDC 823788 [Tissot2012] 

- LS at T = 120 K:  CCDC 823787 [Tissot2011] 

 

Figure S1: Powder diffraction patterns simulated according to the atomic structure determined 

from single crystal X-ray diffraction measurements (see database references above), with 

experimental broadening taken small enough to clearly distinguish the different Bragg peaks. 

  



S2: Single crystal X-ray diffraction 

Temperature-dependent X-ray diffraction (XRD) study was performed on [FeIII(3-MeO-

SalEen)2]PF6 single crystal using a laboratory SuperNova Agilent Technologies 4-circle 

diffractometer, with Cu-Kα microsource (λ = 1.5406 Å) and EosS2 CCD camera. The sample 

was cooled down using a 800Plus nitrogen flow cryostat from Oxford Cryosystems. To obtain 

good precision of cell parameter change with temperature, a set of short scans within 2 Å 

resolution was taken from 100 K to 250 K, with 2 to 5 K steps. Data reduction was performed 

with CrysAlisPro software [CrysAlisPro2018]. The single crystal had a plate shape, with a long 

dimension around 100 µm. 

  

Figure S2: Temperature evolution of unit cell parameters and unit cell angles as extracted from 

data reduction of single crystal XRD measurements (dots). The corresponding temperature 

dependences are given in Table S2.  

 

 



 LS HS 

a (Å)  10.3055 + 1.7.10-4.T 10.1423 + 9.2.10-4 T 

b (Å) 10.6919 + 6.0.10-4.T 10.7814 + 6.3.10-4 T 

c (Å) 13.9410 + 6.7.10-4.T 13.8468 + 1.11.10-3 T 

α (°) 72.30 74.90 

β (°) 70.50 69.95 - 2.3.10-3 T 

γ (°) 74.20 76.85 - 4.2.10-3 T 

Table S2: Unit cell parameters and unit cell angles in the high spin (HS) and low spin (LS) 

phase, obtained from linear refinement of the measured thermal evolution shown in figure S1. 

In the LS phase, angles do not exhibit any measurable variation and are thus considered to be 

constant over the observed temperature range. 

From these relationships, we can calculate the unit cell volume: 

𝑉"#(𝑇) = 𝑎"#(𝑇)𝑏"#(𝑇)𝑐"#(𝑇)(1 − 𝑐𝑜𝑠/𝛼"# − 𝑐𝑜𝑠/𝛽"# − 𝑐𝑜𝑠/𝛾"#)

+ 2(cos𝛼"# cos 𝛽"# cos 𝛾"#)8 /⁄  

𝑉:#(𝑇) = 𝑎:#(𝑇)𝑏:#(𝑇)𝑐:#(𝑇);1 − 𝑐𝑜𝑠/𝛼:# − 𝑐𝑜𝑠/𝛽:#(𝑇) − 𝑐𝑜𝑠/𝛾:#(𝑇)<

+ 2(cos𝛼:# cos 𝛽:#(𝑇) cos 𝛾:#(𝑇))8 /⁄  

Taking angles as constant (βHS = 69.5° and γHS = 76.0°) and with a linear approximation: 

𝑉(𝑇)~	𝑉? + 	𝑣𝑇. 

With this approximation, we find VLS,0 = 1354.26 Å3 and VHS,0 = 1350.12 Å3, while 𝑣"# = 0.16 

Å3.K-1 and 𝑣:# = 0.31 Å3.K-1.  

  



S3: Vibrational cooling (VC) of nascent HS state  

The transfer of the heat from the nascent, hot HS state to the lattice was monitored by the means 

of time-resolved mid-IR spectroscopy. The displacement of the C=C stretch of HS state in time 

due to the vibrational cooling (VC) was observed [Schrader2004]. The ultrafast laser system 

(Spectra Physics, Light Conversion, 100 fs, 1 kHz) is described elsewhere [Kubicki2020]. The 

excitation wavelength was set at 805 nm while a central wavelength of the probe was set around 

1600 cm-1, in the spectral range of C=C stretch in an aromatic ring [Larkin2011]. Figure S3 

presents the temporal evolution of the C=C band of a nascent HS state experiencing a shift to 

higher energies; a typical behavior for a state born with excess of vibrational energy and 

undergoing VC process. This experimental observation shows that the heat was transferred 

from photo-excited molecules to the lattice within 25 ps. 

 

Figure S3: Left: Process of vibrational cooling (VC) of nascent HS state monitored by the 

means of the ultrafast time-resolved mid-IR (TRIR) absorption technique. The displacement of 

the C=C mode of HS state in time due to VC is shown in dashed black line (guide for the eye). 

Absolute steady state IR absorption spectra of LS and HS are shown in light and dark grey 

solid lines, respectively. Actual time delays, for which the TRIR spectra were recorded, are 

given in the legend. Right: Displacement Δω of the position of the maximum of C=C band of 



nascent HS state versus time delay (red dots). Exponential fit is shown in grey, with time 

constant of approximately 5.6 ps. 

  



S4: Estimation of temperature elevation due to laser irradiation in 

microcrystals 

The energy E deposited by the laser in an irradiated microcrystal can be written as:  

𝐸 = 𝐹. 𝐴EFGHI
𝑒EFGHI
𝛿  

Where F is the laser fluence, 𝐴EFGHI the crystal area perpendicular to the laser incidence, 𝛿 the 

laser penetration depth and 𝑒EFGHI the crystal thickness. 

Here we considered a step profile for the laser absorption profile over the crystallite thickness, 

as sketched on the figure below (in black). This is a good approximation considering the laser 

penetration depth (5 µm) and the crystal dimension perpendicular to the surface (130 nm, the 

shortest direction lying perpendicular to the surface, according to XRD images). 

 

Figure S4: Laser energy as a function of the sample depth, with a penetration depth of 5 µm 

(in red). For the calculation of deposited energy in a crystal located at the sample surface, we 

considered a step profile (black) as a good approximation over 130 nm. 

The deposited energy E is related to the temperature increase ∆𝑇 by the calorific capacity 𝐶N: 

𝐸 = 𝐶N∆𝑇 



The calorific capacity writes as follow: 

𝐶N = 𝐶NEIO
𝑉EFGHI
𝑉GPOO𝑁R

2 

With 𝐶NEIO	the molar capacity, 𝑉EFGHI  the volume of a microcrystal, 𝑉GPOO  the average volume 

of the unit cell and 𝑁R the Avogadro constant. The factor 2 accounts for 2 molecules per unit 

cell. 

This leads to a temperature increase ∆𝑇OSTTFGP: 

∆𝑇OSTTFGP =
𝐹𝐴EFGHI𝑒EFGHI𝑉GPOO𝑁R

2𝐶NEIO𝑉EFGHI𝛿
=
𝐹𝑉GPOO𝑁R
2𝐶NEIO𝛿

 

With 𝐴EFGHI𝑒EFGHI~𝑉EFGHI: 

∆𝑇OSTTFGP~
𝐹𝑉GPOO𝑁R
2𝐶NEIO𝛿

 

With 𝑉GPOO = U
VWXY(8??Z)[

\
VW]Y(8??Z) (considering the initial condition 𝑋:# =

8
_
), δ = 5 µm 

[Bertoni2016] and 𝐶NEIO = 300 J.K-1.mol-1 [Sorai2008]: 

- for F = 380 µJ/mm²: ∆𝑇OSTTFGP  (calc) = 105 K, while ∆𝑇OSTTFGP  (exp) = 91 K 

- for F = 60 µJ/mm²: ∆𝑇OSTTFGP  (calc) = 17 K, while ∆𝑇OSTTFGP  (exp) = 25 K 

  



S5: Monte-Carlo simulations 

S5.1 Switching probability 

We have calculated the HS-to-LS and LS-to-HS switching probabilities and the stresses in 

different points of the elastic step. These points are marked in Figure S5.1 with letters (a) – just 

after photoexcitation – MCstep 1; (b) after the initial relaxation, before the elastic step -  

MCstep 100; (c) at the highest point of the elastic step –Mcstep 6800; (d) near the end of the 

relaxation after the elastic step –MCstep 50000. 

 

Figure S5.1.1: Relative HS fraction (top) and relative surface (bottom), with specification of 

the points where probabilities and stresses have been calculated. The color scale reflects the 

average switching probability from LS to HS state, showing a maximum at the elastic step. 



 

Figure S5.1.2: Probabilities (HS-to-LS, top left, LS-to-HS, down left) and stresses (on HS 

molecules, up right, on LS molecules, down right) at the a, b, c, d points defined in Figure 

S5.1.1. 

LS-to-HS switching probability is low at the beginning (a): high positive stresses would keep 

the molecules in the LS state. As volume increases, the stress decreases (b), which even reaches 

negative value (c), favoring HS state. In the meantime, LS-to-HS switching probability 

increases, with a maximum corresponding to the elastic step (c), before decreasing with the 

final relaxation (d). 

Reverse behavior is shown by the HS-to-LS switching probabilities, which are high at the 

beginning (a), as many of the photo-switched molecules are highly stressed by their neighbors 

(the length of the connecting springs increased but not yet the volume of the sample). Then the 

HS-to-LS probability decreases as the HS molecules stabilize (b), to reach a minimum during 



the elastic step (c). It slightly increases again to the end of process (d), due to the fact that 

volume expansion has relaxed. 

S5.2 Size effect 

 

Figure S5.2: Evolution of several systems (with exactly 3456, 13824, 31104, 55296 particles) 

after 20% of initial photo-excitation. All parameters, including radius variation due to thermal 

effects are identical for all 4 cases. One can notice a difference, however not significant, in the 

value of the elastic step for different sizes - especially for the largest one. The sizes are chosen 

such as the sides are in the ratios 1:2:3:4. 
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