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Out of equilibrium photoinduced switching from the low-spin (LS) to the high-
spin (HS) state has been investigated on the Iron(Il) complex [Fel" (DPEA)(NCS),] by
both optical reflectivity and magnetic measurements under continuous light irradiation at
low temperature. The photoinduced HS state can be observed up to 47 K and the
relaxation process has been followed. Structural changes of both the temperature- and
the photoinduced spin state switching have been analyzed in detail by X-ray diffraction
indicating no change of symmetry. Short intermolecular contacts and intramolecular
deformations associated with the change of molecular spin state have been quantified.
Actually a crossover behavior is observed at thermal equilibrium with however a quasi-
abrupt shape indicating significant cooperative effects. These aspects are compared

between the temperature- and photoinduced spin crossovers.

INTRODUCTION:

Spin crossover molecular compounds are of majarest in both condensed matter
physics and chemistry as prototypes of cooperatioéecular bistability related to the

spin state change between high-spin (HS) and low-45) states and with potential

applications in photo-switching of materiafsIn comparison with the behavior of spin
crossover complexes in solution, in the solid sthte molecular spin switching can be
accompanied by feedback from intermolecular intégwas. This manifests by a

cooperative behavior and in some rare cases byagehof symmetry. Then, in case of
isostructural changes, the switching at thermalliggum can occur through a first-order

phase transition for large cooperative intermolacuiteractions or through a crossover

behavior for less cooperative ones. In other wondgen there is no change of symmetry,



the physical picture is similar to the liquid-gdsape transition below or above the critical
point in the £, 7) plané. Thus the variation of the HS fraction, as a fiorctof
temperaturd’ or pressuré, varies from gradual to abrupt with in this casaae or less
wide hysteresis loop. Many theoretical works hagldrassed the origin of cooperativity
in spin crossover materials in terms of elastienattions as the molecular size changes
depending on this spin stateé"® Besides equilibrium spin state change, the disgouf

the Light-Induced ExcitedSpin State Trapping (LIESST) effécon [Fe(ptz3](BFa)2
under continuous light irradiation at low temperat@and the reverse-LIESST efféct
have been particularly exciting. A long life timétbe excited species, as this occurs at
low temperature below the temperatuf@./ESST)**2 is the crucial point to induce
photo-switching under continuous light irradiati®o, that it can be observed under weak
excitatior”?, typically a few mW.crif. It is much more recently that the effect of pdise
laser excitation started to be investigafeth a similar way that at thermal equilibrium,
such photoinduced molecular transformation marsfeitrough dynamical phase
transition or crossov&r'® opening new routes for out-of-equilibrium coopimt
phenomena and this new field of physics is rapighpgressing. Like at thermal
equilibrium, the out-of-equilibrium spin state clgancan be observed and characterized
by investigating various physical properties: magnemeasurements which give direct
information on the spin state; optical reflectivily transmission measurements very
sensitive to the electronic state change associaittdthe spin state switching. More
recently structural studies which are well known &alyzing, volume change or intra-
and intermolecular deformations, revealed esseritinldemonstrating the different

mechanisms driven by the importance of cooperaffects: namely a phase separation



process with domain formatidh(dynamical phase transition) or homogeneous psbces
(crossover) have been directly observed.

The light-induced effect opens new perspectives dpplications in photo-switching
deviced® such as light-controlled high-density memoriesof$ are presently made in
two directions: first, the search of new compoubdgable around room temperature
with a large hysteresis, in which light could cah&nd change the spin stité* second,
the search of compounds with higiL/ESST) value. For that purpose, particularly
interesting is the tentative to anticipate on #&/ESST) from a relation between the
temperature of spin state change at thermal equity 7;, and theT(LIESST) Thus, it
could have been shown that, for a large numbeowiptexes, these two temperatures are
linearly linked with a coefficient, depending on the ligand natété® (monodentate,
bidentate and meridional tridentate) or formatidnttoee-dimensional network solids.
According to it, the [F&(DPEA)(NCS)] here studied, where DPEA [(2-
aminoethyl)bis(2-pyridylmethyl)amine] is a tetratkte ligand (Insert Fig. 1), represents
a promising candidate to obtain a hi§W./ESST) value. Moreover, as this complex
exhibits a thermal spin crossover Bi, = 7138 K*, we can expect to investigate a
fascinating situation where ti&L/ESST) andT,,, values become close, that is when the
photoinduced metastable HS region and the stalelentd HS regime start to overlap.
Such a special situation has been recently repdoednotheriron (II) spin crossover
complex and some very slow phase equilibrium has becordetf.

The present paper is divided in three parts: tts¢ @ine details the photoinduced effects
evidenced by reflectivity and magnetic measuremériis kinetics of the relaxation has

been also followed and the thermodynamic parambters been determined. The second



part is devoted to structural studies for bothgpm state change at thermal equilibrium
(as a function of temperature) and out of equilibri In particular the nature of the
photoinduced spin state change has been investigabten the third part is devoted to
discussion: intermolecular interactions are evaldaat thermal equilibrium using a
mean-field approach and the large similarities letw equilibrium and out-of-

equilibrium concerning the mechanisms of the spatesswitching are presented. Finally,
we propose two reasons for explaining the discreipanbetween the observed low

T(LIESST) value and the expected high one.

EXPERIMENTS:

The [F&"(DPEA)(NCS)] complex was obtained according to a procedureipusly
reported®. All the crystals used were selected from the shateh.

For investigating thelIESST effect, the measurement of the diffuse absorption spectra
and reflectivity signal were performed by usingustom-built set-up equipped with a
SM240 spectrometer (Opton Laser International) s Eguipment allows recording both
the absorption spectra within the range of 50800 nm at a given temperature and the
temperature dependence {5290 K) of the reflectivity signal at a selectedolps
wavelength Kere 1 = 800 nm + 2.5nm, a few mW.cm™). The diffuse reflectance
spectrum was calibrated with respect to charcaalated (Merck) as black standard and
barium sulfate (BaS§£Din 5033, Merck) as white standard.

The photomagnetic measurements were performed asBmectrum Physics Series 2025
Kr* laser 4 = 647 nm) or a laser diodel(= 830 nm) coupledvia an optical fiber to the

cavity of a MPMS-55 Quantum Design SQUID magnet@melhe optical power at the



sample surface was adjusted to 5 mW %rand the absence of change in magnetic
response due to heating of the sample has beefiederPhotomagnetic samples
consisted of a thin layer of compound whose wevgh$ obtained by comparison of the
thermal spin crossover curve with that of a moreueately weighed sample of the same
material. Our previously published standardizedhoetfor obtaining LIESST data was
followed"*? After cooling slowly to 10 K the sample, thentire low-spin state, it was
irradiated and the change in magnetism followedceOthe saturation point was reached
the laser was switched off. The temperature was taised at a rate of 0.3 K minand
the magnetization measured every 1 K.

Structural investigations at thermal equilibriundamder continuous light irradiatigii

= 808 nm 9.5 mW/cm’) have been made by X-ray diffraction on singlestals Data
were collected on a four-circle Oxford Diffractiofcalibur 3 diffractometer (MoK
radiation) with a 2D Sapphire 3 CCD detector, oadhke shape samples with typical sizes
around 300x 100 x 100 um?® in different experimental conditions. The singhystals
were mounted either in an Oxford Diffraction Hdlijeelium-flow cryostat, allowing
reaching 15 K or in an Oxford Cryosystems nitrofjem+ cryostat allowing a better
control of the temperature down to 78 K. The ueit parameters and the data reduction
were obtained with CrysAlis software from Oxfordffaction® The structures were
solved with SIR-97 and refined with SHELXL9Y. Typical results of the structure

refinement of the stable and photoinduced states fi@al R factor 0.0288<R<0.0438

4 CCDC-681015 up to CCDC-681019 contains the supgheany crystallographic data
for this paper. These data can be obtained free diarge Vvia
www.ccdc.cam.ac.uk/conts/retrieving.html (or frorhet Cambridge Crystallographic
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PART 1I: OBSERVATION OF PHOTOINDUCED EFFECTS AT LOW
TEMPERATURE AND KINETICS OF RELAXATION

Photoinduced effects have been searched down ko Hdih by following the change of
the reflectivity signal at the surface of the saenphd the magnetic response in bulk
conditions. As absorption spectra in the visiblgioa 500-850 nm show a large
difference around 800 nm, this wavelength was amofe the measurement of
reflectivity under constant light irradiation frobh® to 300 K (Figure 1). The increase of
the diffuse reflectivity signal at around 138 K rsgthe decrease of the absorption
associated with the thermal HS LS conversion. Indeed for iron(ll) spin crossover
complexes involving large aromatic ligand, like D®HEnit, the absorption spectra are
typically composed in the HS state (above the tlhérspin transition) by the weakly
allowed d-d band occurring at 800-850 nm while & &tate (below the thermal spin
transition) mainly the MLCT-LS (metal-to-ligand clga-transfer) band, which totally
overlaps the weak d-d LS transition, is preserdratind 500-700 nm. Interestingly, a
large reflectivity change is observed not only a@;, = /38 K but also below 50 K.
The diffuse reflectivity signal measured at veryleemperature (10 K), similar to the
one observed for the high temperature HS stategestig) a photoinduced spin state
conversion below 50 K. Magnetic susceptibility measnents confirm the HS
photoinduced state of the molecules in this lowgerature range (Figure 2). The sample

introduced in the SQUID is completely transformdtkraone hour of irradiation. The

Data Centre, 12 Union Road, Cambridge CB21EZ, U&: f(+44) 1223-336033; or
deposit@ccdc.cam.uk).
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T(LIESST) is determined from the minimum ofa&u7/dT vs. T plot for the relaxation
proces$"'2: T(LIESST) = 47 K (Figure 2). Several kinetic experiments avperformed
by photoexciting the sample to obtain the lightuoceld HS state at 10 K and then heating
under continuous irradiation with red € 647.1-676.4 nm) or near infraredA = 830 nm)
light. In each case, when the established temperatas reached, as given in Figure 3,
the light irradiation was stopped and the relaxatido the low spin state was followed

for several hours. The time dependency of the H&nfcaction, ys(?), is deduced from

I T(@)

where(yy. Tyris the high
m-Dur

molar magnetic susceptibility,, through y ¢ (¢) =

temperature limit ofy,. 7. We can immediately notice that the starting pahteach
curve does not always correspond to a state will94dl6f HS state molecules on Figure
3. If we consider that at temperature higher th@rK4the influence of the zero-field
splitting of the photo-induced HS state is negligilthe result that the starting HS molar
fraction is lower than the unity can be reasonaxglained by the&eompetition between
the photo-excitation and the relaxation processdschw becomes faster as the
temperature increases. As illustrated on FigureitB some selected kinetics, the HS
molar fractionyys clearly depends on temperature and experimentakswan be well
fitted with a single-exponential law ag;(¢) =y,.exp(—k,, .t) Where y, represents the
limits of the HS fraction at time t = 0, and theéeraonstant for the HS to LS conversion,

kyr, depends on the temperature T and on the activatioergy £, according

10 kyy, =k .exp(— kET) Such a first-order kinetics relaxation is obsdnie systems
B

without cooperative effects, i.e. the photoindud¢¢é8 molecules relax down to their
thermal equilibrium LS state in an independent irayn each other. Above 49 K, the
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relaxation kinetics is so high that it can not beasured with our SQUID equipment. The
calculated curves are shown as dotted lines inr&i§u The apparent activation energy,
E,, and the apparent pre-exponential fadtfy, of the activated region are calculated
from the straight line given by plotting(ku.) vs. 1/T (see inset Figure 3). The obtained
kinetic parameterss, ~ 330 cm™ and k%, ~ 38 s, compared to those obtained on other
iron (1) complexe$®?** are quite high relative to values reported for finst order
kinetics relaxation being in the range 100-200'dor E, and 10>-10 s* for the pre-
exponential k;,, parameter. This point is commented in the thirdt peth results
obtained by X-ray diffraction.

An elegant way to test the validity of this moddl relaxationis to use the fitted
parameters to reproduce the experimeftalESST) curveé®* Briefly, it is now well-
established that th&L/ESST) curve combines the relaxation of both the tunmmehnd
the thermally activated regions, and we have detmatesl that for a spin crossover

system the time dependence of the HS fraction rapéeature T can be obtained by

following the equation%:—kHL(T).stwith ky, =ky,.exp(— kE“T) in the thermally
B

activated region. At lower temperature, i.e. in uantum mechanical tunneling region,
the rate constarty, (i.e. k,, (T — 0)) which then characterizes the relaxation, is estiath
as the upper limit from the last complete kinetieasurement recorded at low
temperature, i.e. 40 K (Figure 3). The calculatexve is shown as solid line in Figure 2.
The agreement between the calculated and the exgatial 7(L/IESST) curves is very

good.



PART II: STRUCTURAL INVESTIGATIONS

Structural studies are essential to get informasibthe atomic level. At thermal
equilibrium, i.e. without light irradiation, the itrcell volume and lattice parameters
show continuous evolutions without any hysteresapl(Figure 4 and 5) and reproduce
the shape of the magnetic curve (this work and2@f. The structural signatures fit well
with the value off;, = 138 K. No symmetry breaking has been found so that paees
group remains the monoclinic ofé,/c, Z = 4. Therefore, the spin state change from HS
to LS at7), is associated with a spin crossover and not wiphase transition. As
observed for many Fe(ll) complexethe isostructural change from the HS to LS state
associated with a decrease of the volume unit-(atiout 60 A® here, Fig. 4).
Nevertheless, the stacking axi®f the F&"(DPEA)(NCS) molecules increases around
the temperature induced spin crossover from abal? A (Fig. 5) around the spin
crossover temperature, being in direct relationh® intermolecular contacts. Indeed, a
careful analysis of these contacts reveals diftedestances shorter than the sum of Van
Der Waals Radii (Table 1). Their number increasetha temperature decreases and the
new short contacts have their highest componergallphto thec axis as illustrated on
Fig. 7. Thus, to avoid the steric constraints dueery short intermolecular distances, the
¢ cell parameter increases in the course of the spdssover process. Besides, by
considering the intermoleculék...Fe distances (Fig. 8), one can note than each of them
from the first up to the fourth neighboring distaads characteristic of the spin state.
We discuss now the structural changes associatdd thwe spin crossover from the
intramolecular point of view. Here, the spin stettange manifests itself by the distortion

of the /FeN,] octahedroff. Thus, the averageFe-N> bond length of this octahedron
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decrease from about 2.%6for the HS state to around 1.98A in the LS one as typically
observed in Fe(ll) systems. In addition to the lbethon contraction associated with the
change from less bonding HS to more bonding LSstalistortions of the octahedron
are observed. On the one hand, we define a pararjetes thedeviation from this

6
average<Fe-N> bond length:{ = ¥ |[Fe— N;— < Fe— N >| is less important in the LS
=1

1=

state than in the HS one (Figure 6). On the otl@dhwe can use the paramefet'>?

12
that is the sum of the 12 cisangles in the coordination spherey:= z|90—¢,.|: it
i=1

decreases from about 85n the HS state down to less than 50 ° in the LS one (Figure 6).
The two parameters show that #ffeeNs/ octahedron is more regular for the LS state of
the Fe atom.

The nature of the photoinduced spin state chaagebken also investigated at 18
K where complete data collections have been peddrimoth before and under weak
laser excitations. There was no significant lassating effect as verified by plotting the
so-called Wilson grapfi$

Structural analysis at 18 K shows that the photeted HS state is similar to the
thermal equilibrium HS one within the thermal cawtion. Indeed either from the
average unit-cell volume or from the first coordioa sphere surrounding the Fe atom,
the photoinduced state can be obtained starting tree high temperature HS state and
considering a linear thermal contraction (Fig. 4 &). Such a situation has already been

435 or binuclear oné&

observed in other spin crossover systems, eitheromeclea
From the intermolecular point of view (Table 1 dfid. 8), one can easily also conclude
to the occurrence of the photo-switching to the d#8e: the short contacts significantly

11



change going back to values close to those obsénvéd thermodynamically stable HS
state (at 150 K for example) and the same observatan be done foFe...Fe

intermolecular distances.

PART III: DISCUSSION

Understanding how molecules couple in the solisvidch between different spin
states and what are the key parameters drivingetiudibrium and out-of-equilibrium
spin conversion, is present topic of intet&st*°

Let us first quantify the cooperativity of the st during temperature-induced
spin crossover occurring &, = /38 K, through a mean-field approdéfi® Then, the
molar free enthalpy; of an assembly of molecules carrying one Fe(lbnaexpresses
itself as a function of the molar fraction of H&tst 5, and ofa term of intermolecular
interaction/"as :

G = (I1- Yus)Grs + YusGus - TSmix + I'. yus.(1- yus) €quation (i)
where the mixing entropy,..;c expresses a$,,, = -R.( yus.In (yus) + (1- yus). In (1-yus))
for an ideal solution. Zero energy is chosen fog & thatdG = Gys = AH-TAS where
AH and AS are the enthalpy and the entropy variations asttiwith the spin state
change. These are related throutffi = AS. T},,. A value of AH = 6760 J.mol"" has been
determined by fittings of magnetic and 6Mbauer spectroscopy measurenfénts

Equation (i) becomes:

AS.
G = yus. AH + I yus.(I- yus) + RT ( yusdn (yus) + (I- yus). In (1-yus) - %)

12



Then, the evolution ofys as a function of the temperature T only dependtgen
cooperativity parametdr according to

AH +T'(1-2ygs)

1_
R 1n(“’5] +AS
Y HS

T =

(equation (ii)),

obtained from the equilibrium conditiEnaiJ =0. Figure 9 shows that a value of
Oy HS T.P

"= 2050 J.mol” (i.e. 164 cm™) for the intermolecular interaction parameter isassary
for fitting the experimental data according to thmean-field approach. The critical point

IS derine YI.=2RT,, (= .mol"). Here,['1s smaller than but very close 1@,
C is defined byr,. ) (%2294 I'). Here,I'i ller than but lose o
2

This model indicates that the spin state changarsdn the hypercritical regime, slightly
above the critical poin€. By analogy to the liquid-gas phase transitions ihot a first-
order phase transition but a crossover with howeuéte significant cooperative effects
because of the vicinity of the critical poidt. It is in perfect agreement with the
continuous but narrow evolution of signatures ctimrstic of the spin conversion such
as volume (Fig. 4) and magnetic susceptibilitygtiwork and ref. 23): 90% of the spin
state change is situated in a 30 K temperatureerédingtween 150 K and 120 Kj.is
here interesting to underline the similarities frtma cooperativity point of view between
the thermal equilibrium and the out-of-equilibriygshotoinduced spin crossovers. After
light irradiation, the kinetics of relaxation (spart 1) follows exponential law which is
qualitatively not different from independent molkouprocesses. However with regards

to other spin crossover systems, the kinetic patensievalues are quite high. This
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suggests the proximity of a sigmoidal behavior tbrs relaxation which always
originates from cooperative effetts®

The present study shows that the!(/REPEA)(NCS)] compound with DPEA as
a tetradentate ligand does not present a R@hHESST) value close td';; as expectebty
the virtual“T, = 180 K line extrapolated from behavior observed on systems with other
ligand structur€-?% Up to now, four series of compounds have showaljeh“T, lines’,
with values of the coefficierity, = 100 K for Fe(ll) complexes of monodentate ligands,
120 K for systems with bidentate ligands, 150 K &ystems involving meridional
tridentate ligands and 200 K for 3D networks soli@hysical origin of7, is still
uncertain but appears to primarily depend on ttwergery and conformational rigidity of
the ligand linked to the metal ion. Thus, some spossover complexes with tridentate
ligands possessing some vibrational degrees ofidreecarried by unsaturated carbon
atoms between the aromatic ring, presB@tfESST) values following theT, = 100 K~

|ine39, 40

, 1.e. aT(LIESST) value which has decreased in comparison with the o
observed on compounds with a more rigid ligand.tdfacoutside the inner metal
coordination sphere such as intermolecular packind the nature of any anions or
solvent in the material woulpically result in only minor perturbations &f for a given

set of metal complexes. From that point of viewe thbservations found here on
[F€"(DPEA)(NCS)] where the ligand DPEA possesses some flexibleaturated

carbon atom connecting the aromatic rings (Insérfig. 1), show that it is a new
example of non-optimized ligand system in regarth®stabilization of the light-induced

HS state. The high flexibility of the [F&DPEA)(NCS)] molecules also manifests itself

in the important entropy variation ag 4 AS = 49 JK ' .mol’, significantly larger than

14



the electronic contributionS, = Rinl5 ~ 22.5 J.K'.mol* (considering orbital and spin
degenerac). It shows that an important contribution comesrfrvibrational part4s,;,~
26.5 JK'.mol'") and recent studies on other Iron(ll) compounds iar favour of a
prominent contribution of the intramolecular vitiosts (coordination cor&)*?#3 All
these considerations are in favour of both vibraticaspects and hardness of the inner
coordination sphere as being the key factors indabilization of the light-induced
metastable HS state. However, Raman and IR speopi@smeasurements which would
allow to distinguish between the contributions mtira- and intermolecular vibrations to
the entropy variation &, are missing for the [E&(DPEA)(NCS})] compound. We can
also not exclude that factor affecting the interacalar packing can play a preponderant
role on the stabilization of the HS state in somses. From that point of view, an
interesting lead is to carefully look for intermoldgar packing on a large number of such
compounds, as polymorphs of spin crossover commwath present very different

behaviors either by varying the temperatliré **or under light irradiatio??®

CONCLUSION:

Spin state switching has been investigated in etai the Iron (1) complex
[F€"(DPEA)(NCS)]: at thermal equilibrium, it is a spin crossover (dbange of
symmetry) occurring at7;, = 138 K. Photoinduced effectsi(= 647 nm and 808 nm)

have been evidenced and characterized at the ateweicat low temperaturd(L/ESST)

= 47 K). The relaxation mechanism follows the exponental observed for

independent molecules process, not far however faosigmoidal behavior. From this

15



point of view, this out-of-equilibrium behavior gents strong similarities with the one
observed at thermal equilibrium where a mean-fieilddel allows to estimate an
intermolecular interaction parameter just littleaker than the one corresponding to the
critical pointC, in agreement with the quite abrupt charactehefdrossover. Moreover,
this work underlines the high flexibility of the [BR ligand visible on the high
vibrational part of the entropy variation &},. This flexibility may explain the low
unexpectedl(LIESST) value observed in this compound but intermoleciritaractions
may also play an important role as demonstratedthglies on polymorphs of other

complexes.

Acknowledgments: This work was partly supported by the Europeanléof Excellence
(NOE MAGMANet (515767-2), the European FLASH netiwofMRTN-CT-2003-
503641), the National Research Agency (ANHast-switch’ NT05-3-45333), the French
ministry of research (ACI JC E. Collet) and thég®n Bretagne (PRIR Femtocom 2178,
SIE MagBreiz 2142, Ph-D funding for Jébert). The authors are also grateful to the
members of the GDR Magtisme et Commutation Moléculaire (MCM 2007-2011) for

fruitful and passionate discussions.

16



T=290K T=150K T=78K T=18K T=18K
Laser off Laser on
S...H(A) S1..H41 2.992 2.994 2.991 2.967
S2..H53B 2.917 2.944
S1..H31 2.968 2.868 2.864 2.905
S1..H6A 2.745 2.669 2.607 2.608 2.649
S2..H6B 2.729 2.690 2.774 2.760 2.667
S1..H45A 2.992
S2..H32 2.972 2.960 2.969
C...H(A) C31..HS3A 2.785 2.794 2.895
C1...H45A 2.838 2.825 2.884
C2...H35A 2.871 2.871 2.832 2.836 2.889
C40...H35B 2.753 2.751 2.857
C43..H33 2.869 2.871 2.891
Cl...H6A 2.624 2.635 2.807 2.812 2.670
C2...H42 2.891
H...H(A) H31..HS53A 2.359 2.306 2.275 2.289 2.291
N...H(A) N2...H35A 2.625 2.585 2.730 2.717 2.575
C...C(Ad) C32..C32 3.293 3.306
S...C(A) S2..C30 3.494 3.452 3.439 3.446

TAB.1. Average bond distances shorter than the sithe Van Der Waals radii which
are: S.H:3A,C..H:29A H..H:24 A, N..H: 275 A, C...C: 3.4 A, S...C: 3.5 A.

Atomic numbering: each atom is labeled by a letter indicating the atom type and a

number. For hydrogen atom H, the number is the number of the linked atom and letter A

and B are used when 2 H are linked to the same atom. Example: H35A and H35B are the

two H atoms linked to the carbon atom labeled C35.
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FIG.1. Reflectivity measurements probediat 800 nm as a function of increasing

temperature on [Fe(DPEA)(NCS)Insert: schematic representation of the

[Fe(DPEA)(NCS)] molecule (Hydrogen atoms are omitted for clarity)
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FIG.2. Bottom: Magnetic susceptibility measuremeantthe formy,. 7T as a function of
the temperature T whergy, is the magnetic susceptibility. Data collectedtrermal
equilibrium are represented by dark circles. Opedes (0) represent data registered
after a laser irradiation made at 10 K (schematlzg@ continuous black arrow) during

around one hour, then stopped before a tempermcnease (0.3 K.mif). The black line
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is the simulation of the curve under irradiation using the fitted kinetic parametefs
(330 em™”), k%, (38 57), ky(T—0)= 5107 s, Landt factor g = 2.25, nys =1 and
nis = 0.05. Insert: Derivative of the curve obtained undeghti irradiation and the

minimum defines th&(LIESST) equal to 47 K**2
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FIG.3. Relaxation of the HS fraction as a functadriemperature. Each time, the sample
is first irradiated at 10 K where the complete sfanmation is achieved before the
temperature is increased up to the desired temyperand the laser is switched off. The

insert illustrates the determination (by the fittmarves in dashed lines) of the kinetic

parameter®, and k;,, defined in the text.
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FIG.4. Evolution of the unit-cell volume as a funat of the temperature. Measurements
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laser irradiation { = 808 nm) made at 18 K. Dashed lines are guides to the eye.
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FIG.5. Evolution of the unit-cell parameters as wnction of the temperature.
Measurements made with increasing temperature drenstized with open triangles
(A), whereas those made under cooling are schemat#bdopen squares). The

arrows schematize the laser irradiation= 808 nm) made at 18K. Dashed lines are

guides to the eye.
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FIG.6. Average bonding

6

defined as { =3 Fe-N;—<Fe-N> (A) (middle); distortion of the FeN
i=1

octahedron measured from theparameter®™>2 that is the sum of the 12 ajsangles in

the coordination sphergZ= . 90-¢; (right), as a function of temperature. The arrows

schematize the laser irradiation made=(808 nm) at 18 K. Dashed lines are guides to

the eye.
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FIG.7. Short intermolecular contacts, defined bstatices shorter than the sum of Van

Der Waals Radii, from structure resolution at 29Qddéwn) and 78 K (up). The axis is

the horizontal one, the axis is the vertical one and tlheaxis is perpendicular to the

figure.
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FIG.8. Temperature evolution of the four shortesérimolecular Fe-Fe distances. . The
arrows schematize the laser irradiation matle=(808 nm) at 18 K. Dashed lines are

guides to the eye.
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FIG.9. Evolution of the HS molar fractiopys (showed with A) as a function of
temperaturel’. The lines represent fitted curves with, fixed to 138 K and4H is taken
equal t06760 J.mol' according to previous experimefitsthe dashed line is the fit
deduced from equation (ii) when the intermolecutgeraction term/” = 0 and the
continuous line is a similar fit but adjusting anrzero value fod” = 2042+ 94 J.mof

for fitting the experimental data.

23



1 p. Gitlich, A. Hauser, and H. Spiering, Angewandte CheBfe2024 (1994).

2 Spin Crossover in Transition Metal Compounds, Springer-Verlag edition, edited by P.
Giitlich and H.A. Goodwin Berlin-Heidelberg-New York, 2004), Vol-3

® K. Boukheddaden, I. Shteto, Bod{ and F. Varret, Phys. Rev.@®, 14796 (2000).

* H. Spiering, K. Boukheddaden, J. Linares, anddfret, Phys. Rev. B0, 184106
(2004).

® M. Nishino, K. Boukheddaden, Y. Konishi, and Syashita, Phys. Rev. Le#8,
247203 (2007).

® S, Miyashita, Y. Konishi, M. Nishino, H. Tokorand P.A. Rikvold, Phys. Rev. H,
014105 (2008).

" Y. Konishi, H. Tokoro, M. Nishino, and S. Miyaghi Phys. Rev. Letl.00, 067206
(2008).

8 K. Boukheddaden, M. Nishino, and S. Miyashitay$Rev. Lett100, 177206 (2008).
° S. Decurtins, P. @lich, C.P. Khler, H. Spiering, and A. Hauser, Chem. Phys. Lett.
105, 1 (1984).

19" A. Hauser, Chem. Phys. Let24, 543 (1986).

1 J.F. létard, P. Guionneau, L. Rabardel, J.A.K. Howard, A.Ee@oD. Chasseau, and
O. Kahn, Inorg. Chen7, 4432 (1998).

12 3.F. L&tard, L. Capes, G. Chastanet, N. Moliner, $takd, J.A. Real, and O. Kahn,
Chem. Phys. Let813, 115 (1999).

13 E. Freysz, S. Montant, Séfard, and J.F. Etard, Chem. Phys. Let894, 318 (2004).

24



4 0. Sakaiand T. Ogawa, Rhotoinduced Phase Transitions, 1st edition, edited by K.
Nasu (World Scientific, Singapore, 2004), Champ.317.

15 K. Boukheddaden, I. Shteto, Bob and F. Varret, Phys. Rev.@®, 14806 (2000).
8 N. Huby, L. Gérin, E. Collet, L. Toupet, J.C. Ameline, H. Cailledu,Roisnel, T.
Tayagashi, and K. Tanaka, Phys. Rew98020101(R) (2004).

7 A. Goujon, B. Gillon, A. Debede, A. Cousson, Aukasov, J. Jeftic, G.J. Mclntyre,
and F. Varret, Phys. Rev. B3, 104413 (2006).

18 J.F. Létard, P. Guionneau, and L. Goux-Capes, Top. Curr. CRa.221 (2004).
19°s. Bonhommeau, G. Molnar, A. Galet, A. Zwick, JReal, J.J. McGarvey, and A.
Bousseksou, Angew. Chem. Int. Bd, 4069 (2005).

% 3. Cobo, G. Molnar, J.A. Real, A. Bousseksou, évmgChem. Int. EH5, 5786
(2006).

2L J.F Létard, P. Guionneau, O. Nguyen, J.S. Costa, S. Mafefihastanet, M.
Marchivie, and L. Goux-Capes, Chem. Eun1].4582 (2005).

22 J.F. létard, J. Mater. Cheml6, 2550 (2006).

% G.S. Matouzenko, A. Bousseksou, S. Lecocq, Rad. Kbningsbruggen, M. Perrin, O.
Kahn, and A. Collet, Inorg. Cherm6, 2975 (1997).

24 \/.A. Money, C. Carbonera, J. EtkaM.A. Halcrow, J.A.K. Howard, and J.Fétard,
Chem. Eur. J13, 5503 (2007).

% CrysAlis RED, Oxford Diffraction Ltd, Version 1.1732.5 (2007).

% A. Altomare, M.C. Burla, M. Camalli, G. Cascaoe C. Giacovazzo, A. Guagliardi,

A. G. G. Moliterni, G. Polidori, and R. Spagna JypA Cryst.32, 115 (1999).

25



27 G. M. Sheldrick, SHELX97. Program for the Refinernef Crystal Structures, Univ.
of Gottingen, Germany (1997).

28|  Capes, J.F.dtard, and O. Kahn, Chem. Eur.€].2246 (2000).

29 T. Buchen, P. @lich, K.H. Sugiyarto, and H.A. Goodwin, Chem. Eur2,J1134
(1996).

%0 J.F. Létard, G. Chastanet, O. Nguyen, S. Marcen, M. MarchiRieGuionneau, D.
Chasseau, and Pii€kich, Monatschefteifr Chemie 134, 165 (2003).

31 M. Marchivie, P. Guionneau, J.Fétard, and D. Chasseau, Acta Crys&® 479
(2003).

32 p. Guionneau, C. Brigouleix, Y. Barrans, A.E. @pd.F. ltard, J.A.K. Howard, J.
Gaultier, and D. Chasseau, C.R. Acad. Sci. Sed, 161 (2001).

33 See EPAPS Document No. for explanation about tiad and for seeing Wilson
graphs.

3 M. Marchivie, P. Guionneau, J.Féthard, D. Chasseau, and J.A.K. Howard, J. Phys.
Chem. Solid#5, 17 (2004).

% J. Hebert, N. Moisan, M. Lorenc, M. Buron-Le Cointe, L. TatpJ.-F. tard, P.
Guionneau, E. Freysz, H. Cailleau, and Eric Collebyeparation.

% E. Trzop, M. Buron-Le Cointe, H. Cailleau, L. m®i, G. Molnar, A. Bousseksou,
A.B. Gaspar, J.A. Real, and E. Collet, J. Appl.sTr40, 158 (2007).

37 C.P. Slichter and H.G. Drickamer, J. Chem.PE§s2142 (1972).

3 A. Hauser, J. Jeftic, H. Romstedt, R. Hinek, Bh&piering, Coord. Chem. Reviews

190-192, 471 (1999).

26



39 C. Enachescu, J. Linares, F. Varret, K. BoukhdddaE. Codjovi, S.G. Salunke, and
R. Mukherjee, Inorg. Chem3, 4880 (2004).

%03, Bonhommeau, N. Bfuel, V.K. Palfi, G. Molnar, A. Zwick, L. Salmon, J.P.
Tuchages, J.S. Costa, J.Etdrd, H. Paulsen, and A. Bousseksou, Phys. Chem. Chem.
Phys.7, 2909 (2005).

*1 G. Brehm, M. Reiher, and S. Schneider, J. PhigenC A106, 12024 (2002).

42 J.P. Tuchages, A. Bousseksou, G. Molnar, J.J.ano§y, and F. Varret, Top. Curr.
Chem.235, 85 (2004).

43 Y. Miyazaki, T. Nakamoto, S. Ikeuchi, K. Saito, lhaba, M. Sorai, T. Tojo, T. Atake,
G.S. Matouzenko, S. Zein, and S.A. Borshch, J. Ragsm. B111, 12508 (2007).

* G.S. Matouzenko, A. Bousseksou, S. Lecocq, Fad.Kbningsbruggen, M. Perrin, O.

Kahn, and A. Collet, Inorg. Cher6, 5869 (1997).

27



