Structural investigations of spin transition compounds under pressure.
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We aimed at determining the structural evolutidnspin transition complexes under
pressure. Further systems were investigated: @)teo dimensional spin transition compound
Fe(btrpy(NCS).H,O presenting unusual and unexpected behaviour umpdessure and (i)
compounds of the Fe(PM-4NCS), family to compare spin transition properties undegssure;
moreover, some complexes in this family also presemsual properties under pressure which
always remain unclear.

Scientific background

Particular attention is paid to spin transition @munds since fifteen years [1]. These
materials are especially interesting owing to thestability properties which give them promising
applications as data storage elements, thermatisggtor display devices. As a matter of fact, these
compounds can change their spin state (high sp8t a4 low spin -LS-) upon the variation of an
external constraint as temperature, pressure,dateragnetic field or light irradiation [2-3]. Mast
the spin transition compounds studied under prestiad been investigated by spectroscopic
measurements or magnetic experiments. About stalctinvestigations of spin transition
complexes under pressure, studies are very rarergdhree crystallographic measurements were
established, always by X-ray diffraction. Spectogsc and magnetic studies shown that an increase
of the applied pressure induces an increase dfaneition temperature T%2, which is the £8HS
thermal spin transition temperature, as it coulékgected due to decrease in the volume of iron(ll)
coordination sphere on going from the HS to thestae. The consequence is a stabilization of the
LS state under pressure.

Experimental section

The measurements were performed. at 0.41 A on the high pressure beamline ID0O9A.
Data were collected using the MAR345 image plate distance of 260 mm witprscan over 30°
(Ap = 2° andAt = 0.8, 1 or 2s per image depending the compléxystals of very good quality
were introduced in the center of a diamond anuit sdicon oil was used as pressure transmitter.
The pressure was controllad situ thanks to ruby fluorescence initially calibratedlll the
experiments were performed at ambient temperatace @articular attention was paid during
pressure increase to not damage the crystal arlégtabllize the pressure.

Preliminary results

The spin transition compounds family Fe(PM{NCS), is particularly interesting because
it regroups several complexes with very differeslhdviours under pressure. The aim of the present
experiment was to investigate the structural priogerof the spin transition compounds Fe(PM-
PeAR(NCS), and Fe(PM-BIA)(INCS), (PM = N-2-pyridylmethylene; PeA =
4-(phenylethylnyl)aniline; BiA = 4-aminobiphenylepder pressure up to 17 kbar, to rely the spin
transition properties and the molecular variatishgn applying a pressure.

The complex Fe(PM-PeAYNCS), is characterized by a thermal hysteresis loop7dK.3
Under applied pressure, the spin transition shatkower temperature and the hysteresis becomes
larger AT = 57 K) than at atmospheric pressure. When tlesgore reaches 3 kbar, the spin
transition in the warming mode presents an unusuidp around 160 K, and magnetic data clearly



shows that the complex is not completely in thedtt8e even at ambient temperature [4]. Finally,
coming back to ambient pressure induces irreversilange of the magnetic properties. This
behaviour is not clarified yet and lets presumedftiimation of a new stable crystallographic phase
at elevated pressure.

The complex was measured on IDO9A at 7 pressurés Lp.35 kbar. The refinement of the lattice
parameters clearly showed that the pressure charagEompanied by a structural phase transition
from monoclinic, at low pressure, to orthorhomlaithigh pressure. It was showed that decreasing
temperature has the same effect. This symmetrygehaaocurs at P = 4.15 kbar and is particularly
visible on thea crystallographic parameter which decreases by 18)b and c parameters
increasing by about 2%. Moreover, the volume vimnais extremely large, about 12%, which is in
good agreement with the magnetic data and the wigevide hysteresis widtAT > 100 K).

The complex Fe(PM-BiA»(NCS), shows a complete and abrupt transition under nlorma
pressure condition, with a small hysterea$ & 5K). The spin transition has been found ndbéo
accompanied by a space group change (Pccn). Wieepréssure increases from 1 to 6 kbar, it
exhibits a typical stabilization of the LS statettwia reduction of the hysteresis width [4].
Surprisingly, in the pressure range 6-8 kbar, ty&dresis width strongly increases to reach 25 K.
For P > 8 kbar, the hysteresis width decreasesiagaifor Fe(PM-PeAINCS), this behaviour is
not clarified yet and lets presumed the formatidnaonew crystallographic phase at elevated
pressure.

A single crystal of Fe(PM-BIAJNCS) was measured on IDO9A at 293 K up to 17 kbar (in
increase then decrease pressure modes). For thjgexq the molecular structure remains in the HS
state for all the measured pressure. The refinesr@nhe lattice parameters showed a decrease of
all the crystallographic parameters induces a velwmange of 8%. The structural refinement of
this complex at high pressure is very delicate tu@a supposed symmetry change. Structural
refinement work is always in progress on that $gnsition compound.

The application of hydrostatic pressure (< 10.Garkbon the two-dimensional spin
transition compound Fe(btr);(NCS).H,O (btr = 4,4’-bis-1,2,4-triazole) results in an upekted
stabilization of the HS state [5]. For this spiansition compound, it is noted a stabilization had t
HS state under pressure with an increase of thesmaltransition. Coming back to P = 1 bar, the
complex exhibits a new magnetic behaviour with Beeoved HS state residue in the ground LS
state. It is presumed that a structural phase itramgrobably governs the spin transition under
pressure.

To clarify the behaviour of this compound under sgtee, we measured single crystals of
Fe(btrpy(NCS).H,O up to 10 kbar at ambient temperature. Structtehements did not show
symmetry change from the monoclinic common spaaumrof this complex. All the lattice
parameters decrease when applying pressure withatgest change for tha parameter. The
volume change was calculated to be of the ordé8%f The structural changes were studied in
increasing and decreasing pressure modes pointing ceversible variation of all the parameter,
excepted for the beta angle which significantlyré&ase during the 8 10 — 4 kbar way Ap =
+1°). Structural refinement work is always in pregg on that spin transition compound to rely the
magnetic behaviour changes to the structural ptigger

References

[1] Gatlich P. et al. Angew. Chem. Int. Ed. Engl., 1994 33, 2024.
[2] Marchivie M. et al.,J. Am. Chem. Soc., 2002 124, 194.

[3] Legrand V. et al.J. Appl. Cryst., 2007, 40, 1076.

[4] Ksenofontov V. et alChem. Phys. Lett., 1998 294, 545.

[5] Garcia Y. et al,). Phys. Chem. B, 200Q 104, 5045.



