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We are very pleased to welcome you all in Bordeaux for this 3rd Bordeaux Olivier Kahn 
Discussions. After the first edition focused on spin-crossover and light-induced spin 
crossover in 2015 (ICMCB) for the 20th anniversary of the creation by Olivier Kahn of the 
“Molecular Sciences” group in Bordeaux, and a second edition on functional molecule-based 
materials in 2016 (CRPP), this third event is again dedicated to spin-crossover and 
switchable materials (ICMCB). 

We would like to thanks all the participants for their interest in this event that gathers 70 
researchers and students with 22 conferences and 22 posters. 

The Bordeaux Olivier Kahn Discussions is more than an international tribute to a man, it 
is also a meeting between leading researchers around a theme of great interest to the 
molecular magnetism community. The BOOK-D scientific program is organized to leave 
plenty of time for discussions. We wish to make this conference more than a time for the 
presentation of results, but also a special moment for scientific exchange in confidence, in 
order to generate working groups and collaborative projects. A real need for this type of 
event has been expressed by the international community. 

We wish you a fruitful BOOK-D. 

The organizing committee. 

o Guillaume Chastanet, guillaume.chastanet@icmcb.cnrs.fr (chair) 
o Corine Mathonière, corine.mathoniere@icmcb.cnrs.fr 
o Patrick Rosa, patrick.rosa@icmcb.cnrs.fr 
o Philippe Guionneau, philippe.guionneau@icmcb.cnrs.fr 
o Cédric Desplanches, cedric.desplanches@icmcb.cnrs.fr 
o Mathieu Marchivie, mathieu.marchivie@icmcb.cnrs.fr 
o Nathalie Daro, nathalie.daro@icmcb.cnrs.fr 
o Baptiste Vignolle,  baptiste.vignolle@icmcb.cnrs.fr 
o Virginie Cosseron Da Costa, Virginie.Cosseron@icmcb.cnrs.fr 
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Mononuclear Fe(II) Complexes Based On Methylpyrazinyl-Diamine Ligand: 

Chemical-, Thermo- and Photo-Control of Their Magnetic Switchability 

Xue Liu,a Jian Zhou,a Xin Bao,*a Zheng Yan,b Guo Peng ,c Mathieu Rouzieres,d,e Corine Mathonière,f,g Jun-Liang 

Liu,d,e and Rodolphe Clérac*d,e 

a School of Chemical Engineering, Nanjing University of Science and Technology, 210094 Nanjing, China. 

b College of Biological, Chemical Sciences and Engineering, Jiaxing University, Jiaxing, Zhejiang 314001, China. 

c Herbert Gleiter Institute of Nanoscience, Nanjing University of Science and Technology, 210094 Nanjing, China 

d CNRS, CRPP, UPR 8641 33600 Pessac, France. 

e Univ. Bordeaux, CRPP, UPR 8641, 33600, France. 

f CNRS, ICMCB, UPR 9048, 33600 Pessac, France.  

g Univ. Bordeaux, ICMCB, UPR 9048, 33600 Pessac, F-33600, France. 

 

Abstract: Two new mononuclear Fe(II) complexes, [Fe(2MeLpz)(NCX)2] (L = N,N’-dimethyl- N,N’-bis((pyrazin-2-

yl)methyl) -1,2-ethanediamine and X = S (1), BH3 (2)), have been synthesized and characterized by single-crystal X-

ray diffraction, magnetic, optical reflectivity and photomagnetic measurements. They have similar FeN6 coordination 

environment offered by the tetradentate ligand with a cis- conformation and two NCX− co-ligands in cis positions. 

However, 1 and 2 have different molecular arrangement and crystal packings and are isolated in orthorhombic Pbnb 

and monoclinic C2/c space groups, respectively. 1 remains in a high spin state (S = 2) over all temperatures likely 

due to the weak ligand field strength imposed by NCS−. In contrast, 2 undergoes a spin transition around 168 K with 

a small thermal hysteresis of about 0.4 K (at a temperature scan rate of 1.3 K min−1). This phase transition, that can 

also be optically detected due to the associated marked change of the sample color, occurs between two structurally 

characterized phases, which exhibit Fe(II) complexes in their high spin and low spin states at high and low 

temperatures respectively. The reversible photo-switching between these two states has also been confirmed at low 

temperatures using well separated wavelength irradiations.  

Keywords: Fe(II) complex, molecular magnetism, spin crossover, photomagnetism 
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Switchable	redox	active	Fe/Co	cyanide	molecular	cubes		

Juan-Ramón	Jiménez1,	Yanling	Li1,	Lise-Marie	Chamoreau1,	Yves	Journaux1,	Laurent	Lisnard1	and		
	Rodrigue	Lescouëzec1	

	
1Institut	Parisien	de	Chimie	Moléculaire	–	CNRS	UMR	8232,	UPMC-Paris	6,	Sorbonne Universités,	F-75252,	
Paris	cedex	05,	France.	Equipe	de	Recherche	en	Magnétisme	Moléculaire	et	Spectroscopie	Presenter’s	e-mail	

address:	juan.jimenez_gallego@etu.upmc.fr	

	

In	 1996	 Sato	 et	 al.1	 described	 the	 first	 photoinduced	magnet,	 K0.2Co1.4[Fe(CN)6]·6.9H2O,	 in	which	 an	
Electron-Transfer	Coupled	to	a	Spin	Transition	(ETCST)	converts	the	diamagnetic	{FeIILS-CN-CoIII

LS}	pairs	into	
paramagnetic	 {FeIIILS-CN-CoII

HS}	 ones	 (LS:	 low	 spin,	 HS:	 high	 spin)	 under	 light	 irradiation.	 The	 physical	
properties	 of	 this	 3D	 inorganic	 polymer,	 known	 as	 Fe/Co	 Prussian	 Blue	 analogues	 (PBAs),	 are	 highly	
dependent	 on	 their	 chemical	 composition	 and	 especially	 on	 the	 amount	 and	 the	 nature	 of	 the	 inserted	
alkali	ions.2		

In	 recent	 years,	 intense	 research	 efforts	 have	 been	 devoted	 to	 the	 synthesis	 of	 low	 dimensional	
models	(2D,	1D	or	0D)	of	the	Fe/Co	PBAs	in	order	to	develop	new	discrete	switchable	materials	that	can	be	
easily	manipulated	and	 studied.3	 In	particular,	 the	 synthesis	of	elementary	units	of	 the	PBA	network	has	
been	attracting	much	interest	due	to	their	potential	magnetic,	electronic,	and	encapsulation	properties.4	

In	 the	 present	 work,	 we	 will	 describe	 the	 molecular	 and	 electronic	 structure	 of	 the	 octametallic	
AÌ{Fe4Co4}5	(A=	K+,5	Cs+,	NH4

+)	molecular	cube.	Particularly,	our	interest	is	devoted	to	understanding,	firstly,	
the	 impact	of	 the	different	guests	on	 the	 {Fe4Co4}	electronic	 ground	 state.	Recent	 studies	 carried	out	by	
solution	EPR,	paramagnetic	NMR	and	cyclic-voltammetry	will	be	discussed.	
	
	 	 	 	
1	Sato,	O.;	Iyoda,	T.;	Fujishima,	A.;	Hashimoto,	K.	Science	1996,	272,	704-705.	
2	Cafun,	G.	Champion,	M.-A.	Arrio,	C.	C.	dit	Moulin	and	A.	Bleuzen,	J.Am.Chem.Soc.	2010,	132,	11552-11559.	
3	R.	 Lescouëzec,	 L.	M.	Toma,	 J.	Vaissermann,	M.	Verdaguer,	F.	 S.	Delgado,	C.	Ruiz-Pérez,	F.	 Lloret	and	M.	
Julve,	Coord.	Chem.	Rev	2005,	249,	2691.	
4	 Boyer,	 J-L.	 Kuhlman,	M-L.	Rauchfuss,	 T-B.	Accounts	of	Chemical	Research	2007,	 40,	 233-242.	D.-F.	 Li,	 R.	
Clérac,	O.	Roubeau,	E.	Harté,C.	Mathonière,	R.	Le	Bris	and	S.	M.	Holmes,	J.	Am.	Chem.	Soc.,	2008,	130,	252	
5	D.	Garnier,	J.-R.	Jiménez,	Y.	Li,	J.	von	Bardeleben,	Y.	Journaux,	T.	Augenstein,	E.	M.	B.	Moos,	M.	T.	Gamer,	
F.	Breher	and	R.	Lescouëzec,	Chem.	Sci.,	2016,	7,	4825.	
 
	
	
	

	
	
	
	
	
	
	



The First Conducting Spin-Crossover Compound Combining Mn (III) Cation 
Complex with TCNQ in a Fractional Reduction State 

 
Kazakova A.V.1, Tiunova A.V.4, Korchagin D.V.1, Zverev V.N.2, Maximova O.V.3,  

Volkova O.S.3,4, Vasiliev A.N.3,4, Yagubskii E.B.1 

1 Institute of Problems of Chemical Physics of Russian Academy of Sciences, Semenov’s av., 1, Chernogolovka 
142432, MD, Russian Federation, Email: kazakova@icp.ac.ru 

2 Institute of Solid State Physics of Russian Academy of Sciences, Academician Ossipyan str., 2, Chernogolovka 
142432, MD, Russian Federation 

3 National University of Science and Technology "MISIS", Leninsky av., 4, Moscow, 119991, Russian Federation 

4 Lomonosov Moscow State University, Leninskie Gory, 1, Moscow, 119991, Russian Federation 
 

 
Multifunctionality is one of the most attractive directions in chemistry of materials [1]. The great 
interest causes synthesis of multifunctional materials with the set of different properties in the 
same molecule. Multifunctional materials make it possible to control one of the properties acting 
on other property by external factors. In this regard, bifunctional system, the generated magnetic 
sublattice and a switchable molecular component are promising. One of the best examples of 
molecular bistability are spin-crossover (SCO) complexes, which are particularly suitable as 
switches in the as molecular components. SCO complexes are intensively studied due to the 
appealing property of interconversion between different electronic states by varying pressure, 
temperature or magnetic field, or by exposing to irradiation [2]. These complexes can be used as 
thermal sensors and molecular switches. Whilst the majority of known examples feature FeII or 
FeIII, there are also reports of SCO with CoII [2,3]. More rare are examples with d4 ion MnIII, 
which is interesting candidate as high-spin MnIII with a marked Jahn Teller distortion [4,5]. 

This work presents the synthesis, crystal structure, conductive and magnetic properties of 
compound, containing conductive and magnetic blocks. As magnetic component it uses complex 
based on MnIII with Schiff base: [Mn(5-Cl-sal-N-1,5,8,12)]ClO4 and as the conducting one – π - 
electron acceptor 7,7,8,8-tetracyanoquinodimethane (TCNQ). Bifunctional complex [Mn(5-Cl-
sal-N-1,5,8,12)]TCNQ1.5•2CH3CN (I) was obtained by the exchange reaction of hot acetonitrile 
solutions of [Mn(5-Cl-sal-N-1,5,8,12)]ClO4 (0,231 mmol), LiTCNQ (0,481 mmol) and TCNQ 
(0,489 mmol). 

Compound I crystallizes in the triclinic space group P-1 with one and half TCNQ 
molecules per one [MnL]+ complex cation and two solvent acetonitrile molecules (Fig. 1). One 

of the TCNQ molecules occupy special positions, i.e. 
center of symmetry; so there are only two independent 
TCNQ molecules, denoted as A (one in the general 
position) and B (one at the center of symmetry). 

 
 

Figure 1. The general view and atom numbering in 
compound I. H atoms are omitted for clarity. 
 
 

The overall crystal structure of I can be described 
as that consisting of cationic and anionic layers parallel 
to the crystallographic plane ab (Fig. 2)  

                                                 
1 Ouahab, L., Ed. Multifunctional Molecular Materials; Pan Stanford Publishing: Pte. Ltd., Singapore, 2013. 
2 Halcrow, M.A., Ed. Spin-Crossover Materials: Properties and Applications; John Wiley & Sons, Oxford, 2013. 
3 Halcrow, M.A.  Chem. Soc. Rev. 2011, 40, 4119-4142 
4 Wang S., Ferbinteanu M., Marinescu C., Dobrinescu A., Ling Q., Huang W. Inorg. Chem. 2010. 49. P. 9839-9851 
5 Fitzpatrick A.J., Trzop E., Müller-Bunz H., Dirtu M.M,  Garcia Y., Collet E., Morgan G.G.  Chem. Commun. 

2015, 51, P. 17540-17543 



 
Figure 2. Fragment of the crystal structure of I (projection onto the bc plane). Anionic TCNQ 
and cationic [MnL]+ layers are shown by blue and red colors, respectively. H atoms and solvent 
CH3CN molecules (located in the cationic layers) are omitted for clarity. 

 
The TCNQ anions are packed in the stacks with almost equal A···A and A···B interplane 

separations 3.25 and 3.26Å, respectively (Fig. 3). The distance for the shortest C…C contacts 
lies in the range of 3.21 – 3.39 Å. Analysis of the bond lengths in the TCNQ molecules shown 
that there is a strong charge localization in the stacks: the A molecules have a charge close to -1, 
while the B molecules are almost neutral. 

 
                          A               A                B              A              A                B 
Figure 3. Stacking interactions in the anionic columns (projection onto the ab plane). Dashed 
lines shows shortest C…C contacts. 
 

 The conductivity of crystals I in the plane of the TCNQ layers at room temperature 
is 2,0·10-4 Om-1cm-1, the energy gap ΔE = 0.210 eV. The complex shows a sharp spin-
crossover transition with hysteresis at about 120 K, fig. 4. 
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Figure 4. Temperature dependence of T for I 



Investigating the Influence of Electron-Donating Groups on the SCO 
Behaviour of Mn(III) Complexes 

  
Irina A. Kühnea, Laurence C. Gavin,a Helge Müller-Bunza and Grace G. Morgana 

 
aSchool of Chemistry, University College Dublin (UCD), Belfield, Dublin 4, Ireland  

 
The phenomenon of spin crossover in metal complexes is known since the early 1930s,[1] and 
has since then attracted a lot of interest. Through their possible hysteretic effects, potential 
applications of these molecules include their use as molecular switches in data storage and in 
displays.[2–4] At low temperatures, it is energetically favorable for spin crossover compounds to 
be in a low spin state, and by application of an external stimulus, such as heat, light, pressure 
or applied magnetic field,[5,6] it is possible for the spins to occupy the energetically higher 
orbitals, resulting in a high-spin state of the molecule. We have synthesized different 
coordination Mn(III) complexes based 4-Methoxy- vs. 5-Methoxy-salicylaldehyde Schiff base 
ligands (see Figure) and have investigated their different magnetic behavior based on the 
position of the methoxy group. We have synthesized two families of complexes containing the 
same cationic metal complex, but with different counterions to understand this additional 
influence.  

 
 
 
[1] M. A. Halcrow, Chem. Soc. Rev. 2011, 40, 4119-4142. 
[2] A. Bousseksou, G. Molnár, P. Demont, J. Menegotto, J. Mater. Chem. 2003, 13, 2069-2071. 
[3] S. Bonhommeau, T. Guillon, L. M. L. Daku, P. Demont, J. S. Costa, J. F. Létard, G. Molnár, A. Bousseksou, 
Angew. Chemie Int. Ed. 2006, 45, 1625-1629. 
[4] J.-F. Létard, P. Guionneau, L. Goux-Capes, Top. Curr. Chem. 2004, 1, 221–249. 
[5] J. A. Real, A. B. Gaspar, M. C. Muñoz, Dalton Trans. 2005, 2062–2079. 
[6] S. Kimura, Y. Narumi, K. Kindo, M. Nakano, G. Matsubayashi, Phys. Rev. B 2005, 72, 64448. 
 
 
 
e-mail: Irina.kuhne@ucd.ie  
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Synthesis and Characterization of New Temperature Sensors in Food 

Packaging Industry: 3d, 3d/3d’ Coordination Complexes Exhibiting Spin 

Crossover Phenomena (SCO) 

ZZ..  GG..  LLaaddaa11,,22,,  KK..  SS..  AAnnddrriikkooppoouullooss11,,  SS..  PP..  PPeerrlleeppeess11,,22,,  GG..  aanndd  GG..  AA..  VVooyyiiaattzziiss11  
1Foundation for Research and Technology- Hellas (FORTH), Institute of Chemical Engineering 

Sciences (ICE-HT), Platani, P.O. Box 1414, 26504 Patras, Greece 

2Department of Chemistry, University of Patras, 26504 Patras, Greece 

Chemosensors have attracted enormous attention in the chemistry technology, as 

analytical testing devices. Packaging materials exhibiting “intelligent” sensor-type 

properties for the quality of the food and the information/warning of the consumers 

is of great interest in the Food Packaging sector. Colour variation in response to spin 

transitions of metal complexes is not only a fundamental property, but it is also of 

importance for the design and construction of molecular devices, such as sensors. 

Many Spin Crossover complexes show temperature-dependent colour changes 

accompanied by conversion of their spin states between (SCO) low-spin (LS) and 

high-spin (HS). 

Our general goal is the synthesis and the study of complexes, which could be 

potentially used as sensors mainly in food packaging industry. More specifically, our 

study mainly focuses on the synthesis and characterization of low nuclearity Fe(II) 

coordination complexes and/or Fe(II)/3d’ heterometalic complexes with potential 

use as temperature sensors in refrigerated food packaging materials. The sensing 

ability will be based on the Spin Crossover (SCO) phenomenon. Temperature 

dependent Raman spectroscopy and low-frequency Raman spectroscopy play a key-

role to our research for the full study/examination of the SCO phenomenon and the 

HS/LS ratio of populations in the complexes for a wide range of temperatures. The 

idea of exploiting the SCO phenomenon for sensing applications in food packaging 

materials is novel. 

                          

                                              

               

                

 

 

 



The influence of the axial ligand, X, on the electronic structure of the 

Co3(dpa)4X2 extended metal atom chains 

 

James Lamb, John McGrady 

Inorganic Chemistry Laboratory, South Parks Road, University of Oxford, OX1 3QR, United Kingdom. 

 

The extended metal atom chains have received a lot of interest in the field of molecular electronics. 

Consisting of a linear chain of at least three metal atoms with two terminal axial ligands and 

surrounded by a spiralling polydentate organic ligand they resemble the structure of a macro wire. 

Many different metals have been studied. The tricobalt complex is perhaps the most interesting, 

exhibiting two stable structures either symmetric (equal length Co-Co bonds) or asymmetric (unequal 

Co-Co bonds) in the metal core and an associated spin crossover. [1] A thorough examination of the 

Co3(dpa)4Cl2 (dpa=2,2'-dipyridylamide) compound has been undertaken by this group in the past. 

Three electronic states were proposed to explain the experimental results. A doublet ground state, 2A 

(C2 symmetry), a high spin quartet state, 4B, and a flat surfaced doublet, 2B, bridging the high-energy 

region between the two allowing the observed continuous variation in the properties. [2] Extending 

the series to the fluoride, bromide and iodide counterparts this computational study examines the 

electronic mechanisms by which the symmetric-unsymmetric and low spin-high spin balances are 

determined under the influence of the axial ligands. 

 
[1] R.Clérac, F. A. Colon, L. M. Daniels, K. R. Dunbar, K. Kirschbaum, C. A. Murillo, A. A. Pinkerton, A. J. Schultz & 

X. Wang, J. Am. Chem. Soc., 2000, 122 (26), 6226–6236 [2] D. A. Pantazis & J. E. McGrady, J. Am. Chem. Soc., 

2006, 128 (12), 4128–-4135 



2 Spin-Crossover behaviour in Fe(II)-M(II) (M= Νi, Pd, Pt) Bimetallic Hoffmann-type  Metal 

Organic Frameworks 
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Metal Organic frameworks (MOFs) such as Hoffmann clathrates are among the most 
known, well studied Spin-Crossover (SCO) compounds and constitute a new class of 
functional molecular materials with a plethora of applications in storage, separation, 
sensing and catalysis. They represent a group of materials with exceptionally abrupt and 
hysteretic SCO, some of which have been prepared as single crystals, nanoparticles and 
thin films patterns [1]. 

Lately, there is an intense interest in the field of Molecular Spin-Crossover Complexes as 
demonstrated by the emergence of nanosized spin-crossover materials through the 
synthesis of coordination nanoparticles. The synthesis of nanometersized SCO materials, 
their manipulation at reduced length scales, and the investigation of their size dependent 
properties contribute to explore their potential practical applications in future nanophotonic, 
nanoelectronic, and spintronic devices [2].  
 
Herein, we present the synthesis, isolation and structural/physical characterization of 
bimetallic 3D- and 2D- coordination frameworks in form of single crystals and nanoparticles. 
The coordination networks are constructed from FeII ions supported by cyanometallic anions 
[M(CN)x]

y− (M = Ni, Pd, Pt) and N-donor heterocyclic ligands such as pyrazine (pz), 
methylpyrazine (mpz), 1,2-Di(4-pyridyl)ethylene (dipe) and quinoxaline (quin), through 
different synthetic approaches. Magnetic susceptibility studies were also carried out for both 
cases correlating the structures and dimensions of the nanocrystals with their SCO 
behaviour. 
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Literature: [1] O. I. Kucheriv, S. I. Shylin, V. Ksenofontov, S. Dechert, M. Haukka, I. O. Fritsky and I. 
A. Gural’skiy, Inorg. Chem., 2016, 55, 4906; [2] H. Peng, S. Tricard, G. Felix, W. Nicolazzi, L. 
Salmon and A. Bousseksou,  Angew. Chem., 2014, 126, 11074.  



Magnetic and phase transition studies on iron(II) spin crossover complexes with 
long alkyl chains 

 
Johannes Weihermüller, Stephan Schlamp, Birgit Webera  

 
a Universität Bayreuth, ACII, Universitätsstraße 30, NWI, 95440 Bayreuth, 
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Spin-crossover (SCO) complexes are molecules containing a metal ion with a 3d4 – 3d7 
electronic configuration and an octahedral coordination sphere. Those ions can be 
switched between a high spin (HS) and a low spin (LS) state. The SCO is mainly 
influenced by the metal ion and the coordinating ligand and can be triggered by 
changes of temperature, pressure, or light irradiation.[1] SCO complexes have potential 
applications in the domain of sensors,[2] memory devices,[3] and contrast agents.[4]  
One can combine the SCO with other properties, such as liquid crystallinity (LC) to 
increase the area of application.[5] Therefore, we have extended our Schiff base-like 
ligand system with long alkyl chains.[6] An iron(II) coordination polymer with C22 alkyl 
chains was investigated with regard to its magnetic and LC properties. Polarized light 
microscopy (PLM) reveals the formation of spherulites. SQUID measurements showed 
for [FeLi(C22)bpey]n an irreversible abrupt spin transition (ST) above room temperature 
upon heating coupled with a phase transition (PT) followed by a gradual SCO at low 
temperature for all subsequent heating and cooling cycles. Differential scanning 
calorimetry (DSC) confirms an interplay between the PT and the ST. The spin state of 
the material was assessed before and after the PT using 57Fe Mössbauer 
spectrometry. Further investigations show that variation of the alkyl chain length leads 
to a shift of the SCO temperature. 
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The thermal and light-induced magnetic properties of a family of metal-diluted spin-crossover 
complexes, [FexM1-x(phen)2(NCS)2] (phen = 1,10-phenantholine and M = Ni (II), Cd(II) ) is 
reported and compared to previous results obtained in the same series but with Zn(II) use to 
substitute Fe(II), with the ultimate goal to validate the influence of the size and the nature of 
the inert metal ion on the light-induced properties of spin-crossover compounds. 
This study evidences the mirror impact of the internal on the thermal and the photo-induced 
spin-crossover. Indeed, the internal pressure can be tuned by the size of the inert ion 
inserted in the SCO network. The bigger this guest ion, the stronger the negative internal 
pressure, the greater the decrease of T1/2. In parallel to this effect, we evidenced in this study 
that this stabilization of the HS state has also an impact on the HS metastable state lifetime. 
The bigger the inert ion, the higher T(LIESST). We observed a clear evidence of the fact that 
dilution has a strong effect on magnetic and photomagnetic properties. The magnitude of 
these effects depends strongly on the nature of the diluting metal. This comparison gives 
insights on the effect of the diluting ion size on the [T(LIESST), T1/2] temperatures, and 
hugely complete the previous studies on the effect of internal pressure on the photo-induced 
state lifetime. 
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Materials capable of sensing volatile guests at room temperature by an easily monitored set of outputs 
are of great appeal for development as chemical sensors of small volatile organics and toxic gases. 
Many systems based on robust porous metal organic frameworks (MOFs) have been reported,1 but non-
porous systems can also do this,2 with the guests diffusing through the lattice by either 
formation/cleavage of M-L bonds2 or other reorganisation of the lattice.3 Guest exchange in single 
crystals without disrupting the crystallographic order, is termed a single-crystal-to-single-crystal 
(SCSC), or topotactic, transformation.4 Molecular materials that undergo guest-induced SCSC 
transformations are relatively scarce,2 due to the intrinsic challenge of maintaining crystallographic 
cohesion and order in a molecular solid. Thus, careful design is required in order to access robust and 
flexible molecular systems that will not be damaged during cycles of exchange. 
 
For chemo-sensor applications the material should display a set of easily monitored readout options,5 
hence spin crossover (SCO) complexes6 are excellent candidates – as on guest exposure they can 
reversibly switch between high-spin (HS) and low-spin (LS) electronic states which have very different 
colour, molecular vibrations, M-L bond lengths, and magnetic responses, providing multiple options 
for easy readout. We describe such a system herein.7 
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Spin crossover (SCO) complexes constitute one of the most spectacular examples of molecular bistability. 
Besides the interesting fundamental aspects of this phenomenon, it is of growing interest in the area of 
functional materials due to possible applications in spintronics, sensors, memories or switching devices. In 
this communication we propose possible strategies to make use the switching properties of SCO 
complexes in materials and devices. 
Prior to the integration of SCO complexes in devices, they have to be deposited on solid surfaces without 
losing their SCO properties. With this scope we prepared the Fe(II) complex of tridentate ligand 
bis(pyrazol-1-yl)pyridine functionalized with a carboxylic acid group (bppCOOH). [Fe(bppCOOH)2](ClO4)2 

shows in the bulk an abrupt spin transition with a T1/2 of 380 K and Light Induced Spin State trapping 
(LIESST) effect [1]. The presence of the carboxylic acid groups has allowed its deposition on metal-oxide 
surfaces, by immersion of substrates covered with Al2O3 or SiO2 into acetonitrile solutions of the complex. 
Characterization of these substrates by X-ray photoelectron spectroscopy (XPS), MALDI-TOF 
spectrometry and IR spectroscopy confirms the deposition of the complex. The morphology of the surface 
studied by AFM is consistent with the formation of a monolayer of the complex. The spin state of the 
complex on the surface has been studied by X-ray absorption spectroscopy (XAS). The results obtained 
with this technique indicate that the high-spin state of the complex is more favored on the surface than in 
the bulk as observed in solution but unfortunately the complexes remained trapped in their high-spin state 
and SCO was not observed. In order to improve these results, we have prepared and characterized new 
complexes containing carboxylic acid groups for grafting on metal-oxide surfaces. Furthermore, we have 
prepared heteroleptic complexes of bppCOOH. Finally, new salts of the [Fe(bppCOOH)2](X)2 family have 
been prepares to understand the role played the counterion and improve the bulk properties as 
replacement of ClO4

- by BF4
- gives rise to an isostructural compound with a T1/2 closer to room 

temperature (T1/2 = 340 K). 
The second strategy is based on the preparation of switching multifunctional compounds formed by 
anionic extended networks presenting magnetic ordering such as the oxalate ones and a SCO 
countercation. The scope of this work is to control the magnetic ordering of the extended network with the 
SCO of the inserted complex by using an external stimulus such as light. Since now, the best results for 
this type of compounds have been obtained with Fe(III) complexes. In this work, we have tried to extend 
this strategy to Fe(II) complexes, which seem to be more promising for this scope as they present light-
induced SCO in a larger number of cases. With this idea, new Fe(II) complexes based on the tetradentate 
ligand tris(2-pyridylmethyl)amine have been prepared and inserted into oxalate-based compounds.  
As a third strategy, we have explored the formation of covalent links between these SCO complexes and 
other functional subunits. Thus, we have prepared Fe(II) complexes of polyoxometalates (POMs) 
functionalized with bis(pyrazol-1-yl)pyridine ligand using different strategies. This has given rise to 
coexistence of a single-molecule magnet behavior and photo-induced spin-crossover in the Anderson 
polyoxometalate [MnMo6O24(C16H15N6O)2]2- coordinated to FeII.2 
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Spin crossover (SCO) metal complexes which can switch the arrangement of electrons in d-orbitals 

from paired to unpaired are versatile molecular candidates for many electronic applications and 

have been extensively studied in recent years.  In the last 5-7 years research in SCO has rapidly 

moved towards materials development and device assembly but reports on 1D SCO nanomaterials 

such as nanowires or tubes remain scarce.   We have prepared nanowires of an alkylated 

mononuclear spin crossover iron(III) complex by a solution template method.  The wires can be 

isolated by dissolving the alumina template in acid without decomposition of the nanorod and SEM 

and AFM reveal a narrow distribution of diameter widths in the range 80-100 nm.  The spin 

transition characteristics for a collection of nanowires exactly match those of a powdered sample of 

the complex and electronic characterisation of a single wire is possible using Raman spectroscopy 

coupled to AFM.  We are currently exploring the potential for SCO nanowires in multiferroics 

applications and we will also present here the results of our work to prepare cooperative solution 

assemblies and to lower the melting point to prepare conductive SCO ionic liquids. 
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 Spin CrossOver (SCO) complexes have attracted considerable interest due to their bistable 
properties which are tuneable by different external parameters such as pressure, temperature or 
electrochemical stimuli. The most common SCO systems are based on a FeII core and the transition occurs 
between a diamagnetic state (FeII in LS configuration, S=0) and a paramagnetic one (FeII in HS 
configuration, S=2): in such a case, the magnetic signature of the SCO transition can be addressed 
unambiguously by conventional magnetic measurements from SQUID or VSM magnetometers. In the case 
of divalent cobalt, the SCO transition corresponds to a transition occurs between two paramagnetic levels 
(LS configuration S=1/2, HS configuration S=3/2).  

In this work we have studied the molecular complex [CoII(dpzca)2] which displays a complete and 
reversible transition under moderate pressure (0.5 GPa) at room temperature and also with temperature 
(around 175 K) at atmospheric pressure [1]. Our motivation stems from the existence of a large orbital 
magnetic moment for HS CoII, which we expect to react very strongly upon application of pressure.  

In order to determine the exact nature of the electronic states involved in the temperature- and 
pressure- induced transition, we have performed X-ray Absorption Spectroscopy (XAS) and X-ray 
Magnetic Circular Dichroism (XMCD) measurements at the Co K-edge. The use of hard X-rays is 
mandatory because diamond anvil cells are used for measurements under pressure. Nevertheless, the 
interpretation of spectral features is rather difficult because at K-edges there is no spin sum rule and the 
interpretation of the orbital sum rule is not straightforward. Therefore, we have performed Spin-polarized 
DFT calculations in a plane-wave pseudopotential formalism (Quantum Espresso code) in order to simulate 
and interpret the spectra. In addition, CASSCF and CASPT2 calculations have been performed to 
determine the nature of the ground state for HS and BS structures.  
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Materials that provide a physical response to external stimuli are in high demand for the 

development of switches and sensors. Spin crossover (SCO) complexes1 represent one of the 

most attractive molecule-based switchable materials as they present different magnetic, 

optical, electrical and structural properties that are induced by a variation of temperature, 

pressure, illumination, magnetic field or guest exchange.  

Toftlund and co-workers2 employed tetradentate ligands of the N,N’-bis(2-

pyridylmethyl)diamine type to generate SCO-active iron(II) complexes. More recently Létard 

and co-workers investigated related complexes in detail, particularly focussing on light 

induced SCO.3 Here we present analogues (Figure 1) in which the diamine lateral unit is 

substituted to facilitate further functionalization, in order to: (a) access multi-functional 

complexes (e.g. spin crossover plus fluorescence or redox), and (b) immobilize the SCO-active 

complexes onto a range of solid supports, with the aim of retaining the SCO behavior. 
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Figure 1. Target N,N’-bis(2-pyridylmethyl)diamine type Fe(II) complexes for surface attachment 
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Microwave electromagnetic radiation that ranges from one meter to one millimetre 

wavelengths finds numerous applications for wireless communication, navigation and 

detection, which makes materials able to tune microwave radiation getting widespread 

interest.1  

Among all bistable materials, spin-crossover (SCO) complexes attract considerable 

attention. This group of materials is characterized by the change of electronic configuration 

under the influence of various external factors, such as a change of temperature or pressure, 

light irradiation, magnetic field or effect of guest molecules. A drastic variation of all 

physical properties which arrives from the spin transitions results in a huge variety of 

applications for these materials.2  

 Here we offer a new way to tune GHz frequency radiation by using spin-crossover 

complexes.3 As a result of electronic re-configuration process, microwave absorption 

properties differ for the high-spin and the low-spin forms of the complex. Spin transition in 

the studied material is accompanied by a shift of attenuation frequency minimum towards 

lower frequencies.  This indicates an increase of permittivity driven by the spin transition. 

As well, a SCO related change of the adsorption factor and the refraction index in 

microwave region is observed. 

 

 

1H.-T. Chen, W. J. Padilla, J. M. O. Zide, A. C. Gossard, A. J. Taylor and R. D. Averitt, Nature, 2006, 444, 
597–600. 
2K. Senthil Kumar and M. Ruben, Coord. Chem. Rev., 2017. 
3O. I. Kucheriv, V. V. Oliynyk, V. V. Zagorodnii, V. L. Launets and I. A. Gural’skiy, Sci. Rep., 2016, 6, 
38334. 
 



Composite materials of spin-crossover complexes with 
advanced mechanical properties 

 
Sylvain RATa, Mario PIEDRAHITA-BELLOa, Lionel SALMONa, Gabor MOLNARa,  

Philippe DEMONTb, Azzedine BOUSSKESOUa 
 

aLCC, CNRS & Université de Toulouse, UPS, INP, 31077 Toulouse, France 
bCIRIMAT, CNRS & Université de Toulouse, UPS, INP, 31062 Toulouse, France 

 
 

Multifunctional composite spin-crossover materials based on polymers are of great interest 
since they allow the coupling of the polymer properties to those of the spin-crossover complex. 
An effect of particular interest in this approach is the effect of the volume change of the spin-
crossover complexes leading to mechanical changes in the composite. Composites with such 
properties have been made with this effect in mind by dispersing different SCO complexes in a 
polymer matrix and then using this composite to make a bilayer cantilever displaying deflection 
upon the SCO.1-2 On the other hand, by dispersing an SCO complex in a cellulose matrix it was 
also possible to modulate the mechanical properties of this latter via the spin-transition (Fig. 
1).3 These composites open up the possibility of further research in materials with mechanical 
properties that can be modulated via the spin-transition for sensing, actuation and energy 
harvesting purposes. In this poster we will present our latest achievements along this line of 
research. 
 
 

 
 
Fig. 1 (i) SEM images of the cellulose/SCO composite. 10µm scale bars. (ii) Variation of the storage modulus E’ 
of the composite upon thermal cycling, arrows indicate heating and cooling. 
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The understanding and the control of the dynamics of first-order spin transitions is a general and 
appealing problem from the fundamental point of view and for technological applications as well [1]. 
The study of the spatiotemporal characteristics of these phase transitions in cooperative solid-state 
systems is indeed essential to interpret the ensuing phenomena as they are directly related to the 
mechanistic details of the switching of their physical properties. In particular, the nucleation and 
growth mechanism turns out to be one of the key aspects of these first-order spin transitions. Recently, 
several studies have been devoted to the microscopic observation of the spatiotemporal aspects of 
theses phase transitions in SCO solids by X-ray diffraction [2], Raman micro-spectroscopy [3] and 
especially by optical microscopy [4]. 

We report here the optical microscopy investigation of the spin transition dynamics in single crystals 
of the mononuclear complex [Fe(HB(tz)3)2] (tz = triazolyl), which was recently synthesized in a new 
solvent-free structure [5]. Single crystals of this compound exhibit an abrupt first-order spin transition 
centered at 334 K (associated with a narrow thermal hysteresis loop of ca. 1 K) and mostly reveal 
exceptional resilience upon repeated switching (several hundred cycles), which made possible to carry 
out quantitative and detailed experiments on the spatiotemporal dynamics of the spin transition, based 
on a unique crystal. The results of these measurements are discussed. They reveal singular switching 
properties: high stability of the thermal hysteresis loop, unprecedented large velocities of the 
macroscopic LS/HS interfaces up to 500 µm/s and no visible temperature rate dependency (see Figure 
1).  

 

Figure 1. Evolution of the mean position of 
the LS/HS phase boundary along the red line 
(shown in inset) as a function of time during 
both heating (LS → HS, left panel) and 
cooling (HS → LS, right panel) modes. The 
corresponding phase boundary velocities are 
indicated on the Figure. These “position vs. 
time” curves do not show any temperature rate 
dependency. 
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High-quality thin films capable of retaining spin crossover (SCO) properties are extremely promising for a range 

of nanoscale devices. One of the best ways to obtain films with a precise control of the thickness is based on high 

vacuum deposition. However, only a few known SCO molecules can be sublimated. Here we report on 

[Fe(HB(tz)3)2] (tz = triazolyl) thin films which were thermally evaporated on fused silica/Si substrates. By 

exploiting solvent-vapour induced crystallization method, we showed the possibility to convert the as-deposited 

amorphous films to the crystalline form. The detailed temperature dependent UV-VIS spectroscopic study (Fig. 

1a) demonstrated that the resulting oriented crystalline films exhibit an abrupt, fully complete and reproducible 

spin transition around 338 K [1], very similar to the one of the bulk material [2]. Furthermore, the AFM 

topographic analysis showed that the films display an excellent stability both upon thermal cycling (up to 393 K) 

and upon storage in ambient air for several months, representing a long-term air-stable morphology (Fig. 1b). 

Finally, we could not detect any significant size effect on the spin transition, which was attributed to the very 

similar crystalline domain sizes in samples with different thicknesses. All these properties make the [Fe(HB(tz)3)2] 

films ideal candidates for integration in nanophotonics, nanoelectronics and spintronic devices [3-5]. 

Figure 1. Characterization of a 90 nm [Fe(HB(tz)3)2] crystalline film. (a) Temperature dependent absorbance at 317 nm 

wavelength, along four heating-cooling cycles with 1 K min-1 scan rate, displaying reproducible SCO behaviour. The inset 

shows the derivatives of the transition curves. (b) AFM topography image. 
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The role of molecular geometry and axial ligands on the spin-crossover 
properties of [Co3(R-dpa)4X2] (R = H, CH3; X = F−, Cl−, Br−, I−) 
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It is well known that spin-crossover phenomena in the solid state are highly sensitive to the 
crystal environment. Likewise, the SCO properties in the linear trinuclear cobalt complex 
[Co3(dpa)4Cl2], 1, (where Hdpa = 2,2-dipyridylamine), can be modulated by modifying the 
crystal packing by introducing different solvent molecules [1]. What is more unusual is the 
dramatic effect the crystal packing has on the molecular geometry of 1. For example, when 
using dichloromethane and hexane, two types of crystals are obtained, orthorhombic crystals 
wherein 1 has crystallographically equivalent Co−Co distances (1∙CH2Cl2) and tetragonal 
crystals wherein the Co−Co distances differ by almost 0.2 Å (1∙2CH2Cl2) [2]. Both forms 
present a S = 1/2 to S = 3/2 SCO, but the T1/2 value is >150 K lower in the unsymmetrical 
case. Calculations revealing a symmetrical ground state, as well as increasing asymmetry of 
the tricobalt molecule in 1∙2CH2Cl2 with increasing temperature, has suggested that these 
compounds can be considered “spin-state isomers”, where the symmetrical form corresponds 

to the S = 1/2 state and the unsymmetrical form corresponds 
to the S = 3/2 state.  

In this study, we have added another layer of complexity, by 
considering the influence of electronic effects on the 
temperature dependence of the spin state and molecular 
geometry. To this end, we have synthesized a series of 
[Co3(dpa)4X2] complexes, which have been crystallized with 
different solvents and different geometries. We have found 
that for the Cl−, Br−, and I− adducts, the molecular geometry 
is purely due to crystal packing, while the first examples of 
F− adducts suggest a preference for a symmetrical structure. 
While the SCO properties of the Cl− and Br− adducts are 
similar, I− ligands tend to stabilize the HS state and F− 
ligands to stabilize the LS state, as might be expected from 
the usual crystal field arguments. Conversely, increasing the 

electron donating power in the equatorial position, by modification of the dpa− ligand, 
stabilized the high spin state for the Cl−, but not for the F− adduct. Crystallographic studies 
demonstrate that symmetrical and unsymmetrical complexes have a distinctive temperature 
dependence, and cannot be considered spin-state isomers.  
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Figure 1. Schematic representation 
of [Co3(R-dpa)4X2] where R= H or 

CH3; X = F-, Cl-, Br-, I- 
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Single molecule magnets (SMMs), single ion magnets (SIMs) and spin crossover (SCO) 

complexes are examples of molecular magnets which can exist in two states with potential 

applications in molecular memory and display technology.
[1],[2]

 Advantages which accompany 

use of systems with just one magnetic ion are the direct impact of the ligand configuration on the 

internal electronic structure of the coordinated ion and the ease and reliability of chemical 

synthesis.
[3],[4] 

We have synthesized a new series of hexadentate Fe(III) complexes based on 

different halide substituted Schiff base ligands (see Figure) and have studied their magnetic 

properties . A series of complexes are synthesized with different counterions to understand their 

influence in determining the spin states. We see unambiguous evidence of an influence of bulkier 

counterions preferring the low spin state, while smaller anions drive the complexes towards high 

spin state. The spin transition also followed by solution UV-vis and EPR spectroscopic studies. 
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 In some transition metal compounds containing 3d4-3d7 metal ions in octahedral 
surroundings, the Spin-CrossOver (SCO) may occur between a Low Spin (LS) state and a 
High Spin (HS) state. This electronic switching property can be induced by external fields as 
temperature, pressure or light irradiation. In Iron (II) molecular complexes, the most studied 
ones, the SCO leads to a change from a diamagnetic state (LS, S=0) to a paramagnetic state 
(HS, S=2). The SCO always correspond to a phase transition by itself and in addition it can 
sometimes be accompanied by a structural transition.  
 The new mononuclear compound, [Fe(PM-PeA)2(NCSe)2]1 with PM=N-(2’-
pyridylmethylene) and PeA= 4-aminophenylacetylene, presents a SCO with a structural 
transition that is very unusual because the symmetry is higher at low temperature in the LS 
state (orthorhombic Pccn) than at high temperature in the HS state (monoclinic P21/c). This 
increase of symmetry has been rarely reported so far since lowering temperature usually 
induces a decrease of symmetry2. 
 The SCO phenomenon is an impressive example of molecular bistability since some 
compounds presents a hysteresis. Larger is the hysteresis loop, bigger is the temperature range 
of bistability3. In this sense, the [Fe(PM-PeA)2(NCSe)2] compound appears remarkable 
because it is one of the very few compounds with a large hysteresis centered around room 
temperature;  the transition temperatures being T1/2= 266K and T1/2= 307K.  
First, a very detailed presentation of the compound, at different physic scales – coordination 
sphere scale, molecular scale and crystal packing scale – will be presented to characterize 
both spin states. Then the thermal hysteresis will be investigated by Single Crystal X-Ray 
Diffraction (SCXRD) and Powder X-Ray Diffraction (PXRD) with a highlight on the SCO 
phase transition mechanism. The unit cell temperature dependence clearly evidences the 
strong structural rearrangement that accompanies the SCO as well as the structural hysteresis 
width. 
Finally, the SCO triggered by pressure will be explored. Preliminary results shows a complete 
spin transition at room temperature under few kbar that has been characterized by PXRD.  
 
[1] E. Tailleur and al (2017), Chem Comm, 53, 4763 - 4766  
[2] M. Shatruk and al (2015), Coord. Chem. Rev, 289, 62-73 
[3] J. Zarembowitch and al (1991) New J. Chem, 15, 181-190 
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The ability of certain first row transition metal ions to switch electronic state with 

thermal or optical stimulus has long been cited as having excellent potential for 

data storage, and in recent years the emphasis has moved from synthesis of 

new examples towards suitable engineering of existing complexes into 

polymeric or amphiphilic environments.[1] Amphiphilic compounds have proved 

to promote self-assembly in solution with some few examples displaying 

hysteresis. This opens new opportunities for solution processing magnetic 

materials.[2]       

Here we present the preparation of an alkyl functionalised iron(III) compound 

[Fe(LOC16)2]ClO4, Figure 1. The magnetic profile of the compound was analysed 

both in solid state and solution with the latter showing the formation of a 

cooperative system proved by the spin 

crossover with a hysteresis window of 15 K 

around 220 K. The nature of both the spin 

crossover and hysteresis was further 

investigated using different techniques such 

as NMR, SQUID, EPR, UV-visible 

spectroscopy and Mössbauer spectroscopy. 
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