
HAL Id: hal-04198093
https://hal.science/hal-04198093

Submitted on 6 Sep 2023

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

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

A molecular-based magnet incorporating the
[Ru(bpy)3]2+ chromophore (bpy = 2,2’-bipyridine)

Scott S. Turner, Cécile Michaut, Olivier Kahn, Ouahab Lahcène, Ariane
Lecas, Edmond Amouyal

To cite this version:
Scott S. Turner, Cécile Michaut, Olivier Kahn, Ouahab Lahcène, Ariane Lecas, et al.. A molecular-
based magnet incorporating the [Ru(bpy)3]2+ chromophore (bpy = 2,2’-bipyridine). New Journal of
Chemistry, 1995, 19 (7), pp.773-775. �hal-04198093�

https://hal.science/hal-04198093
https://hal.archives-ouvertes.fr


A molecular-based magnet incorporating 
the [Ru(bpy)3]2

+ chromophore (bpy = 2,2'-bipyridine) 

Scott S. TURNER, Cécile MICHAUT and Olivier KAHN* 

Laboratoire de Chimie Inorganique, URA CNRS n° 420, Université de Paris Sud, 91405 Orsay, France. 

Lahcène ÜUAHAB 

Laboratoire de Chimie du Solide Inorganique et Moléculaire, URA CNRS n° 1495, 
Université de Rennes I, 35042 Rennes, France. 

Ariane LECAS and Edmond AM0UYAL 

Laboratoire de Physico-Chimie des Rayonnements, URA CNRS n° 75, Université de Paris Sud, 91405 Orsay, France. 

Abstract. - The compound [Ru(bpy)J)Mn2(Cu(opba)b • 13H2O (bpy = 2,2'-bipyridine, opba = ortho

phenylenebis(oxamato)) in which the photophysically active chromophore [Ru(bpy)3]2• is located
between anionic ferrimagnetic layers exhibits a spontaneous magnetization at Tc= 12 K. 

The first molecular-based magnets were described in 
1986 1. 

2. Since then, qui te a few molecular materials
exhibiting a spontaneous magnetization below a critical 
temperature Tc have been reported 3· 4• Recently, it was
suggested that one of the main issues in this field of 
research concemed the synergy between magnetic and 
optical properties 5

-
7

• Indeed, most of the molecular 
magnetic materials are weakly colored while classical 
magnets are usually opaque. Here we report· on one 
of the very first molecular-based magnets incorporating 
the photophysically active [Ru(bpy)3]

2+ chromophore, 
with bpy = 2,2' -bipyridine. Its formula is [Ru(bpyh]Mnr 
[Cu(opba)b • 13H2O (1 · 13H2O); [Cu(obpa)]2

- stands for 
the Cu(Il) precursor: 

with opba=ortho-phenylenebis(oxamato). 1 · 13H2O is a 
new member of a family of Mn(II)2Cu(Il)3 molecular
based magnets with Tc ranging from 12 to 22.5 K 8

· 
9

. 

The structure of one of these compounds has been 
solved 9

. It consists of a two-dimensional anionic skeleton 
with edge-sharing hexagons, and cations located between 
the layers. The corners of each exagon are occupied by 
Mn(II) ions, and the middles of the edges by Cu(Il) ions. 

1 · 13H2O was synthesized as follows: First, 
[Ru(bpy)3]Ii • 6H2O 10 and Na2[Cu(opba)] • 3H2O 8 were 
prepared as described. The reaction of 2 Ag(NO3) and 
Na2[Cu(opba)] · 3H2O in water afforded Ag2[Cu(opba)] 
which precipitated (yield: 96%). Heating at reflux for ca. 
20 min equimolecular amounts of [Ru(bpyh)li · 6H2O 
and solid Ag2[Cu(opba)] in water resulted in a precipitate 
of Agi and a deep orange-brown solution which gave 
single crystals of [Ru(bpy)J][Cu(opba)] · 9H2O (2 • 9H2O) 
by slow evaporation in the dark (yield: 80%). Finally, 
1 · 13H2O was obtained by mixing together two solutions 
in dimethylsulfoxide, one containing Mn(Il) chloride, 
the other containing 2 · 9H2 O, with the molar ratio 
Cu/Mn= 1.6. 1 • l 3H2O appeared as an orange-brown 
microcrystalline powder (yield: 76% with respect to Mn). 
Anal. cale. for C60Ns2N 1203 1 Cu3Mn2Ru (1 · l 3H2O): C, 



Figure 1. - Projection of the crystal structure of [Ru(bpyh] 
[Cu(opba)] · 9H20. For clarity the noncoordinated water molecules have 
been omined. 

38.97; H, 3.38; N, 9.09; Cu, 10.31; Mn, 5.94; Ru, 
5.47. Found: C, 38.65; H, 3.38; N, 9.10; Cu, 9.93; Mn 
5.62; Ru, 5.86. 
The crystal structure of the precursor 2 • 9H2O has 
been solved 11

• This structure is shown in Figure 1. As 
expected, 2 · 9H2O crystallizes in a centrosymmetrical 
space group, ?2 1/c, so that the tw·o enantiomeric forms 
of the chiral cation [Ru(bpyh]2+ are present. Interestingly, 
this structure is the first one showing a free bis(oxamato) 
Cu(Il) dianion. The average value of the Cu-N and Cu-O 
bond lengths are equal to 1.89 and 1.85 Â, respectively, 
and the C-C bond lengths within the oxamato group are 
typical of a single bond; their average value is 1.54 Â. 
The magnetic properties of 1- 13H2O are characteristic 
of ferrimagnetic layers exhibiting a long-range magnetic 
ordering at Tc= 12 K. The XM T versus T plot shown in 
Figure 2a (XM being the molar magnetic susceptibility 
and T the temperature) presents a rounded minimum 
around 110 K, and increases more and more rapidly 
as T is lowered further. The temperature dependence 
of the magnetization within a magnetic field of I Oe 
below 25 K is shown in Figure 2b. The field-cooled 
magnetization (FCM) shows a break around 12 K. 
The zero-field-cooled magnetization (ZFCM) at any 
temperature below Tc is much weaker than the FCM, 

so that the remnant magnetization is close to the FCM. 
(One has approximately REM= FCM - ZFCM). At least 
ten out of the thirteen water molecules may be very 
easily removed under vacuum, or by a gentle warming. It 
is remarkable that the magnetic properties of 1 • 3H2O are 
strictly identical to those of the full y hydrated compound, 
which suggests that these labile water molecules are 
almost free between the anionic layers separated by the 
large [Ru(bpyh]2

+ cations. It is also worth pointing out 
that Tc for 1 • l 3H2O is much the same as for other 
members of the family incorporating less bulky cations 7 
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Figure 2. - (a) XMT versus T curve for [Ru(bpy)J)Mn2 
[Cu(opba)h · 13H20; the insen emphasizes the minimum of XMT 
around 110 K. (b) Temperature dependence of the magnetization 
for [Ru(bpyh)Mn2[Cu(opba)l3 · 13H20 within a magnetic field of 
1 Oe. FCM = field-cooled magnetization. ZFCM = zero-field-cooled 
magnetization, REM= remnant magnetization. 

Preliminary photophysical results on an aqueous solution 
of 2 indicate that the luminescence of the [Ru(bpy)J J2+ 

cation is quenched by the presence of the [Cu(opba)]2-



species, probably through an energy transfer process. 
The quenching rate constant has been found to 
be 4.3 x 109 mo1- 1 sec- 1

• We hope to repon on the 
luminescence of 1 · l 3H20, or on the quenching 
mechanism in the rather near future. 

References 
1 Miller J. S .. Calabrcse J. C., Epstein A. J .. Bigelow R. W .. Zang

J. H .. Reiff W. M .. J. Che111. Soc. Che111. Co1111111111., 1986. 1026.
Pei Y., Yerdaguer M .. Kahn O., Sletten J .. Renard J. P .. J. Am.

Chem. Soc .• 1986. 108. -l28.
3 See, for instance. Chemislry and Physics of Mo/ecular-Based 

Mag11e1ic Maierials. H. lwamura. J. S. Miller eds. Mol. Crys1. Liq. 

Crys1 .. 1993. 232-233.
4 Kahn O .. Molecu/ar Mag11e1is111, YCH, New York. 1993. 
5 Day P .. Science. 1993, 261, 431. 
6 Kahn O .. Co111111e111s Cond. Ma,. Phys .. 1994, 17. 39. 
7 Decurtins S .. Schmalle H. W., Schneuwly P., Ensling J., Gütlich 

P .. J. A111. Che111. Soc., 1994, 116, 9521. 
8 Stumpf H. O., Pei Y., Kahn O., Sletten J., Renard J. P., J. Am.

Chem. Soc., 1993. 115, 6738. 

Acknowledgement 

We are very grateful to the European Union for its 
financial support in the frame of the Human Capital 
and Mobility Program, contact n° ERBCHRXCT920080. 

9 Stumpf H. O., Ouahab L., Pei Y .• Grandjean O., Kahn O., Science,

1993, 261. 447. 

10 Palmer R. A., Piper T. S., lnorg. Chem .. 1966, 5. 864.

11 Crys,a/ da1a: Ru(C 10HsN2hCu(C 10H4O6N2), 9H2O: M,= 1043.47, 
Monoclinic, P21/c. a= 13.365(5), b = 13.861 (6). c = 26.678(9) A.

fJ= 103.26(2)0
, V=4450 Â3 , Z=4, deale= 1.557 gcm-3 , µ=

8.850 cm-1, ..\(MoKa) = 0.71073 A. The refinements by full
matrix least squares for 587 variables gave final R = 0.045. Rw = 
0.062 using 3644 absorption corrected data with / � 4 a([). A 
crystal was taken directly with its mother liquor, sealed in a 
Lindemann glass capillary, and mounted on a Enraf Nonius 
CAD4 diffractometer for data collection. Full structure solution 
data, atomic coordinates, bond lengths and angles. thermal 
parameters. and observed and calculated structure factor tables 
can be obtained on request from the authors. 




