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We present very recent results obtained for a hetero-metallic U(V)-Mn(II) one-dimensional 
chain assembled through cation-cation interactions [1], and for a triangular molecule 
containing three U(V)O2

+ (5f1)  ions [2]. The former is the first example of an actinide-
containing single-chain magnet (SCM), with a relaxation barrier of 134 K, a blocking 
temperature of 6 K, and an impressive coercive field Bc = 3.4 tesla at 2 K. The latter is 
characterized by a non-magnetic ground doublet corresponding to two oppositely twisted 
chiral arrangements of the U moments, and (in presence of a magnetic field orthogonal to the 
triangle plane) by quantum tunnelling of the noncollinear magnetization accompanied by 
oscillations of the anapole (toroidal) moment. 

Fig. 1. (a) Mercury view of the structure of 1; ligands were represented in pipes, H and co-crystallised 
solvent molecules were omitted for clarity, C are represented in grey, O in red, Mn in cream, N in light 
blue and U in green.(b) Cole-Cole plot of ac magnetic susceptibility components at different 
temperatures. (c) Arrhenius plot displaying T-dependence of the relaxation times. (d) Field 
dependence of the magnetisation measured at 2.5 K.  Inset:  hysteresis loops recorded at four 
different temperatures. 

The reaction of the monomeric uranyl(V) complex [UO2(salen)py][Cp*
2Co] with Mn(NO3)2 in 

pyridine in a 1:1 ratio affords the [{[UO2(salen)(py)][Mn(py)4](NO3)}]n, coordination polymer (1) 
in 65% yield (Fig. 1). Magnetic susceptibility and isothermal magnetization versus field data 
were recorded in the temperature range 2–300 K with a Quantum Design MPMS-XL 7T and 
a Quantum Design MPMS-XL 5.0 SQUID. Measurements were carried out on finely ground 
polycrystalline samples restrained in eicosane to prevent sample torquing. Magnetization 
loops have been measured while sweeping the magnetic field at a constant rate, from 7 to -7 
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T and back, with the sample kept at different temperatures from 2 to 10 K. The real and 
imaginary components, ' and ", of the complex a.c. magnetic susceptibility were measured 
at zero-dc field as a function of temperature and frequency with a Quantum Design PPMS-
14T platform using the mutual- inductance technique and a MPMS XL7 SQUID 
magnetometer. The results obtained show that the Mn-UO2-Mn coordination polymer exhibits 
slow relaxation of the magnetization with a high relaxation barrier (E = 134 K) and shows an 
open hysteresis, thus providing the first example of actinide based SCM (Fig. 1). The high 
magnetic anisotropy of the pentavalent uranyl complex and the high spin of Mn(II) associated 
to a significant intrachain magnetic communication and long interchain intermetallic distances 
are probably at the origin of the SCM behavior. The convenient route to uranium based 1D 
heterodimetallic chains associated to the wide range of possible Schiff base available create 
an entry into the development of actinide based SCM. 

The second compound that will be discussed here is a triangular molecule (2) containing 
three UVO2

+ (5f1) ions, [UO2L]3 (L = 2-(4-tolyl)-1,3-bis(quinolyl)malondiiminate) [2] ( Fig. 2). 
We have investigated its properties through electron paramagnetic resonance (EPR) 
spectroscopy, magnetic susceptibility and high-field magnetization measurements. The 
analysis of the results shows that 2 is characterized by a non-magnetic ground doublet 
corresponding to two oppositely twisted chiral arrangements of the uranium moments. EPR 
spectroscopy has evidenced the presence of sizable non-axial terms in the local crystal fields 
experienced by U ions. This leads to a significant splitting of the ground doublet in the 
presence of a magnetic field orthogonal to the triangle plane. Hence, the low-frequency 
dynamics of 2 is characterized by quantum tunneling of the noncollinear magnetization 
accompanied by oscillations of the expectation value of the toroidal moment. The frequency 
of this phenomenon strongly depends on the applied magnetic field. 

Fig. 2. (a) The structure of 2; large magenta spheres: U, small red (dark gray in print) spheres: O, 
small blue (light gray in print) spheres: N, C and H are shown as wireframe.(b) Measured (points) and 
calculated (lines) field dependence of the molecular magnetization of 2. The inset shows the effect of a 
small amount of paramagnetic impurities. (c) Measured (thick lines) and calculated (thin lines) EPR 
spectra of 2 for T = 5, 20 and 10 K in order of increasing height. (d) Calculated magnetic field 
dependence of the tunnel splitting . The field is applied perpendicularly to the triangle plane. The 
inset contains a sketch of the two moment configurations involved in the tunneling process. 
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