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CdCr2S4: Randomly oriented dipoles arising from Cr3+ dynamic off-
centering. 
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The quest for improved multiferroic materials is, nowadays, a hot topic of research 
promising routes for the development of several technological applications based on the 
magneto-electric coupling [1-4]. In this respect, the most appealing multiferroic materials 
are those, which display a strong coupling between the magnetic and polar degrees of 
freedom [5-7]. 
Our studies provide experimental evidence for the origin of the relaxor-like behavior on 
the cubic spinel CdCr2S4. Here we definitely settle that this behavior arises from Cr off-
centering displacement from its coordination sphere being thus responsible for the 
observed colossal magneto-electrical effects. Our findings were achieved by a singular 
combination of local probe techniques namely Pair Distribution Function (PDF) and 
Perturbed Angular Correlation (PAC). We further show that the off centering of the 
magnetic Cr-ion gives rise to a peculiar entanglement between the polar and magnetic 
degrees of freedom, stabilizing, in the paramagnetic phase, short range magnetic 
clusters. This phenomenon was unveiled by low-field high-resolution magnetization 
measurements, analyzed using a modified Landau theory with a linear coupling between 
the magnetic and polar order parameters.  
Our work provides fundamental comprehension of the magneto-electric coupling on the 
CdCr2S4 system, essential for opening new routes to tune similar materials for suitable 
applications namely in the Spintronics industry. Furthermore, we point out the PDF and 
PAC techniques importance in unveiling the behavior presented by this system. 
 
References 
[1] Kimura, T. et al. Magnetic control of ferroelectric polarization. Nature 426, 55−58 (2003). 
[2] Hur, N. et al. Electric polarization in a multiferroic material induced by magnetic fields. Nature 429, 392−395 
(2004). 
[3] Lottermoser, Th. et al. Magnetic phase control by an electric field. Nature 430, 541−544 (2004). 
[4] Goto, T., Kimura, T., Lawes, G., Ramirez, A. P. & Tokura, Y. Ferroelectricity and giant magnetocapacitance in 
perovskite rare-earth manganites. Phys. Rev. Lett. 92, 257201 (2004). 
[5] Eerenstein, W., Mathur, N. D. & Scott, J. F. Multiferroic and magnetoelectric materials. Nature 442, 759–765 
(2006). 
[6] Chu, Y.-H. et al. Electric-field control of local ferromagnetism using a magnetoelectric multiferroic Nature Mater. 
7, 478 - 482 (2008). 
[7] Hill, N. A. Why are there so few magnetic ferroelectrics? J. Chem. Phys. B 104, 6694−6709 (2000). 


