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Magneto-Optical Spectroscopy of Doped Nanocrystals
Rice, W.D.; Crooker, S.A. (NHMFL-LANL); Pinchetti, V. (U. Milan-Bicocca); Liu, W.; Baker, T.A. and Klimov, V.I. (Chemistry Division, LANL)

Introduction 

Strong quantum confinement in semiconductors can compress the wavefunctions of band electrons and holes to nanometer-scale volumes, significantly enhancing the interaction between those wavefunctions and individual dopants. In magnetically-doped semiconductors, where paramagnetic dopants (such as Mn2+, Co2+ and so on) couple to band carriers via strong sp–d spin exchange, giant magneto-optical effects can therefore be realized in confined geometries using few or even single impurity spins.  This regime can be obtained by employing magnetically-doped nanocrystals, such as Mn2+-doped CdSe, where high doping densities (>1%) can be achieved in nanometer-sized atomic clusters. 

In magnetically-doped materials with random and fluctuating magnetic moments, self-organized spin-polarized units, called magnetic polarons, can form when an external stimulus creates an energetically favorable direction of spin alignment.  Because of the large fields that can be created by magnetic polarons, these spin-polarized entities strongly impact the local material environment, causing significant changes in the optical, electrical, and magnetic properties.  One example of the significant impact that magnetic polarons can have on the optical behavior of magnetic semiconductors is large energetic differences between the absorption and emission of excitons, which have been observed in magnetically-doped nanocrystals [1].
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Results and Discussion
[image: image3.jpg]Using the 8 T split-coil superconducting magnetic with optical access at the National High Magnetic Field Laboratory at Los Alamos, we optically studied high-quality films of Mn2+-doped CdSe nanocrystals using magnetic circular dichroism (MCD) and photoluminescence (PL)  as a function of temperature and field.  The MCD spectra (Fig. 1) exhibit temperature-dependent behavior and non-linear field dependences consistent with previous work on Mn:CdSe nanocrystals [2].  From the MCD spectra shown in Fig. 1, we can extract Zeeman splitting values, which denote the energetic difference between eigenstates associated with different total angular momentum values.  For these samples, large energetic splittings (tens of meV) were observed when the samples were brought to low temperatures (<20 K) and high fields (>4 T).  

The effective Zeeman splitting could be directly obtained using circular polarization-resolved absorption (Fig. 2), in which the absorption is measured using only right- and left-circularly polarized (RCP and LCP) light.  We observed that the energetic difference between RCP- and LCP-resolved absorption became larger with lower temperatures and higher fields, in agreement with previous work on magnetic semiconductors.  Additionally, PL spectra from Mn:CdSe nanocrystals was centered on the internal Mn2+ d—d transition (~585 nm) further confirming the presence of Mn dopants in the samples.
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Fig.1 Field- and temperature-dependent MCD for Mn-doped CdSe nanocrystals.  











Fig.2 Right- and left-circular polarized (RCP and LCP) absorption of Mn:CdSe at 5 K, 6 T.   









