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Introduction 
Magnetic nanoparticles provide a superb platform for the exploration of finite length scale effects on spin-dependent properties. One area that has received significantly less attention is how the interplay between charge, structure, and magnetism - which is at the heart of functionality in transition metal oxides - depends upon size. We identified α-Fe2O3, commonly known as hematite, as a model antiferromagnet with which to test these ideas and, at the same time, reveal finite length scale effects on the fundamental electronic excitations of these materials.  
Results and Discussion


We combined optical and magneto-optical spectroscopies with complementary vibrational and magnetic property measurements to reveal finite length scale effects in nanoscale α-Fe2O3. Analysis of the d-to-d on-site excitations uncovers enhanced color contrast at particle sizes below approximately 75 nm due to size-induced changes in spin-charge coupling that are suppressed again below the super-paramagnetic limit. Spin-charge coupling and the presence of a robust collective transition also account for systematic modifications in the magnon side band, from which we extract precisely how the fundamental exciton softens with decreasing size. These findings provide a general strategy for amplifying magnetochromism in α-Fe2O3 and other iron-containing nanomaterials that may be useful for advanced sensing applications. 
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Fig. 1: (a) Optical absorption of hematite and schematic view of the vibronically-activated d-to-d excitation. (b) Transmission electron microscope images of two different sizes of nanoparticles and field-induced color changes across the spin flop transition. (c) Optical contrast as a function of size. This quantity is amplified at sizes just above the crossover to the superparamagnetic regime.1
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