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Abstract: Tin-doped indium oxide nanocrystals are promising candidates for optoelectronics and active 

plasmonics in the NIR. Here, an integrated approach was developed involving magneto-optics and single particle 

spectroscopy to directly determine experimentally the carrier parameters as a function of tin doping, which is 

challenging in such small nanosystems. 

 

Indium Tin Oxide (ITO) is the prototype conductive oxide, which has recently gathered interest in 

nano-optics,1 owing to the excellent plasmonic properties displayed by ITO nanocrystals (NCs) in the infrared 

spectral region. Unlike noble metals, the plasmonic resonance frequency in spherical ITO NCs can be tuned 

synthetically by controlling the tin content.2 Nanostructuration typically introduces several challenges in the 

characterization of electronic parameters in NCs, hampering advanced material design. Indeed, while films of 

doped oxides are routinely studied through electrical experiments, these cannot be reliably applied to NCs, since 

the insulating ligand layer forces charge hopping and results in a complex (albeit interesting) behaviour. 

Moreover, the surface potential creates a depletion region near the surface, which typically requires core@shell 

models with a purely dielectric shell to fit the extinction spectrum.3  

In this work,4 we present an integrated approach (Figure 1) based on magneto-optics, single-particle Electron 

Energy Loss (EELS) spectroscopy and 119Sn Solid State Nuclear Magnetic Resonance (SSNMR) spectroscopy to 

extract the fundamental electronic parameters of a series of ITO NCs with variable tin doping. Our methodology 

overcomes the limitations of standard fitting approaches based on extinction spectroscopy, which can only 

determine the ratio between carrier density and mass. Conversely, exploiting concepts from 

magnetoplasmonics5,6 we determined the carrier effective mass directly on the NCs, discarding the use of 

literature values. We found that mass values depart appreciably from those measured on thin films; consequently, 

we found carrier density values that are different from reported literature values for similar systems.  The 

effective mass was found to deviate from the parabolic approximation at high carrier density. This approach can 

be generalized to other plasmonic heavily-doped semiconductor nanostructures and represents, to the best of our 

knowledge, the only method to date to characterize the full Drude parameter space of 0-D nanosystems. 

 



 
  

Figure 1: Scheme of the multitechnique approach employed in this work to extract the relation between 

carrier mass and carrier density in a series of chemically prepared ITO NCs with variable Sn content. 
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