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Introduction

Colloidal, two-dimensional nanoparticles or nanoplatelets (NPLs) are of significant fundamental interest as variants of more well-studied physically deposited quantum wells. NPLs can be synthesized via wet-chemical routes on gram scales and, also unlike molecular beam epitaxy quantum wells, these materials can present near-perfect thickness control for the ensemble. At the same time, they present important experimental challenges such as a highly random assortment of orientations in the ensemble. Given the large spatial extent of two (but not all three) dimensions, the materials can experience strong quantum confinement effects, yet also offer the possibility of facile transport of charge carriers within the plane of inorganic crystalline material. 


The behavior of excitons in these confined structures is of interest regarding implementation of NPLs in optoelectronic and photovoltaic devices, to which they are well-suited due to their narrow emissions (which are defined by their thicknesses only) and large absorption cross-sections, respectively. The detailed electronic structure of these particles is not fully understood at present. As such, we are interested in magneto-optical studies to evaluate behaviors of carriers in this 2D material landscape.


In a magnetic field, the energy of the exciton to a first approximation will be modified from [image: image2.png]


 to:

E(B) = E0 ± gexBB  [1]
where [image: image4.png]


 is the excitonic g-factor and B is the Bohr magneton. As such, magnetic fields will induce Zeeman splittings of the exciton levels.  By measuring the energy (peak position) of the exciton as a function of magnetic field with a sample at low temperature, magnetic field splittings—details regarding the electronic structure can be inferred. 


Understanding regarding electronic structure can also be elucidated from temperature dependent lifetime of electron-hole recombination vs temperature and field. Here, spin-allowed transitions can produce rapid radiative recombination while optically passive or ‘dark’ exciton character impedes angular momentum-conserved transitions such that radiative recombination will slow owing to necessity of phonon involvement. 

Results and Discussion


The figure below relates initial data we have obtained on a film of polymer embedded mono-disperse thickness nanoplatelet structures synthesized with high emission quantum yield at room temperature. In this data, exciting with a picosecond pulsed diode laser produces detectable emission. As temperature is decreased, the material energy gap appreciably blue shifts owing to lattice contraction. 

[image: image5.jpg]
With decreasing temperature, the radiative lifetime appreciably increases, suggesting that an optically passive state resides lower in energy than a higher energy transition with larger oscillator strength. The temperature dependence of this lifetime along with dependence on magnetic field help to arrive at a model that describes the energy spacing between these levels that dominate radiative recombination. 
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Fig. � SEQ Figure \* ARABIC �1� Time-resolved photoluminescence as a function of temperature shows a distinct increase in emission lifetime as thermal energy in the system decreases and an optically passive exciton begins to dominate the radiative recombination dynamics.








