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Characterization of Emissive States in Structurally-Precise Monolayer-Protected Gold Nanoclusters
Herbert, P.J. (FSU, Chemistry) and Knappenberger, K.L. (FSU, Chemistry)
Introduction:

As possible applications in nanoscale photonic devices become more available with technological advances, the need arises for new materials with finely tunable optical properties.  Monolayer-protected nanoclusters (MPCs) may provide an atomically-precise solution with structural adaptability to varying photonic functionalities. However, before their realization as practical nanophotonic platforms, a more complete model of the electronic relaxation pathways is needed. Here, we performed photoluminescence-detected magnetic circular dichroism (PL-MCD) measurements in order understand the state-specific radiative relaxation dynamics of these systems.      
Experimental:

Variable temperature- and field-dependent PL-MCD measurements were carried out in Cell 3 of the NHMFL. A sample of the MPC Au25(SC8H9)18 dispersed in a polystyrene film was loaded into a 17.5T magnet under vacuum and cooled to 4.5 K. Electronic excitation was achieved using a regeneratively amplified Ti:Sapphire laser system (Legend, Coherent). The resulting PL spectra and lifetimes were collected as a function of varying field <17.5 T and temperature <200K. Isolation of emission from fine-structure states was achieved using a polarization film mounted directly after the sample slide and control over the direction of applied field (figure 1).
Results and Discussion


The resulting field-dependent difference PL spectra taken at 4.5 K are shown in figure 2. The spectra were fit to multiple Gaussian curves corresponding to separate emissive fine-structure contributions to the total PL. The relative intensities of each component were plotted as a function of applied field at multiple sample temperatures allowing for the quantization of the state’s Lande g-factor (figure 3). The g-factor of 1.7 +/- 0.1 for the 1.78 eV curve suggests emission from a quartet P-state which agrees with theory and signifies the first experimental determination of the total angular momentum of an excited state in MPCs. Saturation behavior of the magnetization curves occurred only at 4.5K suggesting a thermal energy activation barrier to field-induced state mixing effects on the order of kBT. To quantify this activation barrier, Arrhenius analysis of the field-dependent PL lifetimes was carried out to find an energy barrier of ~0.63 meV. 
Conclusions

Through temperature- and field-dependent measurements, we were able to quantify the spin character of emissive states in the Au25(SC8H9)18 MPC as well as calculate the energy barrier for field-dependent state-mixing. In order for these systems to progress further in becoming practical photonic and spintronic materials, these types of measurements are necessary on a structurally-varying series of clusters. This should allow us to obtain a structurally predictive model for understanding the optical properties of MPCs.
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Fig.1 Emission of electronic states under Zeeman splitting isolated by polarization dependence.





Fig.2 Resulting differential PL-spectra as a function of field. Multiple PL components are observed and de-convoluted to examine the field dependence. 





Fig.3 Magnetization curve for a single PL component. Intensity data is fit to extract the Lande g-factor, quantifying angular momentum of emitting state.  









