Charge optimization of Group 3-5 Metals Encapsulating Si16 Cage Nanoclusters on Organic Surfaces
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Metal-encapsulating Si16 cage nanocluster superatoms (M@Si16) are the promising candidate to be a class of functional nanomaterials because the chemical properties can be controlled by changing the central metal atom preserving the common caged structure. Specifically, when the group 3-5 metal atoms are utilized for the central metal atom, they behave the halogen-, rare gas-, and alkali-like superatoms, respectively, whose chemical stabilities are suspended by a 68-electron shell closure. In order to utilize the M@Si16 for a functional unit of nanodevices, not only the chemical property of M@Si16 itself but also optimization of the substrate is essentially required to control the charge state of M@Si16 on the surface more favorable. Herein, we have investigated the chemical properties and chemical stabilities for the series of M@Si16 (M = Lu (group 3), Hf (group 4), and Ta (group 5)) by X-ray photoelectron spectroscopy (XPS), where M@Si16 are precisely deposited on n-type fullerene (C60) and p-type hexa-tert-butyl hexabenzocoronene (HB-HBC, C66H66) overlayered substrates. 
[bookmark: _GoBack]Figure 1 shows the XPS spectra for Ta@Si16 deposited on an n-type C60 fullerene substrate. The Si 2p and Ta 4f peaks of Ta@Si16 are reproduced assuming a single chemical state. The result indicates that 16 Si atoms are uniformly distributed around the central metal atom on the C60 substrate. Furthermore, the peak positions of Si 2p and Ta 4f are located to be the bulk value (Si0) and between divalent and bulk value (i.e., Ta1+), respectively, resulting that the total charge state of Ta@Si16 is +1. This indicates that the deposited Ta@Si16 is stabilized by a charge transfer (CT) complexation with n-type C60 as (Ta@Si16)+C60, satisfying 68-electron shell closure [1]. A similar electron transfer to C60 forced to be Hf@Si16+ (67 electron) and Lu@Si16+ (66 electron) due to the high electron affinity of C60. Instead of C60 substrate, the 68-electron shell closure for Lu@Si16 is realized on the p-type HB-HBC substrate, where HB-HBC molecule donates an electron to deposited Lu@Si16, resulting Lu@Si16. The chemical stabilities of deposited M@Si16 indeed enhance at the 68-electron systems, namely Lu@Si16/HBHBC and Ta@Si16/C60, which will be discussed in the presentation.  Figure





Figure 1. XPS spectra for Ta@Si16 
deposited on C60 substrate.
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