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Atomic Structure of Mesoporous SiO2-encapsulated Pt and Pt-Sn Nanoparticles Revealed by Dynamic Nuclear Polarization-Enhanced Si-29 NMR Spectroscopy
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Introduction

Mesoporous silica shell encapsulated Pt (Pt@mSiO2) and Pt-Sn (PtSn@mSiO2) nanoparticles are an emerging class of heterogeneous catalysts with superior phase purity and crystalline order, uniform particle size, stability and longevity compared to conventional metal oxide-supported metal nanoparticles. Tunable catalytic activity and selectivity is afforded by varying composition in these materials. We utilize DNP-enhanced Si-29 NMR spectroscopy combined with conventional MAS NMR spectroscopy to elucidate the atomic structures and bonding topology of the quaternary (Q) silicon sites in the mSiO2 shell (see Fig 1).
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	Fig. 1. Scheme of the bonding network of the Qx sites that form the mesoporous SiO2 shell in the PtSn@mSiO2 NP.
	Fig. 2. Spectra recorded with microwave (i) off and (ii) on of (A) Pt@mSiO2 and (B) PtSn@mSiO2 NPs impregnated with AMUPol. Spinning sidebands are indicated by *. Decon-voluted peaks of Qx sites in (C) Pt@mSiO2 and (D) PtSn@mSiO2. 16 scans were collected for (A) and (B). 64 scans were collected for (C) and (D). Apodization of 100 Hz were applied for all spectra.


Experimental

We utilized DNP-enhanced NMR spectroscopy to elucidate the atomic structures and bonding topology of the quaternary (Q) silicon sites in the mesoporous silica shell. 
Results and Discussion

The Si-29 MAS NMR spectra recorded with and without resonant microwave irradiation is shown in Fig. 2. The spectra were decomposed in terms of the silicon coordination types, Qx. The superscript x refers to the number of other Q units connected with the silicon tetrahedron. 
Conclusions
     This study represents the first 29Si NMR spectroscopy of silica shell-encapsulated metal nanoparticles. Combined applications of 1D conventional, DNP enhanced indirect, direct and 2D correlation NMR experiments yield structural information from complementary information from spectra recorded with and without microwave irradiation. However, we found no significant difference in the atomic structure of the shells of the Pt@mSiO2 and Pt3Sn@mSiO2 catalysts. This protocol facilitates elucidation of atomic structures of similar materials with silica shell encapsulation and imparted functionality.
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