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Si-29 MAS DNP NMR on SiO2-encapsulated Pt and PtSn Nanoparticles
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Introduction 

Recently, a facile approach was introduced for the synthesis of size-monodisperse Pt, Pt3Sn and PtSn intermetallic nanoparticles (iNPs) conﬁned to a thermally robust mesoporous silica (mSiO2) shell [1]. The mSiO2 encapsulation prevents sintering of metal nanoparticles (NPs) at high temperatures while the large pores of the mSiO2 shell do not restrict access of organic substrates to the metal surface. The atomic bonding structure at the surface and interface of the mSiO2 shell is not well characterized up to now. Here, Si-29 MAS DNP NMR was employed to study the mesoporous SiO2 encapsulated Pt (Pt@mSiO2) and PtSn (PtSn@mSiO2) intermetallic NPs to elucidate the bonding arrangement of Si in the shell.
Experimental 

The Si-29 MAS DNP NMR spectroscopy was performed on NHMFL’s Bruker 600 MHz/ 395 GHz DNP Avance spectrometer equipped with a 3.2 mm LTMAS probe. The SiO2-encapsulated Pt and PtSn NPs were synthesized following published procedures [1]. The solid catalyst in powder form were impregnated with a solution of 10mM AMUPol dissolved in DMSO, H2O and D​2O at a ratio of 8/1/1 (in weight), as described in the literature [2].
Results and Discussion

Fig.1 presents the TEM of the Pt@mSiO2 and PtSn@mSiO2 NPs, confirming the core-shell structure. In Fig. 2, NMR spectra acquired with microwaves on and off are shown. An 8-fold Si-29 NMR signal enhancement was obtained by DNP effect and a shoulder peak becomes visible. In the deconvolution, the peak at -103 ppm corresponds to the Q4 site which is composed of four Si-O-Si bonds; the peak at -93 ppm corresponds to the Q3 site which is composed of three Si-O-Si bonds and one Si-O-H bond, as indicated in the inset of Fig. 2. The Si-O-H bond arises from the reduction of the catalysts, a standard pretreatment prior to catalytic reactions. Not seen in the spectrum of Fig. 2 are two additional peaks that appear in the conventional thermally polarized Si-29 MAS NMR spectrum at room temperature (not shown). Work is currently underway to assign these additional peaks that were not visible in the low temperature spectra of the sample containing AMUPol.  
 
Conclusions

Si-29 MAS DNP NMR was utilized to study mSiO2-encapsulated Pt and PtSn NPs for the first time. Information about bonding of Si atoms in mSiO2 was revealed. Two Q surface sites were identified, including the Q3 site arising from the pre-reduction. The grafting of H atoms onto the surface of these NPs may have significant implications for catalytic reactions. 
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Fig. 2 Si-29 MAS NMR spectra of Pt@mSiO2 NPs with (top) and without (bottom) DNP effect. Inset: deconvolution of the peaks that correspond to Q sites and their schematic representation.





Fig. 1 TEM images of the (A) Pt@mSiO2 and (B) PtSn@mSiO2 NPs.








