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Finite difference time domain (FDTD) simulation [image: E:\One-drive\2016_Oak_Ridge_Plan\0a_Paper_Si\0e_aSiTERS\Figure List _ a_Si publication\Figure S - all\gap\Fgiure s -gap final.tif]Figure S1.  (a) Scheme of the FDTD model setup. (b) Simulated enhancement factor (EF) distribution around the tip apex. The line plot below presents the EF distribution in log scale along x-axis, with the origin at the Si surface. The dash line marks the surface of Si sample.    
Three-dimensional (3D) finite difference time domain (FDTD) simulation (Lumerical Solutions, Inc.) was used to better study the penetration depth of the locally enhanced EM field on the Si surface. Briefly, a silver tip of a 42 nm diameter at the apex was set 2 nm from Si surface. The tip axis had an angle of 10° with the vector of the sample plane. A plane wave of electric field, E, polarized along the blue double-arrow in Figure S1 propagates along the vector.  The laser propagation direction is in 55o with the perpendicular direction of the Si substrate. The wavelength of the plane wave was set at 532 nm. The spatial mesh size was set at 0.1 nm. The perfectly matched layer (PML) boundary condition (BC) was used for all edges of the simulation box (resort to the supporting information of the reference 1 for mathematical details).







Combined TERS mapping of various TERS modes of a-Si 
[image: E:\One-drive\2016_Oak_Ridge_Plan\0a_Paper_Si\0e_aSiTERS\Figure List _ a_Si publication\NIST_RESULTs_ANALYSIS\181203_LA band more distinguished\Si-_MIXED IMAGE_put it in SI.png]
Figure S2. The composite TERS mapping combined ones shown in Figure 2(b-d). 

















Raman spectral comparison among different samples and values with respect to laser power
[image: E:\One-drive\2016_Oak_Ridge_Plan\0a_Paper_Si\0e_aSiTERS\Figure List _ a_Si publication\Figure S - all\comparison between different Rmana laser density\Raman S_figure.tif]
Figure S3. (a) Comparison between the normalized TERS spectra collected from the a-Si sample surface, and from the tip when it is far from (2 mm) the a-Si surface. The a-Si TERS spectrum was an average one over 2500 TERS spectra. The tip TERS spectra were averaged over 10 pixels from the TERS mapping of the tip shown in the inset. (b) Comparison among different micro-Raman spectra obtained using different values of laser power and collection time. The average TERS spectrum from the a-Si was used as a reference. 
The TERS spectra collected from the a-Si surface composed vibrational contributions from both of the amorphous silicon (a-Si) and crystal silicon (c-Si). The most distinguished band for the c-Si locates at 520 cm-1, representing the first order TO mode. Its counterpart of a-Si locates at 473 cm-1. A close inspection on the a-Si sample using a higher laser power at > 100 µW indicates the a-Si sample used in this study is in completely amorphous phase as no c-Si TO mode presents (Figure S3). It worth emphasizing again that using the same experimental condition for TERS (i.e. laser power of 25 µW and collection time of 1s), the spectrum collected from a-Si with micro-Raman is almost featureless as shown in Figure S3(b). Further increase in the laser power and collection time leads to meaningful Raman spectrum of a-Si. With 100 µW laser power and 1 min collection time, no Si-H stretching mode at 2109 cm-1 was observed. The Si-H bending mode as reflected by the INS spectrum in Figure 6 may also show in the Raman or TERS spectrum at 629 cm-1. But it possibly overlaps with the second order LA mode. The average TERS spectrum over 2500 spectra collected from the scanning area of a-Si does not reflect the Si-H stretching mode at 2109 cm-1. This may be due to the fact that the total abundance of the Si-H group on a-Si surface is not high enough, and the Raman cross section of the Si-H stretching mode is low in comparison with other vibrational modes. Further increase the laser power to 300 µW with 1 min collection time, the Si-H stretching mode at 2109 cm-1 shows up. The exploration of the Si-H mode on a-Si surface using TERS necessitates an increased laser power and collection time with respect to the current conditions in the TERS setup. 

[image: ]
Figure S4. Manifold layouts overlaid with same set of cluster labels in Figure 4(a), (a) root manifold and (b,c,d,e) 1st, 2nd, 3rd and 4th-order manifold layouts during iterations of graph-bootstrapping procedure.
Possible reaction paths of the water with the a-Si 
It has been reported previously that silicon nanometer objectives reacted with the oxidation agent, water to generate hydrogen following the reaction path 2, 3 


Thus, it is reasonable that the surface unsaturated Si bonds for as sputtered a-Si are capable of splitting water. We herein propose intermittent reaction between water and a-Si as 


This reaction path explains the vibrational modes based on Si-OH and Si-H moieties observed in INS spectrum in Figure 6. The existence of the Si-OH from water reaction with a-Si agrees with what was reported by Liao, et al. 4 It should be noted that we cannot rule out the existence of the Si-O-Si in the current sample. Therefore, the surface chemistry of the a-Si may include Si-O-Si, Si-OH, Si-H and unreacted Si-Si groups. 






Surface free energy evaluation for a-Si thin film sample
As noted by Saito et al. in an early study, the surface free energy difference between the a-Si and c-Si mainly stems from the bond angle distortions. 5 The strain energy per mole of the a-Si can be related to the bond angle distortions by 

,
where kθ is the force constant for the Si-Si bond bending; r is the estimated Si-Si distance (~2.35 A); the number of bond pairs per each Si atom is 6 and the summation is over all Si embedded in the random a-Si network, NA is the Avogadro's constant. The factor of 0.0003046 is used to convert the energy unit to ‘Joule’.  kθ is related to the Keating potential force constant, β using kθ = 2/3β. The value of β can be estimated over a range of 6.7-9.7 N/m, 5, 6, 7, 8 leading to kθ  over a range of 4.5-6.5 N/m. Taking the minimum value of kθ  here, the estimated surface free energy is calculated to be 23 KJ/mole, nearly twice of which corresponding to the minimum distortion angel (6.6o) at 12 KJ/mole. This indicates that the surface amorphous Si on the thin film surface used is highly disordered and far from the equilibrium structure in the current study
The stability ratio calculation for SiOz based on effective media theory 
For the case of the SiOz (0 < z < 2) as the next-nearest neighbors, a geometric average SRX is given by 9, 10


For z= 2, the SRX electronegativity, XSiOz can be calculated as 4.14. 
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