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Additional Data 

Average diameter and polydispersity.  The average nanocrystal size and size distribution 
for each sample was determined from transmission electron microscopy (TEM) images and small 
angle X-ray scattering (SAXS) of solvent-dispersed nanocrystals.  Histograms of the diameter of 
the nanocrystals determined from TEM images are shown in Figure S1.  The histograms in 
Figures S1a-S1f correspond to the samples shown in the TEM images in Figures 1a-1f, 
respectivevly. SAXS data for the different samples are shown in Figure S2.  Figure 2 shows 
these data replotted as Porod plots. The data are plotted as red circles and the black curves 
represent the best fits of the scattering profile expected for a collection of non-interacting spheres 
with a Gaussian size distribution.1  For all of the samples, the polydispersity determined from the 
TEM images is less than what is determined by small angle X-ray scattering (SAXS).  This is 
due to the limited sampling of nanocrystals in the TEM images compared to the SAXS 
measurements.  SAXS provides a statistically more accurate measure of the nanocrystal size 
distribution.  SAXS is also very sensitive to larger particles in the sample, whereas in TEM 
images these nanocrystals are often overlooked because they are few in number.   
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Figure S1. Histograms of the diameter of Si nanocrystals determined by TEM.  The samples in 
(a)-(f) correspond to the nanocrystals in the TEM images in Figures 1a-1f. 
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Figure S2. Small angle X-ray scattering (SAXS) data.  The scattered X-ray intensity is plotted 
against q, the scattering wave vector,    2sin4 q , where   is the X-ray wavelength and 
  is the scattering angle.  These data are replotted as Porod plots in Figure 2.  
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Fourier transform Infrared (FTIR) data.  Figure S3 shows FTIR data for 3 and 5 nm Si 

nanocrystals, showing C-H stretching, Si-H stretching, C-H deformation, and Si-O stretching 
signals.   

 
 

 
 
Figure S3. FTIR data for 3 and 5 nm Si nanocrystals.   
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Solving Schrödinger equation for the finite confinement model.  The trial wave 
function is 

 

Ψ , , 	  where 

sin , 	

, 	
, , .  

 
There are 7 variables in the wave function: , , , , , , . , , ,  can be expressed 
as functions of ,  based on the smoothness of the wave function at the nanocrystal boundary 
( );  can also be written as a function of ,  according to the normalization of the wave 
function over space. Therefore, the wave function finally contains two variables: , , which 
need to be determined by finding the lowest expected value for confinement energy (the ground 
state energy):2 
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The lowest expectation of confinement energy is found numerically (Figure S4a), from 
which , , and the finite confinement energy could be determined. In the meantime, the 
expectation of confinement energy at  should return to the value predicted by the 
infinite confinement model,3 which can be used as a check point to verify the correctness of 
equation derivation. It is worthwhile to note that we have treated electron-hole Coulomb 
interaction perturbatively during the solution of the Schrödinger equation, and several 
expressions containing  (due to the electron-hole Coulomb interaction) with an order higher 
than one are neglected for the sake of simplicity. 

The expression for the expectation of confinement energy is 	 ,
, in which 
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Figure S4a shows the confinement energy expectations for a 2 nm diameter Si 

nanocrystal ( 1	 ). Figure S4b shows the PL emission energy (bulk band gap plus 
confinement energy) predicted by the infinite confinement and finite confinement models for Si 
nanocrystals with no size polydispersity. 
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Figure S4. (a) Expectations of confinement energy of a 2 nm diameter Si nanocrystal when  
and  are varied between 2 and ; (b) predictions of PL emission energy made by infinite 
confinement (black curve) and finite confinement models (red curve) for Si nanocrystals (with 
no size polydispersity). 
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Figure S5 and S6 shows PLexcitation / absotption spectra for 2.5 nm Si nanocrystals and 
PL decay for 8.5 nm Si nanocrystals, respectively. 

 

 
Figure S5. PL excitation and absorption spectra of 2.5 nm Si nanocrystals 
 

 
Figure S6. PL decay for 8.5 nm Si nanocrystals. 
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