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Supporting Information 

Figure S1 shows the binary phase diagram for Si and Sn.  Figures S2-S6 show additional 
TEM images of Si nanorods made with various polysilicon hydride reactants.  Calculation of the 
Si saturation concentration in a Sn nanoparticle.  Calculations of bond dissociation energies for 
various silanes. 

   

 

Figure S1. Binary phase diagram of Si-Sn. The eutectic point located at 5×10-5 at.% Si and 
1×10-4 oC is below the melting point of Sn,1,2 which cannot be seen in this full composition 
diagram. The shaded area indicates the temperature range investigated in this work. 
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Figure S2. TEM images of the Si nanorods synthesized from trisilane at various temperatures. 
At 340oC, trisilane exhibits insufficient reactivity that only a few short nanorods were produced.  
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Figure S3. TEM images of the Si nanorods synthesized from isotetrasilane at various 
temperatures. Isotetrasilane stops to work around 320oC where very few nanorods were produced. 
At 300oC, the majority of the products become Sn nanoparticles and amorphous Si byproducts. 
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Figure S4. TEM images of the Si nanorods synthesized from neopentasilane at various 
temperatures. Similar with isotetrasilane, neopentasilane stops to work around 320oC where very 
few nanorods were produced. At 300oC, the majority of the products become Sn nanoparticles 
and amorphous Si byproducts. 

 

 



S-5 
 

 

 

Figure S5. TEM images of products obtained at 380oC with isotetrasilane. (a-b) Long nanorods 
were obtained with [Si]/[Sn] molar ratio of 20. (c-d) Short nanorods were produced with [Si]/[Sn] 
molar ratio of 15. (e-f) Only very few short nanorods were obtained with [Si]/[Sn] molar ratio of 
10. 
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Figure S6. HRTEM images of Si nanorods grown at 200oC with cyclohexasilane. The lattice 
fringes observed from these nanorods demonstrate that crystalline Si nanorods are still obtained 
at the relatively low growth temperature.  These images were taken with an accelerating voltage 
of 200 kV on a JEOL 2010F TEM with relatively low beam dose and a limited imaging time of 
less than 10 min.  There was no indication that the beam was affecting the crystallinity of the 
nanorods and these imaging conditions have been found by others to have no effect on Si 
crystallinity.3,4 

 

Calculation of Si saturation in a Sn nanoparticle. 

For the Sn catalyst nanoparticles of the average diameter of 9 nm,5 the number of Sn 
atoms contained in each nanoparticle is calculated as 

density of β-Sn at room temperature, D ൌ 7.365	g/cmଷ 

atomic weight of Sn, M ൌ 118.71 

volume of one Sn nanoparticle, V ൌ ସ

ଷ
	π	rଷ ൌ 3.82 ൈ 10ିଵଽcmଷ 

number of Sn atoms in each nanoparticle, N ൌ ୚∙ୈ

୑
	6.022 ൈ 10ଶଷ ൎ 14261 
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The solubility of Si in the Sn particle at the growth temperature is determined from the liquidus 
line of Si-Sn binary phase diagram. From Ref. 2, the equation of the liquidus temperature (T) and 
the corresponding composition (Xୗ୧

୪ , on Si portion) is 

T ൌ
∆H୤,ୗ୧

଴ ൅ 	aሺ1 െ Xୗ୧
୪ ሻଶ

∆S୤,ୗ୧
଴ െ R	 ln Xୗ୧

୪ ൅ 	bሺ1 െ Xୗ୧
୪ ሻଶ

 

where ∆H୤,ୗ୧
଴  is the change in the enthalpy of fusion of silicon, ∆S୤,ୗ୧

଴  is the entropy of fusion, a 
and b are constants independent of temperature and composition and could be obtained from 
experimental data. For calculation, ∆H୤,ୗ୧

଴ ൌ 50654.3	J/mol , ∆S୤,ୗ୧
଴ ൌ 30.026	J/mol ∙ K , a ൌ

31162	J/mol and b ൌ 4.03	J/mol ∙ K in Si-Sn system.6  

At the growth temperature of 380oC (653K), Xୗ୧
୪  is obtained as 1.71 ൈ 10ିହ from the equation. 

This means that 8.4 nm diameter Sn nanoparticles are saturated with only 14261 ൈ 1.71 ൈ
10ିହ ൎ 0.24 silicon atoms. 

 

Bond dissociation energies (BDE) of silicon hydrides. 

Table S2. Si-H bond dissociation energy and substituent effect.7 (kcal/mol) 

bond SiH3-H H3SiSiH2-H (H3Si)2SiH-H (H3Si)3Si-H 
BDE 89.7 86.9 84.2 82.1 
ΔBDE 0 -2.8 -5.5 -7.6 

 

Table S3. Some Si-Si bond dissociation energy.8 (kcal/mol) 

bond SiH3-SiH3 Si2H5-SiH3 Si2H5-Si2H5 
BDE 74 71 68 

 

As the inductive effect decreases rapidly over distance, only neighboring substituent is 
considered in the calculation, e.g. Si-H BDE of (H3Si)2SiHSiH2-H is treated as same as 
H3SiSiH2-H. 

Take isotetrasilane as an example,  

total	SiۛH	BDE ൌ 89.7 ൈ 10 ൌ 897	kcal/mol 

considering substituent effect of silyl radicals, 

SiۛH	BDE ൌ 897 െ 7.6 െ 2.8 ൈ 9 ൌ 864.2	kcal/mol 

adding the Si-Si BDE, 

SiۛH	&	SiۛSi	BDE ൌ 864.2 ൅ 71 ൈ 3 ൌ 1077.2	kcal/mol 
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Table S4. Summary of calculated bond dissociation energies of various silanes (in units of kcal/mol). 

Silane Si-H BDE Si-H & Si-Si 
BDE 

Si-H BDE  
per Si 

Si-H & Si-Si 
BDE per Si 

Si3H8 

  

689.8 831.8 229.9 277.3 

Si4H10 

 

864.2 1077.2 216.1 269.3 

Si5H12 

 

1042.8 1326.8 208.6 265.4 

Si6H12 

 

1010.4 1418.4 168.4 236.4 
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