
Lesson 12:

Vapor-Liquid-Solid Growth of Nanowires

(The VLS mechanism; Role of the surface energies; Role of 

the size-dependent effects; Role of the phase diagrams and 

eutectic point; Growth equations; Lenght-radius

dependence; Temperature conditions in the VLS mechanism; 

Experimental data and focus on semiconductor nanowires

(Si, Ge); Solid-Liquid-Solid synthesis of one-dimensional

nanostructures) 
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Eutectic:

- coexistence of 3 phases                                                                                 

- lowest temperature where system is still totally liquid                                     

- minimum of liquidus curve                                                                                  

- solid in solid + liquid phase consists of only one material
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- mix of semiconductor and metal                                                              
- eutectic                                                                                           
- melting point of Semiconductor with metal lower  - growth 
of one pure material                                                           

metal as catalyst



VLS: critical diameter, so that the liquid catalyst clusters are stable in equilibrium



s=C/ C

C = concentration of semiconductor  
component in liquid alloy                                                                 

C =equilibrium concentration
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Solid-Liquid-Solid (SLS) synthesis of 1D nanostructures



VLS

SLS

J. L. Elechiguerra et al., Appl. Phys. A 79 

(2004) 461

H. J. Fan et al., Small 2 (2006) 700



Metal-assisted growth without intentional Si phase vapor

M. Paulose et al., J. Nanosc. Nanotech. 3 (2003) 341; J. L. Elechiguerra et al. Appl. Phys. A 79 (2004) 461;

P. K. Sekhar et al. Nanotechnology 17 (2006) 4606



Production of ultrathin size-selected SiO2 NWs:

Experiments, Analysis, Results (F. Ruffino et al. Mater. Res. Express 2, 025003, 2015 )
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T=1100 °C, 1 h

SiO2 NW growth

Experiment 2: 

SiO2 NWs by Au

colloidal NPs
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At least 100 

NWs counted

per sample



Silica nanowires decorated by gold

nanoparticles



Production of Au NPs on silica NWs:

 STEP 1: Au depositions to coat the nanowires (F. Ruffino et al. J. Nanopart. Res. 15, 

1909, 2013; Physica E 69, 121, 2015)

Au depositions (sputtering) on the SiO2 NWs

Au coated SiO2 NW

Effective thickness of the deposited Au

h= 20 nm

h= 40 nm

Impinging atomic beams (~eV/at)
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After Au deposition

h= 20 nm
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As-grown SiO2 NW Step 2: Annealing to induce a dewetting process
Annealing: 700 °C, 800 °C, 900 °C-1h in N2 gas

h= 20 nm, 700 °C-1h

Well-defined NPs covering

the NWs surface




