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Supporting Figures 

 
 
Fig. S1 Qualitative diagram of comparison of the electrochemical electron energy levels of 

silicon bandedges ( CE  and VE ) and two different redox systems AgAg /+ and ++ 23 / FeFe . 

As shown in Fig. S1, the energy levels of Ag+/Ag system lie well below the silicon valence 

bandedge (VB), so they more likely interact with the VB (bonding) electrons.  Such process is 

often described as withdrawing electrons (
−
VBe ) from VB or the injection of holes into the VB of 

silicon.  In case of Ag electroless deposition on silicon in HF-AgNO3 solution, simultaneous 

electrochemical processes including cathodic and anodic reactions occur on the silicon surface 

exposed to fluoride solution containing Ag+ ions : surface silicon atoms are oxidized and 

dissolved (anodic reaction) and supply the electrons for the Ag deposition reaction (cathode 

reaction).  In the overall reaction, both electrons for Ag+ reduction and holes for silicon 

oxidation are required.  In this case, the reduction of Ag+ ions is not limited by the minority 
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carrier concentration due to the presence of bonding electrons.  The injection of holes from the 

AgAg /+  into the silicon corresponds to the negative current (cathode process).  The 

corresponding reaction can be outlined as the following two half-cell reactions : 

Cathode reaction: 

)(0 sAgeAg VB →+ −+  

Anode reaction (underneath Ag nanoparticles): 

−+ ++→+ VBeHSiOOHsSi 442)( 22  

OHSiFHHFsSiO 2622 26)( +→+  

The energy levels of ++ 23 / FeFe  system lie well below VB of silicon, so they more likely 

interact with the VB (bonding) electrons; the oxidizing agent Fe3+ could gain electrons either by 

withdrawing them from silicon or by hole injection. 

The injection of holes from ++ 23 / FeFe  system into the silicon corresponds to the negative 

current (cathode process).   The cathodic current density on a p-type silicon immersed in 

HF-Fe(NO3)3 solution could be described as follows[1,2]: 

)/exp( TucnzekJ coxscc κ−−=  

where z is the number of electrons transferred during the reaction, e is the charge of electron, 

cκ  is the rate constant, sn  is the electron density at the 33 )(/ NOFeHFSi −  solution interface, 

oxC  is the concentration of oxidant at the interface, cU  is the activation energy for the cathodic 

reaction, k is the Boltzmann constant, and T is the absolute temperature, respectively.  Similar 

equation holds for the n-type silicon. 

In case of silicon etching in HF-Fe(NO3)3 solution, similar cathodic and anodic reactions also 
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occur simultaneously on silicon surface.  The cathodic and anodic reactions proceed very slowly 

in the absence of metal nanoparticles.  When covering the silicon surface with Ag or other metal 

nanoparticles, the cathodic reaction can be facilitated and greatly enhanced due to the catalytic 

property of initial Ag species deposited on silicon surface.  It is now believed that the Ag 

nanoparticles can act for local nanocathodes (for reduction of Fe3+ ions) and reduce the activation 

energy cU  for cathodic reaction.  Above reaction can be outlined as the following two half-cell 

reactions: 

Cathode reaction (at Ag nanoparticles): 

+−+ →+ 23 FeeFe VB  

Anode reaction (underneath Ag nanoparticles):  

−+ ++→+ VBeHSiOOHsSi 442)( 22  

OHSiFHHFsSiO 2622 26)( +→+  
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Fig. S2 Qualitative diagram of comparison of the electrochemical electron energy levels of 

silicon bandedges ( CE  and VE ) and four different redox systems including AuAuCl /4
− , 

PtPtCl /2
6

− , CuCu /2+ , and ++ 23 / FeFe  in HF solution. 

For redox systems of AuAuCl /4
−  and PtPtCl /2

6
−  with more positive redox potential below 

the valence bandedge of silicon, the deposition of Au and Pt on silicon surface mainly proceeds 

through capturing electrons from valence band (or injecting holes into valence band).  The 

cathode reaction can be described as: 

For AuAuCl /4
−  system 

−−− +→+ ClsAueAuCl VB 4)(3 0
4  

For PtPtCl /2
6

−  system 

−−− +→+ ClsPtePtCl VB 6)(4 02
6  

The energy levels of CuCu /2+  system lie within the bandgap and well above the valence 
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bandedge of silicon in HF solution, the sluggish kinetics are expected for the electron capture 

process[3].  In principle, CuCu /2+  system is hard to exchange charge with silicon conduction 

band (CB) unless the transfer can be done through surface states.  However, the interaction 

between CuCu /2+  and CB charges can be facilitated due to the autocatalytic of initial Cu 

species deposited on silicon surface, that is to say, once Cu deposition initiated, the reduced 

metallic copper species serves to catalyze subsequent copper reduction and silicon etching.  The 

cathodic reaction can be outlined as: 

)(2 02 sCueCu CB →+ −+  
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Fig. S3 SEM morphologies of electroless metal deposits on silicon surface and also their 

influence upon the silicon surface morphologies in HF-Fe(NO3)3 solution. a, Dense Au 

nanoparticle film on silicon surface by electroless Au deposition from aqueous HF and KAuCl4  

solution; the concentrations of HF and KAuCl4 for depositing Au nanoparticle film here are 

chosen to be 6.0M and 0.005M. b, 1D silicon nanostructure array synthesized by Au 

nanoparticle-catalyzed chemical etching in aqueous HF-Fe(NO3)3 solution. c, Dispersive Pt 
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nanoparticles on silicon surface by electroless Pt deposition from aqueous HF and K2PtCl6  

solution; the concentrations of HF and K2PtCl6 for depositing Pt nanoparticle film here are 

chosen to be 6.0M and 0.007M.  d, Microstructure with dispersive deep pores produced by Pt 

nanoparticle-catalyzed chemical etching in aqueous HF-Fe(NO3)3 solution. e, Cu nanoparticle 

film on silicon surface by electroless Cu deposition from aqueous HF and Cu(NO3)2 solution. f, 

Dense shallow pits produced by Cu nanoparticle-catalyzed chemical etching. 
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