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S1. Nanoparticle size distribution 

The size distribution of Pt NPs obtained on p-type (100) Si surfaces by immersion in an aqueous 

solution of 1 mM H2PtCl6 and 90 mM HF for 120 s is presented in Figure S1. The feret diameter has 

been measured from SEM images processing using the software ImageJ. The average diameter is 50 

nm and the Pt coverage 12%. 

 

 

Figure S1. Feret diameter of the Pt NPs obtained by electroless Pt deposition in 1 mM H2PtCl6 and 90 

mM HF for 120 s, as deduced from SEM observations and image processing with the software ImageJ. 

 

S2. Experimental Mott-Schottky plots 

In the depletion regime, the capacitance C of a metal/semiconductor (Schottky) junction can 

be described by the Mott-Schottky (MS) equation:
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where NA and ND represent the doping densities for p-type and n-type respectively, r is the relative 

permittivity of the semiconductor, 0 the vacuum permittivity, A the electrode surface area, V the 

applied potential, Vfb,p and Vfb,n the flat-band potentials for p and n-type, e the elementary charge, kB 

the Boltzmann constant and T the working temperature.  
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The slope and the ordinate of the linear MS plots allow the experimental determination of the 

flat-band potential and doping density of a given semiconductor, two important parameters to describe 

its physical properties and required to perform the band bending simulations depicted in this work. 

Figures S2(a) and S2(b) show the MS plots obtained respectively for platinized and bare n-

type and p-type Si in contact with a solution of HF at 3.63 M. Although several frequencies were 

applied giving comparable doping densities and flat band potential values, only the MS plots measured 

at 50 kHz are shown for the sake of clarity. 

 

 

Figure S2. MS plots (1/C
2
 vs E) recorded for platinized (a) and bare (b) Si(100), p and n doped (red 

circles and black squares, respectively) in contact with a solution of HF at 3.63 M at a frequency of 50 

KHz. Solid lines represent the linear fittings. All measurements were performed in the dark under Ar 

atmosphere. The resistivity of both p and n type samples was 1-3 Ωcm. 

 

The doping densities calculated from MS plots are ND= 2.3×10
15

 cm
-3

 and NA= 5.6×10
15

 cm
-3

 

(Table S1), in good agreement with the resistivity ranges indicated by the supplier: 1.6 – 5.0×10
15 

cm
-3

 

for n-type Si and 4.7 x 10
15

 - 1.5×10
16

 cm
-3

 for p-type Si.  

It is well known that Vfb measurements of Si in HF from MS plots are only reliable with n-type 

Si
2
. In the case of p-type Si, deviations in flat band potential measurements are usually observed. 

According to the literature, a partial compensation or neutralisation of acceptors occurs at the surface 

due to the incorporation of hydrogen at large negative potentials and/or under light
2
. Consequently, 

Vfb,p was calculated in an indirect way, by using Vfb,n and ND obtained from the MS plots of n-type Si 

and applying the following expression:
2
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where Eg is the band gap of Si, Nc = 2.70×10
19

 cm
-3

 and Nv = 1.04×10
19

 cm
-3

 the effective density of 

states in the conduction and valence band, respectively. The calculated values are given in Table S1. 

 

Table S1. Doping densities, OCP and Vfb determined experimentally from the MS plots of bare and 

platinized Si (p and n-type) in a 0.5 M HF aqueous solution under Ar bubbling and in the dark. 

 

 Bare n-Si Pt n-Si 

 

Bare p-Si Pt p-Si 

ND,A  (cm
-3

) 2.3×10
15

 -- 5.6×10
15

 -- 

OCP  (V vs. SCE) -0.26 -0.28 -0.36 -0.30 

Vfb  (V vs. SCE) -0.50 -0.56 0.18 0.13 

 

From bare n-Si Vfb,n, we can estimate the experimental effective work function (vs. vacuum level) of 

the electrolyte WEL using the following expression:  

E (V) vs SCE

-0.8 -0.4 0.0 0.4 0.8

0

1e+16

2e+16

3e+16

4e+16

E (V) vs SCE

-0.8 -0.4 0.0 0.4 0.8

C
-2

 (
F

-2
)

0

1e+16

2e+16

3e+16

4e+16

 p-Si

 n-Si

Platinized Si Bare Si

 p-Si

 n-Si

(a) (b)



S-4 

 

                                        0

,SiEL lnW nfb

c

DB eV
N

N

e

Tk









        (S4) 

where Si =4.05 eV is the electronic affinity of Si and V
0

fb,n is the equilibrium flat band potential for 

which the energy reference is the equilibrium Femi-Level. V
0

fb,n can be deduced from the experimental 

Vfb,n by subtracting the measured OCP value (here V
0
fb,n = -0.24 V). Using equation (S4), we find 

WEL=4.53 eV, which is compatible with values from the literature.
2,3

 This parameter will be fixed to 

WEL=4.5 eV in the simulations of the band bending. 

 

 

S3. Band Bending Simulations 

The modelling has been performed using the commercial TCAD software Atlas from Silvaco© 
4
. This 

simulator solves the physical equations governing the electrostatics (Poisson, electro-neutrality) and 

the transport of e
-
 and h

+
 (drift-diffusion) self-consistently on a 2D mesh. 

 

S3.1. Design of the Pt NP/Si/Electrolyte structure 

Figure S3 shows a scheme of the Electrolyte/Pt NP/p-Si structure used for the simulations displayed in 

Figure 5(a-d). This structure comprises a 100 µm thick p-type Si substrate doped with 

NA = 6×10
15 

cm
-3

. The Si substrate is fitted with three metallic electrodes on top corresponding 

respectively to the Electrolyte, the Pt NP and again the Electrolyte (both Electrolyte electrodes being 

short-circuited). The total width (x-axis) of the structure is 0.1 µm. The Pt NP contact is positioned at 

the middle of the structure and covers 12% of the entire width. To avoid a short-circuit between the 

Electrolyte and the Pt NP electrodes, the latters are separated by a space of 1 nm. A voltage can be 

applied between the Electrolyte (-) and Pt (+) electrodes to give account of the potential distribution 

and current flow during MACE (i.e. oxidation of Si at the level of the Electrolyte coupled to the 

reduction of H2O2 at the level of Pt). An identical structure with a n-type Si substrate (ND= 3×10
15

 cm
-

3
) has also been modelled. 

 

   

 

Figure S3. Structure used for the band bending modelling of the Pt NP/Si/Electrolyte junction at 

equilibrum and under an applied polarization mimicking the MACE process. 

 

S3.2 Simulation of Mott-Schottky plots  
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In order to adjust the modelling with the real experimental conditions, it was necessary to set 

the work functions for the Electrolyte and the Metal. This was done by comparing the behavior of the 

modelled and experimental Electrolyte/Si (Pt) junctions through their MS plots (i.e. obtained with 

SILVACO and experimentally). The best agreement between simulations and experiments in terms of 

flat band potentials is reported in the Table S2. 

 

Table S2. Flat band potentials obtained from experimental MS plots (0.5 M HF, Ar, dark) and 

simulated MS plots (with the structure of Figure S3) for bare and platinized Si (p and n-type). 

 Bare n-Si Pt n-Si  Bare p-Si Pt p-Si 

Experimental Vfb  (V) * -0.24 -0.28 +0.54 +0.43 

Simulated Vfb (V) * -0.22 -0.34 +0.50 +0.41 

 

* In the simulations, Vfb values are given with respect to the Fermi level of the Metal or Electrolyte (at 

equilibrium), whereas in experiments, the 0 V reference is the SCE potential. To compare Vfb in both 

systems, the experimental values are referenced to the measured OCP (equivalent to the Fermi level of 

the Metal or Electrolyte in the simulations). The OCP can however slightly fluctuate with time, for 

instance because of changes in the solution (O2 concentration) or in the surrounding light. 

In this set of data, the Electrolyte is modelled as a metal with an effective work function 

WEL=4.5 eV. The doping densities of bare n-type and p-type Si are ND = 3×10
15 

cm
-3 

and NA = 6×10
15 

cm
-3

. In the case of platinized Si, the Pt work function used is WPt = 5.6 eV, in agreement with the 

literature
5
, and the Pt coverage is 12% as deduced from SEM observations.  

The MS plots and Vfb values calculated from the modelled structure and measured 

experimentally are in very good agreement. This indicates that the band bending modelling provides 

reliable information and can be used with confidence to explain the Pt based MACE process.  

S3.3 “In situ” modelling of MACE with Pt NPs 

Figure S4 represents a close view of the simulated 2D profiles in Si and around the Pt NP once it has 

sunk into the substrate. The Pt NP has a size of 50 nm, is buried at the bottom of a 1 µm deep 

mesopore and is polarized at +0.2 V vs. the Electrolyte.  

 

Figure S4. Close view of the “in situ” modelling of MACE at the level of a Pt NP (50 nm) that has 

digged a pore of 1 µm. The NP is polarized at +0.2 V vs. the Electrolyte.  
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S4. MACE of (111) oriented Si with Pt NPs 

Figure S5 shows two SEM images taken at 45° (unpublished results) of (a) p-type (111) oriented Si 

and (b) p-type multycristalline Si after MACE in HF/H2O2 ( = 0.5) with Pt NPs, followed  by 

dissolution of porous Si in HF/HNO3 to reveal the macropores. There is a clear dependance of the 

preferred etching directions followed by Pt NPs on the crystallographic orientation. With (111) Si, the 

macropores are oriented along the <100> directions. With multicrystalline Si, two adjacent grains 

exhibit macropores with very disctinct orientations on each side of the grain boundary. 

 

Figure S5. SEM image of (111) p-type Si (a) and multicrystalline p-type Si (b) after MACE in 

HF/H2O2 ( = 0.5) with Pt NPs and dissolution of porous Si in HF/HNO3. 
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